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TECHNICAL FIELD 

[0001] The present invention relates to a wireless communication system, and more 

particularly, to a method of transmitting uplink control information to a base station by a 

user equipment in a wireless communication system where various numerology is 

applicable and device for supporting the same.  

[0002] More specifically, the present invention is directed to a method performed 

by a user equipment for mapping uplink resource information and transmitting the uplink 

resource information on a physical uplink shared channel.  

BACKGROUND ART 

[0003] Wireless access systems have been widely deployed to provide various types 

of communication services such as voice or data. In general, a wireless access system is a 

multiple access system that supports communication of multiple users by sharing available 

system resources (a bandwidth, transmission power, etc.) among them. For example, 

multiple access systems include a Code Division Multiple Access (CDMA) system, a 

Frequency Division Multiple Access (FDMA) system, a Time Division Multiple Access 

(TDMA) system, an Orthogonal Frequency Division Multiple Access (OFDMA) system, 

and a Single Carrier Frequency Division Multiple Access (SC-FDMA) system. 

[0004] As a number of communication devices have required higher 

communication capacity, the necessity of the mobile broadband communication much 

improved than the existing radio access technology (RAT) has increased. In addition, 

massive machine type communications (MTC) capable of providing various services at 

anytime and anywhere by connecting a number of devices or things to each other has been 

considered in the next generation communication system. Moreover, a communication 

system design capable of supporting services/UEs sensitive to reliability and latency has 

been discussed.  

[0005] As described above, the introduction of the next generation RAT 

considering the enhanced mobile broadband communication, massive MTC, Ultra-reliable 

and low latency communication (URLLC), and the like has been discussed. 
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DISCLOSURE OF THE INVENTION 

TECHNICAL TASK 

[0006] An object of the present invention is to provide a method of transmitting 

uplink control information by a user equipment in a newly proposed communication system. 

[0007] In particular, another object of the present invention is to provide a method 

performed by a user equipment for uplink control channel mapping and operation 

performed by the user equipment for transmitting uplink control information when the user 

equipment intends to transmit the uplink control information on a physical uplink shared 

channel in the newly proposed communication system. 

[0008] It will be appreciated by persons skilled in the art that the objects that could 

be achieved with the present disclosure are not limited to what has been particularly 

described hereinabove and the above and other objects that the present disclosure could 

achieve will be more clearly understood from the following detailed description. 

TECHNICAL SOLUTION 

[0009] The present invention provides a method of transmitting uplink control 

information by a user equipment in a wireless communication system and devices therefor.  

[0010] In an aspect of the present invention, provided herein is a method of 

transmitting uplink control information (UCI) to a base station (BS) by a user equipment 

(UE) in a wireless communication system, including: mapping the UCI to a physical uplink 

shared channel (PUSCH), wherein acknowledgement information included in the UCI is 

mapped to the PUSCH by applying either rate-matching or puncturing to resources for 

transmitting the acknowledgement information on the PUSCH based on a size of the 

acknowledgement information; and transmitting the mapped UCI on the PUSCH 

[0011] In another aspect of the present invention, provided herein is a user 

equipment (UE) for transmitting uplink control information (UCI) to a base station (BS) in a 

wireless communication system, including: a transmitter; and a processor connected to the 

transmitter, wherein the processor is configured to: map the UCI to a physical uplink shared 

channel (PUSCH), wherein acknowledgement information included in the UCI is mapped to 

the PUSCH by applying either rate-matching or puncturing to resources for transmitting the 

acknowledgement information on the PUSCH based on a size of the acknowledgement 

information; and transmit the mapped UCI on the PUSCH. 

[0012] In this case, when the size of the acknowledgement information is more than 

a predetermined value, the acknowledgement information may be mapped to the PUSCH by 

applying the rate-matching to the resources for transmitting the acknowledgement 



G   
 

information on the PUSCH. On the other hand, when the size of the acknowledgement 

information is equal to or less than the predetermined value, the acknowledgement 

information may be mapped to the PUSCH by applying the puncturing to the resources for 

transmitting the acknowledgement information on the PUSCH. 

[0013] At this time, the acknowledgement information may not be mapped to any 

symbol before a symbol where a first demodulation reference signal (DM-RS) is transmitted 

on the PUSCH.  

[0014] In addition, when channel state information (CSI) is included in the UCI, the 

CSI may be mapped to the PUSCH by applying the rate-matching to resources for 

transmitting the CSI on the PUSCH. 

[0015] In this case, the CSI may be mapped to resources except a predetermined 

amount of resources which are reserved for the acknowledgement information on the 

PUSCH. 

[0016] Moreover, the size of the acknowledgement information may be determined 

based on an uplink downlink assignment index (DAI) value in uplink grant received from 

the BS. 

[0017] Further, the amount of the resources for transmitting the acknowledgement 

information on the PUSCH may be determined based on a first beta parameter, and if 

among a plurality of sets configured through higher layer signaling, one set is indicated by 

uplink grant, the first beta parameter may correspond to a beta parameter that is determined 

based on the size of the acknowledgement information among a plurality of beta parameters 

included in the one set indicated by the uplink grant. 

[0018] Additionally, part or all of the UCI may be mapped to resources in a symbol 

where a demodulation reference signal (DM-RS) is transmitted on the PUSCH. 

[0019] Additionally, when the PUSCH is a semi persistence scheduling (SPS) 

PUSCH, the rate-matching or puncturing may be performed based on maximum UCI 

payload dedicated to the SPS PUSCH. 

[0020] Additionally, when the PUSCH is a semi persistence scheduling (SPS) 

PUSCH, the rate-matching or puncturing may be performed based on a beta offset value 

included in downlink control information that activates the SPS PUSCH. 

[0021] It is to be understood that both the foregoing general description and the 

following detailed description of the present disclosure are exemplary and explanatory and 

are intended to provide further explanation of the disclosure as claimed. 

ADVANTAGEOUS EFFECTS 
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[0022] As is apparent from the above description, the embodiments of the present 

disclosure have the following effects. 

[0023] According to the present invention, when a UE intends to map 

acknowledgement information in uplink control information to a physical uplink shared 

channel, the UE can perform rate-matching or puncturing according to size of the 

acknowledgement information and then map the acknowledgement information to the 

physical uplink shared channel. 

[0024] In addition, the UE can apply a more efficient mapping method in terms of 

the performance of the physical uplink shared channel or complexity thereof and then 

transmit an uplink control channel including the acknowledgement information on the 

physical uplink shared channel.  

[0025] The effects that can be achieved through the embodiments of the present 

invention are not limited to what has been particularly described hereinabove and other 

effects which are not described herein can be derived by those skilled in the art from the 

following detailed description. That is, it should be noted that the effects which are not 

intended by the present invention can be derived by those skilled in the art from the 

embodiments of the present invention. 

DESCRIPTION OF DRAWINGS 

[0026] The accompanying drawings, which are included to provide a further 

understanding of the invention, provide embodiments of the present invention together with 

detail explanation. Yet, a technical characteristic of the present invention is not limited to a 

specific drawing. Characteristics disclosed in each of the drawings are combined with each 

other to configure a new embodiment. Reference numerals in each drawing correspond to 

structural elements.  

[0027] FIG. 1 is a diagram illustrating physical channels and a signal transmission 

method using the physical channels; 

[0028] FIG. 2 is a diagram illustrating exemplary radio frame structures; 

[0029] FIG. 3 is a diagram illustrating an exemplary resource grid for the duration 

of a downlink slot; 

[0030] FIG. 4 is a diagram illustrating an exemplary structure of an uplink 

subframe; 

[0031] FIG. 5 is a diagram illustrating an exemplary structure of a downlink 

subframe;  
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[0032] FIG. 6 is a diagram illustrating a self-contained subframe structure 

applicable to the present invention;  

[0033] FIGs. 7 and 8 are diagrams illustrating representative methods for 

connecting TXRUs to antenna elements;  

[0034] FIG. 9 is a schematic diagram illustrating a hybrid beamforming structure 

according to an embodiment of the present invention from the perspective of TXRUs and 

physical antennas;  

[0035] FIG. 10 is a diagram schematically illustrating beam sweeping operation for 

synchronization signals and system information during a downlink (DL) transmission 

process according to an embodiment of the present invention;  

[0036] FIG. 11 is a diagram schematically illustrating a first UCI transmission 

method according to the present invention;  

[0037] FIG. 12 is a diagram schematically illustrating operation of inserting UCI by 

performing data puncturing on parity bits in a bit stream outputted from a (circular) buffer 

starting from the last bit (with reference to order of bits in a bit stream inputted to the 

(circular) buffer) according to a specific RV value;  

[0038] FIG. 13 is a diagram schematically illustrating a method for distributing UCI 

over the entirety of a coded CB by performing puncturing or rate-matching (on data bits in 

the coded CB);  

[0039] FIG. 14 is a diagram schematically illustrating UCI mapping on first three 

symbols according to method #1; 

[0040] FIGs. 15 to 17 are diagrams schematically illustrating examples of UCI 

mapping according to method #5 proposed in the present invention; 

[0041] FIGs. 18 to 23 are diagrams schematically illustrating examples of UCI 

mapping according to method #6 proposed in the present invention; 

[0042] FIGs. 24 and 25 are diagrams schematically illustrating examples where 

coded UCI bits are ahead of coded data bits in RE mapping order; 

[0043] FIG. 26 is a diagram illustrating an example of UCI RE mapping according 

to the present invention;  

[0044] FIGs. 27 and 28 are diagrams schematically illustrating UCI mapping when 

one REG is composed of two REs having an interval of two subcarriers; 

[0045] FIG. 29 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of five subcarriers; 



G   
 

[0046] FIG. 30 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of four symbols; 

[0047] FIGs. 31 and 32 are diagrams schematically illustrating how a UE performs 

UCI mapping alternately on REGs when each of the REGs is composed of M distributed 

REs within the same symbol; 

[0048] FIGs. 33 and 34 are diagrams schematically illustrating how a UE performs 

UCI mapping alternately on REGs when each of the REGs is composed of M distributed 

REs within the same subcarrier; 

[0049] FIG. 35 is a diagram schematically illustrating UCI mapping operation 

performed by a UE when a BS allows the UE to perform UCI mapping on the first, fourth, 

seventh, tenth, and thirteenth symbols; 

[0050] FIG. 36 is a diagram illustrating a case where PUSCH 2 is transmitted in a 

mini-slot composed of two symbols at the position of the fourth and fifth symbols when 

PUSCH 1 and UCI is transmitted; 

[0051] FIG. 37 is a diagram illustrating a DMRS mapping pattern when a PUSCH 

is transmitted without UCI piggyback and a DMRS mapping pattern when a PUSCH to 

which UCI piggyback is applied is transmitted; 

[0052] FIG. 38 is a diagram illustrating a PUSCH DM-RS and a phase tracking 

reference signal (PT-TR) existing in a slot; 

[0053] FIG. 39 is a diagram schematically illustrating the configuration of 

performing RE mapping for HARQ-ACK on first 7 REs and then performing RE mapping 

for CSI on next 25 REs; 

[0054] FIG. 40 is a diagram schematically illustrating the operation where a UE 

keeps front REs empty in consideration of HARQ-ACK transmission resources before 

performing RE mapping for CSI; 

[0055] FIG. 41 is a diagram schematically illustrating the configuration of allowing 

a UE to perform UCI mapping in the following order: HARQ-ACK -> CSI part 1 -> CSI 

part 2 -> data; 

[0056] FIG. 42 is a diagram schematically illustrating UCI mapping configuration 

when a PUSCH has a length of twelve OFDM symbols and DM-RS symbols exist in 

OFDM symbols #2 and #11, respectively; 

[0057] FIGs. 43 to 49 are diagrams schematically illustrating examples where 

PUSCH puncturing or rate-matching is applied for HARQ-ACK; 
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[0058] FIG. 50 is a diagram schematically illustrating UCI mapping according to 

the present invention when the method in case 6 is applied to each frequency hop; and  

[0059] FIG. 51 is a flowchart schematically illustrating a UCI transmission method 

applicable to the present invention; and 

[0060] FIG. 52 is a diagram illustrating configuration of a user equipment and a 

base station for implementing the proposed embodiments.  

BEST MODE FOR INVENTION 

[0061] The embodiments of the present disclosure described below are combinations 

of elements and features of the present disclosure in specific forms. The elements or features 

may be considered selective unless otherwise mentioned. Each element or feature may be 

practiced without being combined with other elements or features. Further, an embodiment of 

the present disclosure may be constructed by combining parts of the elements and/or features. 

Operation orders described in embodiments of the present disclosure may be rearranged. 

Some constructions or elements of any one embodiment may be included in another 

embodiment and may be replaced with corresponding constructions or features of another 

embodiment. 

[0062] In the description of the attached drawings, a detailed description of known 

procedures or steps of the present disclosure will be avoided lest it should obscure the subject 

matter of the present disclosure. In addition, procedures or steps that could be understood to 

those skilled in the art will not be described either. 

[0063] Throughout the specification, when a certain portion ³LQFOXGHV´ RU ³FRPSULVHV´ 

a certain component, this indicates that other components are not excluded and may be 

IXUWKHU LQFOXGHG XQOHVV RWKHUZLVH QRWHG  7KH WHUPV ³XQLW´  ³-RU HU´ DQG ³PRGXOH´ GHVFULEHG LQ 

the specification indicate a unit for processing at least one function or operation, which may 

EH LPSOHPHQWHG E\ KDUGZDUH  VRIWZDUH RU D FRPELQDWLRQ WKHUHRI  ,Q DGGLWLRQ  WKH WHUPV ³D RU 

DQ´  ³RQH´  ³WKH´ HWF  PD\ LQFOXGH D VLQJXODU UHSUHVHQWDWLRQ DQG D SOXUDO UHSUHVHQWDWLRQ LQ WKH 

context of the present disclosure (more particularly, in the context of the following claims) 

unless indicated otherwise in the specification or unless context clearly indicates otherwise. 

[0064] In the embodiments of the present disclosure, a description is mainly made of 

a data transmission and reception relationship between a Base Station (BS) and a User 

Equipment (UE). A BS refers to a terminal node of a network, which directly communicates 

with a UE. A specific operation described as being performed by the BS may be performed 

by an upper node of the BS. 
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[0065] Namely, it is apparent that, in a network comprised of a plurality of network 

nodes including a BS, various operations performed for communication with a UE may be 

SHUIRUPHG E\ WKH %6  RU QHWZRUN QRGHV RWKHU WKDQ WKH %6  7KH WHUP µ%6¶ PD\ EH UHSODFHG 

with a fixed station, a Node B, an evolved Node B (eNode B or eNB), an Advanced Base 

Station (ABS), an access point, etc. 

[0066] In the embodiments of the present disclosure, the term terminal may be 

replaced with a UE, a Mobile Station (MS), a Subscriber Station (SS), a Mobile Subscriber 

Station (MSS), a mobile terminal, an Advanced Mobile Station (AMS), etc. 

[0067] A transmission end is a fixed and/or mobile node that provides a data service 

or a voice service and a reception end is a fixed and/or mobile node that receives a data 

service or a voice service. Therefore, a UE may serve as a transmission end and a BS may 

serve as a reception end, on an UpLink (UL). Likewise, the UE may serve as a reception end 

and the BS may serve as a transmission end, on a DownLink (DL). 

[0068] The embodiments of the present disclosure may be supported by standard 

specifications disclosed for at least one of wireless access systems including an Institute of 

Electrical and Electronics Engineers (IEEE) 802.xx system, a 3rd Generation Partnership 

Project (3GPP) system, a 3GPP Long Term Evolution (LTE) system, and a 3GPP2 system. In 

particular, the embodiments of the present disclosure may be supported by the standard 

specifications, 3GPP TS 36.211, 3GPP TS 36.212, 3GPP TS 36.213, 3GPP TS 36.321 and 

3GPP TS 36.331. That is, the steps or parts, which are not described to clearly reveal the 

technical idea of the present disclosure, in the embodiments of the present disclosure may be 

explained by the above standard specifications. All terms used in the embodiments of the 

present disclosure may be explained by the standard specifications. 

[0069] Reference will now be made in detail to the embodiments of the present 

disclosure with reference to the accompanying drawings. The detailed description, which will 

be given below with reference to the accompanying drawings, is intended to explain 

exemplary embodiments of the present disclosure, rather than to show the only embodiments 

that can be implemented according to the disclosure. 

[0070] The following detailed description includes specific terms in order to provide 

a thorough understanding of the present disclosure. However, it will be apparent to those 

skilled in the art that the specific terms may be replaced with other terms without departing 

the technical spirit and scope of the present disclosure. 

[0071] For example, the term, TxOP may be used interchangeably with transmission 

period or Reserved Resource Period (RRP) in the same sense. Further, a Listen-Before-Talk 
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(LBT) procedure may be performed for the same purpose as a carrier sensing procedure for 

determining whether a channel state is idle or busy.  

[0072] Hereinafter, 3GPP LTE/LTE-A systems are explained, which are examples of 

wireless access systems. 

[0073] The embodiments of the present disclosure can be applied to various wireless 

access systems such as Code Division Multiple Access (CDMA), Frequency Division 

Multiple Access (FDMA), Time Division Multiple Access (TDMA), Orthogonal Frequency 

Division Multiple Access (OFDMA), Single Carrier Frequency Division Multiple Access 

(SC-FDMA), etc.  

[0074] CDMA may be implemented as a radio technology such as Universal 

Terrestrial Radio Access (UTRA) or CDMA2000. TDMA may be implemented as a radio 

technology such as Global System for Mobile communications (GSM)/General packet Radio 

Service (GPRS)/Enhanced Data Rates for GSM Evolution (EDGE). OFDMA may be 

implemented as a radio technology such as IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), 

IEEE 802.20, Evolved UTRA (E-UTRA), etc. 

[0075] UTRA is a part of Universal Mobile Telecommunications System (UMTS). 

3GPP LTE is a part of Evolved UMTS (E-UMTS) using E-UTRA, adopting OFDMA for DL 

and SC-FDMA for UL. LTE-Advanced (LTE-A) is an evolution of 3GPP LTE. While the 

embodiments of the present disclosure are described in the context of a 3GPP LTE/LTE-A 

system in order to clarify the technical features of the present disclosure, the present 

disclosure is also applicable to an IEEE 802.16e/m system, etc. 

[0076] 1. 3GPP LTE/LTE-A System 

[0077] 1.1. Physical Channels and Signal Transmission and Reception Method 

Using the Same  

[0078] In a wireless access system, a UE receives information from an eNB on a DL 

and transmits information to the eNB on a UL. The information transmitted and received 

between the UE and the eNB includes general data information and various types of control 

information. There are many physical channels according to the types/usages of information 

transmitted and received between the eNB and the UE. 

[0079] FIG. 1 illustrates physical channels and a general signal transmission method 

using the physical channels, which may be used in embodiments of the present disclosure. 

[0080] When a UE is powered on or enters a new cell, the UE performs initial cell 

search (S11). The initial cell search involves acquisition of synchronization to an eNB. 

Specifically, the UE synchronizes its timing to the eNB and acquires information such as a 



G    
 

cell Identifier (ID) by receiving a Primary Synchronization Channel (P-SCH) and a 

Secondary Synchronization Channel (S-SCH) from the eNB. 

[0081] Then the UE may acquire information broadcast in the cell by receiving a 

Physical Broadcast Channel (PBCH) from the eNB.  

[0082] During the initial cell search, the UE may monitor a DL channel state by 

receiving a Downlink Reference Signal (DL RS). 

[0083] After the initial cell search, the UE may acquire more detailed system 

information by receiving a Physical Downlink Control Channel (PDCCH) and receiving a 

Physical Downlink Shared Channel (PDSCH) based on information of the PDCCH (S12). 

[0084] To complete connection to the eNB, the UE may perform a random access 

procedure with the eNB (S13 to S16). In the random access procedure, the UE may transmit a 

preamble on a Physical Random Access Channel (PRACH) (S13) and may receive a PDCCH 

and a PDSCH associated with the PDCCH (S14). In the case of contention-based random 

access, the UE may additionally perform a contention resolution procedure including 

transmission of an additional PRACH (S15) and reception of a PDCCH signal and a PDSCH 

signal corresponding to the PDCCH signal (S16). 

[0085] After the above procedure, the UE may receive a PDCCH and/or a PDSCH 

from the eNB (S17) and transmit a Physical Uplink Shared Channel (PUSCH) and/or a 

Physical Uplink Control Channel (PUCCH) to the eNB (S18), in a general UL/DL signal 

transmission procedure. 

[0086] Control information that the UE transmits to the eNB is generically called 

Uplink Control Information (UCI). The UCI includes a Hybrid Automatic Repeat and 

reQuest Acknowledgement/Negative Acknowledgement (HARQ-ACK/NACK), a Scheduling 

Request (SR), a Channel Quality Indicator (CQI), a Precoding Matrix Index (PMI), a Rank 

Indicator (RI), etc. 

[0087] In the LTE system, UCI is generally transmitted on a PUCCH periodically. 

However, if control information and traffic data should be transmitted simultaneously, the 

control information and traffic data may be transmitted on a PUSCH. In addition, the UCI 

may be transmitted aperiodically on the PUSCH, upon receipt of a request/command from a 

network. 

[0088] 1.2. Resource Structure 

[0089] FIG. 2 illustrates exemplary radio frame structures used in embodiments of 

the present disclosure. 
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[0090] FIG. 2(a) illustrates frame structure type 1. Frame structure type 1 is 

applicable to both a full Frequency Division Duplex (FDD) system and a half FDD system. 

[0091] 2QH UDGLR IUDPH LV   PV  7I       Â7V  ORQJ  LQFOXGing equal-sized 20 slots 

LQGH[HG IURP   WR     (DFK VORW LV    PV  7VORW      Â7V  ORQJ  2QH VXEIUDPH LQFOXGHV WZR 

successive slots. An ith subframe includes 2ith and (2i+1)th slots. That is, a radio frame 

includes 10 subframes. A time required for transmitting one subframe is defined as a 

Transmission Time Interval (TTI). Ts is a sampling time given as 

Ts=1/(15kHzx2048)=3.2552x10-8 (about 33ns). One slot includes a plurality of Orthogonal 

Frequency Division Multiplexing (OFDM) symbols or SC-FDMA symbols in the time 

domain by a plurality of Resource Blocks (RBs) in the frequency domain. 

[0092] A slot includes a plurality of OFDM symbols in the time domain. Since 

OFDMA is adopted for DL in the 3GPP LTE system, one OFDM symbol represents one 

symbol period. An OFDM symbol may be called an SC-FDMA symbol or symbol period. An 

RB is a resource allocation unit including a plurality of contiguous subcarriers in one slot. 

[0093] In a full FDD system, each of 10 subframes may be used simultaneously for 

DL transmission and UL transmission during a 10-ms duration. The DL transmission and the 

UL transmission are distinguished by frequency. On the other hand, a UE cannot perform 

transmission and reception simultaneously in a half FDD system. 

[0094] The above radio frame structure is purely exemplary. Thus, the number of 

subframes in a radio frame, the number of slots in a subframe, and the number of OFDM 

symbols in a slot may be changed. 

[0095] FIG. 2(b) illustrates frame structure type 2. Frame structure type 2 is applied 

to a Time Division Duplex  7''  V\VWHP  2QH  UDGLR  IUDPH  LV   PV   7I       Â7V   ORQJ  

including two half-IUDPHV HDFK KDYLQJ D OHQJWK RI  PV         Â7V  ORQJ  (DFK KDOI-frame 

LQFOXGHV ILYH VXEIUDPHV HDFK EHLQJ  PV        Â7V  ORQJ  $Q LWK VXEIUDPH LQFOXGHV  LWK DQG 

(2i+1)th slots eDFK KDYLQJ D OHQJWK RI    PV  7VORW      Â7V   7V LV D VDPSOLQJ WLPH JLYHQ DV 

Ts=1/(15kHzx2048)=3.2552x10-8 (about 33ns). 

[0096] A type-2 frame includes a special subframe having three fields, Downlink 

Pilot Time Slot (DwPTS), Guard Period (GP), and Uplink Pilot Time Slot (UpPTS). The 

DwPTS is used for initial cell search, synchronization, or channel estimation at a UE, and the 

UpPTS is used for channel estimation and UL transmission synchronization with a UE at an 

eNB. The GP is used to cancel UL interference between a UL and a DL, caused by the multi-

path delay of a DL signal. 
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[0097] [Table 1] below lists special subframe configurations (DwPTS/GP/UpPTS 

lengths). 

[0098] [Table 1] 

 

[0099] FIG. 3 illustrates an exemplary structure of a DL resource grid for the 

duration of one DL slot, which may be used in embodiments of the present disclosure. 

[00100] Referring to FIG. 3, a DL slot includes a plurality of OFDM symbols in the 

time domain. One DL slot includes 7 OFDM symbols in the time domain and an RB includes 

12 subcarriers in the frequency domain, to which the present disclosure is not limited.  

[00101] Each element of the resource grid is referred to as a Resource Element (RE). 

An RB includes 12x7 REs. The number of RBs in a DL slot, NDL depends on a DL 

transmission bandwidth. A UL slot may have the same structure as a DL slot. 

[00102] FIG. 4 illustrates a structure of a UL subframe which may be used in 

embodiments of the present disclosure. 

[00103] Referring to FIG. 4, a UL subframe may be divided into a control region and 

a data region in the frequency domain. A PUCCH carrying UCI is allocated to the control 

region and a PUSCH carrying user data is allocated to the data region. To maintain a single 

carrier property, a UE does not transmit a PUCCH and a PUSCH simultaneously. A pair of 

RBs in a subframe are allocated to a PUCCH for a UE. The RBs of the RB pair occupy 

different subcarriers in two slots. Thus it is said that the RB pair frequency-hops over a slot 

boundary. 

[00104] FIG. 5 illustrates a structure of a DL subframe that may be used in 

embodiments of the present disclosure. 

[00105] Referring to FIG. 5, up to three OFDM symbols of a DL subframe, starting 

from OFDM symbol 0 are used as a control region to which control channels are allocated 

and the other OFDM symbols of the DL subframe are used as a data region to which a 
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PDSCH is allocated. DL control channels defined for the 3GPP LTE system include a 

Physical Control Format Indicator Channel (PCFICH), a PDCCH, and a Physical Hybrid 

ARQ Indicator Channel (PHICH). 

[00106] The PCFICH is transmitted in the first OFDM symbol of a subframe, 

carrying information about the number of OFDM symbols used for transmission of control 

channels (i.e. the size of the control region) in the subframe. The PHICH is a response 

channel to a UL transmission, delivering an HARQ ACK/NACK signal. Control 

information carried on the PDCCH is called Downlink Control Information (DCI). The DCI 

transports UL resource assignment information, DL resource assignment information, or UL 

Transmission (Tx) power control commands for a UE group. 

[00107] 1.3. CSI Feedback  

[00108] In the 3GPP LTE or LTE-A system, a user equipment (UE) is defined to 

report channel state information (CSI) to a base station (or eNB). Herein, the CSI 

collectively refers to information indicating the quality of a radio channel (link) established 

between a UE and an antenna port. 

[00109] For example, the CSI may include a rank indicator (RI), a precoding matrix 

indicator (PMI), and a channel quality indicator (CQI).  

[00110] Herein, the RI, which indicates rank information about a channel, represents 

the number of streams that a UE receives through the same time-frequency resources. The 

RI value is determined depending on long-term fading of the channel and is thus usually fed 

back to the eNB by the UE with a longer period than that for the PMI and CQI.  

[00111] The PMI, which is a value reflecting the channel space characteristics, 

indicates a precoding index preferred by the UE based on a metric such as the SINR. 

[00112] The CQI, which is a value indicating the intensity of a channel, typically 

indicates a reception SINR which may be obtained by the eNB when the PMI is used. 

[00113] In the 3GPP LTE or LTE-A system, the eNB configures a plurality of CSI 

processes for the UE and receive CSI for each process from the UE. In this case, the CSI 

process is configured with a CSI-RS for measuring the quality of the signal from the eNB 

and CSI interference measurement (CSI-IM) resources.  

[00114] 1.4. RRM measurement  

[00115] The LTE system supports radio resource management (RRM) operation 

including power control, scheduling, cell search, cell reselection, handover, radio link or 

connection monitoring, and connection establishment and re-establishment. In this case, the 

serving cell may request the UE to send RRM measurement information corresponding to 
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the measurement value for performing the RRM operation. As representative examples, in 

the LTE system, the UE may measure cell search information, reference signal received 

power (RSRP), reference signal received quality (RSRQ), and the like for each cell and then 

transmit the measured information. Specifically, in the LTE system, the UE receives 

µPHDV&RQILJ¶ IRU WKH 550 PHDVXUHPHQW IURP WKH VHUYLQJ FHOO WKURXJK D KLJKHU OD\HU VLJQDO 

DQG WKHQ PHDVXUH 5653 RU 5654 DFFRUGLQJ WR LQIRUPDWLRQ LQ µPHDV&RQILJ¶  

[00116] In the LTE system, the RSRP, RSRQ, and RSSI has been defined as follows.  

[00117] The RSRP is defined as the linear average over the power contributions (in 

[W]) of the resource elements that carry cell-specific reference signals within the considered 

measurement frequency bandwidth. For example, for RSRP determination, the cell-specific 

reference signals R0 shall be used. For RSRP determination, the cell-specific reference 

signals R0 shall be used. If the UE can reliably detect that R1 is available, it may use R1 in 

addition to R0 to determine RSRP. 

[00118] 7KH UHIHUHQFH SRLQW IRU WKH 5653 VKDOO EH WKH DQWHQQD FRQQHFWRU RI WKH 8(  

[00119] ,I  UHFHLYHU  GLYHUVLW\  LV  LQ  XVH  E\  WKH  8(   WKH  UHSRUWHG  YDOXH  VKDOO  QRW  EH 

ORZHU WKDQ WKH FRUUHVSRQGLQJ 5653 RI DQ\ RI WKH LQGLYLGXDO GLYHUVLW\ EUDQFKHV  

[00120] 7KH 5654 LV GHILQHG DV  WKH UDWLR 1î5653  (-875$ FDUULHU 566,   ZKHUH 

1  LV  WKH  QXPEHU  RI  5%V  RI  WKH  (-875$  FDUULHU  566,  PHDVXUHPHQW  EDQGZLGWK   7KH 

PHDVXUHPHQWV  LQ  WKH  QXPHUDWRU  DQG  GHQRPLQDWRU  VKDOO  EH  PDGH  RYHU  WKH  VDPH  VHW  RI 

UHVRXUFH EORFNV  

[00121] 7KH (-875$ FDUULHU 566, FRPSULVHV WKH OLQHDU DYHUDJH RI WKH WRWDO UHFHLYHG 

SRZHU  LQ >:@  REVHUYHG RQO\ LQ 2)'0 V\PEROV FRQWDLQLQJ UHIHUHQFH V\PEROV IRU DQWHQQD 

SRUW    LQ WKH PHDVXUHPHQW EDQGZLGWK  RYHU 1 QXPEHU RI UHVRXUFH EORFNV E\ WKH 8( IURP 

DOO  VRXUFHV   LQFOXGLQJ  FR-FKDQQHO  VHUYLQJ  DQG  QRQ-VHUYLQJ  FHOOV   DGMDFHQW  FKDQQHO 

LQWHUIHUHQFH   WKHUPDO  QRLVH  HWF   ,I  KLJKHU-OD\HU  VLJQDOLQJ  LQGLFDWHV  FHUWDLQ  VXEIUDPHV  IRU 

SHUIRUPLQJ 5654 PHDVXUHPHQWV   WKHQ 566,  LV PHDVXUHG RYHU  DOO 2)'0 V\PEROV  LQ  WKH 

LQGLFDWHG VXEIUDPHV  

[00122] 7KH UHIHUHQFH SRLQW IRU WKH 5654 VKDOO EH WKH DQWHQQD FRQQHFWRU RI WKH 8(  

[00123] ,I  UHFHLYHU  GLYHUVLW\  LV  LQ  XVH  E\  WKH  8(   WKH  UHSRUWHG  YDOXH  VKDOO  QRW  EH 

ORZHU WKDQ WKH FRUUHVSRQGLQJ 5654 RI DQ\ RI WKH LQGLYLGXDO GLYHUVLW\ EUDQFKHV  

[00124] 7KH  566,  LV  GHILQHG  DV  WKH  UHFHLYHG  ZLGH  EDQG  SRZHU   LQFOXGLQJ  WKHUPDO 

QRLVH  DQG  QRLVH  JHQHUDWHG  LQ  WKH  UHFHLYHU   ZLWKLQ  WKH  EDQGZLGWK  GHILQHG  E\  WKH  UHFHLYHU 

SXOVH VKDSLQJ ILOWHU  
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[00125] 7KH UHIHUHQFH SRLQW IRU  WKH PHDVXUHPHQW VKDOO EH WKH DQWHQQD FRQQHFWRU RI 

WKH 8(  

[00126] If receiver diversity is in use by the UE, the reported value shall not be 

lower than the corresponding UTRA carrier RSSI of any of the individual receive antenna 

branches. 

[00127] Based on the above-described definitions, in the case of intra-frequency 

measurement, the UE operating in the LTE system may measure the RSRP in the bandwidth 

indicated by the allowed measurement bandwidth related information element (IE) 

transmitted in system information block type 3 (SIB3). Meanwhile, in the case of inter-

frequency measurement, the UE may measure the RSRP in the bandwidth corresponding to 

one of 6, 15, 25, 50, 75, 100 resource blocks (RBs) indicated by the allowed measurement 

bandwidth related IE transmitted in SIB5. Alternatively, when there is no IE, the UE may 

measure the RSRP in the entire downlink system frequency band as the default operation.  

[00128] Upon receiving information on the allowed measurement bandwidth, the UE 

may consider the corresponding value as the maximum measurement bandwidth and then 

freely measure the RSRP value in the corresponding value. However, if the service cell 

transmits an IE defined as WB-RSRQ to the UE and set the allowed measurement 

bandwidth equal to or higher than 50 RBs, the UE should calculate the RSRP value for the 

entire allowed measurement bandwidth. Meanwhile, when intending to the RSSI, the UE 

PHDVXUHV WKH 566, XVLQJ D IUHTXHQF\ EDQG RI WKH 8(¶V UHFHLYHU DFFRUGLQJ WR WKH GHILQLWLRQ 

of RSSI bandwidth.  

[00129] 2. New Radio Access Technology System 

[00130] As a number of communication devices have required higher 

communication capacity, the necessity of the mobile broadband communication much 

improved than the existing radio access technology (RAT) has increased. In addition, 

massive machine type communications (MTC) capable of providing various services at 

anytime and anywhere by connecting a number of devices or things to each other has also 

been required. Moreover, a communication system design capable of supporting 

services/UEs sensitive to reliability and latency has been proposed. 

[00131] As the new RAT considering the enhanced mobile broadband 

communication, massive MTC, Ultra-reliable and low latency communication (URLLC), 

and the like, a new RAT system has been proposed. In the present invention, the 

corresponding technology is referred to as the new RAT or new radio (NR) for convenience 

of description. 
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[00132] 2.1. Numerologies 

[00133] The NR system to which the present invention is applicable supports various 

OFDM numerologies shown in WKH IROORZLQJ WDEOH   ,Q WKLV FDVH   WKH YDOXH RI ȝ DQG F\FOLF 

prefix information per carrier bandwidth part can be signaled in DL and UL, respectively. 

)RU H[DPSOH   WKH YDOXH RI ȝ DQG F\FOLF SUHIL[ LQIRUPDWLRQ SHU downlink carrier bandwidth 

part may be signaled though DL-BWP-mu and DL-MWP-cp corresponding to higher layer 

signaling. As another example, WKH  YDOXH  RI  ȝ  DQG  F\FOLF  SUHIL[  LQIRUPDWLRQ  SHU uplink 

carrier bandwidth part may be signaled though UL-BWP-mu and UL-MWP-cp 

corresponding to higher layer signaling.  

[00134] [Table 2]  

 

[00135] 2.2 Frame Structure 

[00136] DL and UL transmission are configured with frames with a length of 10 ms. 

Each frame may be composed of ten subframes, each having a length of 1 ms. In this case, 

the number of consecutive OFDM symbols in each subframe is 

. 

[00137] In addition, each subframe may be composed of two half-frames with the 

same size. In this case, the two half-frames are composed of subframes 0 to 4 and subframes 

5 to 9, respectively.  

[00138] Regarding the subcarrier spacing ȝ   VORWV  PD\  EH  QXPEHUHG  ZLWKLQ  RQH 

subframe in ascending order like  and may also be 

numbered within a frame in ascending order like . In 

this case, the number of consecutive OFDM symbols in one slot ( ) may be 

determined as shown in the following table according to the cyclic prefix. The start slot 
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( ) of one subframe is aligned with the start OFDM symbol ( ) of the same 

subframe in the time dimension. Table 3 shows the number of OFDM symbols in each 

slot/frame/subframe in the case of the normal cyclic prefix, and Table 4 shows the number 

of OFDM symbols in each slot/frame/subframe in the case of the extended cyclic prefix.  

[00139] [Table 3] 

 

[00140] [Table 4] 

 

[00141] In the NR system to which the present invention can be applied, a self-

contained slot structure can be applied based on the above-described slot structure.  

[00142] FIG. 6 is a diagram illustrating a self-contained slot structure applicable to 

the present invention. 

[00143] In FIG. 6, the hatched area (e.g., symbol index = 0) indicates a downlink 

control region, and the black area (e.g., symbol index = 13) indicates an uplink control 

region. The remaining area (e.g., symbol index = 1 to 13) can be used for DL or UL data 

transmission.  

[00144] Based on this structure, the eNB and UE can sequentially perform DL 

transmission and UL transmission in one slot. That is, the eNB and UE can transmit and 

receive not only DL data but also UL ACK/NACK in response to the DL data in one slot. 

Consequently, due to such a structure, it is possible to reduce a time required until data 

retransmission in case a data transmission error occurs, thereby minimizing the latency of 

the final data transmission. 

[00145] In this self-contained slot structure, a predetermined length of a time gap is 

required for the process of allowing the eNB and UE to switch from transmission mode to 
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reception mode and vice versa. To this end, in the self-contained slot structure, some 

OFDM symbols at the time of switching from DL to UL are set as a guard period (GP). 

[00146] Although it is described that the self-contained slot structure includes both 

the DL and UL control regions, these control regions can be selectively included in the self-

contained slot structure. In other words, the self-contained slot structure according to the 

present invention may include either the DL control region or the UL control region as well 

as both the DL and UL control regions as shown in FIG. 6.  

[00147] In addition, for example, the slot may have various slot formats. In this case, 

OFDM symbols in each slot can be divided into dRZQOLQN  V\PEROV   GHQRWHG  E\  µ'¶   

IOH[LEOH V\PEROV  GHQRWHG E\ µ;¶   DQG XSOLQN V\PEROV  GHQRWHG E\ µ8¶    

[00148] Thus, the UE can assume that DL transmission occurs only in symbols 

GHQRWHG E\ µ'¶ DQG µ;¶ LQ WKH '/ VORW  6LPLODUO\  WKH 8( FDQ DVVXPH WKDW 8/ WUDQVmission 

RFFXUV RQO\ LQ V\PEROV GHQRWHG E\ µ8¶ DQG µ;¶ LQ WKH 8/ VORW   

[00149] 2.3. Analog Beamforming 

[00150] In a millimeter wave (mmW) system, since a wavelength is short, a plurality 

of antenna elements can be installed in the same area. That is, considering that the 

wavelength at 30 GHz band is 1 cm, a total of 100 antenna elements can be installed in a 5 * 

5 cm panel at intervals of 0.5 lambda (wavelength) in the case of a 2-dimensional array. 

Therefore, in the mmW system, it is possible to improve the coverage or throughput by 

increasing the beamforming (BF) gain using multiple antenna elements. 

[00151] In this case, each antenna element can include a transceiver unit (TXRU) to 

enable adjustment of transmit power and phase per antenna element. By doing so, each 

antenna element can perform independent beamforming per frequency resource. 

[00152] However, installing TXRUs in all of the about 100 antenna elements is less 

feasible in terms of cost. Therefore, a method of mapping a plurality of antenna elements to 

one TXRU and adjusting the direction of a beam using an analog phase shifter has been 

considered. However, this method is disadvantageous in that frequency selective 

beamforming is impossible because only one beam direction is generated over the full band.  

[00153] To solve this problem, as an intermediate form of digital BF and analog BF, 

hybrid BF with B TXRUs that are fewer than Q antenna elements can be considered. In the 

case of the hybrid BF, the number of beam directions that can be transmitted at the same 

time is limited to B or less, which depends on how B TXRUs and Q antenna elements are 

connected. 
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[00154] FIGs. 7 and 8 are diagrams illustrating representative methods for 

connecting TXRUs to antenna elements. Here, the TXRU virtualization model represents 

the relationship between TXRU output signals and antenna element output signals.  

[00155] FIG. 7 shows a method for connecting TXRUs to sub-arrays. In FIG. 7, one 

antenna element is connected to one TXRU. 

[00156] Meanwhile, FIG. 8 shows a method for connecting all TXRUs to all antenna 

elements. In FIG. 8, all antenna element are connected to all TXRUs. In this case, separate 

addition units are required to connect all antenna elements to all TXRUs as shown in FIG. 8. 

[00157] In FIGs. 7 and 8, W indicates a phase vector weighted by an analog phase 

shifter. That is, W is a major parameter determining the direction of the analog 

beamforming. In this case, the mapping relationship between CSI-RS antenna ports and 

TXRUs may be 1:1 or 1-to-many. 

[00158] The configuration shown in FIG. 7 has a disadvantage in that it is difficult to 

achieve beamforming focusing but has an advantage in that all antennas can be configured 

at low cost.  

[00159] On the contrary, the configuration shown in FIG. 8 is advantageous in that 

beamforming focusing can be easily achieved. However, since all antenna elements are 

connected to the TXRU, it has a disadvantage of high cost. 

[00160] When a plurality of antennas are used in the NR system to which the present 

invention is applicable, the hybrid beamforming method obtained by combining the digital 

beamforming and analog beamforming can be applied. In this case, the analog (or radio 

frequency (RF)) beamforming means the operation where precoding (or combining) is 

performed at the RF end. In the case of the hybrid beamforming, precoding (or combining) 

is performed at the baseband end and RF end, respectively. Thus, the hybrid beamforming 

is advantageous in that it guarantees the performance similar to the digital beamforming 

while reducing the number of RF chains and D/A (digital-to-analog) (or A/D (analog-to-

digital) z converters.  

[00161] For convenience of description, the hybrid beamforming structure can be 

represented by N transceiver units (TXRUs) and M physical antennas. In this case, the 

digital beamforming for L data layers to be transmitted by the transmitting end may be 

represented by the N * L (N by L) matrix. Thereafter, N converted digital signals are 

converted into analog signals by the TXRUs, and then the analog beamforming, which may 

be represented by the M * N (M by N) matrix, is applied to the converted signals.   
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[00162] FIG. 9 is a schematic diagram illustrating a hybrid beamforming structure 

according to an embodiment of the present invention from the perspective of TXRUs and 

physical antennas. In FIG. 9, it is assumed that the number of digital beams is L and the 

number of analog beams is N. 

[00163] Additionally, a method for providing efficient beamforming to UEs located 

in a specific area by designing an eNB capable of changing analog beamforming on a 

symbol basis has been considered in the NR system to which the present invention is 

applicable. Further, a method of introducing a plurality of antenna panels where 

independent hybrid beamforming can be applied by defining N TXRUs and M RF antennas 

as one antenna panel has also been considered in the NR system to which the present 

invention is applicable.   

[00164] When the eNB uses a plurality of analog beams as described above, each UE 

has a different analog beam suitable for signal reception. Thus, the beam sweeping 

operation where the eNB applies a different analog beam per symbol in a specific subframe 

(SF) (at least with respect to synchronization signals, system information, paging, etc.) and 

then perform signal transmission in order to allow all UEs to have reception opportunities 

has been considered in the NR system to which the present invention is applicable.  

[00165] FIG. 10 is a diagram schematically illustrating the beam sweeping operation 

for synchronization signals and system information during a downlink (DL) transmission 

process according to an embodiment of the present invention 

[00166] In FIG. 10, a physical resource (or channel) for transmitting system 

information of the NR system to which the present invention is applicable in a broadcasting 

manner is referred to as a physical broadcast channel (xPBCH). In this case, analog beams 

belonging to different antenna panels can be simultaneously transmitted in one symbol. 

[00167] In addition, the introduction of a beam reference signal (BRS) 

corresponding to the reference signal (RS) to which a single analog beam (corresponding to 

a specific antenna panel) is applied has been discussed as the configuration for measuring a 

channel per analog beam in the NR system to which the present invention is applicable. The 

BRS can be defined for a plurality of antenna ports, and each BRS antenna port may 

correspond to a single analog beam. In this case, unlike the BRS, all analog beams in the 

analog beam group can be applied to the synchronization signal or xPBCH unlike the BRS 

to assist a random UE to correctly receive the synchronization signal or xPBCH. 

[00168] 3. Proposed Embodiments 
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[00169] Based on the above-described technical features, uplink control information 

(UCI) mapping methods when UCI is transmitted in a physical uplink shared channel 

(PUSCH) resource region corresponding to a physical layer channel for UL data 

transmission will be described hereinafter. In other words, particular methods performed by 

a UE for transmitting UCI on a PUSCH will be described in detail in the present invention. 

[00170] In the legacy LTE system, the peak to average power ratio (PAPR) is 

reduced to allow a UE to perform UL data transmission with high transmit power. By doing 

so, it is possible to increase UL coverage. That is, in the legacy LTE system, transmission 

has been performed based on the SC-FDMA (Single Carrier ± Frequency Division 

Multiplexing Access), which has the single carrier property, or the DFT-s-OFDM (Discrete 

Fourier Transform ± spread ± OFDM) scheme. According to the SC-FDMA scheme, DFT 

precoding (or DFT spreading) is applied to data before the OFDM-based IDFR (Inverse 

Discrete Fourier Transform) (or IFFT (Inverse Fast Fourier Transform)) process. Thus, if 

the UE processes the M-point DFT block and N-SRLQW  ,')7  EORFN   ZKHUH  1�0   DIWHU 

generating M pieces of data, time-domain data of the UE is converted into the time-domain 

signal up-sampled by a ratio of N/M so that the single carrier features are satisfied. 

[00171] However, the NR system to which the present invention is applicable can 

support not only SC-FDMA based PUSCH transmission but also CP-OFDM (Cyclic Prefix 

± OFDM) based PUSCH transmission (that is, the OFDM scheme where the DFT block is 

applied to data before OFDM), using PUSCH transmission waveforms. If the CP-OFDM 

based PUCCH transmission is performed, the NR system can support data and RS resource 

mapping which is somewhat free from the single carrier property. By doing so, it is possible 

to minimize RS overhead in each channel. 

[00172] Accordingly, the NR system to which the present invention is applicable can 

support two schemes for the PUSCH transmission. As a particular example, if narrow UL 

coverage is enough, the UE perform CP-OFDM based PUSCH transmission according to 

the H1%¶V configuration. On the contrary, if wide UL coverage is required, the UE may 

perform SC-OFDM based PUSCH transmission. 

[00173] In addition, in the NR system to which the present invention is applicable, a 

certain service such as URLLC may have ultra-low latency requirements. Thus, in some 

cases, URLLC data may be transmitted by puncturing previously transmitted eMBB data. 

For example, if the UE is instructed to transmit PUSCH2 for a URLLC service after 

receiving instruction to transmit PUSCH1 for an eMBB service, the UE may transmit 

PUSCH2 by puncturing some PUSCH1 data in a corresponding slot. 
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[00174] Moreover, in the NR system to which the present invention is applicable, 

UCI piggyback for transmitting UCI in the PUSCH region can be applied. In this case, UCI 

may be differently mapped to the PUSCH according to whether PUSCH transmission is 

performed based on either the CP-OFDM scheme or SC-FDMA scheme. Further, the design 

of UCI mapping can be changed by considering puncturing due to other services such as 

URLLC and the like. 

[00175] In the following description, dynamic control information (DCI) may mean 

a dynamic control signal. 

[00176] In addition, in the following description, resource elements (REs) may be 

represented on a grid of OFDM resources corresponding to time resources and subcarrier 

resources corresponding to frequency resources. Accordingly, a RE may imply a resource 

corresponding to a specific subcarrier and a specific OFDM symbol. 

[00177] Moreover, in the following description, a demodulation reference signal 

(DM-RS) may mean a reference signal that supports reception operation such as channel 

estimation and the like for data demodulation. 

[00178] Further, in the following description, a slot may mean a basic time unit for 

data scheduling and be composed of a plurality of symbols. And, as a minimum time unit 

for data scheduling, a mini-slot may be defined to have a time period shorter than the slot. 

In this case, the symbol may be the OFDM symbol or SC-FDMA symbol. 

[00179] Additionally, in the following description, time-first mapping (or frequency-

first mapping) may mean a scheme of performing RE allocation for specific frequency 

resources (or time resources) in the time-axis (or frequency-axis) direction and then 

performing RE allocation for other frequency resources (or time resources) in the time-axis 

(or frequency-axis) direction again. 

[00180] Additionally, in the drawings of the present invention, a number on each RE 

may mean mapping priority for allocating UCI to REs.  

[00181] 3.1. First UCI Transmission Method 

[00182] When a UE performs UCI piggyback on a PUSCH, the UE can concatenate 

coded data bits and coded UCI bits before modulating coded bits, which will be transmitted 

on the PUSCH, map signals obtained by modulating the concatenated coded bits to REs, 

and then transmit the signals on the PUSCH.  

[00183] In this case, assuming that the amount of coded bits that can be transmitted 

on the PUSCH are N bits and the amount of coded UCI bits are M bits, the UE may 

concatenate the coded data bits with the coded UCI bits using one of the following methods. 
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[00184] (1) The UE may create the coded data bits according to the N-bit length, 

puncture partial M bits among the coded data bits, and may then insert the coded UCI bits at 

the corresponding position.  

[00185] (2) The UE may create the coded data bits according to the (N-M)-bit length 

and then concatenate the coded data bits with the coded UCI bits. 

[00186] In this case, among the coded data bits, M-bit information may be 

sequentially punctured from the least significant bit to the most significant bit. 

[00187] In addition, assuming that the modulation order supports K bits, the length 

of the coded UCI bits may be restricted to have a multiple of K. By doing so, data and UCI 

can be separated from each other, and additional power can be allocated for UCI 

transmission REs. 

[00188] Moreover, during the process for concatenating the coded data bits and 

coded UCI bits, bit-level interleaving may be applied, and then symbol-level interleaving 

may be additionally applied when RE mapping is performed for modulated symbols. 

[00189] FIG. 11 is a diagram schematically illustrating the first UCI transmission 

method according to the present invention. 

[00190] In FIG. 11, it is assumed that coded bits that can be transmitted on the 

PUSCH are N bits and coded UCI bits are M bits. In this case, the UE may puncture partial 

M bits among coded data bits before the modulation step (i.e., before the modulator block), 

modulate the entire coded bits, which is obtained by concatenating the coded UCI bits and 

coded data bits, and then transmit the modulated signal on the PUSCH as shown in the left 

side of FIG. 11. Alternatively, the UE may perform rate-matching such that the length of the 

coded data bits becomes (N-M) bits and then concatenate the coded UCI bits and coded data 

bits as shown in the right side of FIG. 11. 

[00191] When data is mixed with UCI before performing RE mapping on the 

PUSCH as described above, it is possible to not only achieve interleaving of coded bits 

during the RE mapping process but also apply it to UCI in the same way. Thus, it has an 

advantage of obtaining the time/frequency diversity in UCI transmission. 

[00192] Additionally, when data is transmitted using a plurality of code blocks 

(codeblocks (CBs)) or a code block group (CBG), coded UCI bits may be transmitted by 

being distributed over the CBs or CBG. For example, assuming that the coded bits that can 

be transmitted on the PUSCH are N bits, the coded UCI bits are M bits, and the number of 

CBGs is L, the UE can concatenate the coded data bits and coded UCI bits as follows.  
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[00193] 1) First, the UE configures {N1, N2  «  1L} satisfying the condition of N1 + 

N2   «   1L = N bits and {M1, M2  «  0L} satisfying the condition of M1 + M2   «   0L 

= M bits. Thereafter, the UE allocates N1 coded data bits to the lth CBG among the L CBGs 

 ZKHUH O         «  /   SXQFWXUHV SDUWLDO 0 ELWV DPRQJ WKH FRGHG GDWD ELWV  DQG Lnserts the 

coded UCI bits at the corresponding position.  

[00194] 2) The UE configures {N1, N2  «  1L} satisfying the condition of N1 + N2 + 

«   1L = (N-M) bits and {M1, M2  «  0L} satisfying the condition of M1 + M2   «   0L 

= M bits. Thereafter, the UE allocates Nl coded data bits to the lth CBG among the L CBGs 

 ZKHUH O         «  /  DQG WKHQ DGGLWLRQDOly concatenate Ml coded UCI bits therewith. 

[00195] In the following description, it is assumed that a resource element (RE) 

means a resource corresponding to one subcarrier in the OFDM symbol, and a resource 

block (RB) or physical resource block (PRB) means a resource allocation unit composed of 

M1 symbols (e.g., 7 or 14) in the time domain and M2 subcarriers (e.g., 12) in the frequency 

domain.  

[00196] In the NR system to which the present invention is applicable, the channel 

coding chain can be defined as the following series of processes. 

[00197] [Channel coding chain] 

[00198] [1] TB (transport block): generating a TB according to TBS (transport block 

size) 

[00199] [2] TB CRC (cyclic redundancy check) attachment: applying CRC to the TB 

[00200] [3] CB (code block) segmentation: diving the TB into a plurality of CBs 

(when the TB has a size equal to or greater than a predetermined value) 

[00201] [4] CB CRC attachment: applying CRC to the CBs.  

[00202] [5] Channel coding: performing channel coding for each CB 

[00203] In this case, if coded bits are divided into a systematic bit group and nth 

SDULW\ ELW JURXS  ZKHUH Q            «  DFFRUGLQJ WR FKDQQHO FRGLQJ VFKHPHV  D VXE-block 

interleaver may be applied to mix the bit order in each bit group. Thereafter, additional 

interleaving may also be applied to each bit group.  

[00204] [6] Rate matching: inputting code bits of each CB into a (circular) buffer 

according to specific order (e.g., systematic bit -> parity bit) and selecting a series of coded 

bits corresponding to the amount of bits (per CB) that can be transmitted on a data 

transmission channel from a specific start point in the (circular) buffer 

[00205] In this case, the specific start point in the (circular) buffer can be indicated 

through DL scheduling DCI or RV (redundancy version) in the DL scheduling DCI. 
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[00206] In addition, when the buffer is a circular buffer, if L bits are selected for a 

specific CB, the L selected bits may correspond to index (k0) mod K, index (k0 + 1) mod K, 

«  LQGH[  N0 + L) mod K, where index k0 is the point indicated by the DCI or RV and K is 

the total size of the circular buffer. 

[00207] [7] CB concatenation: concatenating coded bits in each CB 

[00208] [8] Channel interleaving: performing data RE mapping  

[00209] Additionally, when data is composed of a plurality of CBs (or CBG), coded 

UCI bits can be distributed over the CBs (or CBG). In this case, while performing rate-

matching of the channel coding chain in each CB (or CBG), the UE may insert all (or some) 

of the coded UCI bits by puncturing the rear part of a bit stream outputted from the (circular) 

buffer. 

[00210] As a particular example, if the RV is 0, the front portion of the stream 

outputted from the circular buffer is composed of systematic bits, and the rear portion is 

composed of parity bits. That is, the parity bits may be punctured to insert the (partial) 

coded UCI bit. 

[00211] Alternatively, while performing rate-matching of the channel coding chain 

in each CB (or CBG), the UE may insert the UCI by puncturing data from the last bit (with 

reference to order of bits in the bit stream inputted to the (circular) buffer) of the parity bits 

(in reverse order of the bits in the bit stream inputted to the (circular) buffer). In other words, 

the UE may replace the UCI from the last bit of the parity bits outputted from the (circular) 

buffer.  

[00212] FIG. 12 is a diagram schematically illustrating operation of inserting UCI by 

performing data puncturing on parity bits in a bit stream outputted from a (circular) buffer 

starting from the last bit (with reference to order of bits in a bit stream inputted to the 

(circular) buffer) according to a specific RV value. 

[00213] In addition, after configuring a coded CB (with or without interleaving), the 

UE may distribute UCI over the entirety of the coded CB. In this case, if the UE intends to 

perform rate-matching or puncturing on data bits in the coded CB, the UE may operate as 

follow.  

[00214] 1] When it is assumed that the number of bits in the coded CB is N and the 

number of coded UCI bits is M, if the UE performs rate-matching, the UE can insert one 

UCI bit every N/M CB bits. 
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[00215] 2] When it is assumed that the number of bits in the coded CB is N and the 

number of coded UCI bits is M, if the UE performs puncturing, the UE may replace bit 

information with one UCI bit every (N-M)/M CB bits. 

[00216] 3] In this case, after modulation of the coded bits where the CB is combined 

with the UCI, the UE may perform RE mapping on PUSCH resources where the modulated 

symbols are allocated in a frequency-first (or time-first) manner. In this case, the frequency-

first (or time-first) RE mapping may mean that RE mapping is performed first on a certain 

frequency-domain (or time-domain) resources and then performed on the next frequency-

domain (or time-domain) resource. In this case, the RE mapping order on frequency-domain 

(or time-domain) resources may comply with frequency-domain indices or a specific pattern.  

[00217] 4] In addition, the value of N and M may be determined per modulation 

symbol rather than bit.  

[00218] 5] Moreover, the data bits in the coded CB, which will be rate-matched or 

punctured for UCI piggyback, may include both systematic and parity parts, or they may 

include only the parity part except the systematic part.  

[00219] FIG. 13 is a diagram schematically illustrating a method for distributing UCI 

over the entirety of a coded CB by performing puncturing or rate-matching (on data bits in 

the coded CB). 

[00220] Additionally, when a bit interleaver is applied (per CB) (that is, interleaving 

of bits in each CB) to the CBs generated after the channel coding process, the UE may 

perform UCI piggyback as follows. 

[00221] <1> when the UE performs UCI piggyback, the UE uniformly distributes 

coded UCI bits (per CB) over all CBs. 

[00222] <2> The UE performs rate-matching on each CB for the coded UCI bits (per 

CB).  

[00223] <3> After concatenating the (rate-matched) CBs and coded UCI bits (per 

CB), the UE applies the bit interleaver (per CB) to the concatenated coded bits.  

[00224] <4> After modulating the (interleaved) coded bits, the UE maps the coded 

bits to REs in the PUSCH. In this case, the RE mapping may be performed in the same way 

as the data (e.g., UL-SCH) RE mapping process on the PUSCH.  

[00225]  Additionally, to distribute UCI mapping REs over the time and frequency 

domains, the following UCI mapping methods can be considered.  

[00226] 1> Method #1: A method of mapping 4M REs to the first symbol (according 

to the symbol order) and then perform mapping on the next symbol 
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[00227] A> The 4M REs may have indices of {0+m, 3M+m, 6M+m, 9M+m} (where 

P    «  0-1). In addition, a (different) specific offset (e.g., symbol index) may be added 

per symbol.  

[00228] i> Example: RE index in symbol #A = {0+m+A, 3M+m+A, 6M+m+A, 

9M+m+A} or {0+m+A*M, 3M+m+A*M, 6M+m+A*M, 9M+m+A*M} 

[00229] ii> Example: RE index in symbol #A = {(0+m+A) mod 12M, (3M+m+A) 

mod 12M, (6M+m+A) mod 12M, (9M+m+A) mod 12M} or {(0+m+A*M) mod 12M, 

(3M+m+A*M) mod 12M, (6M+m+A*M) mod 12M, (9M+m+A*M) mod 12M} 

[00230] B> The mapping of first 4 REs (0M, 3M, 6M, 9M) (from the perspective of 

UCI RE mapping) among the 4M RE indices may be performed as follows.  

[00231] i> 0M -> 3M -> 6M -> 9M 

[00232] ii> 0M -> 6M -> 3M -> 9M 

[00233] iii> 0M -> 9M -> 3M -> 6M 

[00234] iv> 3M -> 9M -> 0M -> 6M 

[00235] v> 0M -> 9M -> 6M -> 3M 

[00236] C> The mapping of 4 REs, i.e., 4+mth, 5+ mth, 6+ mth, and 7+ mth REs 

 ZKHUH  P       «  0-1) (from the perspective of UCI RE mapping) may be performed as 

follows.  

[00237] i> 0M+m -> 3M+m -> 6M+m -> 9M+m 

[00238] ii> 0M+m -> 6M+m -> 3M+m -> 9M+m 

[00239] iii> 0M+m -> 9M+m -> 3M+m -> 6M+m 

[00240] iv> 3M+m -> 9M+m -> 0M+m -> 6M+m 

[00241] v> 0M+m -> 9M+m -> 6M+m -> 3M+m 

[00242] D> After performing the mapping until the last symbol, the above-described 

mapping processes are performed on different 4M REs with indices of {0+m, 3M+m, 

 0 P   0 P`  ZKHUH P  0  «   0-1) in the first symbol again. 

[00243] E> In this configuration, the value of M may be determined according to the 

number of RBs allocated to the PUSCH and/or the number of symbols allocated to the 

PUSCH (except the DMRS) and/or the MCS (Modulation and Coding Scheme) indicated by 

the PUSCH and/or the number of coded UCI bits and/or the number of UCI coding 

modulation symbols (REs). For example, the value of M may be set equal to the number of 

RBs allocated to the PUSCH.  

[00244] 2> Method #2: A method of mapping 12M REs to the first symbol 

(according to the symbol order) and then perform mapping on the next symbol 
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[00245] A> The 12M REs may have indices of {0+m, 3M+m, 6M+m, 9M+m}  

 ZKHUH P    «   0-1). In addition, a (different) specific offset (e.g., symbol index) may be 

added per symbol.  

[00246] i> RE index in symbol #A = {(0+m+A) mod 12M, (3M+m+A) mod 12M, 

(6M+m+A) mod 12M, (9M+m+A) mod 12M} or {(0+m+A*M) mod 12M, (3M+m+A*M) 

mod 12M, (6M+m+A*M) mod 12M, (9M+m+A*M) mod 12M} 

[00247] B> The mapping of first 4 REs (0M, 3M, 6M, 9M) (from the perspective of 

UCI RE mapping) among the 4M RE indices may be performed as follows.  

[00248] i> 0M -> 3M -> 6M -> 9M 

[00249] ii> 0M -> 6M -> 3M -> 9M 

[00250] iii> 0M -> 9M -> 3M -> 6M 

[00251] iv> 3M -> 9M -> 0M -> 6M 

[00252] v> 0M -> 9M -> 6M -> 3M 

[00253] C> The mapping of 4 REs, i.e., 4+mth, 5+ mth, 6+ mth, and 7+ mth REs 

 ZKHUH  P       «   0-1) (from the perspective of UCI RE mapping) may be performed as 

follows.  

[00254] i> 0M+m -> 3M+m -> 6M+m -> 9M+m 

[00255] ii> 0M+m -> 6M+m -> 3M+m -> 9M+m 

[00256] iii> 0M+m -> 9M+m -> 3M+m -> 6M+m 

[00257] iv> 3M+m -> 9M+m -> 0M+m -> 6M+m 

[00258] v> 0M+m -> 9M+m -> 6M+m -> 3M+m 

[00259] D> In this configuration, the value of M may be determined according to the 

number of RBs allocated to the PUSCH and/or the number of symbols allocated to the 

PUSCH (except the DMRS) and/or the MCS indicated by the PUSCH and/or the number of 

coded UCI bits and/or the number of UCI coding modulation symbols (REs). For example, 

the value of M may be set equal to the number of RBs allocated to the PUSCH. 

[00260] 3> Method #3: A method of defining P clusters (C_0, C_1, C_   «  &B 3-1)) 

and then mapping UCI to the P clusters  

[00261] A> The (local) subcarrier index (in the PUSCH) corresponding to 

frequency-GRPDLQ FOXVWHU &B/  ZKHUH /          «  3-1) can be defined as follows.  

[00262] L! &B/   ^/ 0    / 0    «  / 0 0- `  /            «  3-1 

[00263] In this case, assuming that the total number of REs (per symbol) in the 

PUSCH is M0, M can be given as M=M0/P. In addition, the number P of clusters may be 

configured by the eNB.  
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[00264] B> RE mapping on the (Q*P + k)th PRGXODWLRQ V\PERO  ZKHUH N         «  

P-  DQG 4               «  IRU 8&, PD\ EH GHILQHG DV IROORZV   

[00265] i> In the case of P = 4 

[00266] For array A, RE mapping is applied to the RE with the (local) index (in the 

PUSCH) of A[k]*M+(Q mod M) (or (A[k]+1)*M-(Q mod M)-1)) in cluster C_A[k].  

[00267] Here, array A may be one of the following arrays. 

[00268] A = [0 1 2 3] 

[00269] A = [0 2 1 3] 

[00270] A = [0 3 1 2] 

[00271] A = [1 3 0 2] 

[00272] A = [0 3 2 1] 

[00273] In this case, A[k] means the value corresponding to index k of array A. 

[00274] ii> In the case of P = 2N  

[00275] For array A, RE mapping is applied to the RE with the (local) index (in the 

PUSCH) of A[k]*M+(Q mod M) (or (A[k]+1)*M-(Q mod M)-1) in cluster C_A[k]. 

[00276] Here, array A may be a bit reversal permutation sequence for 2N. 

[00277] In addition, A[k] means the value corresponding to index k of array A. 

[00278] c> After performing UCI mapping on all REs in one symbol (in the 

PUSCH), RE mapping is performed on the next symbol.  

[00279] 4> Method #4: The method of defining P clusters  &B   &B   &B   «  &B 3-

1)) and then mapping UCI to the P clusters  

[00280] A> The (local) subcarrier index (in the PUSCH) corresponding to 

frequency-GRPDLQ FOXVWHU &B/  ZKHUH /          «  3-1) can be defined as follows.  

[00281] L! &B/   ^/ 0    / 0    «  / 0 0- `  /            «  3-1 

[00282] In this case, assuming that the total number of REs (per symbol) in the 

PUSCH is M0, M can be given as M=M0/P. In addition, the number P of clusters may be 

configured by the eNB.  

[00283] B> RE mapping on the (Q*P + k)th PRGXODWLRQ V\PERO  ZKHUH N         «  

P-  DQG 4               «  IRU 8&, PD\ EH GHILQHG as follows.  

[00284] i> In the case of P = 4 

[00285] For the symbol with the index of V = Q mod N_SYMBOL, the following 

UCI mapping method is applied. In this case, for array A, RE mapping is applied to the RE 

with the (local) index (in the PUSCH) of A[k]*M+W (or A[k]*M-W+M-1) in cluster 

C_A[k].  
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[00286] Here, N_SYMBOL indicates the total number of symbols on which UCI 

mapping is performed, and W is defined as W = floor(Q/N_SYMBOL). 

[00287] In addition, array A may be one of the following arrays. 

[00288] A = [0 1 2 3] 

[00289] A = [0 2 1 3] 

[00290] A = [0 3 1 2] 

[00291] A = [1 3 0 2] 

[00292] A = [0 3 2 1] 

[00293] In this case, A[k] means the value corresponding to index k of array A. 

[00294] ii> In the case of P = 2N  

[00295] For the symbol with the index of V = Q mod N_SYMBOL, the following 

UCI mapping method is applied. In this case, for array A, RE mapping is applied to the RE 

with the (local) index (in the PUSCH) of A[k]*M+W (or A[k]*M-W+M-1) in cluster 

C_A[k]. 

[00296] Here, N_SYMBOL indicates the total number of symbols on which UCI 

mapping is performed, and W is defined as W = floor(Q/N_SYMBOL). 

[00297] In addition, array A may be a bit reversal permutation sequence for 2N. 

[00298] Moreover, A[k] means the value corresponding to index k of array A. 

[00299] 5> Method #5: The method of defining P clusters  &B   &B   &B   «  &B 3-

1)) and then mapping UCI to the P clusters 

[00300] A> Subcarriers included in each cluster can be defined according to one of 

the following options 

[00301] i> Option 1: Determination according to a predetermined rule 

[00302] For example, the (local) subcarrier index (in the PUSCH) corresponding to 

frequency-domain cluster &B/  ZKHUH /          «  3-1) can be defined as follows. 

[00303] &B/   ^/ 0    / 0    «  / 0 0- `  /            «  3-1 

[00304] Here, assuming that the total number of REs (per symbol) in the PUSCH is 

M0, M can be given as M=M0/P. Alternatively, the values of M and P may be configured by 

the eNB and/or determined according to the number of UCI REs.  

[00305] ii> Option 2: The eNB configures subcarriers included in each cluster 

(through a higher layer signal and the like). In this case, the number P of clusters may be 

configured by the eNB.  

[00306] B> The UCI mapping order between clusters can be determined according 

one of the following options.  
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[00307] i> Option 1: Determination according to specific array A 

[00308] For example, for array A, the UCI mapping order between the clusters may 

be defined as IROORZV  &OXVWHU &B$> @  &OXVWHU &B$> @  «  &OXVWHU &B$>3-1]. 

[00309] Here, A[k] means the value corresponding to index k of array A. 

[00310] In addition, array A may be given as follows.  

[00311] A> In the case of P = 4 

[00312] A = [0 1 2 3] 

[00313] A = [0 2 1 3] 

[00314] A = [0 3 1 2] 

[00315] A = [1 3 0 2] 

[00316] A = [0 3 2 1] 

[00317] B> In the case of P = 2N 

[00318] Array A may be a bit reversal permutation sequence for 2N. 

[00319] ii> Option 2: The UCI mapping order between the clusters is determined by 

the eNB.  

[00320] C> The UCI mapping order between subcarriers in the cluster can be 

determined according to one of the following options. 

[00321] i> Option 1: Ascending order of frequency indices 

[00322] ii> Option 2: Descending order of frequency indices 

[00323] iii> Option 3: The UCI mapping order between the subcarriers is determined 

by the eNB. 

[00324] For example, option 1 or option 2 may be applied depending on the 

frequency-domain resource location of a cluster. Specifically, if a cluster is included in the 

frequency region corresponding to the left half of PUSCH resources, option 1 is applied. 

Otherwise, option 2 may be applied.  

[00325] In addition, the UCI mapping order between the subcarriers in the cluster 

may mean the order of arranging the subcarriers in the cluster when (UCI mapping target) 

modulated UCI symbols sequentially occur in the corresponding cluster. 

[00326] D> Thereafter, the UE can perform (cluster-based) UCI mapping as follows.  

[00327] i> The UE perform the UCI mapping on the modulated UCI symbols with 

respect to the total P clusters according to the UCI mapping order between clusters (in a 

specific symbol). In this case, the UE may perform the UCI mapping by allocating one 

modulated UCI symbol per cluster in each order.  
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[00328] ii> When the UE needs to perform the UCI mapping on P*S modulated UCI 

symbols (where S is a natural number), the UE may operate according one of the following 

options. 

[00329] 1>> Option 1: If S has a specific value (in terms of the UCI mapping), the 

UE moves to the next symbol and then performs the (cluster-based) UCI mapping on the 

corresponding symbol. Alternatively, the UE performs the UCI mapping on the UCI 

symbols, which are re-modulated for the current symbol, with respect to the total P clusters 

according to the UCI mapping order between the clusters. In this case, if the UE performs 

the UCI mapping on all the symbols, the UE goes back to the first symbol and then 

performs the (cluster-based) UCI mapping on the corresponding symbol.  

[00330] 2>> Option 2: Until completing the UCI mapping on all (frequency) 

resources in the current symbol, the UE performs the UCI mapping on the re-modulated 

UCI symbols with respect to the total P clusters according to the UCI mapping order 

between the clusters. 

[00331] iii> When performing the UCI mapping on (specific) modulated UCI 

symbols in each cluster, the UE determines the locations of the subcarriers for the 

modulated UCI symbols according to UCI mapping order between subcarriers in a 

corresponding cluster.  

[00332] FIG. 14 is a diagram schematically illustrating UCI mapping on first three 

symbols according to method #1. In FIG. 14, it is assumed that the order of 0 -> 9M -> 3M -

> 6M is applied to first four REs. 

[00333] In FIG. 14, the number indicates UCI-to-RE mapping priority, shadow areas 

correspond to UCI, and non-shadow areas correspond to data. In addition, the subcarrier (or 

frequency) index increases from the top to the bottom, and the symbol (or time) index 

increases from the left to the right. 

[00334] FIG. 15 is a diagram schematically illustrating an example of UCI mapping 

according to method #5. 

[00335] As shown in FIG. 15, when there are four clusters, the UE may perform UCI 

mapping between the clusters in the following order: [Cluster 0 -> Cluster 1 -> Cluster 2 -> 

Cluster 3] and perform the UCI mapping between subcarriers in each cluster in ascending 

order of frequency indices. In addition, after completing the UCI mapping on all (available) 

frequency resources in one symbol, the UE may perform the UCI mapping on the next 

symbol.  
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[00336] FIG. 16 is a diagram schematically illustrating another example of UCI 

mapping according to method #5.  

[00337] As shown in FIG. 15, when there are four clusters, the UE may perform UCI 

mapping between the clusters in the following order: [Cluster 0 -> Cluster 3 -> Cluster 2 -> 

Cluster 1] and perform the UCI mapping between subcarriers in each cluster in ascending 

order of frequency indices. In addition, after completing the UCI mapping on all (available) 

frequency resources in one symbol, the UE may perform the UCI mapping on the next 

symbol. 

[00338] FIG. 17 is a diagram schematically illustrating still another example of UCI 

mapping according to method #5. 

[00339] As shown in FIG. 17, when there are four clusters, the UE may perform UCI 

mapping between the clusters in the following order: [Cluster 0 -> Cluster 1 -> Cluster 2 -> 

Cluster 3] and perform the UCI mapping between subcarriers in each cluster in ascending 

order of frequency indices. In addition, after performing the UCI mapping (on four UCI 

REs) with respect to all clusters in one symbol, the UE may perform the UCI mapping on 

the next symbol. 

[00340] In the following description, a RE mapping rule related to specific UCI may 

mean the positions of REs to which coded bits (or coded symbols) of the corresponding 

UCI are allocated and the allocation order thereof. Regarding the UCI-to-RE mapping rule, 

if the k1
th RE(s) is not available, the UE may skip the corresponding RE(s) and then 

reinitiate the UCI coded bits (or coding symbols) to RE mapping process at the next RE 

(e.g., k1+1).  

[00341] In this specification, a (frequency-domain) cluster means a set composed of 

(neighboring) specific subcarriers. In addition, a resource element (RE) means a physical 

(time/frequency) resource corresponding to one (OFDM) symbol and one subcarrier in the 

OFDM structure. 

[00342] According to the present invention, when the UE transmits (specific) UCI on 

the PUSCH (e.g., UCI piggyback or UCI transmission on PUSCH), the UE can apply the 

(frequency-domain) cluster based RE mapping rule (for UCI) as follows (hereinafter 

referred to as UCI mapping method #6).  

[00343] 1]] P clusters (which are distinguished from each other in the frequency 

domain) are configured for the UE.  

[00344] A]] In this case, subcarriers included in each cluster may be determined 

according to one of the following options. 



G    
 

[00345] i]] Option 1: A predetermined rule (between the eNB and UE) 

[00346] For example, the indices of subcarriers included in the Lth cluster (where 

Lଲ^         «  3-1}) among the P clusters may be defined as follows, with reference to the 

local subcarrier index in the PUSCH. 

[00347] &B/   ^/ 0    / 0    «  /*M+M- `  /            «  3-1 

[00348] Here, assuming that the total number of REs (per symbol) in the PUSCH is 

M0, M can be give as M=M0/P. Alternatively, the values of M and P may be configured by 

the eNB and/or determined according to the number of UCI REs. 

[00349] ii]] Option 2: The eNB configures at least one piece of the following 

information (through a higher layer signal), and the UE recognizes the configured clusters 

based on the (plurality of pieces of) information. 

[00350] 1. The number of clusters 

[00351] 2. The start point (or subcarrier index) of each cluster (in the frequency 

domain) 

[00352] 3. The end point (or subcarrier index) of each cluster (in the frequency 

domain) 

[00353] 4. The (frequency-domain) resources (or subcarrier indices) included in each 

cluster  

[00354] 5. Information on REs (or subcarriers) excluded (from UCI mapping) in 

each cluster  

[00355] B]] When configuring the indices of subcarriers constituting the cluster per 

(UCI mapping target) symbol, the UE may calculate the cluster per symbol by applying 

different frequency-domain offset to each (UCI mapping target) symbol in addition to the 

reference cluster (configuration).  

[00356] For example, assuming that option 1 is applied in the above-described 

example,  

[00357] The indices of subcarriers included in the Lth cluster (e.g., C_L) (where 

Lଲ^         «  3-1}) among P clusters in a kth symbol may be defined as follows, with 

reference to the local subcarrier index in the PUSCH.  

[00358] A. C_L = {(L*M+0+k) mod M0, (L*M+1+k) mod M0  «    / 0 0-1+k) 

mod M0`  /            «  3-1 

[00359] B. C_L = {(L*M+0-k) mod M0, (L*M+1-k) mod M0  «    / 0 0-1-k) 

mod M0`  /            «  3-1 
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[00360] Here, assuming that the total number of REs (per symbol) in the PUSCH is 

M0, M can be give as M=M0/P. Alternatively, the values of M and P may be configured by 

the eNB and/or determined according to the number of UCI REs. 

[00361] 2]] The UCI mapping order between configured P cluster(s) is defined.  

[00362] A]] The UCI mapping order between the clusters can be determined 

according to one of the following methods. 

[00363] i]] The P cluster(s) may be indexed in ascending (or descending) order in the 

frequency domain. That is, a random subcarrier in an L1
th cluster may be always in front (or 

back) of a random subcarrier in an L2
th cluster (where L2 > L1) in the frequency domain.  

[00364] ii]] Option 1: The UCI mapping order between the clusters is determined 

according to specific array A. 

[00365] For array A, the UCI mapping order between the clusters may be defined as 

follows: A[0]th Cluster, A[1]th &OXVWHU  «  $>3-1]th Cluster. 

[00366] In the case, array A may be one of the following arrays. 

[00367] A]] In the case of P = 4  

[00368] 1. A = [0 1 2 3] 

[00369] 2. A = [0 2 1 3] 

[00370] 3. A = [0 3 1 2] 

[00371] 4. A = [1 3 0 2] 

[00372] 5. A = [0 3 2 1] 

[00373] B]] In the case of P = 2N 

[00374] Array A is a bit reversal permutation sequence for 2N. 

[00375] C]] In the case of P = 2Q 

[00376] 1. A = [0 P-1 1 P-2 2 P-  « N 3- N    « 4-1 P-Q] 

[00377] 2. A = [P-1 0 P-2 1 P-    « 3- N    N « 3-Q Q-1] 

[00378] iii] Option 2: The UCI mapping order between the clusters may be 

configured by the eNB (through a higher layer signal).  

[00379] 3]] The UCI mapping order (between subcarriers) in the cluster is defined.  

[00380] A]] The UCI mapping order between the subcarriers in the cluster may mean 

the order of allocating coded UCI bits (or coded UCI symbols) to the subcarriers in the 

cluster when the coded UCI bits (or coded UCI symbols) occur in the corresponding cluster.  

[00381] B]] In this case, the frequency index of the first subcarrier in the cluster at 

which UCI mapping starts may differ in each symbol. For example, as the time index of the 

symbol increases, the index of the first subcarrier in the cluster at which UCI mapping starts 
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may proportionally increase (or decrease) (however, the final subcarrier index may be 

calculated through modulo operation for the total number of subcarriers in the cluster.  

[00382] C]] The UCI mapping order between the subcarriers in the cluster may be 

determined according to one of the following options. 

[00383] i]] Option 1: Ascending order of frequency indices 

[00384] For example, when the cluster is composed of M subcarriers, the UCI 

mapping is performed first with respect to a kth frequency index and then performed with 

respect to the ((k+1) mod M)th frequency index. 

[00385] ii] Option 2: Descending order of frequency indices 

[00386] For example, when the cluster is composed of M subcarriers, the UCI 

mapping is performed first with respect to a kth frequency index and then performed with 

respect to the ((k-1) mod M)th frequency index. 

[00387] iii] Option 3: The UCI mapping order between the subcarriers in the cluster 

is determined by the eNB (through a higher layer signal).  

[00388] iv] The UCI mapping order between the subcarriers in the cluster may differ 

according to the type of UCI. For example, in the case of HARQ-ACK, the UCI mapping 

order between the subcarriers in the cluster may comply with the ascending (or descending) 

order of the frequency indices, and in the case of CSI, the UCI mapping order between the 

subcarriers in the cluster may comply with the descending (or ascending) order of the 

frequency indices (for example, this is to prevent CSI from being punctured due to HARQ-

ACK).  

[00389] 4]] The cluster-based UCI mapping is performed on a plurality of symbol(s). 

[00390] A]] The UE may perform the (cluster-based) UCI mapping from the first 

symbol (from the perspective of UCI mapping) according to the following steps. 

[00391] i]] Step 1: The UE performs UCI mapping of coded UCI bits (or coded UCI 

symbol) (in the symbol) with respect to the total P clusters according to the UCI mapping 

order between the clusters.  

[00392] In this case, the UE may perform the UCI mapping on X RE(s) (e.g., X = 1) 

per cluster in each order.  

[00393] In addition, when the (UCI mapping target) coded UCI bits (or coded UCI 

symbols) occurs (sequentially) in each cluster, the UCI mapping of the coded UCI bits (or 

coded UCI symbols) is performed according to the UCI mapping order between the 

subcarriers (in the cluster). For example, from the perspective of a specific cluster, the nth 

allocated coded UCI bit (or coded UCI symbol) may be allocated to the subcarrier with the 
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nth allocation priority in the UCI mapping order between the subcarriers in the 

corresponding cluster.  

[00394] If there is no subcarrier to which the UCI will be allocated in a specific 

cluster, the UE may move to the next cluster and then perform the UCI mapping thereon.  

[00395] In addition, if a phase tracking reference signal is configured in a specific 

UCI mapping target RE (or subcarrier), the UE may skip the UCI mapping in the 

corresponding RE and then allocated the UCI to the next UCI mapping target RE.  

[00396] ii] Step 2: If the UE performs step 1 S times (in one symbol), the UE moves 

to the next symbol (in terms of the UCI mapping) and then performs step 1.  

[00397] In this case, the value of S may be one or set to the number of times that step 

1 is performed until the UCI mapping is performed on all available frequency resources (in 

one symbol).  

[00398] Alternatively, when the UE performs step 1 (the same number of times) on 

all (UCI mapping target) symbols, the UE may apply one of the following options.  

[00399] 1. Option 1: The UE may perform step 1 again from the first symbol (in 

terms of the UCI mapping) (that is, the order between UCI mapping target symbols is 

maintained).  

[00400] 2. Option 2: The UE may perform step 1 from the last symbol (in terms of 

the UCI mapping) in reverse order.  

[00401] FIG. 18 is a diagram schematically illustrating an example of UCI mapping 

according to method #6. 

[00402] As shown in FIG. 18, when there are four clusters, the UE may perform UCI 

mapping on the clusters in the following order: [Cluster 0 -> Cluster 1 -> Cluster 2 -> 

Cluster 3], perform UCI mapping on subcarriers for HARQ-ACK (in each cluster) in 

ascending order of frequency indices, and perform UCI mapping on subcarriers for CSI (in 

each cluster) in descending order of frequency indices. In this case, the number of UCI REs 

allocated at one time to each cluster may be set to 1 (e.g., X=1), and the number of times 

that cluster-based UCI mapping is performed (in one symbol) may be set to 1 (e.g., S=1). In 

addition, all the symbols in the PUSCH may be set to UCI mapping targets, and the UCI 

mapping order between symbols may be set equal to ascending (or descending) order of 

time indices. According to this configuration, when the UE punctures some REs in the 

PUSCH due to HARQ-ACK, if HARQ-ACK mapping REs overlap with CSI mapping REs, 

the UE may puncture CSI at the corresponding position and then map the REs for the 

HARQ-ACK.  
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[00403] FIG. 19 is a diagram schematically illustrating another example of UCI 

mapping according to method #6.  

[00404] Specifically, FIG. 19 shows a modification example of FIG. 18. Referring to 

FIG. 19, the UE may perform UCI mapping including HARQ-ACK and CSI alternately in 

each hop with respect to the frequency hopping boundary of the PUSCH. The method of 

performing UCI mapping alternately in each hop with respect to the frequency hopping 

boundary can be applied when frequency hopping is applied to the PUSCH or when an 

additional DM-RS exists in the PUSCH.  

[00405] FIG. 20 is a diagram schematically illustrating still another example of UCI 

mapping according to method #6. 

[00406] As shown in FIG. 20, when there are four clusters, the UE may perform UCI 

mapping on the clusters in the following order: [Cluster 0 -> Cluster 3 -> Cluster 1 -> 

Cluster 2], perform UCI mapping on subcarriers for HARQ-ACK (in each cluster) in 

ascending order of frequency indices, and perform UCI mapping on subcarriers for CSI (in 

each cluster) in descending order of frequency indices. In this case, the number of UCI REs 

allocated at one time to each cluster may be set to 1 (e.g., X=1), and the number of times 

that cluster-based UCI mapping is performed (in one symbol) may be set to 1 (e.g., S=1). In 

addition, all the symbols in the PUSCH may be set to UCI mapping targets, and the UCI 

mapping order between symbols may be set equal to ascending (or descending) order of 

time indices. According to this configuration, when the UE punctures some REs in the 

PUSCH due to HARQ-ACK, if HARQ-ACK mapping REs overlap with CSI mapping REs, 

the UE may puncture CSI at the corresponding position and then map the REs for the 

HARQ-ACK. 

[00407] FIG. 21 is a diagram schematically illustrating a further example of UCI 

mapping according to method #6. 

[00408] Specifically, FIG. 21 shows a modification example of FIG. 20. Referring to 

FIG. 21, the UE may perform UCI mapping including HARQ-ACK and CSI alternately in 

each hop with respect to the frequency hopping boundary of the PUSCH. The method of 

performing UCI mapping alternately in each hop with respect to the frequency hopping 

boundary can be applied when frequency hopping is applied to the PUSCH or when an 

additional DM-RS exists in the PUSCH. 

[00409] FIG. 22 is a diagram schematically illustrating still further example of UCI 

mapping according to method #6.  
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[00410] As shown in FIG. 22, when there are four clusters, the UE may perform UCI 

mapping on the clusters in the following order: [Cluster 0 -> Cluster 1 -> Cluster 2 -> 

Cluster 3], perform UCI mapping on subcarriers for HARQ-ACK (in each cluster) in 

ascending order of frequency indices, and perform UCI mapping on subcarriers for CSI (in 

each cluster) in descending order of frequency indices. In this case, the number of UCI REs 

allocated at one time to each cluster may be set to 1 (e.g., X=1), and the number of times 

that cluster-based UCI mapping is performed (in one symbol) may be set to 1 (e.g., S=1). In 

addition, all the symbols in the PUSCH may be set to UCI mapping targets, and the UCI 

mapping order between symbols may be set equal to ascending (or descending) order of 

time indices. Moreover, the cluster(s) (per symbol) for UCI mapping may be configured by 

applying frequency-domain offset, which is proportion to time index of the (UCI mapping 

target) symbol, to the reference cluster (configuration). According to this configuration, 

when the UE punctures some REs in the PUSCH due to HARQ-ACK, if HARQ-ACK 

mapping REs overlap with CSI mapping REs, the UE may puncture CSI at the 

corresponding position and then map the REs for the HARQ-ACK. In this case, each 

(symbol) cluster for UCI mapping is shifted by one subcarrier as the symbol increases (at 

this time, modulo operation for the total number of subcarriers in the PUSCH is applied).  

[00411] FIG. 23 is a diagram schematically illustrating yet still another example of 

UCI mapping according to method #6. 

[00412] Specifically, FIG. 23 shows a modification example of FIG. 22. Referring to 

FIG. 23, the UE may perform UCI mapping including HARQ-ACK and CSI alternately in 

each hop with respect to the frequency hopping boundary of the PUSCH. The method of 

performing UCI mapping alternately in each hop with respect to the frequency hopping 

boundary can be applied when frequency hopping is applied to the PUSCH or when an 

additional DM-RS exists in the PUSCH. 

[00413] Additionally, according to the present invention, the following UCI mapping 

methods can be applied.  

[00414] {1} First alternative (Alt 1) 

[00415] A. Step 0: Generating a coded CB (CB 1) with systematic bits and parity 

bits. 

[00416] B. Step 1: Generating a coded CB (CB 2) by adding coded UCI bits after 

performing rate-matching or puncturing on the parity bits in the coded CB (CB 1). In this 

case, the UE may perform the rate-matching or puncturing on consecutive bits from the last 



G    
 

parity bit, and the rate-matching or puncturing may be performed uniformly (evenly) on a 

plurality of parity bits. 

[00417] C. Step 2: Generating a coded CB (CB 3) by performing intra-CB 

interleaving per/across branch on the coded CB (CB 2). In this case, if a plurality of parity 

bit groups exist in the CB, the UE may perform (bit-level) interleaving between the parity 

bit groups after performing (bit-level) interleaving on each of the parity bit group. 

[00418] D. Step 3: Performing frequency-first (or time-first) RE mapping (on CB 3) 

(according to the CB index).  

[00419] {2} Second alternative (Alt 2) 

[00420] A. Step 0: Generating a coded CB (CB 1) with systematic bits and parity 

bits. 

[00421] B. Step 1: Generating a bit-level interleaved coded CB (CB 2) by 

performing intra-CB interleaving per/across branch on the coded CB (CB 1). In this case, if 

a plurality of parity bit groups exist in the CB, the UE may perform (bit-level) interleaving 

between the parity bit groups after performing (bit-level) interleaving on each of the parity 

bit group. 

[00422] C. Step 2: Generating a coded CB (CB 3) by adding coded UCI bits after 

performing rate-matching or puncturing on parity bits in the coded CB (CB 2). In this case, 

the UE may perform the rate-matching or puncturing on consecutive bits from the last parity 

bit, and the rate-matching or puncturing may be performed uniformly (evenly) on a plurality 

of parity bits. 

[00423] D. Step 3: Performing frequency-first (or time-first) RE mapping (on CB 3) 

(according to the CB index). 

[00424] {3} Third alternative (Alt 3) 

[00425] A. Step 0: Generating a coded CB (CB 1) with systematic bits and parity 

bits. 

[00426] B. Step 1: Generating a bit-level interleaved coded CB (CB 2) by 

performing intra-CB interleaving per/across branch on the coded CB (CB 1). In this case, if 

a plurality of parity bit groups exist in the CB, the UE may perform (bit-level) interleaving 

between the parity bit groups after performing (bit-level) interleaving on each of the parity 

bit group. 

[00427] C. Step 2: Generating a coded CB (CB 3) by adding coded UCI bits after 

performing rate-matching or puncturing on parity bits in the coded CB (CB 2). In this case, 

the UE may perform the rate-matching or puncturing on consecutive bits from the last parity 
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bit, and the rate-matching or puncturing may be performed uniformly (evenly) on a plurality 

of parity bits. 

[00428] D. Step 3: Generating a bit-level interleaved coded CB (CB 4) by 

performing the intra-CB interleaving per/across branch on the coded CB (CB 3). In this case, 

if a plurality of parity bit groups exist in the CB, the UE may perform (bit-level) 

interleaving between the parity bit groups after performing (bit-level) interleaving on each 

of the parity bit group. 

[00429] E. Step 4: Performing frequency-first (or time-first) RE mapping (on CB 4) 

(according to the CB index).  

[00430] Additionally, the UE may perform the UCI mapping as follows.  

[00431] 1} First, rate-matching or puncturing is performed (with respect to data) 

before RE mapping. Thereafter, data and UCI is concatenated, and then the RE mapping is 

performed on the (concatenated) entire coded bits in a frequency-first (or time-first) manner.  

[00432] A. In this process, the (data) rate-matching or puncturing may be performed 

before or after interleaving.  

[00433] B. In addition, the process may be performed in each CB. Assuming that the 

total number of CBs is M and the total number of UCI bits is N, the UE may add N/M UCI 

bits after performing the (data) rate-matching or puncturing in each CB. 

[00434] 2} The (data) rate-matching or puncturing is performed after the RE 

mapping. Thereafter, for UCI, the RE mapping is applied in a different way from the data. 

[00435] A. The UE performs the above-described process in a frequency-first 

manner. However, in performing the process, the UE may perform the RE mapping on the 

symbol (or CB) in a distributed manner instead of using simple RE index order. 

[00436] B. In addition, in this configuration, assuming that the total number of CBs 

is M and the total number of UCI bits is N, the (data) rate matching or puncturing 

corresponding to the N/M UCI bits may be applied per CB through the RE mapping.  

[00437] Additionally, if the UE applies rate matching (or puncturing) where coded 

bits of UCI (hereinafter referred to as coded UCI bits) are considered while generating 

coded bits for data (hereinafter referred to as coded data bits), the UE may concatenates the 

coded UCI bits and coded data bits and then apply (single) RE mapping to the concatenated 

coded bits. In this case, the RE mapping may be performed in the following order: coded 

UCI bits -> coded data bits.  

[00438] In this case, if the modulation order supports k bits, the length of the coded 

UCI bits and/or coded data bits may be limited to a multiple of k. According to this 
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configuration, data and UCI can be distinguished per RE, and additional power may be 

allocated to UCI transmission REs.  

[00439] According to the present invention, the (single) RE mapping method may be 

changed as follows according to waveforms for PUSCH transmission (alternatively, the 

following RE mapping method may be applied only to coded UCI bit).  

[00440] 1}} A case in which the PUSCH waveform is DFT-s-OFDM 

[00441] A. Frequency-first mapping  

[00442] For example, coded bit-to-RE mapping is performed such that it starts at the 

minimum symbol (or time) index and the minimum subcarrier (or frequency) index and 

continues by increasing the subcarrier (or frequency) index. If the subcarrier (frequency) 

index related to a specific symbol (or time) index reaches the maximum value, the symbol 

(or time) index increases by one. Thereafter, the coded bit-to-RE mapping is performed 

again, starting at the minimum subcarrier (or frequency) index and continuing by increasing 

the subcarrier (or frequency) index. 

[00443] B. Time-first mapping 

[00444] For example, coded bit-to-RE mapping is performed such that it starts at the 

minimum symbol (or time) index and the minimum subcarrier (or frequency) index and 

continues by increasing the symbol (or time) index. If the symbol (or time) index related to 

a subcarrier (or frequency) index reaches the maximum value, the subcarrier (or frequency) 

index increases by one. Thereafter, the coded bit-to-RE mapping is performed again, 

starting at the minimum symbol (or time) index and continuing by increasing the symbol (or 

time) index. 

[00445] C. When the PUSCH waveform is the DFT-s-OFDM, either the frequency-

first mapping scheme or time-first mapping scheme may be determined in advance or 

configured by the eNB through a higher layer signal.  

[00446] 2}} A case in which the PUSCH waveform is CP-OFDM 

[00447] A. Frequency-first mapping  

[00448] After allocation of coded bits to all frequency resources (allocated as the 

PUSCH resources) in one symbol in symbol order, the remaining coded bits are allocated to 

frequency resources (allocated as the PUSCH resources) in the next symbol.  

[00449] B. Interleaving per symbol 

[00450] According to this method, the allocation (of coded bits) is performed in the 

order in which local subcarrier indices are interleaved in a specific manner, instead of 

subcarrier (or frequency) order in each symbol (or time) index. 
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[00451] For example, assuming that the total number of subcarriers allocated in the 

symbol is N, the interleaving per symbol may be performed as follows by applying a block 

interleaver (where column-wise permutation is applied) to subcarriers per symbol.  

[00452] 1. The values in the range of 0 to (N-1) are inputted row by row to a P x Q 

(P by Q) matrix. 

[00453] A. Interleaving may be applied to each row in ascending order of column 

indices.  

[00454] B. The values of P and Q may be determined in advance, configured by the 

eNB, or determined by according to the number of PRBs allocated as PUSCH resource. In 

this case, the condition of P*Q = N can be satisfied.  

[00455] 2. The column-wise permutation is applied to the matrix.  

[00456] A. In the case of Q=4, the column-wise permutation may be defined as [1 2 

3 4] -> [1 3 2 4]. In this case, the number k in the parenthesis means the kth column.  

[00457] B. In the case of Q=6, the column-wise permutation may be defined as [1 2 

3 4 5 6] -> [1 3 5 2 4 6]. In this case, the number k in the parenthesis means the kth column. 

[00458] C. In the case of Q=2k, the column-wise permutation may be the bit reversal 

permutation. 

[00459] 3. The individual elements in the matrix are red and outputted column by 

column. 

[00460] A. Interleaving may be applied to each column in ascending order of row 

indices.  

[00461] B. Coded bits to RE mapping is performed in local subcarrier index order 

(within the symbol) corresponding to the output.  

[00462] For example, assuming that the PUSCH has one RB (e.g., N=12) and Q=4, 

the equation of P = 12/Q = 3 may be met. In this case, the UE may input the number from 1 

to 12 to a 3 by 4 matrix row by row. 

[00463] [Table 5]  
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[00464] By applying the column-wise permutation defined as [1 2 3 4] -> [1 3 2 4] 

thereto, the UE can obtain the following matrix.  

[00465] [Table 6]  

 

[00466] Thereafter, if the UE creates output values by reading the individual 

elements column by column, the UE may obtain the following result: {Output = 1, 5, 9, 3, 7, 

11, 2, 6, 10, 4, 8, 12}. In this case, assuming that each number k indicates the kth subcarrier 

(among the subcarriers allocated in the symbol), the output values can be interpreted to 

mean the following RE mapping order. In Table 7, it is assumed that the number mean RE 

mapping priority, the subcarrier (or frequency) index increases from the top to the bottom, 

and the symbol (or time) index increases from the right to the left.  

[00467] [Table 7] 

 

[00468] The RE mapping order indicates the order in one symbol. Accordingly, to 

perform the RE mapping on a plurality of symbols, the UE may perform the frequency-first 
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mapping (i.e., coded bit-to-RE mapping is performed on frequency resources in one symbol, 

and then the mapping performed again on the next symbol). For example, when there are 

ten symbols, the 8(¶V 5( PDSSLQJ RUGHU PD\ EH GHILQHG DV  VKRZQ  LQ 7DEOH   EHORZ   ,Q 

Table 8, the number indicates RE mapping priority, the subcarrier (or frequency) index 

increases from the top to the bottom, and the symbol (or time) index increases from the 

right to the left. 

[00469] [Table 8] 

 

[00470] FIG. 24 is a diagram schematically illustrating an example where coded UCI 

bits are ahead of coded data bits in RE mapping order.  

[00471] In FIG. 24, it is assumed that UCI has coded bits corresponding to 20 REs 

and coded UCI bits are ahead of coded data bits in RE mapping order. 

[00472] In this case, UCI-to-RE mapping can be naturally distributed in the 

frequency domain as shown in Table 9 below. In Table 9, the number indicates RE mapping 

priority, the subcarrier (or frequency) index increases from the top to the bottom, and the 

symbol (or time) index increases from the right to the left. In addition, shadow areas 

correspond to UCI, and non-shadow areas correspond to data. 

[00473] [Table 9] 
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[00474] FIG. 25 is a diagram schematically illustrating another example where 

coded UCI bits are ahead of coded data bits in RE mapping order. 

[00475] In FIG. 25, it is assumed that UCI has coded bits corresponding to 20 REs 

and coded bits corresponding to 10 REs are distributed over two CBs, respectively.  

[00476] In this case, UCI-to-RE mapping can be naturally distributed in the 

frequency domain as shown in Table 10 below. In Table 11, the number indicates RE 

mapping priority, the subcarrier (or frequency) index increases from the top to the bottom, 

and the symbol (or time) index increases from the right to the left. In addition, shadow areas 

correspond to UCI, and non-shadow areas correspond to data. Moreover, it is assumed that 

UCI 1 + CB 1 is mapped to first to forty-second REs and UCI 2 + CB 2 is mapped to forty-

third to eighty-fourth REs. 

[00477] [Table 10] 
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[00478] Additionally, it is assumed that the UE performs mapping of coded UCI bits 

to REs (that is, coded UCI bits to RE mapping) in a specific symbol. In this case, if the total 

number of subcarriers allocated in the corresponding symbol is N and if local indices in the 

range of 0 to N-1 are allocated to the subcarriers (in ascending (or descending) order of 

frequency indices), the UE may perform the coded UCI bits to RE mapping in the local 

index order corresponding to the following permutation, an (where Q          «  1-1) (an 

indicates the local index of the nth RE among REs to which the UCI is mapped).  

[00479] [Equation 1] 

 

[00480] In Equation 1, M may be a factor of N and at the same time, have any value 

of 2n (or the maximum value of 2n). In addition, M may be determined by the number of 

PRBs allocated for the PUSCH or configured by the eNB. In this case, based on the order of 

symbols, the UE may perform the coded UCI bits to RE mapping on all frequency resources 

(allocated as the PUSCH resources) in one symbol as described above (that is, the RE 
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mapping according to permutation an) and then performs the coded UCI bits to RE mapping 

on frequency resources (allocated as the PUSCH resources) in the next symbol. 

[00481] For example, assuming that M and N are 4 and 12, respectively, bn and an 

can be calculated as follows.  

[00482] [Equation 2]  

 

[00483] In this case, UCI-to-RE mapping order in one symbol may be defined based 

on the local index order corresponding to permutation an as show in Table 11. In the 

following example, it is assumed that the subcarrier (or frequency) index increases from the 

top to the bottom and the symbol (or time) index increases from the right to the left. In 

addition, the white number in the left black area indicates the local index of a subcarrier, 

and the black number in the right white area indicates UCI-to-RE mapping priority.  

[00484] [Table 11] 

 

[00485] Additionally, it is assumed that the UE performs mapping of coded UCI bits 

to REs (that is, coded UCI bits to RE mapping) in a specific symbol. In this case, if the total 

number of subcarriers allocated in the corresponding symbol is N and if local indices in the 

range of 0 to N-1 are allocated to the subcarriers (in ascending (or descending) order of 
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frequency indices), the UE may define a mapping pattern according to the number of REs 

(in the corresponding symbol) where the UCI mapping will be performed (hereinafter, such 

a RE is referred to as a UCI RE).  

[00486] For example, the UE may configure the number M of frequency-domain 

clusters, where the UCI mapping will be applied, according to the number of UCI REs (in 

the corresponding symbol) (In this case, M may be a factor of N). In addition, the UE may 

perform the coded UCI bits to RE mapping in the local index order corresponding to the 

following permutation, cn (where n =       «  1-1) (that is, cn indicates the local index of 

the nth RE among REs to which the UCI is mapped). 

[00487] [Equation 3]  

 

[00488] The coded UCI bits to RE mapping may be performed in the local index 

order corresponding to permutation an (where Q         «  1-1) (an indicates the local index 

of the nth RE among REs to which the UCI is mapped). 

[00489] For example, assuming that the number of UCI REs in the corresponding 

symbol is R, M can be defined as shown in Equation 4 below. In Equation 4, the value of K 

may be predetermined or configured by the eNB, and the value of M may be configured by 

the eNB or determined according to a specific variable, which is configured by the eNB, 

and the number of UCI REs.  

[00490] [Equation 4]  

 

[00491] In this case, based on the order of symbols, the UE may perform the coded 

UCI bits to RE mapping on all frequency resources (allocated as the PUSCH resources) in 

one symbol as described above (that is, the RE mapping according to permutation cn) and 

then performs the coded UCI bits to RE mapping on frequency resources (allocated as the 

PUSCH resources) in the next symbol. 

[00492] For example, assuming that M and N are 4 and 12, respectively, cn can be 

calculated as follows. 

[00493] [Equation 5] 

 

[00494] In this case, UCI-to-RE mapping order in one symbol may be defined based 

on the local index order corresponding to permutation Cn as show in Table 12. In the 



G    
 

following example, it is assumed that the subcarrier (or frequency) index increases from the 

top to the bottom and the symbol (or time) index increases from the right to the left. In 

addition, the white number in the left black area indicates the local index of a subcarrier, 

and the black number in the right white area indicates UCI-to-RE mapping priority. 

[00495] [Table 12]  

 

[00496] FIG. 26 is a diagram illustrating an example of UCI RE mapping according 

to the present invention. 

[00497] As shown in FIG. 26, as the UCI RE mapping method, it may be considered 

that the UE sequentially uses REs at the both ends among (available) frequency resources of 

the first symbol, moves to the next symbol, and sequentially uses REs at the both ends 

among (available) frequency resources of the next symbol again. When the UE performs the 

above-described operation until the last symbol, the UE moves back to the first symbol and 

then sequentially uses REs at the both ends among (available) frequency resources of the 

first symbol. Thereafter, the UE moves to the next symbol in order to continue the UCI 

mapping.  

[00498] FIG. 26 shows that how the UE performs the UCI mapping operation when 

the UE intends to perform the UCI mapping on two (consecutive) symbols. In FIG. 26, the 

black area corresponds to an RE where UCI is mapped (UCI mapped RE), and the number 

indicates RE mapping priority. In this case, the positions of the symbols corresponding to 

UCI RE mapping (UCI-to-RE mapping) targets and the positions of subcarriers in each 

symbol where the UCI RE mapping will be performed can be predetermined or configured 
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by the eNB. In addition, in FIG. 26, it is assumed that the UCI mapping can be performed 

on all subcarriers in the two (consecutive) symbols.  

[00499] While the UE performs the above-described UCI mapping, if the kth UCI 

mapping RE collides with transmission of a specific RS (e.g., a phase-tracking reference 

signal (PT-RS), that is, a signal for phase shift adjustment), the UE can skip the 

corresponding RE and then reinitiate the UCI mapping at the (k+1)th UCI mapping RE. 

[00500] The first UCI transmission method can be applied together with other 

proposed methods of the present invention unless they collide with each other. 

[00501] 3.2. Second UCI Transmission Method  

[00502] When the UE performs UCI piggyback on the PUSCH, the UE can perform 

resource mapping for coded UCI symbols (e.g., modulated symbols) as follows after 

completing resource mapping for data.  

[00503] (1) The eNB configures, for the UE, a plurality of symbols (or a symbol 

group) for UCI mapping (per subcarrier or subcarrier group) and UCI mapping order 

between symbols (or symbol groups) according to one of the following methods. 

[00504] A. Predetermined rule 

[00505] B. Configuration through higher layer signal (e.g., RRC signaling)  

[00506] C. Configuration through dynamic control signal (e.g., DCI)  

[00507] D. Configuration of candidate values through higher layer signal and 

configuration through dynamic control signal (e.g., DCI)  

[00508] (2) The eNB configures, for the UE, a plurality of subcarriers (or subcarrier 

groups) for UCI mapping (per symbol or symbol group) and UCI mapping order between 

subcarriers (or subcarrier groups) according to one of the following methods. 

[00509] A. Predetermined rule 

[00510] B. Configuration through higher layer signal (e.g., RRC signaling)  

[00511] C. Configuration through dynamic control signal (e.g., DCI)  

[00512] D. Configuration of candidate values through higher layer signal and 

configuration through dynamic control signal (e.g., DCI) 

[00513] (3) The UE performs UCI mapping in the PUSCH resource region using one 

of the following methods.  

[00514] A. Frequency-first mapping scheme 

[00515] The UE performs frequency-first UCI mapping in each symbol (or symbol 

group) in UCI mapping order between the symbols (or symbol groups). In this case, the UE 

sequentially allocated coded UCI symbols to REs corresponding to the plurality of 
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subcarriers (or subcarrier groups) for the UCI mapping (in a specific symbol or symbol 

group) in UCI mapping order between the subcarriers (or subcarrier groups).  

[00516] B. Time-first mapping scheme 

[00517] The UE performs time-first UCI mapping in each subcarrier (or subcarrier 

group) in UCI mapping order between the subcarriers (or subcarrier groups). In this case, 

the UE sequentially allocated coded UCI symbols to REs corresponding to the plurality of 

subcarriers (or subcarrier groups) for the UCI mapping (in a specific subcarrier or subcarrier 

group) in UCI mapping order between the symbols (or symbol groups). 

[00518] In this case, when the eNB configures the symbols (or symbol groups), 

subcarriers (or subcarrier groups), UCI mapping order between the symbols (or symbol 

groups), and UCI mapping order between the subcarrier (or subcarrier groups) for the UCI 

mapping, a specific symbol resource or subcarrier resource may be defined in terms of 

indices.  

[00519] In addition, the UE may puncture some of data REs and then perform the 

UCI mapping on the corresponding REs. Alternatively, the UE may apply rate matching 

some of the data REs and then perform the UCI mapping on the remaining REs in the 

PUSCH.  

[00520] Moreover, if the waveform for PUSCH transmission is SC-FDMA, the UE 

may perform the UCI mapping in virtual time and frequency domains before DFT 

precoding. 

[00521] Further, whether either the frequency-first mapping scheme or time-first 

mapping scheme will be applied can be determined according to one of the following 

methods.  

[00522] 1) Predetermined rule  

[00523] 2) It is configured by the eNB through a higher layer signal.  

[00524] 3) It is determined based on the waveform applied to the PUSCH (e.g., in 

the case of OFDM, frequency-first mapping is applied, and in the case of Sc-FDMA, time-

first mapping is applied (in the virtual time domain).  

[00525] In this case, if the frequency-first mapping (or time-first mapping) is 

performed per symbol group (or subcarrier group), the UCI mapping may be performed on 

subcarriers corresponding to the UCI mapping targets in each symbol group (or subcarrier 

group) according to the time-first mapping (or frequency-first mapping) scheme. For 

example, if the UCI mapping is performed per symbol group according to the frequency-

first mapping scheme, the UE may apply the time-first mapping scheme in the symbol 
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group. Similarly, if the UCI mapping is performed per subcarrier group according to the 

time-first mapping scheme, the UE may apply the frequency-first mapping scheme in the 

subcarrier group. 

[00526] For example, after completing modulation and resource mapping for data, 

the UE may punctures some data REs in the PUSCH and map coded UCI symbols (e.g., 

modulated symbols) to the corresponding REs. Alternatively, the UE may save some REs in 

the PUSCH by performing data rate-matching and then map coded UCI symbols to the 

corresponding REs.  

[00527] In this case, if the PUSCH transmission waveform is CP-OFDM, the UE 

may perform the UCI mapping based on the frequency-first mapping scheme where UCI is 

allocated first in the frequency-domain in order to obtain the frequency diversity gain.  

[00528] For example, in the state that an REG is composed of M distributed REs in 

the same symbol, the UE may map UCI in the following order: REG index 1 in the first 

V\PERO  FORVH WR D '056   5(* LQGH[   LQ WKH VHFRQG V\PERO  «  5(* LQGH[   LQ WKH ODVW 

V\PERO  5(* LQGH[   LQ WKH ILUVW V\PERO  «  ,Q WKLV FDVH  REGs in the same symbol may be 

located adjacent to each other or distributed (in the frequency domain). 

[00529] FIG. 27 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of two subcarriers. In particular, in FIG. 27, it is 

assumed that the interval between the REs in the REG (or interval between the first and last 

REs in the REG) is smaller than the interval between REG start points.  

[00530] FIG. 28 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of two symbols. As a modification example of 

FIG. 27, FIG. 28 shows an example where the REG is defined in the time domain. 

[00531] In this case, the UE may map UCI in the following order: REG index 1 in 

the first subcarrier  FORVH  WR  D  '056    5(*  LQGH[     LQ  WKH  VHFRQG  VXEFDUULHU  «   5(* 

LQGH[   LQ WKH ODVW VXEFDUULHU  5(* LQGH[   LQ WKH ILUVW VXEFDUULHU  «  ,Q WKLV FDVH  5(*V LQ 

the same subcarrier may be located adjacent to each other or distributed (in the time 

domain). 

[00532] FIG. 29 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of five subcarriers. 

[00533] As shown in FIG. 29, in the state that an REG is composed of M distributed 

REs in the same symbol, the UE may map UCI in the following order: REG index 1 in the 

ILUVW V\PERO  FORVH WR D '056   5(* LQGH[   LQ WKH VHFRQG V\PERO  «  5(* LQGH[   LQ WKH 

ODVW V\PERO  5(* LQGH[   LQ WKH ILUVW V\PERO  «  ,Q WKLV FDVH  the interval between the REs 
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in the REG (or interval between the first and last REs in the REG) may be set greater than 

the interval between REG start points. 

[00534] In FIG. 29, the interval between the REs in the REG corresponds to five 

subcarriers, but the interval between the REG start points corresponds to two subcarriers. 

Accordingly, the UCI may be mapped to REs belonging to different REGs in the frequency 

domain.  

[00535] As shown in FIG. 29, when the interval between the REs in the REG (or 

interval between the first and last REs in the REG) is set to be greater than the interval 

between the REG start points, it is possible to increase not only the distance between REGs 

but also the distance between the REs in the REG. Thus, it is able to obtain the effect of 

distributing information included in coded UCI bits during the UCI mapping process.  

[00536] FIG. 30 is a diagram schematically illustrating UCI mapping when one REG 

is composed of two REs having an interval of four symbols. 

[00537] Similar to the example of FIG. 29, in the state that an REG is composed of 

M distributed REs in the same subcarrier, the UE may map UCI in the following order: 

REG index 1 in the first subcarrier (close to a DMRS), REG index 1 in the second 

VXEFDUULHU  «  5(* LQGH[   LQ WKH ODVW VXEFDUULHU  5(* LQGH[   LQ WKH ILUVW VXEFDUULHU  «  ,Q 

this case, REGs in the same subcarrier may be located adjacent to each other or distributed 

(in the time domain). In this case, the interval between the REs in the REG (or interval 

between the first and last REs in the REG) may be set greater than the interval between 

REG start points. 

[00538] In FIG. 30, the interval between the REs in the REG corresponds to four 

subcarriers, but the interval between the REG start points corresponds to two subcarriers. 

Accordingly, the UCI may be mapped to REs belonging to different REGs in the time 

domain. 

[00539] Additionally, when the REG is composed of M distributed REs in the same 

symbol (or subcarrier), the UE may alternately map the UCI on N REGs as the symbol (or 

subcarrier) index increases.  

[00540] As a particular example, when mapping is alternately performed on two 

REGs, the UE may map the UCI in the following order: REG index 1 in the first symbol (or 

subcarrier), REG index 2 in the second symbol (or subcarrier), REG index 1 in the third 

V\PERO  RU VXEFDUULHU   «  5(* LQGH[   LQ WKH ODVW V\PERO  RU VXEFDUULHU   5(* Lndex 2 in 

WKH ILUVW V\PERO  RU VXEFDUULHU   5(* LQGH[   LQ WKH VHFRQG V\PERO  RU VXEFDUULHU   «  
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[00541] FIGs. 31 and 32 are diagrams schematically illustrating how a UE performs 

UCI mapping alternately on REGs when each of the REGs is composed of M distributed 

REs within the same symbol. 

[00542] FIGs. 33 and 34 are diagrams schematically illustrating how a UE performs 

UCI mapping alternately on REGs when each of the REGs is composed of M distributed 

REs within the same subcarrier. 

[00543] Additionally, when the eNB imposes a limitation on UCI mapping available 

symbols, the UE may perform the UCI mapping in a distributed manner as shown in FIG. 

35. FIG. 35 is a diagram schematically illustrating UCI mapping operation performed by a 

UE when a BS allows the UE to perform UCI mapping on the first, fourth, seventh, tenth, 

and thirteenth symbols. In FIG. 35, it is assumed that UCI mapping order between symbols 

is determined based on ascending order of symbol indices.  

[00544] The above-described second UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00545] 3.3. Third UCI Transmission Method 

[00546] When the UE performs UCI piggyback for UCI 1 on PUSCH 1 and 

transmits PUSCH 2 using a mini-slot in the slot for PUSCH 1 transmission, symbols for 

transmitting UCI 1 (or REs to which UCI 1 is mapped) may collide with resources for 

PUSCH 2. In this case, the UE may perform one of the following operations.  

[00547] (1) The UE drops UCI 1 transmission. 

[00548] (2) The UE drops PUSCH 2 transmission. 

[00549] (3) The UE performs puncturing of PUSCH 2 data allocated to the symbols 

for transmitting UCI 1 (or REs to which UCI 1 is mapped) or performs rate-matching such 

that the symbols for transmitting UCI 1 (or REs to which UCI 1 is mapped) are excluded 

from the resources for PUSCH 2. 

[00550] As a particular example, it is assumed that the UE transmits a PUSCH for an 

eMBB service (PUSCH 1) in a slot with a length of 1 ms and the eNB instructs the UE to 

transmit PUSCH 2 for a URLLC service using a mini-slot, which is less than 1 ms, in the 

slot for the PUSCH 1 transmission.  

[00551] When the UE performs UCI piggyback on PUSCH 1, if UCI collides with 

PUSCH 2, it is necessary to protect the UCI transmission, which is relatively more 

important. Ideally, the PUSCH 1 transmission region may be redefined such that the 

PUSCH 2 transmission region is excluded therefrom, and the UE may perform UCI 
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mapping again in the redefined PUSCH 1 transmission resource region. However, 

FRQVLGHULQJ WKH 8(¶V SURFHVVLQJ WLPH  WKLV PHWKRG PD\ QRW EH SUDFWLFal. 

[00552] Accordingly, as a more practical method, it is possible to consider a method 

of prohibiting PUSCH 2 transmission in symbols (or mapped REs) for transmitting UCI on 

PUSCH 1.  

[00553] FIG. 36 is a diagram illustrating a case where PUSCH 2 is transmitted in a 

mini-slot composed of two symbols at the position of the fourth and fifth symbols when 

PUSCH 1 and UCI is transmitted. In FIG. 36, the UE can perform puncturing or rate-

matching on REs to which UCI to be transmitted on PUSCH 1 is mapped among resources 

for PUSCH 2 transmission.  

[00554] In this configuration, the transmission priority can be determined as follows.  

[00555] eMBB Data < ULRRC Data < eMBB UCI < ULRRC UCI 

[00556] For example, if PUSCH 2 contains UCI, the UE may transmit whole 

PUSCH 2 without performing puncturing or rate-matching on REs to which UCI in the 

PUSCH 1 region is mapped.  

[00557] The above-described third UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other. 

[00558] 3.4. Fourth UCI Transmission Method  

[00559] When the UE performs UCI piggyback on the PUSCH, the UE can apply a 

PUSCH DM-RS pattern (pattern B) different from the PUSCH DM-RS pattern (pattern A) 

used when the UCI piggyback is not performed. 

[00560] In this case, the UE may perform UCI mapping on symbols adjacent to a 

PUSCH DM-RS according to pattern B. 

[00561] For example, pattern B may have DM-RS density higher than pattern A.  

[00562] FIG. 37 is a diagram illustrating a DMRS mapping pattern when a PUSCH 

is transmitted without UCI piggyback and a DMRS mapping pattern when a PUSCH to 

which UCI piggyback is applied is transmitted. 

[00563] As a particular example, when the UE performs PUSCH transmission 

without UCI piggyback, the UE may transmits a DM-RS in one symbol as shown in the left 

drawing of FIG. 37. On the other hand, when the UE performs PUSCH transmission where 

UCI piggyback is applied, the UE may transmit a DM-RS in two symbols to obtain better 

channel estimation performance and perform UCI mapping on symbols adjacent to the two 

DM-RS symbols. 
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[00564] In addition, when an additional UL RS (e.g., additional DM-RS or PTRS) is 

added in the PUSCH, the UCI mapping method may be changed according to whether the 

additional UL RS is present or not.  

[00565] The above-described fourth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00566] 3.5. Fifth UCI Transmission Method  

[00567] When the UE performs PUSCH (or PDSCH) data to RE mapping, the UE 

can perform time-first mapping in the resource region corresponding to some symbols in a 

PUSCH (or PDSCH) transmission slot and perform frequency-first mapping in the resource 

region corresponding to the remaining symbols. 

[00568] If the UE uses the frequency-first mapping scheme in performing PUSCH 

data to RE mapping, it is advantageous in terms of early decoding but also has a 

disadvantage in that it is difficult to obtain the time diversity. On the contrary, the time-first 

mapping scheme is somewhat disadvantageous in terms of early decoding but has an 

advantage in that the time diversity can be easily obtained.  

[00569] Considering mini-slot based transmission such as URLLC, distribution of 

data in the time domain may be more efficient to reduce the fast interference fluctuation or 

the impact of an instantaneous interference signal. Meanwhile, considering that early 

decoding is one of the major features of the NR system to which the present invention is 

applicable, it is desirable to allow the UE to start decoding rapidly in the NR system to 

which the present invention is applicable.  

[00570] To solve this problem, the UE may be configured to perform time-first 

mapping in the resource region corresponding to front symbols in a slot and perform 

frequency-first mapping in the resource region corresponding to the remaining symbols. 

Since the UE increases its processing speed when processing data stored in the buffer in 

general, the UE may perform decoding at high speed after buffering data in front symbols 

and then perform decoding per symbol based on the frequency-first mapping scheme with 

respect to data in rear symbols. In this case, since time-first mapping is applied to the data 

in the front symbols, it is possible to obtain a time diversity gain. 

[00571] The above-described fifth UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other. 

[00572] 3.6. Sixth UCI Transmission Method 
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[00573] When the UE performs UCI piggyback on the PUSCH, the UE can perform 

UCI mapping according to one of the following methods.  

[00574] (1) The UE punctures some data REs and performs the UCI mapping on the 

corresponding REs.  

[00575] (2) The UE applies rate-matching to decrease some data REs and performs 

the UCI mapping on the remaining REs (in the PUSCH).  

[00576] In this case, the UE may determine the data REs corresponding to the 

puncturing (or rate-matching) target such that the region (symbols) where systematic bits of 

coded data bits are transmitted are excluded.  

[00577] As a particular example, if the systematic bits of the coded data bits are 

allocated from the last PUSCH symbol in reverse order, the UE may perform the UCI 

mapping by sequentially performing puncturing (or rate-matching) on several symbols, 

starting from the first symbol (adjacent to a PUSCH DM-RS). By doing so, it is possible to 

prevent the systematic bits from being punctured during the UCI mapping process.  

[00578] Additionally, in the sixth UCI transmission method, PUSCH data to RE 

mapping order when the UCI piggyback is performed may be different from that when the 

UCI piggyback is not performed (for example, in the case of the PUSCH with no UCI 

piggyback, the RE mapping is performed in reverse order in the time domain. 

[00579] The above-described sixth UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other.  

[00580] 3.7. Seventh UCI Transmission Method  

[00581] When the PUSCH DM-RS is transmitted on one of N interlace resources in 

a DM-RS symbol based on the IFDMA scheme, if a specific condition is satisfied (for 

example, a case in which the UE performs UCI piggyback on the PUSCH and/or a case in 

which multi user multiple input multiple output (MU-MIMO) is deactivated), the UE may 

use other interlace resource in the DM-RS symbol for UCI mapping.  

[00582] In this case, the eNB may inform the UE of the DM-RS symbol where the 

UCI mapping can be performed and/or the interlace resource (in the symbol).  

[00583] Particularly, in the NR system to which the present invention is applicable, 

orthogonality should be guaranteed between DM-RS resources to support MU-MIMO 

operation when the CP-OFDM based PUSCH is transmitted. In the legacy LTE system, the 

code division multiplexing (CDM) scheme such as a cyclic shift, orthogonal cover code 

(OCC), etc. has been applied to achieve orthogonality between PUSCH DM-RSs. However, 

since DM-RS (to) RE mapping is relatively free in the CP-OFDM based PUSCH according 
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to the NR system to which the present invention is applicable, it is possible to distinguish 

DM-RSs for different UEs from each other using the FDM scheme.  

[00584] Therefore, the PUSCH DM-RS can be transmitted using one of the N 

interlace resources (or one of N comb resources) based on the IFDMA scheme. In this case, 

if the UE performs UCI piggyback on the PUSCH, it is desirable that the UE maps UCI 

close to the resource where the DM-RS is transmitted in terms of channel estimation 

accuracy. In addition, if the remaining interlace resources (or comb resources) in the symbol 

where the DM-RS is transmission are available, it may be considered that the UE will 

perform the UCI mapping on the corresponding resources. However, this operation can be 

VXSSRUWHG  RQO\  ZKHQ  LW  LV  JXDUDQWHHG  WKDW  DQRWKHU  8(¶V  '0-RS is not present in the 

remaining interlace resources (or comb resources) in the DM-RS transmission symbol due 

to deactivation of the MU-MIMO operation.  

[00585] The above-described seventh UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00586] 3.8. Eight UCI Transmission Method 

[00587] When the UE performs UCI piggyback on the PUSCH, the UCI mapping 

method may be changed according to whether UCI has either a short PUCCH format or 

long PUCCH format. 

[00588] Here, the short PUCCH format means the PUCCH format composed of one 

or two symbols in a slot, and the long PUCCH format means the PUCCH format composed 

of two or more symbols or configured with the entire symbol. 

[00589] Both the short and long PUCCH formats are considered in the NR system to 

which the present invention is applicable. In this case, the short PUCCH format can be used 

when there is no coverage problem and low latency is required, and the long PUCCH 

format can be used when wide coverage needs to be supported. 

[00590] In this case, the maximum UCI payload size that can be transmitted through 

the short PUCCH format may be different from the maximum UCI payload size that can be 

transmitted through the long PUCCH format. Thus, the amount of REs required for the UE 

to perform the UCI piggyback on the PUSCH may vary. In particular, when the UE 

performs the UCI piggyback using REs distributed in the frequency domain, if the 

maximum UCI payload size is relatively small, the UE can maximize the frequency 

diversity gain by increasing the frequency-domain interval between the REs used for the 

UCI piggyback on the PUSCH. 
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[00591] Accordingly, the present invention proposes a method of applying different 

UCI mapping by adjusting the time-domain interval and/or frequency-domain interval 

between REs, where the UCI mapping is performed, in accordance with the maximum UCI 

payload size in each of the cases where the UCI piggyback is performed using the short 

PUCCH format and long PUCCH format.  

[00592] The above-described eight UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other. 

[00593] 3.9. Ninth UCI Transmission Method 

[00594] When the UE performs UCI piggyback on the PUSCH, the following 

resources may not be allowed to be used for the UCI piggyback. 

[00595] (1) The symbols ahead of the (first) DM-RS transmission symbol in the 

PUSCH transmission region are not allowed. For example, if the DM-RS location is fixed 

regardless of the location of the PUSCH starting symbol, the UCI piggyback may not be 

allowed in PUSCH transmission symbols ahead of the (first) DM-RS.  

[00596] (2) The symbols where DM-RS transmission can be performed for another 

UE in the cell are not allowed.  

[00597] (3) The frequency resources (e.g., subcarriers) used as a direct current (DC) 

subcarrier(s) are not allowed.  

[00598] ± Operation (3) can be differently applied depending on the waveform 

applied to the PUSCH.  

[00599] ± For example, when the CP-OFDM waveform is applied, the UE may 

perform puncturing or rate-matching on the DC subcarrier(s) or DC subcarrier candidates 

and transmit UL data on the corresponding subcarrier(s) while performing the UCI 

piggyback.  

[00600] ± As another example, when the DFT-s-OFDM waveform is applied, the UE 

may transmit UCI even on the DC subcarrier(s) while performing the UCI piggyback. In 

this case, if the UCI is transmitted on the DC subcarrier(s), the code rate for the UCI may 

increase according to the number of DC subcarriers containing the UCI.  

[00601] Here, the DC subcarrier(s) may mean the subcarrier(s) that can be used as 

for DC, which the BS (e.g., eNB or gNB) informs the UE or the UE informs the BS (e.g., 

eNB or gNB). 

[00602] FIG. 38 is a diagram illustrating a PUSCH DM-RS and a phase tracking 

reference signal (PT-TR) existing in a slot. 
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[00603] In FIG. 38, the PUSCH may be transmitted in symbols #0 and #1. However, 

the UCI piggyback may not be allowed in symbols #0 and #1 in order to commonly apply 

the UCI piggyback rule regardless of the location of the PUSCH starting symbol. 

[00604] Alternatively, when the starting and ending symbols of the PUSCH are 

dynamically changed, the UCI piggyback may be defined only in the symbols where the 

PUSCH transmission is always guaranteed. For example, assuming that there are a total of 

14 symbols in an entire slot, the PUSCH starting symbol includes symbols #0, #1, and #2, 

and the PUSCH ending symbol includes symbols #11, #12, and #14, the UE may apply the 

8&, SLJJ\EDFN  RQO\  WR  V\PEROV             «      ZKLFK  DOZD\V  H[LVW  LI  WKH 386&+ LV 

transmitted.  

[00605] In addition, to support the MU-MIMO operation, the UCI piggyback may 

not be performed on potential symbols that can be used for transmitting a DM-RS for 

another UE. For example, in FIG. 38, assuming that UE 1 transmits the DM-RS only in 

symbol #2, UE 2 transmits the DM-RS in both symbols #2 and #3, and the MU-MIMO is 

applied between their PUSCHs, it is desirable from the perspective of UE 1 that the UCI 

piggyback is not performed on symbol #3. In particular, if power boosting is applied to the 

DM-RS unlike data, it is preferred not to perform the UCI piggyback because interference 

effects may increase in the corresponding symbol.  

[00606] Moreover, when a specific subcarrier(s) is used as the DC subcarrier, the 

UCI piggyback may not be performed on the corresponding subcarrier(s).  

[00607] Additionally, the UCI piggyback may be allowed only when the number of 

symbols in the scheduling unit where the PUSCH is transmitted is equal to or greater than a 

predetermined value. For example, the NR system to which the present invention is 

applicable can support the mini-slot, which is composed of symbols fewer than those of the 

slot.  

[00608] In this case, if the number of symbols in the mini-slot is not sufficient, the 

ratio of rate-matched or punctured data is relatively increased due to the UCI piggyback, 

and thus the data error detection rate in the PUSCH transmission may be increased. 

Therefore, only when the mini-slot includes sufficient symbols, the UCI piggyback may be 

allowed.  

[00609] Further, the parameters applied to the UCI piggyback (e.g., coding rate 

adjustment parameter) may vary according to the number of symbols in the scheduling unit 

where the PUSCH is transmitted in addition to the number of symbol in the mini-slot. For 

instance, when the mini-slot includes many symbols, the coding rate adjustment parameter 
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for the UCI piggyback (hereinafter referred to as beta offset) may be set lower to reduce 

data resource loss. On the contrary, when the mini-slot includes a few symbols, the beta 

offset may be set to have a large value.  

[00610] Additionally, the eNB may inform the UE of symbols where the UE can 

perform the UCI piggyback through DCI. For example, the eNB may inform the UE of the 

starting symbol index and/or ending symbol index capable of the UCI piggyback through 

UL scheduling DCI.  

[00611] The above-described ninth UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other. 

[00612] 3.10. Tenth UCI Transmission Method 

[00613] When the UE performs UCI piggyback on the PUSCH, the UE may 

differently apply a method of mapping UCI (or UCI coded bits) to REs (hereinafter referred 

to as UCI-to-RE mapping) according to a method of mapping data (or data coded bits) to 

REs (hereinafter referred to as data-to-RE mapping). 

[00614] Specifically, the aforementioned data-to-RE mapping and UCI-to-RE 

mapping can be performed as follows. 

[00615] (1) A case where the data-to-RE mapping is frequency-first mapping   

[00616] At this time, the UCI-to-RE mapping may be time-first mapping where 

(some or all of) time-domain resources are first occupied (prior to the frequency domain). In 

this case, some specific time-domain resources to which UCI is mapped may be set equal to 

or different from each other per frequency resource (e.g., subcarrier, PRB, etc.) index.  

[00617] (2) A case where the data-to-RE mapping is time-first mapping 

[00618] In this case, the UCI-to-RE mapping may be frequency-first mapping where 

(some or all of) frequency-domain resources are first occupied (prior to the time domain). In 

this case, some specific frequency-domain resources to which UCI is mapped may be set 

equal to or different from each other per time resource (e.g., symbol, sub-slot, etc.) index. 

[00619] In this case, the UE may puncture some data REs and then perform the UCI-

to-RE mapping on the corresponding REs. Alternatively, the UE may apply rate-matching 

to decrease some data REs and performs the UCI-to-RE mapping on the remaining REs in 

the PUSCH. 

[00620] More specifically, if PUSCH data-to-RE mapping is performed in a 

frequency-first manner (i.e., frequency-first mapping), a data code block (CB) is also 

allocated to a series of REs in accordance with the frequency-first mapping. At this time, if 

the frequency-first mapping is applied even to the UCI-to-RE mapping, the data REs, which 
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are punctured due to the UCI, are concentrated on a data transmission RE group to which a 

specific CB is allocated, and thus data decoding performance for the corresponding CB may 

be degraded.  

[00621] To solve this problem, when the data-to-RE mapping is the frequency-first 

mapping, the UCI-to-RE mapping may be configured to be the time-first mapping. In this 

case, since only some REs corresponding to some coded bits are punctured from the 

perspective of one CB, it is possible to reduce the effect of the UCI piggyback on the data 

decoding performance. Similarly, when the PUSCH data-to-RE mapping is the time-first 

mapping, the UCI-to-RE mapping may be configured to be the frequency-first mapping.  

[00622] The above-described tenth UCI transmission method can be applied together 

with other proposed methods of the present invention unless they collide with each other. 

[00623] 3.11. Eleventh UCI Transmission Method 

[00624] In this specification, a counter DAI (downlink assignment index) 

(hereinafter abbreviated as a c-DAI) means a specific index value included in DCI (e.g., DL 

scheduling DCI) for informing order between (scheduled) PDSCHs (or transport blocks 

(TBs) or code block groups (CBGs)), and a total DAI (hereinafter abbreviated as a t-DAI) 

means a specific index value included in DCI (e.g., DL scheduling DCI) for informing the 

total number of PDSCHs corresponding to HARQ-ACK reporting targets (or the total 

number of TBs or CBGs). In this case, when configuring HARQ-ACK payload, the UE may 

configure input bits in c-DAI order.  

[00625] According to the above configuration, when the UE performs UCI 

piggyback on the PUSCH, the eNB may inform the UE of the total number of PDSCHs 

corresponding to the HARQ-ACK reporting targets (TBs or CBGs) through the t-DAI and 

UL DAI (in UL grant). In this case, the UE may determine the HARQ-ACK payload size 

using the UL DAI value only.  

[00626] In this case, when performing the UCI piggyback, the UE may perform rate-

matching (or puncturing) for UCI transmission resources (in terms of PUSCH transmission).  

[00627] More specifically, when the UE performs the UCI piggyback on the PUSCH, 

if the eNB is able to inform the total number of PDSCHs corresponding to the HARQ-ACK 

reporting targets (TBs or CBGs) through the t-DAI in DL assignment (= DL scheduling 

DCI), the eNB may expect HARQ-ACK reporting with respect to N1 PDSCHs (TBs or 

CBGs) during a predetermined time and then instruct to report HARQ-ACK with respect to 

N2 (� 1   PDSCHs (TBs or CBGs) after elapse of the predetermined time. In this case, if 

the UE fails to detect the DL assignment containing the t-DAI, which indicates the value of 
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N2, the HARQ-ACK payload size considered (for the UCI piggyback) may be mismatched 

between the eNB and UE. 

[00628] Thus, when the UE performs the UCI piggyback, the eNB may inform the 

total number of PDSCHs corresponding to the HARQ-ACK reporting targets (TBs or CBGs) 

through the UL DAI in UL grant, and the UE may ignore the t-DAI in the DL assignment 

(at least in the case of the UCI piggyback) and then determine the UCI payload size for 

HARQ-ACK reporting using only the UL DAI in the UL grant. Meanwhile, the t-DAI may 

be used when the UE reports HARQ-ACK via the PUCCH.  

[00629] In the following description, a control resource set (CORESET) may mean a 

physical resource region composed of a plurality of resource element groups (REGs) and 

include at least one search space (SS). The SS may be configured cell-specifically, UE-

specifically, or UE-group-specifically. The UE may detect the PDCCH (or downlink control 

information (DCI)) that schedules DL data transmission from the SS.  

[00630] Meanwhile, in the NR system to which the present invention is applicable, a 

CORESET for transmitting RMSI (remaining system information), which is configured 

through a physical broadcast channel (PBCH), (hereinafter referred to as CORESET A), a 

CORESET for transmitting OSI (other system information), which is configured through 

RMSI, (hereinafter referred to as CORESET B), and a CORESET of which the main 

purpose is unicast data transmission, which is configured through UE-specific RRC 

signaling, (hereinafter referred to as CORESET C) may exist.  

[00631] In this case, the DAI field may be configured to be always nonexistent for 

the PDCCH (or fallback DCI) transmitted in CORESET A/B and be added/excluded for the 

PDCCH transmitted in CORESET C.  

[00632] Alternatively, the DAI field may be configured to be always nonexistent for 

the PDCCH (or fallback DCI) transmitted in CORESET A and be added/excluded for the 

PDCCH transmitted in CORESET B/C. 

[00633] The configuration for allowing the DAI field to be nonexistent for the 

CORESET configured though the PBCH and/or RMSI is to secure stable fallback DCI 

formats at all times by eliminating ambiguity caused by re-configuration in advance. If the 

DAI field is configured to be added/excluded for all CORESETs, there may be no fallback 

DCI format capable of supporting the UE while the eNB reconfigures the DAI field.  

[00634] More specifically, the DAI may be configured to be always nonexistent in 

DCI in the CORESET configured through the PBCH (and/or CORESET configured through 

the RMSI), and the DAI field may be configured to be added/excluded to/from DCI in the 
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CORESET configured through RRC signaling (and/or CORESET configured through the 

RMSI) (that is, the DAI field may be configured to be nonexistent or added/excluded in the 

CORESET configured through the RMSI).  

[00635] The above-described configuration can be equally applied to an HARQ 

timing indicator, HARQ-ACK PUCCH resource indicator, dynamic beta offset indicator, 

etc. That is, the HARQ timing indicator, HARQ-ACK PUCCH resource indicator, dynamic 

beta offset indicator, etc. may be configured to be always nonexistent in the DCI in the 

CORESET configured through the PBCH (and/or CORESET configured through the RMSI) 

and be added/excluded to/from the DCI in the CORESET configured through RRC 

signaling (and/or CORESET configured through the RMSI).  

[00636] Moreover, the DAI is not configured in the DCI in the CORESET 

configured through the PBCH or RMSI at all time, but the DAI may be configured or not in 

the DCI in the CORESET configured through RRC signaling.  

[00637] Further, this configuration can be equally applied to the HARQ timing 

indicator, HARQ-ACK PUCCH resource indicator, dynamic beta offset indicator, and the 

like.  

[00638] The above-described eleventh UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00639] 3.12. Twelfth UCI Transmission Method  

[00640] When the UE performs UCI piggyback on the PUSCH, candidates for the 

PDSCH set (or TB or CBG set) corresponding to HARQ-ACK reporting targets for the UCI 

piggyback can be configured according to one of the following methods.  

[00641] (1) Configuration according to the predetermined rule 

[00642] (2) Configuration through a higher layer signal (e.g., RRC signaling)  

[00643] In this case, the eNB may indicate one of a plurality of candidates through a 

specific bit field in UL grant, and the UE may perform the UCI piggyback by configuring 

HARQ-ACK information on the indicated PDSCH set (or TB or CBG set) corresponding to 

the HARQ-ACK reporting targets.  

[00644] At this time, a specific PDSCH (or TB or CBG) in the PDSCH set (or TB or 

CBG set) can be represented by a combination of at least one of a carrier index, slot index 

(time offset associated with the UCI piggyback transmission time), HARQ process ID, TB 

index, CBG index, and PUCCH resource index. 
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[00645] As a particular example, the eNB may configure, for the UE, four PDSCH 

(TB or CBG) sets composed of 20, 15, 10, 5 PDSCHs (TBs or CBGs), respectively, each of 

which corresponds to the HARQ-ACK reporting target, through a higher layer signal and 

the like, select one from among the four PDSCH (or TB or CBG) sets, and then instruct to 

perform the UCI piggyback with respect to the corresponding PDSCH (TB or CBG), which 

is set by UL grant. A specific PDSCH (TB or CBG) in the PDSCH (TB or CBG) set 

corresponding to the HARQ-ACK reporting target may be represented by the carrier index 

and time offset associated with the UCI piggyback transmission.  

[00646] The above-described twelfth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00647] 3.13. Thirteenth UCI Transmission Method 

[00648] When the UE performs UCI piggyback, the UE may perform rate-matching 

on some UCI transmission resources for UCI corresponding to the UCI piggyback target 

(e.g., HARQ-ACK or CSI) (in terms of PUSCH transmission) and puncturing on the 

remaining UCI transmission resources (in terms of the PUSCH transmission).  

[00649] At this time, in the case of a semi-persistent CSI report, the UE may perform 

puncturing (with respect to the PUSCH) in spite of CSI by considering the missing 

possibility of activation/release DCI.  

[00650] In the legacy LTE system, when the UE transmits HARQ-ACK through UCI 

piggyback, the UE performs puncturing on HARQ-ACK transmission resources (in terms of 

the PUSCH transmission). However, in the NR system to which the present invention is 

applicable, since it is expected that the UCI payload size for HARQ-ACK transmission 

increases due to code block-level HARQ-ACK transmission and the like, if the UE 

performs puncturing on the HARQ-ACK transmission resources (in terms of the PUSCH 

transmission) for the UCI piggyback, it may degrade PUSCH performance (compared to 

rate-matching).  

[00651] Therefore, it is desirable that the UE performs rate-matching on the HARQ-

ACK transmission resources (in terms of the PUSCH transmission). In this case, if the eNB 

sets the UCI payload size to a specific fixed value (e.g., semi-static codebook) for the 

HARQ-ACK corresponding to the UCI piggyback target instead of informing the UE of the 

UCI payload size based on the actually scheduled PDSCH, the UE should perform rate-

matching on the PUSCH by assuming the fixed UCI payload size. In this case, resources 

more than the necessary amount may be allocated for the HARQ-ACK transmission due to 
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such rate-matching so that the amount of resources for data transmission in the PUSCH may 

be relatively decreased.  

[00652] Therefore, the present invention proposes that a UE performs rate-matching 

on some HARQ-ACK (or CSI) transmission resources for HARQ-ACK (or CSI) (in terms 

of PUSCH transmission) and performs puncturing on the remaining HARQ-ACK (or CSI) 

transmission resources (in terms of the PUSCH transmission) when the UE performs UCI 

piggyback. Specifically, the UE may perform rate-matching on the corresponding HARQ-

ACK transmission resources (in terms of the PUSCH transmission) by estimating the 

HARQ-ACK payload size based on a value preconfigured by the eNB. However, if the 

HARQ-ACK payload size is greater than a predetermined value, the UE may apply rate-

matching to some HARQ-ACK resources (in terms of the PUSCH transmission) and then 

perform transmission using generated transmission resources. In addition, the UE may 

perform puncturing on the remaining HARQ-ACK resources (in terms of the PUSCH 

transmission) and then perform transmission using additionally created transmission 

resources. 

[00653] In this case, whether the UE should perform rate-matching or puncturing on 

the corresponding UCI transmission resources (in terms of the PUSCH transmission) when 

transmitting specific HARQ-ACK (or CSI) information may be determined according to the 

latency required for the corresponding HARQ-ACK (or CSI). For example, if the latency 

required for the HARQ-ACK (or CSI) is equal to or lower than a certain level, the UE may 

perform puncturing on the corresponding transmission resources (in terms of the PUSCH 

transmission). On the contrary, if the required latency is higher than the certain level, the 

UE may perform rate-matching on the corresponding transmission resources (in terms of the 

PUSCH transmission).  

[00654] The above-described thirteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00655] 3.14. Fourteenth UCI Transmission Method  

[00656] When the UE intends to perform UCI piggyback on the PUSCH, the UE can 

perform the UCI piggyback according to one of the following methods.  

[00657] (1) Method 1: The UE performs rate-matching on all UCI transmission 

resources (in terms of PUSCH transmission).  
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[00658] (2) Method 2: The UE performs rate-matching on some UCI transmission 

resource (in terms of the PUSCH transmission) and performs puncturing on the remaining 

UCI transmission resources (in terms of the PUSCH transmission).  

[00659] In this case, the eNB may determine whether the UE use either method 1 or 

method 2 according to one of the following methods.  

[00660] 1) Indication through DCI (e.g., UL grant)  

[00661] 2) Configuration through a higher layer signal (e.g., RRC signaling)  

[00662] 3) Selection of either method 1 or method 2 according to the UCI payload 

size (or t-DAI (or UL DAI) in DL DCI (or UL grant)). For example, if the UCI payload size 

(or t-DAI (or UL DAI) in the DL DCI (or UL grant)) is small, method 2 can be applied. If 

the corresponding value is large, method 1 can be applied.  

[00663] 4) In the case of a semi-static A/N codebook, method 1 can be applied, and 

in the case of a dynamic A/N codebook, method 2 can be applied.  

[00664] In this case, when rate-matching is performed (in terms of the PUSCH 

transmission) according to method 1 and/or method 2, RE mapping may be performed such 

that the region to which rate-matching is applied is maximally distributed per CB or CBG of 

PUSCH data.  

[00665] As a particular example, when the UCI payload size corresponding to the 

UCI piggyback target is large, if the UE performs rate-matching on the UCI transmission 

resources (in terms of the PUSCH transmission) and then transmit the UCI, it may be 

advantageous in terms of PUSCH performance. On the contrary, when the UCI payload size 

corresponding to the UCI piggyback target is small, if the UE performs puncturing on the 

UCI transmission resources (in terms of the PUSCH transmission) and then transmit the 

UCI, it may be advantageous in terms of UE complexity.  

[00666] In this case, since the UE can be always aware of the accurate UCI payload 

size for the CSI, the UE may apply rate-matching to CSI transmission resources (in terms of 

the PUSCH transmission) when performing the UCI piggyback. In this case, only when the 

UE performs the UCI piggyback for HARQ-ACK, the UE may perform either rate-

matching or puncturing on HARQ-ACK transmission resources (in terms of the PUSCH 

transmission). Consequently, in this case, the UE may perform the UCI piggyback 

according to either method 1 or method 2.  

[00667] In this configuration, whether rate-matching or puncturing will be performed 

on HARQ-ACK transmission resources (in terms of the PUSCH transmission) may be 
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configured by the eNB through DCI and/or RRC signaling or implicitly determined by the 

UE according to the HARQ-ACK payload size.  

[00668] Additionally, a method (method 3) of instructing a UE to perform 

puncturing on all UCI transmission resources (in terms of the PUSCH transmission) 

according to UL grant-to-PUSCH delay while the UE performs UCI piggyback may be 

considered. For example, if the UL grant-to-PUSCH delay is equal to lower than a 

predetermined value, the UE may apply method 3 when performing the UCI piggyback. On 

the other hand, if the UL grant-to-PUSCH delay is higher than the predetermined value, the 

UE may apply method 1. At this time, the reference value for determining whether the UL 

grant-to-PUSCH delay is high or low may be predetermined or configured by the eNB 

through a higher layer signal. According to method 3, the UE can process PUSCH 

generation and UCI piggyback in parallel, and thus, the UE can perform the UCI piggyback 

even when the PUSCH is rapidly transmitted.  

[00669] Additionally, the UE may use one of the following options in performing the 

UCI piggyback according to the maximum payload size (for HARQ-ACK or entire UCI). 

[00670] [1] Opt 1: When performing the UCI piggyback (transmitting the UCI on 

PUSCH resources), the UE performs UCI mapping based on rate-matching (in terms of the 

PUSCH transmission) with respect to all UCI.  

[00671] [2] Opt 2: When performing the UCI piggyback (transmitting the UCI on 

PUSCH resources), the UE performs UCI mapping based on puncturing (in terms of the 

PUSCH transmission) with respect to HARQ-ACK and performs UCI mapping based on 

rate-matching (in terms of the PUSCH transmission) with respect to remaining types of UCI.  

[00672] For example, if the maximum payload size is equal to or greater than X 

[bits], Opt 1 is applied. On the contrary, if the maximum payload size is less than X [bits], 

Opt 2 may be applied.  

[00673] The maximum payload size may be determined based on a combination of at 

least one of the number of CCs (component carriers) CA-configured (carrier aggregation) 

for the UE, the maximum number of TBs or CWs (codewords) configured per CC, the 

number of CB groups in each TB configured per CC (HARQ-ACK feedback is configured 

per CB group), the number of HARQ-ACK transmission timing candidates (on a slot or TTI 

basis) configured for the UE or per CC, and the maximum number of HARQ processes 

configured for the UE or per CC. For example, the UE having such parameter configuration 

may determine the number of HARQ-ACK feedback bits corresponding to DL data 
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scheduled by using all of the maximum CCs, CCs, TBs/CWs, CBGs, slots/TTIs, and HARQ 

processes as the maximum payload size.  

[00674] For example, the maximum payload size can be defined as follows.  

[00675] The maximum payload size is determined by a combination of the number 

of configured CC, number of CWs, number of configured CBGs (per carrier), number of 

HARQ timing candidates (or bundling window slots or minimum of HARQ timing 

candidates and configured maximum HARQ process number) (when semi-static codebook 

based HARQ-ACK payload is configured). 

[00676] For example, it is assumed that if the HARQ-ACK payload size is equal to 

or greater than X bits, the UE performs rate-matching on UL data in the PUSCH when 

performing the UCI piggyback and, if the HARQ-ACK payload size is less than X bits, the 

UE performs puncturing on the UL data in the PUSCH when performing the UCI piggyback. 

In this case, the value of X may be determined according to one of the following methods.  

[00677] 1] The value of X is set to the maximum HARQ-ACK payload size possible 

when scheduling for a single PDSCH on a single carrier is received. For example, the value 

of X may be set to the HARQ-ACK payload size when the number of codewords is set to 

the maximum value, the number of CBGs (per codeword) is set to the maximum value, and 

it is indicated that HARQ-ACK is transmitted per CBG. 

[00678] 2] Regarding channel coding, when CRC bits are not added in the case of 

HARQ-ACK with Y bits or less and when CRC bits are added in the case of HARQ-ACK 

with Y bits or more, the value of X is set equal to the value of Y. 

[00679] Alternatively, the eNB may instruct the UE to apply either rate-matching or 

puncturing on UL data in the PUSCH regardless of UCI payload size when the UE performs 

the UCI piggyback through a higher layer signal such as UE-dedicated RRC signaling and 

the like. 

[00680] Additionally, if the UE is configured to perform rate-matching on UL data 

in the PUSCH when the HARQ-ACK payload size is equal to or greater than X bits and 

perform puncturing on the UL data in the PUSCH when the HARQ-ACK payload size is 

smaller than X bits in order to perform the UCI piggyback for HARQ-ACK, the UE can 

operate as follows.  

[00681] <1> Default operation (for example, when the UE performs the UCI 

piggyback for the HARQ-ACK, if the HARQ-ACK payload size is smaller than X bits, the 

UE performs PUSCH puncturing) 

[00682] Here, the default operation can be performed in the following cases:  
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[00683] ± A case in which any separate higher layer signal is not configured; 

[00684] ± A case in which the PUSCH is scheduled through DCI for the fallback 

operation (in the CSS); and 

[00685] ± A case in which PUSCH puncturing (for the HARQ-ACK less than X bits) 

is indicated through a higher layer signal such as RRC signaling (and/or DCI). 

[00686] <2> When PUSCH rate-matching (for the HARQ-ACK less than X bits) is 

indicated through a higher layer signal such as RRC signaling (and/or DCI), the UE may 

perform the PUSCH rate-matching when performing the UCI piggyback for the HARQ-

ACK less than X bits. 

[00687] The above-described fourteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00688] 3.15. Fifteenth UCI Transmission Method 

[00689] When the UE performs UCI piggyback on the PUSCH, the UE may 

differently apply UCI mapping in the time domain according to the (PUSCH) data-to-RE 

mapping scheme.  

[00690] (1) A case in which frequency-first mapping is applied to data (e.g., in the 

case of a CBG based PUSCH where either CP-OFDM or DFT-s-OFDM is used) 

[00691] A. UCI where puncturing is performed on transmission resources (in terms 

of PUSCH transmission). The UE performs distributed mapping (for the UCI) in the time 

domain.  

[00692] B. UCI where rate-matching is performed on transmission resources (in 

terms of PUSCH transmission). The UE performs distributed mapping or localized mapping 

(for the UCI) in the time domain. In this case, the eNB may instruct to perform either the 

localized mapping or distributed mapping (for the UCI) in the time domain through a higher 

layer signal (e.g., RRC signaling).  

[00693] (2) A case in which time-first mapping is applied to data (e.g., DFT-s-

OFDM) 

[00694] A. Localized mapping is performed (for UCI) in the time domain (e.g., when 

a front-loaded RS exists, UCI mapping is performed on the symbol adjacent to the 

corresponding RS).  

[00695] Specifically, when the frequency-first mapping is applied to data, it may be 

desirable to apply distributed mapping in the time domain in the case of UCI where 

puncturing is performed on transmission resources (in terms of PUSCH transmission). If the 
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UCI is transmitted without being distributed in the time domain, since the whole CB (or 

CBG) is punctured (in terms of the PUSCH transmission), the eNB is highly likely to fail in 

decoding. 

[00696] Accordingly, in the case of the UCI where the frequency-first mapping is 

applied to data and puncturing is performed on transmission resources (in terms of the 

PUSCH transmission), either localized mapping or distributed mapping may be applied in 

the time domain. If the localized mapping is applied in the time domain, since UCI mapping 

is performed on the symbol adjacent to an RS, it is advantageous in terms of channel 

estimation performance. In addition, if the distributed mapping is applied in the time 

domain, since preemption is applied to only partial UCI if the preemption is applied to a 

series of symbols in the time domain, it is advantageous in terms of UCI transmission 

performance.  

[00697] Moreover, when the time-first mapping is applied to data, the localized 

mapping may be applied for the UCI in the time domain regardless of whether rate-

matching or puncturing is performed.  

[00698] The above-described fifteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00699] 3.16. Sixteenth UCI Transmission Method 

[00700] The UE can perform UCI piggyback on the PUSCH, which complies with 

the following transmission scheme.  

[00701] (1) PUSCH transmitted without UL grant. For example, there is a SPS 

(semi-persistent scheduling) PUSCH. 

[00702] (2) PUSCH based on UL grant without assistance information for UCI 

piggyback. For example, there is a PUSCH scheduled by UL grant in the CSS (common 

search space). 

[00703] In this case, the UE may perform one of the following operations.  

[00704] 1) After applying puncturing to UL data in the PUSCH, the UE performs the 

UCI piggyback.  

[00705] A. When the UE receives (and detects) a scheduled PDSCH, the UE 

transmits only X bits of UCI (or smaller UCI corresponding to the scheduled PDSCH). 

Alternatively, when the UE receives (and detects) no scheduled PDSCH, the UE does not 

perform the UCI piggyback. 
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[00706] B. In this case, if the UCI payload size is greater than X bits, the UE may 

transmit only the X bits of UCI and drop transmission of the remaining UCI.  

[00707] 2) After applying rate-matching to the UL data in the PUSCH, the UE 

performs the UCI piggyback. 

[00708] A. When the UE receives (and detects) a scheduled PDSCH, the UE 

transmits only X bits of UCI (or smaller UCI corresponding to the scheduled PDSCH). 

When the UE receives (and detects) no scheduled PDSCH, the UE does not perform the 

UCI piggyback. 

[00709] B. In this case, if the UCI payload size is greater than X bits, the UE may 

transmit only the X bits of UCI and drop transmission of the remaining UCI. 

[00710] C. In addition, the UE may transmit, to the eNB, information on whether the 

rate-matching (or UCI piggyback) is performed and/or information on the amount of UL 

data to which the rate-matching is applied (or the UCI payload size) according to one of the 

following methods.  

[00711] 1> The UE transmits the information on the REs in the PUSCH, which are 

generated by applying the puncturing (or rate-matching) on the UL data in the PUSCH after 

performing separate coding thereon aside from the UCI.  

[00712] 2> The UE transmits the information through a DM-RS by switching a DM-

RS sequence depending on the information.  

[00713] 3> The UE transmits the information through a CRC mask by switching the 

CRC mask depending on the information.  

[00714] Specifically, when a UE performs UCI piggyback on a PUSCH, the UE may 

perform rate-matching on UL data in the PUSCH by considering UCI transmission. In this 

case, the amount of UL data in the PUSCH where the rate-matching is applied should be 

determined in advance between the eNB and UE in order to facilitate decoding of the 

PUSCH where the rate-matching is applied from the perspective of reception at the eNB.  

[00715] As a method therefor, when the eNB schedules a PUSCH through UL grant, 

the eNB may inform the UE of whether rate-matching is allowed in the corresponding 

PUSCH and the amount of UL data to which rate-matching is applied (or information 

related to the UCI payload size capable of estimating the corresponding data amount). 

[00716] However, in the case of a PUSCH transmitted without UL grant such as a 

SPS PUSCH, the eNB cannot transmit to the UE information on the amount of UL data in 

the PUSCH to which rate-matching will be applied. Thus, in this case, it may be desirable 
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that the UE performs puncturing on the UL data (or REs for UCI transmission) when 

performing UCI piggyback. 

[00717] Alternatively, to perform the UCI piggyback on the PUSCH without UL 

grant, the UE may apply rate-matching to the UL data in the PUSCH. Thereafter, the UE 

may additionally transmit to the eNB information on whether rate-matching is applied 

and/or information on the amount of UL data where the rate-matching is applied. In the case 

of a PUSCH scheduled by UL grant without assistance information for UCI piggyback (e.g., 

PUSCH scheduled by UL grant in the CSS), the UE may perform the UCI piggyback 

operation similar to that for the PUSCH without UL grant.  

[00718] Meanwhile, when the UE performs UCI piggyback on the UL grant based 

PUSCH (or UL grant based PUSCH with assistance information for UCI piggyback), the 

UE may perform rate-matching (or puncturing) on UL data in the PUSCH based on the 

corresponding UL grant (or corresponding assistance information) and then perform the 

UCI piggyback.  

[00719] Additionally, the UE can perform the UCI piggyback on the PUSCH, which 

complies with the following transmission scheme.  

[00720] [1] PUSCH transmitted without UL grant. For example, there is a SPS 

(semi-persistent scheduling) PUSCH. 

[00721] [2] PUSCH based on UL grant without assistance information for UCI 

piggyback. For example, there is a PUSCH scheduled by UL grant in the CSS (common 

search space). 

[00722] In this case, the UE may operate as follows.  

[00723] Specifically, the eNB may inform the UE of the (maximum) UCI (e.g., 

HARQ-ACK) payload/codebook (size) for rate-matching (or puncturing) of UL data in the 

PUSCH through a (UE-dedicated) higher layer signal (e.g., RRC signaling) in advance.  

[00724] A. In this case, if the UE receives (and detects) a scheduled PDSCH, the UE 

applies rate-matching (or puncturing) to the UL data in the PUSCH based on the (maximum) 

HARQ-ACK payload/codebook (size) indicated by the eNB and then performs the UCI 

piggyback.  

[00725] B. Alternatively, if the UE receives (and detects) no scheduled PDSCH, the 

UE does not perform the UCI piggyback. 

[00726] In this case, the (maximum) UCI (e.g., HARQ-ACK) payload/codebook 

(size) configured for the UE by the eNB may be the maximum UCI payload/codebook (size) 

that can be transmitted on one PUCCH or PUSCH or the value configured for the PUSCH 
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complying with the above-described transmission scheme (e.g., SPS PUSCH) (the value 

may be smaller than the (maximum) UCI payload/codebook (size)).  

[00727] In summary, when the UE transmits HARQ-ACK on the SPS PUSCH, the 

UE may perform the UCI piggyback based on the codebook as follows. 

[00728] <1> When the semi-static HARQ-ACK codebook is used 

[00729] The UE may apply rate-matching (or puncturing) on UL data in the PUSCH 

based on the (maximum) HARQ-ACK payload/codebook (size) indicated by the eNB and 

then perform the UCI piggyback.  

[00730] <2> When the dynamic HARQ-ACK codebook is used and DL DCI 

includes the c-DAI and t-DAI  

[00731] The UE may calculate the HARQ-ACK payload size based on the c-DAI 

and t-DAI, apply rate-matching (or puncturing) on UL data in the PUSCH based on the 

calculated HARQ-ACK payload size, and then perform the UIC piggyback.  

[00732] <3> When the dynamic HARQ-ACK codebook is used and DL DCI 

includes only the c-DAI 

[00733] 1> Opt. 1: The may calculate the HARQ-ACK payload size using UL DAI 

in SPS PUSCH activation DCI, apply rate-matching (or puncturing) on UL data in the 

PUSCH based on the calculated HARQ-ACK payload size, and then perform the UIC 

piggyback. 

[00734] 2> Opt. 2: The UE may assume the HARQ-ACK payload size configured 

through a higher layer signal, apply rate-matching (or puncturing) on UL data in the 

PUSCH based on the assumed HARQ-ACK payload size, and then perform the UIC 

piggyback. 

[00735] Additionally, the UE can perform the UCI piggyback on the PUSCH, which 

complies with the following transmission scheme. 

[00736] [1] PUSCH transmitted without UL grant. For example, there is a SPS 

(semi-persistent scheduling) PUSCH. 

[00737] [2] PUSCH based on UL grant without assistance information for UCI 

piggyback. For example, there is a PUSCH scheduled by UL grant in the CSS (common 

search space). 

[00738] In this case, the UE may operate as follows. 

[00739] Specifically, the eNB may inform the UE of the (maximum) UCI (e.g., 

HARQ-ACK) payload/codebook (size) for rate-matching of UL data in the PUSCH through 

a (UE-dedicated) higher layer signal (e.g., RRC signaling) in advance.  
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[00740] A. When the UE receives (and detects) a scheduled PDSCH,  

[00741] i. if the UCI payload size is equal to or smaller than X bits (e.g., X=2) (from 

the perspective of the UE), the UE performs the UCI piggyback after applying puncturing to 

the UL data in the PUSCH  

[00742] ii. if the UCI payload size is greater than X bits (e.g., X=2) (from the 

perspective of the UE), the UE performs the UCI piggyback after applying rate-matching to 

the UL data in the PUSCH based on the (maximum) HARQ-ACK payload/codebook (size) 

indicated by the eNB.  

[00743] B. When the UE receives (and detects) no scheduled PDSCH, the UE does 

not perform the UCI piggyback. 

[00744] In this case, the (maximum) UCI (e.g., HARQ-ACK) payload/codebook 

(size) configured for the UE by the eNB may be the maximum UCI payload/codebook (size) 

that can be transmitted on one PUCCH or PUSCH or the value configured for the PUSCH 

complying with the above-described transmission scheme (e.g., SPS PUSCH) (the value 

may be smaller than the (maximum) UCI payload/codebook (size)). 

[00745] In this configuration, for the UCI piggyback operation on the PUSCH 

transmitted without UL grant (e.g., SPS PUSCH) or UL grant based PUSCH without 

assistance information for UCI piggyback (e.g., a PUSCH scheduled by DCI with no DAI 

field or PUSCH scheduled by UL grant in the CSS), the eNB may inform the UE of the 

(maximum) UCI (e.g., HARQ-ACK) payload/codebook (size) corresponding to the criteria 

of PUSCH rate-matching/puncturing through a higher layer signal (e.g., RRC signaling) 

and/or DCI. At this time, the (maximum) UCI (e.g., HARQ-ACK) payload/codebook (size) 

can be configured as follows.  

[00746] Specifically, the (maximum) UCI (e.g., HARQ-ACK) payload/codebook 

(size) may be set to be proportional to the number of PRBs allocated as PUSCH resources 

and/or the number OFDM symbols (except OFDM symbols for DM-RS transmission) 

and/or the MCS (index).  

[00747] For example, the eNB may configure the (maximum) UCI (e.g., HARQ-

ACK) payload/codebook (size) for each combination of the number of PRBs number and/or 

the number of OFDM symbols (except DM-RS symbols) and/or the MCS (index).  

[00748] As another example, the eNB may configure the rate Z representing the 

(maximum) (corresponding) UCI (e.g., HARQ-ACK) payload/codebook (size) in each of 

(K) REs and calculate the final (maximum) UCI (e.g., HARQ-ACK) payload/codebook 

(size) by applying the rate Z to the (total) REs in the PUSCH.  
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[00749] As a further example, the eNB may configure the rate Z representing the 

(maximum) (corresponding) UCI (e.g., HARQ-ACK) payload/codebook (size) in each of 

(K) code bits and calculate the final (maximum) UCI (e.g., HARQ-ACK) payload/codebook 

(size) by applying the rate Z to the (total) REs in the PUSCH. 

[00750] Thereafter, when performing the UCI piggyback, the UE may apply rate-

matching or puncturing to the UL data in the PUSCH based on the (maximum) HARQ-

ACK payload/codebook (size) indicated by the eNB.  

[00751] Additionally, when the UE performs UCI piggyback for HARQ-ACK on the 

SPS PUSCH, the UE may perform rate-matching or puncturing on UL data in the PUSCH 

by assuming the (maximum) HARQ-ACK payload size, which is preconfigured by the eNB 

through a higher layer signal, and then map UCI REs (according to the predetermined rule).  

[00752] Meanwhile, when the UE intends to perform UCI piggyback on the UL 

grant based PUSCH (or UL grant based PUSCH with assistance information for UCI 

piggyback), the UE may perform the UCI piggyback after performing rate-matching (or 

puncturing) on UL data in the PUSCH based on the corresponding UL grant (or 

corresponding assistance information).  

[00753] The above-described sixteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00754] 3.17. Seventeenth UCI Transmission Method 

[00755] When the eNB informs the UE of the UCI payload size (or the amount of 

UL data where rate-matching is applied) and the UE performs UCI piggyback after 

performing rate-matching on UL data in the PUSCH, if UCI bits (in a PUSCH transmission 

slot) are in excess of the UCI payload size indicated by the eNB (or the amount of UL data 

where the rate-matching is applied), the UE can transmit the UCI bits corresponding to the 

excess quantity (hereinafter referred to as UCInew) according to one of the following 

methods.  

[00756] (1) The UE performs puncturing of some symbol(s) in the PUSCH and 

transmits the UCINEW on the (short) PUCCH, which is time-division multiplexed with the 

PUSCH on the symbol(s).  

[00757] (2) The UE performs HARQ-ACK bundling and performs UCI piggyback 

for (bundled) HARQ-ACK bits less than the UCI payload size indicated by the eNB (or the 

amount of UL data where the rate-matching is applied). In this case, the UE may include the 
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amount that exceeds the UCI size among multiple pieces of HARQ-ACK feedback for the 

at least last received PDSCHs in HARQ-ACK bundling.  

[00758] In this case, the UCINEW may be HARQ-ACK information on the 

PDSCH(s) scheduled after UL grant. 

[00759] In addition, the UCI bits that occur after the time (e.g., slot #n - kMIN) prior 

to the minimum value (e.g., kMIN) of the UL grant-to-PUSCH time (or PUSCH processing 

time) with reference to the PUSCH transmission time (e.g., slot #n) may be excluded from 

UCI piggyback targets on the PUSCH.  

[00760] Moreover, HARQ-ACK bundling may mean a process for reducing the total 

UCI payload size by combining (some) HARQ-ACK bits through the local AND operation.  

[00761] Specifically, when the UE performs rate-matching on UL data in the 

PUSCH based on the amount of UCI to be transmitted through the UCI piggyback, the eNB 

may inform the UE of the payload size of the UCI to be transmitted through the UCI 

piggyback (or the amount of UL data where the rate-matching is applied) through DCI such 

as UL grant, etc. 

[00762] However, in practice, depending on scheduling, there may occur UCI bits in 

excess of the payload size of the UCI (to be UCI-piggybacked) indicated by the eNB at the 

time when the UL grant is transmitted (or the amount of UL data where the rate-matching is 

applied) in the PUSCH transmission slot.  

[00763] For example, when the NR system where the present invention is applicable 

supports flexible scheduling timing, it may be indicated that HARQ-ACK bits for the 

PDSCH(s) scheduled after the UL grant are reported through the PUSCH transmission slot. 

Accordingly, there may occur HARQ-ACK bits in exceed of the payload size of the UCI (to 

be UCI-piggybacked) indicate by the eNB through the UL grant in the PUSCH transmission 

slot.  

[00764] In this case, the UE may perform puncturing of some symbol(s) in the 

PUSCH and transmit the excess quantity of the UCI in the punctured symbol(s) on the 

(short duration) PUCCH. Alternatively, the UE may apply HARQ-ACK bundling on some 

(or all) UCI bits among all UCI bits (including the excess quantity of the UCI) and performs 

the UCI piggyback on the PUSCH with respect to (bundled) HARQ-ACK less than the UCI 

payload size indicated by the eNB. 

[00765] Additionally, when the UE performs the UCI piggyback on the PUSCH, 

there may occur UCI bits in excess of the UCI payload size indicated by the eNB (through 

UL grant) (or the amount of UL data where the rate-matching is applied). In this case, the 
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UE may additionally report, to the eNB, information on whether the excess quantity of the 

UCI exists and/or information on the amount of the excess quantity of the UCI. For example, 

the UE may inform whether the HARQ-ACK payload size which the UE intends to transmit 

is greater or smaller than the HARQ-ACK payload size indicated by the eNB through UL 

grant (e.g., UL DAI) using 1-bit indicator at all time.  

[00766] Additionally, when the UE performs the UCI piggyback on the PUSCH, 

there may occur UCI bits in excess of the UCI payload size indicated by the eNB (through 

UL grant) (or the amount of UL data where the rate-matching is applied). In this case, after 

performing ACK/NACK bundling on HARQ-ACK bits, the UE may report, to the eNB, the 

(bundled) HARQ-ACK bits together with information on whether bundling is performed 

(e.g., 1-bit indicator). At this time, if the number B of bundled HARQ-ACK bits is smaller 

than the UCI payload size indicated by the eNB, A, the UE may configure and transmit a 

total of A bits of the UCI payload size by adding the B bundled HARQ-ACK bits to (A-B) 

SDGGLQJ ELWV  H J   ³ ´ RU ³ ´    

[00767] The above-described seventeenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00768] 3.18. Eighteenth UCI Transmission Method  

[00769] When the UE performs UCI piggyback after performing rate-matching on 

UL data in the PUSCH, the UE can apply scaling to transport block size (TBS) according to 

the amount of UL data where the rate-matching is performed (or the number of rate-

matched REs).  

[00770] In this case, the eNB may inform the UE of the presence of TBS scaling, 

which depends on the amount of UL data where the rate-matching is applied (or the number 

of rate-matched REs), through a specific bit field (e.g., 1-bit indicator) in DCI (e.g., UL 

grant) or higher layer signal (e.g., RRC signaling).  

[00771] As a particular example, when the number of HARQ-ACK bits to be UCI-

piggybacked significantly increases due to HARQ-ACK feedback per CBG, CA of more 

than five component carriers, etc., if the UE performs rate-matching on UL data in the 

PUSCH during the UCI piggyback process for HARQ-ACK, a number of data bits are rate-

matched and the performance may be significantly degraded.  

[00772] Thus, in this case, considering the decreased REs due to the rate-matching, 

the TBS needs to be set to be smaller. For example, when 1/N REs are rate-matched in the 

PUSCH, the TBS may be scaled by the ratio of 1-1/N = (N-1)/N. Whether TBS scaling is 
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applied according the UCI piggyback may be indicated by the eNB through UL grant or 

higher layer signaling.  

[00773] The above-described eighteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00774] 3.19. Nineteenth UCI Transmission Method 

[00775] When the UE performs UCI piggyback on the PUSCH, the eNB can inform 

the UE of the UCI payload size using one of the following methods. 

[00776] (1) After configuring a set of UCI payload sizes through a (UE-specific) 

higher layer signal, the eNB indicates a specific UCI payload size in the set through DCI 

(e.g., UL grant).  

[00777] (2) After configuring a (reference) UCI payload size through a (UE-specific) 

higher layer signal, the eNB indicates the ratio of the UCI payload size, which will be 

transmitted, to the (reference) UCI payload size through DCI (e.g., UL grant). In this case, 

the eNB may configure, for the UE, the ratio value through a (UE-specific) higher layer 

signal as well.  

[00778] At this time, the eNB may enable a certain state of its indicator to mean the 

UCI payload size equal to or less than 2 bits (or puncturing on the PUSCH). In this case, the 

UE may perform UCI mapping after performing puncturing on the PUSCH (according to 

the UCI payload size recognized by the UE). 

[00779] In addition, when the UCI payload size (A) recognized by the UE is smaller 

than the UCI payload size (B) indicated by the eNB, the UE may perform UCI encoding 

based on the UCI payload size (A) recognized by the UE according to the coding type 

applied to the UCI payload size (B). Alternatively, the UE may perform UCI encoding 

based on the UCI payload size (B) indicated by the eNB after filling the remaining bits with 

NACK information. For example, if the coding type is Reed-Muller (RM) coding, the UE 

may perform UCI encoding based on the UCI payload size (A). As another example, if the 

coding type is polar coding, the UE may perform UCI encoding based on the UCI payload 

size (B).  

[00780] As a particular example, the eNB may indicate the UCI payload size using a 

two-bit field in UL grant, which has four states, as shown in Table 13. 

[00781] [Table 13] 

Bits field UCI payload size 
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00 2 bits or less 

01 3 bits 

10 7 bits 

11 10 bits 

[00782] Alternatively, after setting the (reference) UCI payload size to 10 bits, the 

eNB may inform the UE of the ratio of the UCI payload, which will be used for UCI 

piggyback, and the (reference) UCI payload size using a two-bit field in UL grant, which 

has four states, as shown in Table 14.  

[00783] [Table 14] 

Bits field UCI payload size 

00 2 bits or less 

01 30% (= 3 bits) 

10 70% (= 6 bits) 

11 100% (= 10 bits) 

[00784] By doing so, the eNB can indicate the UCI payload size in a more flexible 

manner, which the UE should consider in performing rate-matching/puncturing on the 

PUSCH.  

[00785] The above-described nineteenth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00786] 3.20. Twentieth UCI Transmission Method  

[00787] It is assumed that when the UE performs UCI piggyback, the UE performs 

puncturing on the PUSCH if the UCI size is equal to or less than N bits, and performs rate-

matching on the PUSCH if the UCI size is more than N bits. In this case, if at least one case 

in option A is satisfied, the UE may perform UCI piggyback with respect to UCI bits in 

excess of the UCI payload size indicated by the eNB according to option B. 

[00788] [Option A] 

[00789] (1) A case in which although the eNB instructs the UE to perform PUSCH 

puncturing with respect to N-bit UCI, the actual payload size of the UCI to be transmitted is 

more than N bits 
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[00790] (2) A case in which although the eNB instructs the UE to perform PUSCH 

rate-matching with respect to M-bit UCI (where M > N), the actual payload size of the UCI 

to be transmitted is more than N bits 

[00791] [Option B] 

[00792] 1) The UE divides the excess UCI bits on an N-bit basis, performs separate 

coding regardless of the indicated UCI payload size, and performs RE mapping (based on 

PUSCH puncturing) such that coded bits corresponding to each segment portion are mapped 

to different REs. 

[00793] 2) If there are a plurality of pieces of N-bit UCI (for example, K pieces), the 

UE may perform piggyback on the PUSCH with respect to L pieces of N-bit UCI (e.g., L = 

1) among the K pieces of N-bit UCI and drop transmission with respect to the remaining 

(K-L) pieces of UCI.  

[00794] Additionally, if the eNB does not provide to the UE any instruction related 

to PUSCH puncturing or rate-matching (or UCI payload size), the UE may divide UCI bits 

on an N-bit basis, perform separate coding, and perform RE mapping such that coded bits 

corresponding to each segment portion are mapped to different REs. In this case, if there are 

a plurality of pieces of N-bit UCI (for example, K pieces), the UE may perform piggyback 

on the PUSCH with respect to L pieces of N-bit UCI (e.g., L = 2) among the K pieces of N-

bit UCI and drop transmission with respect to the remaining (K-L) pieces of UCI. 

[00795] For example, when the UCI size is equal to or less than 2 bits, the UE may 

perform UCI piggyback by performing puncturing on the data region in the PUSCH. When 

the UCI size is more than 3 bits, the UE may perform UCI piggyback by performing rate-

matching on the data region in the PUSCH. If there are UCI bits in excess of the UCI 

payload size indicated by the eNB, the UE may totally exclude the excess UCI bits from 

performing UCI piggyback. Alternatively, the UE may perform UCI piggyback based on 

PUSCH puncturing, which can be performed without any instruction from the eNB.  

[00796] However, considering that the UE can perform puncturing on the data region 

in the PUSCH only when UCI has a size less than 2 bits, if UCI has a size more than 2 bits, 

the UE may divide UCI bits in exceed of 2 bits on a 2-bit basis, performs separate coding on 

the divided UCI bits, and map coded bits corresponding to each segment portion to different 

REs. 

[00797] As an extended example of the above operation, when the eNB does not 

provide to the UE any instruction related to PUSCH rate-matching/puncturing (e.g., fallback 

DCI), the UE may divide UCI bits on an N-bit basis, perform separate coding, and perform 
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RE mapping such that coded bits corresponding to each segment portion are mapped to 

different REs.  

[00798] In the following description, UCI piggyback based on PUSCH rate-

matching (or puncturing) may mean that when the UE performs UCI mapping on the 

PUSCH, the UE applies rate-matching (or puncturing) to UL data in the PUSCH and then 

transmits UCI on the remaining resource (in the PUSCH).  

[00799] Additionally, when the UE performs UCI piggyback (for HARQ-ACK), the 

UE may select either PUSCH rate-matching or PUSCH puncturing and then apply the 

selected one as follows. 

[00800] [1] A case in which the eNB indicates PUSCH rate-matching operation 

(with respect to a specific UCI payload size) or the specific UCI payload size (for example, 

in excess of N bits) through DCI (e.g., UL grant) 

[00801] A. The UE performs UCI piggyback based on PUSCH rate-matching 

according to the UCI payload size (regardless of whether scheduled DL data is present).  

[00802] B. When the eNB indicate the PUSCH rate-matching operation, the specific 

UCI payload size (for PUSCH rate-matching) may be determined as the maximum HARQ-

ACK payload size configured for the UE or preconfigured by the eNB through a higher 

layer signal (e.g., RRC signaling). 

[00803] [2] A case in which the eNB does not indicate the PUSCH rate-matching 

operation (with respect to the specific payload size) or the specific UCI payload size (for 

example, in exceed of N bits) or indicates PUSHC puncturing operation 

[00804] A. If there is UCI to be transmitted (due to at least one pieces of scheduled 

DL data), the UE performs UCI piggyback based on PUSCH puncturing (on UCI bits up to 

maximum N bits). 

[00805] B. If there is no UCI to be transmitted (due to no scheduled DL data), the 

UE does not perform UCI piggyback.  

[00806] Specifically, the eNB may configure the semi-static codebook (or the 

HARQ-ACK payload size for UCI piggyback) for the UE through a higher layer signal and 

inform the UE of whether PUSCH rate-matching is required through a 1-bit indicator (e.g., 

ON/OFF indicator) in DCI such as UL grant. In this case, if the UE receives the indicator 

VHW  WR  µ21¶   WKH 8( PD\ SHUIRUP 8&, SLJJ\EDFk after performing PUSCH rate-matching 

based on the HARQ-ACK payload size preconfigured by the eNB. On the contrary, if the 

8( UHFHLYHV WKH LQGLFDWRU VHW WR µ2))¶  WKH 8( PD\ SHUIRUP 8&, SLJJ\EDFN E\ SHUIRUPLQJ 

PUSCH puncturing (on up to maximum N bits) based on the HARQ-ACK payload size 
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may assume that there is no HARQ-ACK to be UCI-piggybacked).  

[00807] Additionally, the eNB may dynamically inform the UE of the HARQ-ACK 

payload size (for UCI piggyback) through DCI (e.g., DL assignment, UL grant, etc.) based 

on the dynamic codebook. In this case, if the UE receives a specific HARQ-ACK payload 

size from the eNB, the UE may perform PUSCH rate-matching based on the corresponding 

payload size to perform UCI piggyback. On the other hand, when the eNB does not indicate 

any specific HARQ-ACK payload size or explicitly indicates PUSCH puncturing, if there 

are HARQ-ACK bits to be reported, the UE may perform PUSCH puncturing (on the 

HARQ-ACK bits up to maximum N bits) for UCI piggyback. Further, when the eNB does 

not indicate any specific HARQ-ACK payload size or explicitly indicates PUSCH 

puncturing, if there are no HARQ-ACK bits to be reported, the UE may not perform UCI 

piggyback. 

[00808] The above-described twentieth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00809] 3.21. Twenty-first UCI Transmission Method 

[00810] When the UE performs UCI piggyback on the PUSCH, the eNB can 

configure the value of beta corresponding to a design parameter, and the UE can calculate 

the number of coded symbols for UCI transmission in the PUSCH by reflecting the value of 

beta. In this case, the eNB may configure the value of beta for the UE according to one of 

the following methods.  

[00811] (1) A method in which the eNB configures a single beta value set through a 

higher layer signal (e.g., RRC signaling) and then indicates a specific beta value in the set 

through DCI (e.g., UL grant) 

[00812] (2) A method in which the eNB configures a plurality of beta value sets 

through a higher layer signal (e.g., RRC signaling), selects a set based on specific 

conditions, and then indicates a specific beta value in the selected set through DCI (e.g., UL 

grant) 

[00813] (3) A method in which the eNB configures a plurality of beta value sets 

through a higher layer signal (e.g., RRC signaling) and indicates a set through DCI (e.g., 

UL grant), and a specific beta value is selected from the set based on specific conditions 

[00814] Here, the specific conditions may include the following items.  
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[00815] 1) Opt. 1: UCI-related information (e.g., UCI payload size (for example, 

information indicating whether the UCI payload size is less than, or equal to or more than X 

bits), coding scheme (for example, information indicating whether RM code (without CRC) 

or polar code (with CRC) is used), etc.) 

[00816] 2) Opt. 2: PUSCH-related information (e.g., MCS (for example, information 

indicating whether the MCS index is less than, or equal to or more than X), code rate (for 

example, information indication whether the code rate is less than, or equal to or more than 

X), RB allocation (for example, information indicating whether the number of RBs 

allocated to the PUSCH is less than, or equal to or more than X), duration (for example, 

information indicating whether the number of allocated OFDM symbols is less than, or 

equal to or more than X), etc.) 

[00817] In this case, the value of beta may be configured in different ways according 

to UCI types. For example, in the case of UCI type 1, the value of beta may be configured 

through RRC signaling, and in the case of UCI type 2, the value of beta may be configured 

through DCI (and RRC signaling). In this case, UCI types 1 and 2 may be set to HARQ-

ACK and CSI, respectively and vice versa. 

[00818] In this case, the eNB may configure a single set including a beta value(s) as 

an element for two or more UCI types and indicate a specific beta value(s) in the set 

through DCI (e.g., UL grant).  

[00819] Such a beta value may be independently configured according to the 

PUSCH waveform and/or whether rate-matching or puncturing is performed on the PUSCH. 

[00820] Moreover, the beta offset value configured for a PUSCH scheduled by UL 

grant in the common search space (CSS) may be independent from that configured for a 

PUSCH scheduled by UL grant in the UE-specific search space (USS). In this case, the eNB 

may configure a semi-static beta offset value for the former PUSCH through RRC signaling 

and configure a dynamic beta offset value for the latter PUSCH through DCI signaling.  

[00821] More specifically, when the UE calculates the number of UCI transmission 

REs in the PUSCH, the eNB may configure the value of betta corresponding to the design 

parameter in order of adjust the coding rate and the like. In addition, the UE may calculate 

the number of coded symbols for UCI transmission by reflecting the beta value. In this case, 

since every PUSCH transmission interval can be dynamically changed in the NR system to 

which the present invention is applicable, it is desirable to dynamically configure the value 

of beta based on the amount of actual PUSCH resources  
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[00822] For example, the eNB may configure a single beta value set through a higher 

layer signal and then dynamically inform the UE of a specific beta value in the set through 

DCI.  

[00823] In this case, the range of the beta value may differ according to the UCI 

payload size. That is, when the UCI payload size is small (for example, when the UCI 

payload size is equal to less than X bits), there are sufficient coded symbols for UCI 

transmission in UCI PUSCH resources. On the other hand, when the UCI payload size is 

large (for example, when the UCI payload size is more than X bits), the number of coded 

symbols for UCI transmission among UCI PUSCH resources may be minimized because in 

this case, UCI may have a great effect on data in the PUSCH. To this end, the eNB may 

configure a plurality of beta value sets, select a specific set based on the UCI payload size, 

and then indicate a specific beta value in the set through DCI (e.g., UL grant).  

[00824] The above-described configuration can be generalized as follows. The eNB 

may configure a plurality of beta value sets. Thereafter, the eNB may select a specific beta 

value from among beta values included in the plurality of sets according to any combination 

of specific conditions and indications in DCI.  

[00825] Additionally, in the present invention, the beta offset value may mean the 

value for calculating the number of resource elements (REs) (coded symbols or OFDM 

resources) used for transmitting (specific) UCI on a (specific) PUSCH. For example, when 

the eNB configures a large beta offset value, the number of UCI transmission REs in the 

PUSCH may be relatively increased. In contrast, when the eNB configures a small beta 

offset value, the number of UCI transmission REs in the PUSCH may be relatively 

decreased.  

[00826] Additionally, the eNB may configure a plurality of beta offset sets 

(regarding a specific UCI type) (through a higher layer signal such as system information or 

RRC signaling), and the UE may select one beta offset set from among the plurality of beta 

offset sets based on at least one piece of the following (when performing UCI piggyback). 

[00827] [1] The number of codewords (e.g., whether the number of codewords is one 

or two)  

[00828] [2] UCI payload size (e.g., the range of the UCI payload size) 

[00829] [3] PUSCH waveform (e.g., whether the PUSCH waveform is CP-OFDM or 

DFT-s-OFDM) 

[00830] [4] The amount of resources allocated to the PUSCH (e.g., the amount of 

time/frequency resources) 
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[00831] [5] Whether rate-matching or puncturing is applied to the PUSCH 

[00832] [6] Coding scheme (e.g., whether the RM code or polar code is applied) 

[00833] [7] PUSCH modulation order (e.g., whether BPSK is applied) 

[00834] Thereafter, the eNB may additionally inform the UE of a specific beta offset 

value in the selected beta offset set through DCI (e.g., UL grant).  

[00835] As a modification example, the eNB may independently configure a 

plurality of beta offset sets in each combination of at least one of the following conditions 

(regarding a specific UCI type) (through a higher layer signal such as system information or 

RRC signaling), and the UE may select the beta offset set suitable for its condition(s) (when 

performing UCI piggyback). 

[00836] 1] The number of codewords (e.g., whether the number of codewords is one 

or two)  

[00837] 2] UCI payload size (e.g., the range of the UCI payload size) 

[00838] 3] PUSCH waveform (e.g., whether the PUSCH waveform is CP-OFDM or 

DFT-s-OFDM) 

[00839] 4] The amount of resources allocated to the PUSCH  (e.g., the amount of 

time/frequency resources) 

[00840] 5] Whether rate-matching or puncturing is applied to the PUSCH 

[00841] 6] Coding scheme (e.g., whether the RM code or polar code is applied) 

[00842] 7] PUSCH modulation order (e.g., whether BPSK is applied) 

[00843] Thereafter, the eNB may additionally inform the UE of a specific beta offset 

value in the selected beta offset set through DCI (e.g., UL grant). 

[00844] According to the present invention, although the UE is configured to apply 

the CP-OFDM waveform (or waveform type A) to the normal PUSCH, the UE can assume 

that the DFS-s-OFDM waveform (or waveform type B �  $   is applied to the PUSCH 

scheduled by specific DCI (or DCI type) (indicating the fallback operation) or other 

PUSCHs related to the fallback operation. In this case, the UE may differently select the 

beta offset value (or beta offset set) to be applied (when the UE performs UCI piggyback) 

(regarding a specific UCI type) according to the PUSCH waveform (or PUSCH scheduling 

DCI type). In particular, when the PUSCH related to the fallback operation is transmitted, 

the UE may apply the default beta offset (or default beta offset step) configured through the 

system information (e.g., PBCH, SIB, RMSI, etc.). In this case, the fallback operation may 

mean the basic transmission scheme that can be supported by the UE (without any separate 

specific information).  
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[00845] In the present invention, a (specific) beta offset value corresponding to an 

element of the beta offset set could be interpreted to mean a combination of (specific) beta 

offset values regarding a (specific) UCI type. For example, when there are N UCI types 

(e.g., UCI1, UCI2  8&,   «  8&,1    

[00846] The above-described twenty-first UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00847] 3.22. Twenty-second UCI Transmission Method 

[00848] In the following description, it is assumed that a counter DAI (downlink 

assignment indicator) in DL scheduling DCI (downlink control information) (hereinafter 

referred to DL assignment) means information indicating scheduling order of PDSCHs 

(TBs or CBGs (code block groups)) (scheduled by the DL assignment) and a total DAI (in 

DL assignment or UL scheduling DCI (hereinafter referred to UL grant)) means information 

indicating the (total) number of PDSCHs (TBs or CBGs) scheduled until a specific time.  

[00849] When the UE transmits the PUSCH in the (n+k0)
th slot based on the UL 

grant received in the nth slot, the UE may calculate the HARQ-ACK payload size based on 

the counter DAI which is detected (or observed) in the (n+k0-k1)
th slot and the total DAI 

(indicated by the UL grant) and then transmit HARQ-ACK on the PUSCH. In this case, k0, 

and k1 are integers equal to or greater than zero and satisfy the condition of k0�N1. 

[00850] In addition, the value of k1 (or k2=k0-k1) may be determined according to 

one of the following methods.  

[00851] (1) The predetermined value 

[00852] (2) The value configured by the eNB through a higher layer signal (e.g., 

RRC signaling) and/or DCI 

[00853] (3) The value corresponding to the (minimum) UL grant-to-PUSCH timing: 

for example, if the UE complies with the (minimum) UL grant-to-PUSCH timing, the UE 

may transmit the PUSCH in the (n+k1)th slot based on the UL grant received in the nth slot. 

[00854] (4) The value corresponding to the (minimum) UE processing time for 

(PUSCH transmission)  

[00855] (5) The value obtained by adding the UE processing time for UCI encoding 

to the value in (3) or (4)  

[00856] In this case, the UE may interpret that the total DAI (indicated by the UL 

grant) corresponds to the (total) number of PDSCHs scheduled until the (n+k0-k1)
th slot 
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[00857] In addition, the UE may exclude HARQ-ACK for the PDSCH(s) received 

after the time (e.g., ((n+m0)th slot) prior to the (minimum) UL grant-to-PUSCH timing (or 

(minimum) PUSCH processing time (e.g., m0) with reference to the PUSCH transmission 

time (e.g., nth slot) from UCI piggyback targets. 

[00858] Specifically, as part of the UCI piggyback operation, the UE may transmit 

HARQ-ACK information on one or more PDSCHs on a specific PUSCH. According to the 

legacy LTE system, the UE has calculated the HARQ-ACK payload size based on the 

counter DAI values observed by the UE until reception of UL grant and to total DAI 

indicated by the UL grant. However, according to the NR system to which the present 

invention is applicable, the eNB can configure a plurality of UL grant-to-PUSCH timing 

values for the UE through a higher layer signal such as RRC signaling, and then instruct to 

apply a specific UL grant-to-PUSCH timing value among the plurality of UL grant-to-

PUSCH timing values through DCI. 

[00859] In this case, the UE may need to transmit HARQ-ACK information on 

PDSCHs received after reception of UL grant on the PUSCH scheduled by the UL grant. To 

this end, the UE should observe the counter DAI until receiving the PDSCHs corresponding 

to potential HARQ-ACK reporting targets rather than the reception of the UL grant. In this 

case, the time duration for which the UE observes the counter DAI (after the UL grant) 

should guarantee the minimum UL grant-to-PUSCH timing. For example, the UE may 

observe the counter DAI starting from the PUSCH transmission time to the time calculated 

by adding the minimum UL grant-to-PUSCH timing. In this case, the UE may interpret that 

the total DAI (indicated by the UL grant) indicates the (total) number of PDSCHs scheduled 

until the counter DAI is observed.  

[00860] Additionally, when the counter DAI and total DAI respectively represent 

specific counters by using X states sequentially and repeatedly (that is, when the nth element 

of the sequence where X states are sequentially repeated matches one by one with the nth 

count value of the counter having N count units), the counters represented by the counter 

DAI and total DAI may be configured to have different count units (e.g., the value of N). 

The count unit of the counter represented by each of the counter DAI and total DAI may be 

determined between the eNB and UE in advance or configured by the eNB through a higher 

layer signal (e.g., RRC signaling) and/or DCI. For example, the counter DAI may represent 

a counter increased by one as shown in Table 15 below, whereas the total DAI may 

represent a counter increased by two as shown in Table 16 below. 

[00861] [Table 15] 
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[00862] [Table 16] 

 

[00863] The above-described twenty-second UCI transmission method can be 

applied together with other proposed methods of the present invention unless they collide 

with each other.  

[00864] 3.23. Twenty-third UCI Transmission Method 

[00865] When the UE transmits HARQ-ACK and CSI on the PUSCH, the same RE 

mapping rule (e.g., frequency-first mapping) can be applied for the HARQ-ACK and CSI. 

In this case, the UE can perform RE mapping for the HARQ-ACK and UCI as follows. 

[00866] (1) When the UE performs rate-matching on the PUSCH for HARQ-ACK 

transmission 

[00867] A. The UE performs RE mapping for the HARQ-ACK first and then 

performs RE mapping for the CSI (starting at the next RE in the order defined in the RE 

mapping rule).  

[00868] (2) When the UE performs puncturing on the PUSCH for HARQ-ACK 

transmission 

[00869] A. The UE skips (first) N REs (in the order defined in the RE mapping rule) 

and performs RE mapping for the CSI (starting at the (N+1)th RE). 

[00870] i. The UE may use the N REs for data transmission.  
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[00871] ii. If there is HARQ-ACK to be transmitted to the eNB, the UE may perform 

the RE mapping for the HARQ-ACK (based on PUSCH puncturing) (starting at the first RE 

in the order in the RE mapping rule). In this case, the actual number of REs used for 

HARQ-ACK transmission may not be N.  

[00872] B. The value of N may be calculated according to the method predetermined 

between the eNB and UE or the value configured by the eNB through a higher layer signal 

(e.g., RRC signaling) and/or DCI.  

[00873] For example, it is assumed that for both the HARQ-ACK and CSI, the UE 

performs the RE mapping in a frequency-first manner starting at the symbol next to a 

PUSCH DM-RS symbol. In this case, if the UE performs rate-matching on the PUSCH for 

the HARQ-ACK transmission, the eNB should separately transmit information on the 

HARQ-ACK payload size to the UE. Accordingly, the UE may perform the RE mapping for 

the HARQ-ACK and then perform the RE mapping for the CSI.  

[00874] FIG. 39 is a diagram schematically illustrating the configuration of 

performing RE mapping for HARQ-ACK on first 7 REs and then performing RE mapping 

for CSI on next 25 REs. 

[00875] Meanwhile, if the UE performs puncturing on the PUSCH for the HARQ-

ACK transmission, the eNB may not need to transmit the HARQ-ACK payload size 

information. Accordingly, when performing the RE mapping for the CSI, the UE may keep 

the first N REs empty in accordance with the RE mapping rule by considering the HARQ-

ACK transmission.  

[00876] In this case, the value of N may be calculated from the maximum HARQ-

ACK payload size that can be transmitted when puncturing is performed on PUSCH. 

[00877] FIG. 40 is a diagram schematically illustrating the operation where a UE 

keeps front REs empty in consideration of HARQ-ACK transmission resources before 

performing RE mapping for CSI. 

[00878] As shown in FIG. 40, the UE can perform data-to-RE mapping on the empty 

REs. Then, if there is HARQ-ACK (to be reported), the UE may transmit the HARQ-ACK 

by puncturing data as shown in the left side of FIG. 40. On the other hand, if there is no 

HARQ-ACK (to be reported), the UE may not perform HARQ-ACK transmission.  

[00879] In the following description, an RE mapping rule related to specific UCI 

may mean the positions of REs to which coded bits (or coded symbols) of the 

corresponding UCI are allocated and the allocation order thereof. Regarding the UCI-to-RE 

mapping rule, if the k1
th RE(s) is not available, the UE may skip the corresponding RE(s) 
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and then reinitiate the coded bits (or coded symbols) to RE mapping process at the next RE 

(e.g., k1+1). 

[00880] Additionally, when the UE transmits HARQ-ACK and CSI on the PUSCH, 

the same RE mapping rule or different RE mapping rules (e.g., distributed REs in time and 

localized REs in time) may be applied to the HARQ-ACK and CSI. In this case, the UE can 

perform RE mapping for the HARQ-ACK and UCI as follows. 

[00881] 1) The UE assumes the HARQ-ACK payload size to be X bits.  

[00882] A. When the UE performs rate-matching on the PUSCH for HARQ-ACK 

transmission, the value of X may be transmitted from the eNB to the UE through DCI 

and/or a higher layer signal.  

[00883] B. When the UE performs puncturing on the PUSCH for HARQ-ACK 

transmission, the value of X may be determined in advance or transmitted from the eNB to 

the UE through DCI and/or a higher layer signal. In this case, the actual number of HARQ-

ACK bits may be different from the value of X.  

[00884] 2) The UE calculates the number of REs to which the HARQ-ACK is 

allocated and positions thereof based on the value of X and the RE mapping rule for 

HARQ-ACK. 

[00885] 3) The UE calculates the number of REs to which CSI will be allocated 

(among the remaining REs except the calculated HARQ-ACK REs) and positions thereof 

based on the CSI payload size and the RE mapping rule for CSI. In this case, if the 

(calculated) HARQ-ACK RE is allocated as the kth RE (in UCI mapping order), the UE may 

skip CSI mapping at the corresponding RE and attempt the CSI mapping at the (k+1)th RE 

(in the CSI mapping order).  

[00886] 4) In the case of 1)-A (that is, when the UE performs rate-matching on the 

PUSCH for the HARQ-ACK transmission), the UE calculates the number and positions of 

REs to which data is allocated (among the remaining REs except the calculated HARQ-

ACK REs and CSI REs) based on the PUSCH data payload size and data-to-RE mapping 

rule. In this case, if the (calculated) HARQ-ACK RE or CSI RE is allocated as the kth RE 

(in data mapping order), the UE may skip data mapping at the corresponding RE and 

attempt the data mapping at the (k+1)th RE (in the data mapping order).  

[00887] 5) In the case of 1)-B (that is, when the UE performs puncturing on the 

PUSCH for the HARQ-ACK transmission), the UE calculates the number and positions of 

REs to which data is allocated (among the remaining REs except the calculated CSI REs) 

based on the PUSCH data payload size and data-to-RE mapping rule. In this case, if the 
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(calculated) CSI RE is allocated as the kth RE (in data mapping order), the UE may skip 

data mapping at the corresponding RE and attempt the data mapping at the (k+1)th RE (in 

the data mapping order). 

[00888] 6) Thereafter, the UE generates coded bits according to the calculated 

number of REs for the HARQ-ACK, CSI, or data and then perform transmission at the 

calculated RE positions.  

[00889] In this case, if the UE respectively calculates REs capable of transmitting 

the HARQ-ACK and REs capable of transmitting the CSI based on the RE mapping rule for 

HARQ-ACK and the RE mapping rule for CSI (without excluding a specific RE(s) in 

advance), the REs capable of transmitting the HARQ-ACK may partially overlap with the 

REs capable of transmitting (in the time/frequency domain).  

[00890] In the following description, DCI format 0_0 means a DCI format 

corresponding to fallback DCI among DCI formats in UL grant that schedules the PUSCH, 

and DCI format 0_1 means a DCI format corresponding to non-fallback DCI among DCI 

formats in UL grant that schedules the PUSCH. However, if UL grant is fallback DCI, UL 

DAI information may not be included in the UL grant. 

[00891] Moreover, a counter DAI may indicate the number of PDSCHs (TBs or 

HARQ-ACK bits) accumulated until corresponding DL assignment, and a UL DAI may 

indicate the total number of PDSCHs (TBs or HARQ-ACK bits) to be UCI-piggybacked on 

the PUSCH. 

[00892] Furthermore, a semi-static HARQ-ACK codebook may mean a case where 

HARQ-ACK payload size to be reported by a UE is semi-statically configured through a 

(UE-specific) higher layer signal, and a dynamic HARQ-ACK codebook may mean a case 

where HARQ-ACK payload size to be reported by a UE can be dynamically changed 

through DCI and the like.  

[00893] Further, a beta offset value may mean a design parameter used for 

calculating the number of REs (or modulation symbols) capable of transmitting specific 

UCI when the specific UCI is UCI-piggybacked on a PUSCH. Thus, an eNB can inform a 

UE of the beta offset value through a (UE-specific) higher layer signal and/or DCI. For 

example, the beta offset value may mean the ratio of a coding rate (c_1) for data and a 

coding rate (c_2) for UCI.  

[00894] Additionally, floor(X) means rounding down X, and ceil(X) means rounding 

up X. 
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[00895] Additionally, when the UE transmits HARQ-ACK and CSI through UCI 

piggyback, the same RE mapping rule or different RE mapping rules may be applied to the 

HARQ-ACK and CSI. In this case, the UE may perform RE mapping for the HARQ-ACK 

and UCI as follows. 

[00896] [1] The UE assumes the HARQ-ACK payload size to be X bits. When the 

UE performs rate-matching on the PUSCH for the HARQ-ACK transmission (or when the 

HARQ-ACK bits are more than 2 bits) or when the UE performs puncturing on the PUSCH 

for the HARQ-ACK transmission (or when the HARQ-ACK bits are equal to or less than 2 

bits), the value of X may be determined according to one of the following options.  

[00897] i. Opt. 1: The value of X is configured for the UE by the eNB through a 

(UE-specific) higher layer signal. For example, option 1 may be applied when there is no 

UL DAI in UL grant (e.g., fallback DCI) and a semi-static HARQ-ACK codebook is 

configured.  

[00898] ii. Opt. 2: The value of X is determined based on a counter DAI in DL 

assignment transmitted from the eNB to the UE. For example, option 2 may be applied 

when there is no UL DAI in UL grant (e.g., fallback DCI) and a dynamic HARQ-ACK 

codebook is configured.  

[00899] iii. Opt. 3: The value of X is configured for the UE by the eNB through a 

(UE-specific) higher layer signal and/or calculated based on a UL DAI in UL grant. For 

example, option 3 may be applied when a UL DAI is present in UL grant (e.g., non-fallback 

DCI) and a semi-static HARQ-ACK codebook is configured.  

[00900] iv. Opt 4: The value of X is calculated based on a counter DAI in DL 

assignment transmitted from the eNB to the UE and/or a UL DAI in UL grant. For example, 

option 4 may be applied when a UL DAI is present in UL grant (e.g., non-fallback DCI) and 

a dynamic-static HARQ-ACK codebook is configured. 

[00901] v. Opt. 5: The value of X is predetermined between the eNB and UE. For 

example, option 5 may be applied when a UL DAI is present in UL grant (e.g., non-fallback 

DCI) and the type of HARQ-ACK codebook is not configured through a (UE-specific) 

higher layer signal or when puncturing is performed on the PUSCH for the HARQ-ACK 

transmission (that is, when the HARQ-ACK bits are equal to or less than 2 bits). 

[00902] vi. In this case, the value of X may be different from the HARQ-ACK bit 

number.  

[00903] vii. In addition, the UE may selectively apply one of options 1 to 5 

according to whether a UL DAI is present in UL grant and/or based on the HARQ-ACK 
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codebook type (e.g., semi-static or dynamic HARQ-ACK codebook) as described in the 

above examples.  

[00904] [2] The UE calculates the number of REs (reserved) for the HARQ-ACK 

transmission. In this case, the UE may calculated the number of HARQ-ACK REs 

according to one of the following options.  

[00905] i. Opt. 1: The UE calculates the number of REs based on the beta offset 

value predetermined between the eNB and UE (or configured through a higher layer signal) 

and the value of X corresponding to the number of HARQ-ACK bits. For example, option 1 

may be applied when there is no beta-offset indicator in UL grant. 

[00906] ii. Opt. 2: The UE calculates the number of REs based on the beta offset 

value calculated from a (UE-specific) higher layer signal and/or DCI (e.g., UL grant) and 

the value of X corresponding to the number of HARQ-ACK bits. For example, option 2 

may be applied when a beta offset indicator is present in UL grant (e.g., non-fallback DCI).  

[00907] iii. In this case, the UE may selectively apply one of options 1 and 2 

depending on whether there is a beta offset indicator in UL grant. 

[00908] [3] The UE calculates the positions of the REs (reserved) for the HARQ-

ACK transmission (hereinafter this RE is referred to as the HARQ-ACK RE) based on the 

calculated number of (reserved) REs according to the RE mapping rule for HARQ-ACK.  

[00909] A. In this case, the HARQ-ACK RE positions may be determined in the 

same manner regardless of whether the UE performs either rate-matching or puncturing on 

the PUSCH for the HARQ-ACK transmission.  

[00910] B. For example, the UE may calculate the positions of the (reserved) 

HARQ-ACK REs as follows.  

[00911] i. When frequency hopping is applied to the PUSCH, if the total number of 

HARQ-ACK modulation symbols is N, the UE transmits floor(N/2) symbols via the first 

frequency hop and the remaining ceil(N/2) symbols via the second frequency hop.  

[00912] A. In this case, the same RE mapping rule may be applied to each frequency 

hop. 

[00913] B. In addition, regarding coded UCI bits, the UE may divide all code UCI 

bits with respect to the two frequency hops (based on granularity of transmittable coded bits 

per RE) and map the divided coded UCI bits to REs in each frequency hop. 

[00914] ii. In the time domain, the RE mapping can be performed (per frequency hop) 

as follows. For example, the UE performs UCI mapping on UCI mapping-available 
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subcarriers in the same OFDD symbol and then performs the RE mapping on the next 

symbol according to the frequency-first time-second mapping scheme. 

[00915] iii. In the frequency domain, the RE mapping can be performed (per OFDM 

symbol) according to one of the following methods.  

[00916] 1. Hereinafter, the following definitions are used.  

[00917] A. M(k): The number of REs available for RE mapping for HARQ-ACK in 

the kth OFDM symbol (or the number of transmittable coded bits) 

[00918] B. N(k): The number of HARQ-ACK modulation symbols remaining 

without being used for RE mapping before the kth OFDM symbol  

[00919] 2. Opt. 1: When the UE intends to perform the RE mapping on the kth 

OFDM symbol with respect to a specific type of UCI, the UE may perform the RE mapping 

in a distributed manner such that HARQ-ACK modulation symbols are spaced from each 

other by a predetermined (frequency-domain) length d between adjacent REs (among REs 

available for the HARQ-ACK transmission in the corresponding symbol)  

[00920] [Equation 6] 

 

[00921] 2. Opt. 2: When the UE intends to perform the RE mapping on the kth 

OFDM symbol with respect to a specific type of UCI, the UE may perform the RE mapping 

such that the nth DOORFDWHG  PRGXODWLRQ  V\PERO   H J    Q            «   1 N    DOORFDWHG  WR  WKH 

corresponding OFDM symbol among HARQ-ACK modulation symbols is mapped to a 

(virtual) RE index, p(n) (among REs available for the HARQ-ACK transmission in the 

corresponding symbol). 

[00922] [Equation 7] 

p(n) = floor(n*M(k)/N(k)) (or ceil(n*M(k)/N(k))) 

[00923] [4] The UE calculates the number and positions of REs for CSI transmission 

(hereinafter this RE is referred to as the CSI RE) (among the remaining REs except the 

calculated HARQ-ACK REs) based on the CSI payload size and RE mapping rule for CSI. 

[00924] A. If the (calculated) HARQ-ACK RE is allocated as the kth RE (in UCI 

mapping order), the UE may skip CSI mapping at the corresponding RE and attempt the 

CSI mapping at the (k+1)th RE (in the UCI mapping order). 

[00925] B. When the UE performs rate-matching on the PUSCH for the HARQ-

ACK transmission (or when the HARQ-ACK bits are more than 2 bits), the UE may 
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perform CSI mapping by assuming that there is no RE (reserved) for the HARQ-ACK 

transmission (or not valid)  

[00926] i. Case 1: A case in which there is no UL-SCH transmission on the PUSCH 

(i.e., in the case of a UCI-only PUSCH). For example, in the case of a PUSCH with UL-

SCH, the UE may calculate the REs (reserved) for the HARQ-ACK transmission and then 

perform RE mapping without using the corresponding REs during the CSI mapping process. 

Alternatively, in the case of a PUSCH without UL-SCH, the UE may perform CSI mapping 

by assuming that there is no RE (reserved) for the HARQ-ACK transmission.  

[00927] ii. Case 2: A case in which there is no UL-SCH transmission on the PUSCH 

and on CSI part (e.g., CSI part 2) to be transmitted on the PUSCH (i.e., in the case of a 

UCI-only PUSCH). For example, in the case of a PUSCH without UL-SCH, if the UE 

intends to transmits only HARQ-ACK and CIS part 1 through the UCI piggyback on the 

PUSCH, the UE may perform RE mapping by assuming that there is no RE (reserved) for 

the HARQ-ACK transmission (or not valid) to perform mapping of CSI part 1. 

Alternatively, when the UE intends to transmit HARQ-ACK, CSI part 1, and CSI part 2 

through the UCI piggyback on the PUSCH, the UE may not use the REs (reserved) for the 

HARQ-ACK transmission while mapping CSI part 1. 

[00928] iii. Case 3: A case in which DCI (e.g., UL grant) (and/or a higher layer 

signal) indicates that there is no HARQ-ACK (to be UCI-piggybacked). 

[00929] C. When the UE performs puncturing on the PUSCH for the HARQ-ACK 

transmission (or when the HARQ-ACK bits are equal to or less than 2 bits), there may be no 

HARQ-ACK bits to be transmitted although the (reserved) REs for the HARQ-ACK 

transmission are present. In this case, the UE may fill HARQ-ACK modulation symbols in 

the (reserved) HARQ-ACK REs by setting the HARQ-ACK payload corresponding to the 

(reserved) REs for the HARQ-ACK transmission to all NACK.  

[00930] [5] When the UE performs rate-matching on the PUSCH for the HACK-

ACK transmission (or when the HARQ-ACK bits are more than 2 bits), the UE calculates 

the number of positions of REs to which data is allocated (among the remaining REs except 

the calculated HARQ-ACK REs and CSI REs) based on the PUSCH data payload size and 

data-to-RE mapping rule. In this case, if the (calculated) HARQ-ACK RE or CSI RE is 

allocated as the kth RE (in data mapping order), the UE may skip data mapping at the 

corresponding RE and attempt the data mapping at the (k+1)th RE (in the data mapping 

order). 
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[00931] [6] When the UE performs puncturing on the PUSCH for the HARQ-ACK 

transmission (or when the HARQ-ACK bits are equal to or less than 2 bits), the UE 

calculates the number and positions of REs to which data is allocated (among the remaining 

REs except the calculated CSI REs) based on the PUSCH data payload size and data-to-RE 

mapping rule. In this case, if the (calculated) CSI RE is allocated as the kth RE (in data 

mapping order), the UE may skip data mapping at the corresponding RE and attempt the 

data mapping at the (k+1)th RE (in the data mapping order). 

[00932] [7] Thereafter, the UE generates coded bits according to the calculated 

number of REs for the HARQ-ACK, CSI, or data and then perform transmission at the 

calculated RE positions. 

[00933] In this case, if the UE respectively calculates REs capable of transmitting 

the HARQ-ACK and REs capable of transmitting the CSI based on the RE mapping rule for 

HARQ-ACK and the RE mapping rule for CSI (without excluding a specific RE(s) in 

advance), the REs capable of transmitting the HARQ-ACK may partially overlap with the 

REs capable of transmitting (in the time/frequency domain). 

[00934] In addition, when puncturing is performed on the PUSCH for the HARQ-

ACK transmission (or when the HARQ-ACK bits are equal to or less than 2 bits), the CSI 

may be divided into CSI part 1 and CSI part 2. In the case of CSI part 1, the method for 

performing the CSI mapping with respect to the (reserved) HARQ-ACK REs, which has 

been described in [4], may be applied. However, in the case of CSI part 2, the (reserved) 

HARQ-ACK REs may not be reflected in the CSI mapping (that is, in the case of CSI part 2, 

it is possible to assume that there is no (reserved) RE for HARQ-ACK transmission).  

[00935] In addition, when the UE performs the UCI piggyback, RE indexing that 

applies the UCI-to-RE mapping rule may match with RE indexing of virtual resource blocks 

(VRBs) allocated to the PUSCH. That is, the UCI-to-RE mapping rule may be defined in 

the VRB region allocated to the PUSCH. The positions of UCI REs that are actually and 

physically allocated later may vary according to VRB-to-PRB (physical resource block) 

mapping. For example, the UE may perform UCI RE mapping on the VRBs allocated to the 

PUSCH, and then apply interleaving on UCI REs and data REs during a VRB-to-PRB 

mapping process.  

[00936] Additionally, when the UE transmits HARQ-ACK through the UCI 

piggyback on the PUSCH, the UE may determine the HARQ-ACK payload size (or HARQ-

ACK codebook size) (that the UE should report) as follows.  
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[00937] When the semi-static HARQ-ACK codebook is configured for the UE, if the 

UL DAI value (in UL gran) is set to 0, it may mean that the HARQ-ACK bits are less than 2 

bits (that is, HARQ-ACK bits may be one of 0, 1, and 2). On the other hand, if the UL DAI 

value is set to 1, it may mean that the number of HARQ-ACK bits is as large as the semi-

static HARQ-ACK codebook size.  

[00938] The following detailed configuration may be used to calculate the number of 

HARQ-ACK bits, which is required to be determine the number of (reserved) REs for the 

HARQ-ACK transmission.  

[00939] 1] When the HARQ-ACK codebook is a semi-static codebook  

[00940] A. In the case of 1-ELW 8/ '$,   ELW µ ¶ 

[00941] i. Opt. 1: The UE transmits HARQ-ACK equal to or less than 2 bits 

corresponding to the scheduled PDSCH through the UCI piggyback on the PUSCH after 

performing puncturing on the PUSCH.  

[00942] 1. In this case, the UE may assume the maximum HARQ-ACK payload size 

to be 2 bits.  

[00943] 2. In addition, the (entire) HARQ-ACK bits may be configured such that as 

the component carrier (CC) index decreases and in the case of the same CC index, as the 

slot index becomes lower, the HARQ-ACK bits are arranged forward (or backward) (on a 

bit sequence). 

[00944] ii. Opt. 2: The UE assumes 2-bit HARQ-ACK at all times regardless of the 

presence of the scheduled PDSCH. Thereafter, the UE transmits the HARQ-ACK through 

the UCI piggyback on the PUSCH after performing puncturing on the PUSCH. In this case, 

if there is no received PDSCH, the HARQ-ACK bit may be considered as NACK.  

[00945] B. In the case of 1-ELW 8/ '$,   ELW µ ¶ 

[00946] i. The UE transmits HARQ-ACK corresponding to the (configured) 

maximum HARQ-ACK payload size through the UCI piggyback on the PUSCH.  

[00947] 1. The (entire) HARQ-ACK bits may be configured such that as the 

component carrier (CC) index decreases and in the case of the same CC index, as the slot 

index becomes lower, the HARQ-ACK bits are arranged forward (or backward) (on a bit 

sequence) (CC-first slot-second manner). 

[00948] 2. If the (configured) maximum HARQ-ACK payload size is equal to or less 

than 2 bits, the UE may perform the UCI piggyback by performing puncturing on the 

PUSCH. On the contrary, if the maximum HARQ-ACK payload size is more than 2 bits, the 

UE may perform the UCI piggyback by performing rate-matching on the PUSCH. 



G     
 

Alternatively, the UE may perform the UCI piggyback by performing rate-matching on the 

PUSCH at all times (regardless of the maximum HARQ-ACK payload size).  

[00949] C. In the case of an SPS PUSCH, the UE operates in the same way as in the 

case of 1-bit UL DAI = 0. In this case, the UE may assume 2-bit HARQ-ACK at all times 

regardless of the presence of the scheduled PDSCH.  

[00950] D. If the PUSCH is scheduled by DCI format 0_0, the UE operates in the 

same way as in the case of 1-bit UL DAI = 1. 

[00951] 2] When the HARQ-ACK codebook is a dynamic codebook 

[00952] A. In the case of 2-bit UL DAI <= (total) 2 (that is, when the UL DAI 

indicates that the HARQ-ACK bits are equal to or less than 2 bits)  

[00953] i. The UE transmits HARQ-ACK equal to or less than 2 bits corresponding 

to the UL DAI through the UCI piggyback on the PUSCH after performing puncturing on 

the PUSCH. In this case, the (entire) HARQ-ACK bits may be configured in ascending (or 

descending) order (on a bit sequence) according to counter-DAI value order.  

[00954] B. In the case of 2-bit UL DAI > (total) 2 (that is, when the UL DAI 

indicates that the HARQ-ACK bits are more than 2 bits) 

[00955] i. The UE transmits HARQ-ACK more than 2 bits corresponding to the UL 

DAI through the UCI piggyback on the PUSCH after rate-matching on the PUSCH. In this 

case, the (entire) HARQ-ACK bits may be configured in ascending (or descending) order 

(on a bit sequence) according to counter-DAI value order.  

[00956] C. In the case of an SPS PUSCH 

[00957] i. Opt. 1: The UE transmits HARQ-ACK equal to or less than 2 bits 

corresponding to the scheduled PDSCH through the UCI piggyback on the PUSCH after 

performing puncturing on the PUSCH.  

[00958] 1. In this case, the UE may assume the maximum HARQ-ACK payload size 

to be 2 bits. 

[00959] 2. In addition, the (entire) HARQ-ACK bits may be configured in ascending 

(or descending) order (on a bit sequence) according to counter-DAI value order. 

[00960] ii. Opt. 2: The UE assumes 2-bit HARQ-ACK at all times regardless of the 

presence of the scheduled PDSCH.  

[00961] D. When the PUSCH is scheduled by DCI format 0_0 

[00962] i. The UE transmits HARQ-ACK corresponding to the (configured) 

maximum HARQ-ACK payload size through the UCI piggyback on the PUSCH  
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[00963] 1. In this case, the (entire) HARQ-ACK bits may be configured in ascending 

(or descending) order (on a bit sequence) according to counter-DAI value order. 

[00964] 2. If the (configured) maximum HARQ-ACK payload size is equal to or less 

than 2 bits, the UE may perform the UCI piggyback by performing puncturing on the 

PUSCH. On the contrary, if the maximum HARQ-ACK payload size is more than 2 bits, the 

UE may perform the UCI piggyback by performing rate-matching on the PUSCH. 

Alternatively, the UE may perform the UCI piggyback by performing rate-matching on the 

PUSCH at all times (regardless of the maximum HARQ-ACK payload size). 

[00965] Additionally, when two HARQ-ACK codebooks (e.g., sub-codebook A and 

sub-codebook B) are configured and only a single (2-bits) UL DAI exists in UL grant, the 

UE may transmit HARQ-ACK through UCI piggyback on the PUSCH. In this case, the UE 

may commonly apply the single UL DAI (field) to the two HARQ-ACK codebooks.  

[00966] For example, in DL assignment (or DL scheduling DCI), two counter DAIs 

(e.g., counter DAI A and counter DAI B) corresponding to the two HARQ-ACK codebooks 

(e.g., sub-codebook A and sub-codebook B) may exist. The HARQ-ACK payload size (or 

sub-codebook size) for sub-codebook A may be calculated from counter DAI A and the UL 

DAI, and the HARQ-ACK payload size (or sub-codebook size) for sub-codebook B may be 

calculated from counter DAI B and the UL DAI.  

[00967] Alternatively, when the UE receives that the last PDSCH scheduling order 

(counter) value associated with sub-codebook A is 2 or 3 and the last PDSCH scheduling 

order (counter) value associated with sub-codebook B is 6 or 7 (through DL assignment (or 

DL scheduling DCI)), if it is indicated through the single UL DAI field that the total value 

of PDSCH scheduling is 3 or 7, the corresponding UE may perform relevant calculation by 

applying total = 3 to the HARQ-ACK payload size (or sub-codebook size) for sub-

codebook A and total = 7 to the HARQ-ACK payload size (or sub-codebook size) for sub-

codebook B.  

[00968] The above-described twenty-third UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00969] 3.24. Twenty-fourth UCI Transmission Method 

[00970] According to the present invention, the eNB may configure PUSCH 

transmission resources and periods in advance through a higher layer signal and then 

indicate activation or release of PUSCH transmission through DCI. For example, when the 

eNB instructs to activate the PUSCH transmission through the DCI, the UE performs the 
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PUSCH transmission based on the configured transmission resources and periods. As 

another example, when the eNB instructs to release the PUSCH transmission through the 

DCI, the UE may stop the PUSCH transmission. Hereinafter, the PUSCH transmitted as 

described above is referred to as the semi-persistent scheduling (SPS) PUSCH.  

[00971] When the UE performs UCI piggyback on the SPS PUSCH for specific UCI, 

the eNB may provide the following information to the UE through the DCI which activates 

the SPS PUSCH.  

[00972] (1) UCI payload size of UCI (to be UCI-piggybacked)  

[00973] (2) Beta offset value of UCI (to be UCI-piggybacked) 

[00974] (3) Information on PUSCH rate-matching/puncturing (e.g., the amount of 

resources to be rate-matched or punctured) 

[00975] In this case, the beta offset value may mean a design value used for 

calculating the number of coded symbols or REs used to perform UCI mapping on the 

PUSCH.  

[00976] In addition, the above-described configuration can be applied to not only the 

SPS PUSCH (for UL-SCH transmission such as VoIP) but also the SPS PUSCH (for semi-

persistent CSI transmission).  

[00977] For example, when the UE intends to perform UCI piggyback on the SPS 

PUSCH, the UE may receive information on the UCI payload size of the UCI to be UCI-

piggybacked through activation DCI. Thereafter, the UE may perform rate-matching or 

puncturing on the PUSCH based on the UCI payload size received through the DCI.  

[00978] In the NR system to which the present invention is applicable, a dynamic 

beta-offset indication method where the beta offset value is indicated through DCI can be 

applied. Thus, it may be desirable that in the case of an SPS PUSCH, the eNB indicates the 

beta offset value applied to UCI piggyback on the SPS PUSCH through activation DCI.  

[00979] The operation of providing UCI piggyback related information (e.g., UCI 

payload size, beta offset value, etc.) through activation DCI has an advantage of controlling 

the number of UCI mapping REs rapidly, compared to the case where the eNB semi-

statically configures the UCI piggyback related information (e.g., UCI payload size, beta 

offset value, etc.) through a higher layer signal, etc. By doing so, the eNB may support the 

UCI piggyback more efficiently.  

[00980] Additionally, when the eNB configures the beta offset value applied to SPS 

PUSCH transmission through a higher layer signal, the beta offset value may be configured 

as follows.  
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[00981] 1) Opt. 1: The eNB configures a single beta offset for the SPS PUSCH.  

[00982] ± This beta offset may be equally applied when the SPS PUSCH carries a 

UL-SCH (e.g., VoIP) and when the SPS PUSCH carries UCI (e.g., SP-CSI).  

[00983] 2) Opt. 2: The eNB configures the beta offset by use for the SPS PUSCH. 

[00984] ± For example, different beta offsets may be applied according to whether 

the SPS PUSCH carries a UL-SCH (e.g., VoIP) or UCI (e.g., SP-CSI).  

[00985] The above-described twenty-fourth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[00986] 3. 25. Twenty-fifth UCI Transmission Method  

[00987] Hereinafter, it is assumed that channel state information (CSI) is divided 

into CSI part 1 and CSI part 2. In this case, CSI part 1 may include information such as 

channel quality information (CQI) (on the first transport block), and CSI part 2 may include 

other CSI. In this case, the UCI payload size of CSI part 1 may be fixed, and the UCI 

payload size of CSI part 2 may be changed and included in CSI part 1.  

[00988] When the UE performs UCI piggyback on the PUSCH with respect to 

HARQ-ACK and CSI, the UE may perform RE mapping using the frequency-first mapping 

scheme based on the following resources and rules.  

[00989] (1) (UCI mapping target) time resource (symbol) 

[00990] A. Opt. 1: All OFDM symbols except DM-RS transmission symbols in the 

PUSCH  

[00991] B. Opt. 2: The OFDM symbols configured by the eNB (through a higher 

layer signal) in the PUSCH  

[00992] (2) (UCI mapping target) frequency resource (Subcarrier) 

[00993] A. Opt. 1: All subcarriers (except PT-RS transmission symbols) in the 

PUSCH 

[00994] B. Opt. 2: The subcarriers configured by the eNB (through a higher layer 

signal) in the PUSCH 

[00995] (3) (UCI mapping target) UCI mapping order between time resources  

[00996] A. Opt. 1: The order predetermined between the eNB and UE according to 

DM-RS patterns in the PUSCH and PUSCH duration (= the number of OFDM symbols in 

the PUSCH)  

[00997] i. Opt. 1-A: Ascending (or descending) order with reference to time-domain 

resource index (OFDM symbol index)  
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[00998] ii. Opt. 1-B: The order based on priority according to the distance to a DM-

RS. In this case, the priority may be determined according to the following rules.  

[00999] A. As the minimum distance between a specific symbol and a (random) 

DM-RS symbol decrease, the priority increase. 

[001000] B. As the OFDM symbol index of a specific symbol (in a slot) decreases, the 

priority increase.  

[001001] B. Opt. 2: The order configured by the eNB (through a higher layer signal) 

[001002] (4) (UCI mapping target) UCI mapping order between frequency resources 

in a time resource  

[001003]  A. Opt. 1: Ascending (or descending) order with reference to frequency 

index (Subcarrier index)  

[001004] B. Opt. 2: The order between subcarriers where cluster-based permutation is 

applied 

[001005] i. All subcarrier resources in the PUSCH may be divided into N clusters. In 

this case, each subcarrier may include consecutive subcarriers and have a cluster index in 

accordance with ascending (or descending) order with reference to the frequency domain  

[001006] ii. The UCI mapping order between the N clusters may be determined 

according to specific order. For example, it may be given as follows.  

[001007] 1. Opt. 2-A: In the case of N = 2M, it may be given as the bit reversal 

permutation of 2M length. 

[001008] 2. Opt. 2-B: In the case of N = 4, it may be given as one of [0 1 2 3], [0 2 1 

3], [0 3 1 2], [1 3 0 2], and [0 3 2 1] in terms of the cluster index.  

[001009] 3. Opt. 2-C: For random N, it may be determined as follows in terms of the 

cluster index: 0, N-1, 1, N-   « N   1-1)-N  «  

[001010] iii. The UCI mapping order between subcarriers in the cluster may be 

determined according to ascending (or descending) order with reference to the subcarrier 

index. 

[001011] (5) UCI mapping order between different types of UCI (e.g., HARQ-ACK -

> CSI part 1 -> CSI part 2) 

[001012] i. The UE may skip UCI mapping at the RE where another type of UCI is 

already allocated. 

[001013] ii. The order between (UCI mapping target) time resources may vary 

according to UCI types. 
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[001014] iii. The (UCI mapping target) time resource may have a virtual time index 

according to the UCI mapping order, and the offset value for the virtual time index for 

starting UCI mapping may vary according to UCI types. 

[001015] In this case, frequency-first mapping means the process where a UE 

performs UCI mapping on all (UCI mapping target) frequency resources in a specific (UCI 

mapping target) time resource, moves to the next time resource in UCI mapping order, and 

then performs the UCI mapping thereon.  

[001016] In addition, the number of clusters or the number of subcarriers in the cluster 

(i.e., cluster size in the frequency domain) may be configured by the eNB through a higher 

layer signal.  

[001017] For example, in the case of a PUSCH, all OFDM symbols except DM-RS 

transmission symbols in the PUSCH may be defined as (UCI mapping target) time 

resources, and all subcarriers except PT-RS transmission symbols in the PUSCH may be 

defined as (UCI mapping target) frequency resources. The UCI mapping order between 

(UCI mapping target) symbols may correspond to ascending order of symbol indices, and 

the UCI mapping order between frequency resources in a (UCI mapping target) symbol may 

correspond to the order between subcarriers where the cluster-based permutation is applied.  

[001018] As a particular example, when option 2-C is applied, the UCI mapping order 

between different types of UCI may be determined as follows: HARQ-ACK -> CSI part 1 -

> CSI part 2, and data-to-RE mapping may be performed last.  

[001019] FIG. 41 is a diagram schematically illustrating the configuration of allowing 

a UE to perform UCI mapping in the following order: HARQ-ACK -> CSI part 1 -> CSI 

part 2 -> data. In FIG. 41, the number in each RE may mean UCI-to-RE mapping priority or 

data-to-RE mapping (UL-SCH-to-RE mapping) priority. 

[001020] Alternatively, the UCI mapping order between the (UCI mapping target) 

symbols may be predetermined between the eNB and UE based on DM-RS patterns in the 

PUSCH and PUSCH duration (= the number of OFDM symbols in the PUSCH). For 

example, the UCI mapping order between the symbols may be determined based on priority 

according to the distance to a DM-RS. In this case, as the minimum distance between a 

specific symbol and a (random) DM-RS symbol decrease, the priority increase. 

Alternatively, (in the case of symbols with the same distance to the (random) DM-RS 

symbol) as the OFDM symbol index (in a slot) decreases, the priority increase.  

[001021] FIG. 42 is a diagram schematically illustrating UCI mapping configuration 

when a PUSCH has a length of twelve OFDM symbols and DM-RS symbols exist in 
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OFDM symbols #2 and #11, respectively. As shown in FIG. 42, the UCI mapping order 

between (UCI mapping target) symbols may be determined as follows: 3, 10, 12, 4, 9, 13, 5, 

8, 6, 7 in terms of OFDM symbol indices.  

[001022] Additionally, when frequency hopping is applied to the PUSCH, coded bits 

of each type of UCI may be divided in two parts: UCI part 1 and UCI part 2. In this case, 

the UE performs UCI-to-RE mapping for UCI part 1 on the first frequency hop and 

performs UCI-to-RE mapping for UCI part 2 on the second frequency hop. In this case, UCI 

may be divided into UCI part 1 and UCI part 2 as follows. 

[001023] 1) Opt. 1: A method for dividing UCI into UCI part 1 and UCI part 2 such 

that the ratio between the number of (UCI mapping target) OFDM symbols (or UCI 

mapping target REs) on the first frequency hop of the PUSCH and the number of (UCI 

mapping target) OFDM symbols (or UCI mapping target REs) on the second frequency hop 

becomes identical (as much as possible) to the ratio between UCI part 1 and UCI part 2 (in 

terms of the number of coded bits) 

[001024] 2) Opt. 2: A method of dividing UCI into UCI part 1 and UCI part 2 such 

that the number of UL data (UL-SCH) transmission OFDM symbols (or REs) remaining 

after PUSCH rate-matching (or puncturing) (for UCI part 1) is performed on the first 

frequency hop of the PUSCH becomes identical (as much as possible) to the number of UL 

data (UL-SCH) transmission OFDM symbols (or REs) remaining after PUSCH rate-

matching (or puncturing) (for UCI part 2) is performed on the second frequency hop (in 

terms of the number of coded bits)  

[001025] In this case, a unified RE mapping rule may be applied to the two frequency 

hops. In other words, a method for mapping UCI part 1 to REs on the first frequency hop 

may be identical to a method for mapping UCI part 2 to REs on the second frequency hop.  

[001026] In this case, (UCI mapping target) OFDM symbols in each frequency hop 

may mean all symbol in each frequency hop or only UCI transmission symbols (except 

DMRS symbols).  

[001027] Specifically, when frequency hopping is applied to the PUSCH, the UE may 

divide coded bits of each type of UCI into two parts: UCI part 1 and UCI part 2, perform 

UCI-to-RE mapping for UCI part 1 on the first frequency hop, and then perform UCI-to-RE 

mapping for UCI part 2 on the second frequency hop (according to the same RE mapping 

rule as that used for CSI part 1). 

[001028] However, in the NR system to which the present invention is applicable, the 

number of OFDM symbols (or REs) available for UCI mapping may differ in each 
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frequency hop. Accordingly, it is desirable that when the UE divides UCI into UCI part 1 

and UCI part 2, the UE divides the UCI into UCI part 1 and UCI part 2 based on the number 

of available REs in each frequency hop. When frequency hopping is applied to the PUSCH, 

the UC may divide UCI into two UCI parts according to the symbol ratio of each hop. In 

this case, the symbols may mean all symbols in each hop or only UCI transmission symbols 

(except DMRS symbols).  

[001029] In the following description, a cluster-based RE mapping rule may mean 

that when a UE performs RE mapping on one OFDM symbol, the UE divides all frequency 

resources into a plurality of clusters and performs the RE mapping on a single UCI RE 

alternately in each cluster (according to the predetermined or preconfigured order) such that 

UCI is mapped to REs in ascending or descending order of frequency resource indices in 

each cluster (as described in section [4] of the twenty-fifth UCI transmission method). 

[001030] Additionally, when the UE intends to perform UCI transmission on the 

PUSCH, the UE may perform UCI mapping as follows (according to whether PUSCH 

puncturing or PUSCH rate-matching is applied). In this case, it is assumed that the PUSCH 

rate-matching is applied for CSI transmission. 

[001031] [1] Case 1: PUSCH puncturing (for HARQ-ACK) 

[001032] A. Whether a (single) RE mapping rule is applied  

[001033] i. The (single) RE mapping rule is applied to HARQ-ACK, CSI part 1, CSI 

part 2 

[001034] 1. In this case, the same RE mapping rule may be a cluster-based RE 

mapping rule. 

[001035] 2. In addition, the RE mapping may be performed based on the frequency-

first mapping scheme and performed (on UCI mapping target symbols) (by starting at the 

symbol next to the first DM-RS symbol in a slot or in each frequency hop) in ascending 

order of symbol indices. 

[001036] B. RE mapping starting position (in each type of UCI)   

[001037] i. For CSI part 1, the RE mapping is performed according to the (single) RE 

mapping rule by starting at the first RE in the UCI mapping order defined in the (single) RE 

mapping rule.  

[001038] ii. For CSI part 2, the RE mapping is performed according to the (single) RE 

mapping rule by starting at the RE next to the last RE allocated for CSI part 1 in the (UCI 

mapping) order defined in the (single) RE mapping rule.  
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[001039] iii. For the HARQ-ACK, the RE mapping is performed according to the 

(single) RE mapping rule by starting at the RE next to the last RE allocated for CSI part 2 in 

the (UCI mapping) order defined in the (single) RE mapping rule. 

[001040] [2] Case 2: PUSCH rate-matching (for HARQ-ACK) 

[001041] A. Whether a (single) RE mapping rule is applied  

[001042] i. The (single) RE mapping rule is applied to HARQ-ACK, CSI part 1, CSI 

part 2 

[001043] 1. In this case, the same RE mapping rule may be a cluster-based RE 

mapping rule. 

[001044] 2. In addition, the RE mapping may be performed based on the frequency-

first mapping scheme and performed (on UCI mapping target symbols) (by starting at the 

symbol next to the first DM-RS symbol in a slot or in each frequency hop) in ascending 

order of symbol indices.  

[001045] B. RE mapping starting position (in each type of UCI)   

[001046] i. For the HARQ-ACK, the RE mapping is performed according to the 

(single) RE mapping rule by starting at the first RE in the UCI mapping order defined in the 

(single) RE mapping rule.  

[001047] ii. For CSI part 1, the RE mapping is performed according to the (single) RE 

mapping rule by starting at the RE next to the last RE allocated for the HARQ-ACK in the 

(UCI mapping) order defined in the (single) RE mapping rule.  

[001048] iii. For CSI part 2, the RE mapping is performed according to the (single) 

RE mapping rule by starting at the RE next to the last RE allocated for CSI part 1 in the 

(UCI mapping) order defined in the (single) RE mapping rule. 

[001049] In this case, the HARQ-ACK may be transmitted by puncturing a UL-SCH 

region in the PUSCH. 

[001050] In addition, the (OFDM) symbols for DM-RS transmission may be excluded 

from UCI mapping target symbols. 

[001051] FIGs. 43 and 44 are diagrams schematically illustrating examples where 

PUSCH puncturing or rate-matching is applied for HARQ-ACK. 

[001052] Specifically, FIG. 43 shows an example of case 1, and FIG. 44 shows an 

example of case 2.  

[001053] Additionally, when the UE intends to perform UCI transmission on the 

PUSCH, the UE may perform UCI mapping as follows (according to whether PUSCH 



G     
 

puncturing or PUSCH rate-matching is applied). In this case, it is assumed that the PUSCH 

rate-matching is applied for CSI transmission. 

[001054] 1] Case 3: PUSCH puncturing (for HARQ-ACK) 

[001055] A. Whether a (single) RE mapping rule is applied  

[001056] i. The (single) RE mapping rule is applied to HARQ-ACK, CSI part 1, CSI 

part 2 

[001057] 1. In this case, the same RE mapping rule may be a cluster-based RE 

mapping rule. 

[001058] 2. In addition, the RE mapping may be performed based on the frequency-

first mapping scheme and performed (on UCI mapping target symbols) (by starting at the 

symbol next to the first DM-RS symbol in a slot or in each frequency hop) in ascending 

order of symbol indices.  

[001059] B. RE mapping starting position (in each type of UCI)   

[001060] i. For CSI part 1, the RE mapping is performed according to the (single) RE 

mapping rule by starting at the first RE in the UCI mapping order defined in the (single) RE 

mapping rule.  

[001061] ii. For the HARQ-ACK, the RE mapping is performed according to the 

(single) RE mapping rule by starting at the RE next to the last RE allocated for CSI part 1 in 

the (UCI mapping) order defined in the (single) RE mapping rule.  

[001062] iii. For CSI part 2, the RE mapping is performed according to the (single) 

RE mapping rule by starting at the RE next to the last RE allocated for the HARQ-ACK in 

the (UCI mapping) order defined in the (single) RE mapping rule. 

[001063] 2] Case 4: PUSCH rate-matching (for HARQ-ACK) 

[001064] A. Whether a (single) RE mapping rule is applied  

[001065] i. The (single) RE mapping rule is applied to HARQ-ACK, CSI part 1, CSI 

part 2 

[001066] 1. In this case, the same RE mapping rule may be a cluster-based RE 

mapping rule. 

[001067] 2. In addition, the RE mapping may be performed based on the frequency-

first mapping scheme and performed (on UCI mapping target symbols) (by starting at the 

symbol next to the first DM-RS symbol in a slot or in each frequency hop) in ascending 

order of symbol indices. 

[001068] B. RE mapping starting position (in each type of UCI)   
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[001069] i. For CSI part 1, the RE mapping is performed according to the (single) RE 

mapping rule by starting at the first RE in the UCI mapping order defined in the (single) RE 

mapping rule.  

[001070] ii. For the HARQ-ACK, the RE mapping is performed according to the 

(single) RE mapping rule by starting at the RE next to the last RE allocated for CSI part 1 in 

the (UCI mapping) order defined in the (single) RE mapping rule.  

[001071] iii. For CSI part 2, the RE mapping is performed according to the (single) 

RE mapping rule by starting at the RE next to the last RE allocated for the HARQ-ACK in 

the (UCI mapping) order defined in the (single) RE mapping rule. 

[001072] In this case, the HARQ-ACK may be transmitted by puncturing a UL-SCH 

region in the PUSCH. 

[001073] In addition, the (OFDM) symbols for DM-RS transmission may be excluded 

from UCI mapping target symbols. 

[001074] FIGs. 45 and 46 diagrams schematically illustrating different examples 

where PUSCH puncturing or rate-matching is applied for HARQ-ACK. 

[001075] Specifically, FIG. 45 shows an example of case 3, and FIG. 46 shows an 

example of case 4. 

[001076] $GGLWLRQDOO\   ZKHQ  WKH  8(  LQWHQGV  WR  SHUIRUP  8&,  WUDQVPLVVLRQ  RQ  WKH 

386&+   WKH  8(  PD\  SHUIRUP  8&,  PDSSLQJ  DV  IROORZV   DFFRUGLQJ  WR  ZKHWKHU  386&+ 

SXQFWXULQJ RU 386&+ UDWH-PDWFKLQJ LV DSSOLHG   ,Q WKLV FDVH  LW LV DVVXPHG WKDW WKH 386&+ 

UDWH-PDWFKLQJ LV DSSOLHG IRU &6, WUDQVPLVVLRQ  

[001077]   ! &DVH    386&+ SXQFWXULQJ UDWH-PDWFKLQJ  IRU +$54-$&.  

[001078] $  :KHWKHU D  VLQJOH  5( PDSSLQJ UXOH LV DSSOLHG  

[001079] L   VLQJOH  5( PDSSLQJ UXOH $ LV DSSOLHG WR +$54-$&. DQG &6, SDUW    

[001080]    ,Q WKLV FDVH  5( PDSSLQJ UXOH $ PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

[001081]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG  RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

V\PERO QH[W  WR  WKH  ILUVW '0-56 V\PERO  LQ  D  VORW  RU  LQ  HDFK  IUHTXHQF\ KRS   LQ  DVFHQGLQJ 

RUGHU RI V\PERO LQGLFHV   

[001082] LL   VLQJOH  5( PDSSLQJ UXOH % LV DSSOLHG WR &6, SDUW    

[001083]    ,Q WKLV FDVH  5( PDSSLQJ UXOH % PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

,Q  DGGLWLRQ    UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ 5(V  LQ  WKH  FOXVWHU PD\ EH RSSRVLWH  WR 

WKDW RI 5( PDSSLQJ UXOH $   
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[001084]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG  RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

ODVW V\PERO LQ WKH VORW RU IUHTXHQF\ KRS  LQ GHVFHQGLQJ RUGHU RI V\PERO LQGLFHV  WKDW  LV  LW 

PD\ EH RSSRVLWH WR WKDW RI 5( PDSSLQJ UXOH $ LQ WKH WLPH GRPDLQ    

[001085] B. RE mapping starting position (in each type of UCI)   

[001086] i. For CSI part 1, the RE mapping is performed according to (single) RE 

mapping rule A by starting at the first RE in the UCI mapping order defined in (single) RE 

mapping rule A.  

[001087] ii. For the HARQ-ACK, the RE mapping is performed according to (single) 

RE mapping rule A by starting at the RE next to the last RE allocated for CSI part 1 in the 

(UCI mapping) order defined in (single) RE mapping rule A.  

[001088] iii. For CSI part 2, the RE mapping is performed according to (single) RE 

mapping rule B by starting at the first RE in the UCI mapping order defined in (single) RE 

mapping rule B. 

[001089] In this case, the HARQ-ACK may be transmitted by puncturing a UL-SCH 

region and/or a CSI region (e.g., CSI part 2) in the PUSCH.  

[001090] In addition, the (OFDM) symbols for DM-RS transmission may be excluded 

from UCI mapping target symbols. 

[001091] FIG. 47 is a diagram schematically illustrating another example where 

PUSCH puncturing or rate-matching is applied for HARQ-ACK. 

[001092] 6SHFLILFDOO\  ),*     VKRZV DQ H[DPSOH RI FDVH    

[001093] $GGLWLRQDOO\   ZKHQ  WKH  8(  LQWHQGV  WR  SHUIRUP  8&,  WUDQVPLVVLRQ  RQ  WKH 

386&+   WKH  8(  PD\  SHUIRUP  8&,  PDSSLQJ  DV  IROORZV   DFFRUGLQJ  WR  ZKHWKHU  386&+ 

SXQFWXULQJ RU 386&+ UDWH-PDWFKLQJ LV DSSOLHG   ,Q WKLV FDVH  LW LV DVVXPHG WKDW WKH 386&+ 

UDWH-PDWFKLQJ LV DSSOLHG IRU &6, WUDQVPLVVLRQ  

[001094]  ! &DVH    386&+ SXQFWXULQJ UDWH-PDWFKLQJ  IRU +$54-$&.  

[001095] $  :KHWKHU D  VLQJOH  5( PDSSLQJ UXOH LV DSSOLHG  

[001096] L   VLQJOH  5( PDSSLQJ UXOH $ LV DSSOLHG WR +$54-$&.  

[001097]    ,Q WKLV FDVH  5( PDSSLQJ UXOH $ PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

[001098]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG  RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

V\PERO QH[W  WR  WKH  ILUVW '0-56 V\PERO  LQ  D  VORW  RU  LQ  HDFK  IUHTXHQF\ KRS   LQ  DVFHQGLQJ 

RUGHU RI V\PERO LQGLFHV   

[001099] LL   VLQJOH  5( PDSSLQJ UXOH % LV DSSOLHG WR &6, SDUW   DQG &6, SDUW    
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[001100]    ,Q WKLV FDVH  5( PDSSLQJ UXOH % PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

,Q  DGGLWLRQ    UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ 5(V  LQ  WKH  FOXVWHU PD\ EH RSSRVLWH  WR 

WKDW RI 5( PDSSLQJ UXOH $  )RU H[DPSOH  LI  UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ 5(V LQ 

WKH FOXVWHU DFFRUGLQJ WR 5( PDSSLQJ UXOH $ LV DVFHQGLQJ  RU GHVFHQGLQJ  RUGHU RI IUHTXHQF\ 

UHVRXUFH  H J   VXEFDUULHU  LQGLFHV  WKH  UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ WKH 5(V LQ WKH 

FOXVWHU  DFFRUGLQJ  WR  5(  PDSSLQJ  UXOH  %  PD\  EH  GHVFHQGLQJ   RU  DVFHQGLQJ   RUGHU  RI 

IUHTXHQF\ UHVRXUFH LQGLFHV   

[001101]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG   RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

ODVW  V\PERO  LQ  WKH  VORW  RU  IUHTXHQF\  KRS   LQ  GHVFHQGLQJ  RUGHU  RI  V\PERO  LQGLFHV 

 DOWHUQDWLYHO\   LW  PD\  EH  RSSRVLWH  WR  WKH  WLPH-GRPDLQ  8&, PDSSLQJ  RUGHU   EHWZHHQ  8&, 

PDSSLQJ WDUJHW V\PEROV  GHILQHG LQ 5( PDSSLQJ UXOH $    

[001102] B. RE mapping starting position (in each type of UCI)   

[001103] i. For the  HARQ-ACK, the RE mapping is performed according to (single) 

RE mapping rule A by starting at the first RE in the UCI mapping order defined in (single) 

RE mapping rule A.  

[001104] ii. For CSI part 2, the RE mapping is performed according to (single) RE 

mapping rule B by starting at the first RE in the UCI mapping order defined in (single) RE 

mapping rule B.  

[001105] iii. For CSI part 1, the RE mapping is performed according to (single) RE 

mapping rule B by starting at the RE next to the last RE allocated for CSI part 2 in the (UCI 

mapping) order defined in (single) RE mapping rule B. 

[001106] In this case, the HARQ-ACK may be transmitted by puncturing a UL-SCH 

region and/or a CSI region (e.g., CSI part 2) in the PUSCH.  

[001107] ,Q DGGLWLRQ  WKH  2)'0  V\PEROV IRU '0-56 WUDQVPLVVLRQ PD\ EH H[FOXGHG 

IURP 8&, PDSSLQJ WDUJHW V\PEROV  

[001108] FIG. 48 is a diagram schematically illustrating a further example where 

PUSCH puncturing or rate-matching is applied for HARQ-ACK. 

[001109] 6SHFLILFDOO\  ),*     VKRZV DQ H[DPSOH RI FDVH    

[001110] $GGLWLRQDOO\   ZKHQ  WKH  8(  LQWHQGV  WR  SHUIRUP  8&,  WUDQVPLVVLRQ  RQ  WKH 

386&+   WKH  8(  PD\  SHUIRUP  8&,  PDSSLQJ  DV  IROORZV   UHJDUGOHVV  RI  ZKHWKHU  386&+ 

SXQFWXULQJ RU 386&+ UDWH-PDWFKLQJ LV DSSOLHG   ,Q WKLV FDVH  LW LV DVVXPHG WKDW WKH 386&+ 

UDWH-PDWFKLQJ LV DSSOLHG IRU &6, WUDQVPLVVLRQ  

[001111] {1} Case 7: PUSCH puncturing/rate-matching (for HARQ-ACK) 
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[001112] $  :KHWKHU D  VLQJOH  5( PDSSLQJ UXOH LV DSSOLHG  

[001113] L   VLQJOH  5( PDSSLQJ UXOH $ LV DSSOLHG WR +$54-$&.  

[001114]    ,Q WKLV FDVH  5( PDSSLQJ UXOH $ PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

[001115]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG   RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

V\PERO QH[W  WR  WKH  ILUVW '0-56 V\PERO  LQ  D  VORW  RU  LQ  HDFK  IUHTXHQF\ KRS   LQ  DVFHQGLQJ 

RUGHU RI V\PERO LQGLFHV   

[001116] LL   VLQJOH  5( PDSSLQJ UXOH % LV DSSOLHG WR &6, SDUW   DQG &6, SDUW    

[001117]    ,Q WKLV FDVH  5( PDSSLQJ UXOH % PD\ EH D FOXVWHU-EDVHG 5( PDSSLQJ UXOH  

,Q  DGGLWLRQ    UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ 5(V  LQ  WKH  FOXVWHU PD\ EH RSSRVLWH  WR 

WKDW RI 5( PDSSLQJ UXOH $  )RU H[DPSOH  LI  UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ 5(V LQ 

WKH FOXVWHU DFFRUGLQJ WR 5( PDSSLQJ UXOH $ LV DVFHQGLQJ  RU GHVFHQGLQJ  RUGHU RI IUHTXHQF\ 

UHVRXUFH  H J   VXEFDUULHU  LQGLFHV  WKH  UHODWLYH  8&, PDSSLQJ RUGHU EHWZHHQ WKH 5(V LQ WKH 

FOXVWHU  DFFRUGLQJ  WR  5(  PDSSLQJ  UXOH  %  PD\  EH  GHVFHQGLQJ   RU  DVFHQGLQJ   RUGHU  RI 

IUHTXHQF\ UHVRXUFH LQGLFHV   

[001118]    ,Q DGGLWLRQ  WKH 5( PDSSLQJ PD\ EH SHUIRUPHG EDVHG RQ WKH IUHTXHQF\-

ILUVW PDSSLQJ VFKHPH DQG SHUIRUPHG  RQ 8&, PDSSLQJ  WDUJHW V\PEROV    E\ VWDUWLQJ DW  WKH 

ODVW  V\PERO  LQ  WKH  VORW  RU  IUHTXHQF\  KRS   LQ  GHVFHQGLQJ  RUGHU  RI  V\PERO  LQGLFHV 

 DOWHUQDWLYHO\   LW  PD\  EH  RSSRVLWH  WR  WKH  WLPH-GRPDLQ  8&, PDSSLQJ  RUGHU   EHWZHHQ  8&, 

PDSSLQJ WDUJHW V\PEROV  GHILQHG LQ 5( PDSSLQJ UXOH $    

[001119] B. RE mapping starting position (in each type of UCI)   

[001120] i. For the  HARQ-ACK, the RE mapping is performed according to (single) 

RE mapping rule A by starting at the first RE in the UCI mapping order defined in (single) 

RE mapping rule A.  

[001121] ii. For CSI part 1, the RE mapping is performed according to (single) RE 

mapping rule B by starting at the first RE in the UCI mapping order defined in (single) RE 

mapping rule B.  

[001122] iii. For CSI part 2, the RE mapping is performed according to (single) RE 

mapping rule B by starting at the RE next to the last RE allocated for CSI part 1 in the (UCI 

mapping) order defined in (single) RE mapping rule B. 

[001123] In this case, the HARQ-ACK may be transmitted by puncturing a UL-SCH 

region and/or a CSI region (e.g., CSI part 2) in the PUSCH. 

[001124] ,Q DGGLWLRQ  WKH  2)'0  V\PEROV IRU '0-56 WUDQVPLVVLRQ PD\ EH H[FOXGHG 

IURP 8&, PDSSLQJ WDUJHW V\PEROV  
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[001125] FIG. 49 is a diagram schematically illustrating still a further example where 

PUSCH puncturing or rate-matching is applied for HARQ-ACK. 

[001126] Specifically, FIG. 49 shows an example of case 7. 

[001127] In case 6 or case 7 mentioned in the foregoing description, although the UE 

applies the same (cluster-based) RE mapping rule (based on the frequency-first mapping 

scheme) to HARQ-ACK and CSI (e.g., CSI part 1 and CSI part 2), the UE may apply 

different RE mapping rules to (1) UCI mapping order between symbols and/or (2) (relative) 

RE mapping order in the cluster (e.g., RE mapping rule A for HARQ-ACK and RE 

mapping rule B for CSI) (here, RE mapping rules A and B may differ only in (1) the UCI 

mapping order between the symbols and/or (2) the (relative) RE mapping order in the 

cluster).  

[001128] Alternatively, when frequency hopping is applied, code bits of every type of 

UCI may be divided into two parts. In this case, the RE mapping described above with 

reference to cases 1 to 6 may be applied per UCI part (in a frequency hop) to each 

frequency hop (that is, the same RE mapping rule may be applied to each frequency hop). 

[001129] FIG. 50 is a diagram schematically illustrating UCI mapping according to 

the present invention when the method in case 6 is applied to each frequency hop 

[001130] Additionally, when the UE transmits UCI on the PUSCH, the eNB may 

configure, for the UE, a (maximum) coding rate (in each type of UCI) through DCI and/or a 

higher layer signal. In this case, if the number of (UCI mapping) REs, which is calculated 

based on the beta offset, and the coding rate, which is calculated based on the UCI payload 

size, exceeds the configured (maximum) coding rate, the UE may drop transmission of a 

corresponding type of UCI.  

[001131] In this case, the maximum number of REs for HARQ-ACK transmission 

may be equal to the total number of (UCI mapping target) REs in the PUSCH (or the 

number of specific REs in proportion to PUSCH duration). In addition, the maximum 

number of REs for CSI part 1 transmission may be obtained by subtracting the number of 

REs allocated for HARQ-ACK transmission from the total number of (UCI mapping target) 

REs in the PUSCH, and the maximum number of REs for CSI part 2 transmission may be 

obtained by subtracting both the number of REs allocated for HARQ-ACK transmission and 

the number of REs allocated for the CSI part 1 transmission from the total number of (UCI 

mapping target) REs in the PUSCH.  
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[001132] The above-described twenty-fifth UCI transmission method can be applied 

together with other proposed methods of the present invention unless they collide with each 

other. 

[001133] FIG. 51 is a flowchart schematically illustrating a UCI transmission method 

applicable to the present invention. 

[001134] As shown in FIG. 51, a UE maps uplink control information (UCI) to a 

physical uplink shared channel (PUSCH) [S5110]. This mapping operation can be named 

UCI piggyback. 

[001135] In this case, the UE may perform rate-matching or puncturing based on size 

included in the UCI in order to map acknowledgement information to the PUSCH. In other 

words, the acknowledgement information included in the UCI may be mapped to the 

PUSCH by applying the rate-matching or the puncturing to resources for transmitting the 

acknowledgement information on the PUSCH based on the size of the acknowledgement 

information.  

[001136] As a preferred example, when the size of the acknowledgement information 

is more than a predetermined value, the UE may perform the rate-matching on the resources 

for transmitting the acknowledgement information in the PUSCH in order to map the 

acknowledgement information to the PUSCH. On the other hand, when the size of the 

acknowledgement information is equal to or less than the predetermined value, the UE may 

perform the puncturing on the resources for transmitting the acknowledgement information 

in the PUSCH in order to map the acknowledgement information to the PUSCH. In this 

case, the predetermined value may be 2 bits.  

[001137] In this case, the acknowledgement information may not be mapped to a 

symbol before a symbol in which a first demodulation reference signal (DM-RS) is 

transmitted in the PUSCH. In this case, the first DM-RS may mean a DM-RS located at the 

first symbol in the PUSCH.  

[001138] Additionally, the UCI may further include channel state information (CSI). 

In this case, the UE may perform the rate-matching on resources for transmitting the CSI in 

the PUSCH in order to map the CSI to the PUSCH. In other words, the CSI may be mapped 

to the PUSCH by applying the rate-matching to the resources for transmitting the CSI on 

the PUSCH. 

[001139]  In this case, the CSI may be mapped to resources except a predetermined 

amount of resources reserved for the acknowledgement information in the PUSCH. In this 

case, the predetermined amount of the resources may be resources corresponding to 2 bits. 
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[001140] Next, the UE may determine the size of the acknowledgement information 

based on an uplink downlink assignment index (DAI) value in uplink grant received from 

the eNB.  

[001141] In addition, the UE may determine the amount of the resources for 

transmitting the acknowledgement information in the PUSCH based on a specific beta 

parameter. In this case, the specific beta parameter may be indicated according to the 

following method.  

[001142] First, a plurality of sets may be configured through higher layer signaling. 

Thereafter, the eNB may indicate one set among the plurality of sets via uplink grant. In this 

case, the UE may determine the amount of the resources for transmitting the 

acknowledgement information based on one beta parameter, which is determined based on 

the size of the acknowledgement information, among a plurality of beta parameters included 

in the one set indicated by the uplink grant. 

[001143] In addition, the UE may map part or all of the UCI to a DM-RS in the 

PUSCH. To this end, the UE may receive a DM-RS symbol where the UCI can be mapped 

and/or interlace resource information in the symbol from the eNB.  

[001144] Additionally, when the PUSCH is a semi persistence scheduling (SPS) 

PUSCH, the UE may perform the rate-matching or puncturing based on maximum UCI 

payload dedicated to the SPS PUSCH. In this case, the UE may separately receive 

information on the maximum UCI payload dedicated to the SPS PUSCH from the eNB 

[001145] Further, when the PUSCH is a semi persistence scheduling (SPS) PUSCH, 

the UE may perform the rate-matching or puncturing based on a beta offset value included 

in downlink control information that activates the SPS PUSCH.  

[001146] After mapping the UCI to the PUSCH as described above, the UE transmits 

the mapped UCI on the PUSCH [S5110].  

[001147] Since each embodiment of the above-described proposed method can be 

considered as one method for implementing the present invention, it is apparent that each 

embodiment can be regarded as a proposed method. In addition, the present invention can 

be implemented not only using the proposed methods independently but also by combining 

(or merging) some of the proposed methods. In addition, it is possible to define a rule that 

information on whether the proposed methods are applied (or information on rules related to 

the proposed methods) should be transmitted from the eNB to the UE through a predefined 

signal (e.g., physical layer signal, higher layer signal, etc.). 

[001148] 4. Device configuration 
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[001149] FIG. 52 is a diagram illustrating configurations of a UE and a base station 

capable of being implemented by the embodiments proposed in the present invention. The 

UE and the base station shown in FIG. 52 operate to implement the embodiments for a 

method of transmitting and receiving an uplink control information between the base station 

and the UE. 

[001150] A UE 1 may act as a transmission end on a UL and as a reception end on a 

DL. A base station (eNB or gNB) 100 may act as a reception end on a UL and as a 

transmission end on a DL. 

[001151] That is, each of the UE and the base station may include a Transmitter (Tx) 

10 or 110 and a Receiver (Rx) 20 or 120, for controlling transmission and reception of 

information, data, and/or messages, and an antenna 30 or 130 for transmitting and receiving 

information, data, and/or messages. 

[001152] Each of the UE and the base station may further include a processor 40 or 

140 for implementing the afore-described embodiments of the present disclosure and a 

memory 50 or 150 for temporarily or permanently storing operations of the processor 40 or 

140. 

[001153] With the above-described configuration, the UE 1 maps uplink control 

information to a physical uplink shared channel (PUSCH) through the processor 40. In this 

case, acknowledgement information included in the uplink control information may be 

mapped to the PUSCH by applying rate-matching or puncturing to resources for 

transmitting the acknowledgement information on the PUSCH based on size of the 

acknowledgement information. 

[001154] Thereafter, the UE 1 transmits the mapped uplink control information on the 

PUSCH through the transmitter 10.  

[001155] The Tx and Rx of the UE and the base station may perform a packet 

modulation/demodulation function for data transmission, a high-speed packet channel 

coding function, OFDM packet scheduling, TDD packet scheduling, and/or channelization. 

Each of the UE and the base station of FIG. 52 may further include a low-power Radio 

Frequency (RF)/Intermediate Frequency (IF) module. 

[001156] Meanwhile, the UE may be any of a Personal Digital Assistant (PDA), a 

cellular phone, a Personal Communication Service (PCS) phone, a Global System for 

Mobile (GSM) phone, a Wideband Code Division Multiple Access (WCDMA) phone, a 

Mobile Broadband System (MBS) phone, a hand-held PC, a laptop PC, a smart phone, a 

Multi Mode-Multi Band (MM-MB) terminal, etc. 
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[001157] The smart phone is a terminal taking the advantages of both a mobile phone 

and a PDA.  It incorporates the functions of a PDA, that is, scheduling and data 

communications such as fax transmission and reception and Internet connection into a 

mobile phone. The MB-MM terminal refers to a terminal which has a multi-modem chip 

built therein and which can operate in any of a mobile Internet system and other mobile 

communication systems (e.g. CDMA 2000, WCDMA, etc.). 

[001158] Embodiments of the present disclosure may be achieved by various means, 

for example, hardware, firmware, software, or a combination thereof. 

[001159] In a hardware configuration, the methods according to exemplary 

embodiments of the present disclosure may be achieved by one or more Application 

Specific Integrated Circuits (ASICs), Digital Signal Processors (DSPs), Digital Signal 

Processing Devices (DSPDs), Programmable Logic Devices (PLDs), Field Programmable 

Gate Arrays (FPGAs), processors, controllers, microcontrollers, microprocessors, etc. 

[001160] In a firmware or software configuration, the methods according to the 

embodiments of the present disclosure may be implemented in the form of a module, a 

procedure, a function, etc. performing the above-described functions or operations. A 

software code may be stored in the memory 50 or 150 and executed by the processor 40 or 

140. The memory is located at the interior or exterior of the processor and may transmit and 

receive data to and from the processor via various known means. 

[001161] Those skilled in the art will appreciate that the present disclosure may be 

carried out in other specific ways than those set forth herein without departing from the 

spirit and essential characteristics of the present disclosure. The above embodiments are 

therefore to be construed in all aspects as illustrative and not restrictive. The scope of the 

disclosure should be determined by the appended claims and their legal equivalents, not by 

the above description, and all changes coming within the meaning and equivalency range of 

the appended claims are intended to be embraced therein. It is obvious to those skilled in the 

art that claims that are not explicitly cited in each other in the appended claims may be 

presented in combination as an embodiment of the present disclosure or included as a new 

claim by a subsequent amendment after the application is filed. 

INDUSTRIAL APPLICABILITY 

[001162] The present disclosure is applicable to various wireless access systems 

including a 3GPP system, and/or a 3GPP2 system. Besides these wireless access systems, 

the embodiments of the present disclosure are applicable to all technical fields in which the 
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wireless access systems find their applications. Moreover, the proposed method can also be 

applied to mmWave communication using an ultra-high frequency band. 
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   $ PHWKRG RI WUDQVPLWWLQJ XSOLQN FRQWURO LQIRUPDWLRQ  8&,  WR D EDVH VWDWLRQ  %6  

E\ D XVHU HTXLSPHQW  8(  LQ D ZLUHOHVV FRPPXQLFDWLRQ V\VWHP  WKH PHWKRG FRPSULVLQJ    

PDSSLQJ  WKH  8&,  LQFOXGLQJ  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  DQG  &KDQQHO  6WDWH 

LQIRUPDWLRQ  &6,  WR D SK\VLFDO XSOLQN VKDUHG FKDQQHO  386&+   

ZKHUHLQ WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ LV PDSSHG WR WKH 386&+ E\ DSSO\LQJ 

HLWKHU  UDWH PDWFKLQJ  RU  SXQFWXULQJ  WR  UHVRXUFHV  IRU  WUDQVPLWWLQJ  WKH  DFNQRZOHGJHPHQW 

LQIRUPDWLRQ RQ WKH 386&+ EDVHG RQ D VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  

ZKHUHLQ WKH &6, LQFOXGLQJ &6, SDUW   DQG &6, SDUW   LV PDSSHG WR WKH 386&+ 

EDVHG RQ UHVHUYHG UHVRXUFHV IRU WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ ZKLFK LV GHWHUPLQHG 

EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  DQG 

ZKHUHLQ  EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  WKH &6, SDUW   LV 

QRW PDSSHG WR WKH UHVHUYHG UHVRXUFHV DQG &6, SDUW   LV PDSSHG WR WKH 386&+ LQFOXGLQJ 

WKH UHVHUYHG UHVRXUFHV  DQG 

WUDQVPLWWLQJ WKH PDSSHG 8&, RQ WKH 386&+  

 

    7KH  PHWKRG  RI  FODLP      ZKHUHLQ  ZKHQ  WKH  VL]H  RI  WKH  DFNQRZOHGJHPHQW 

LQIRUPDWLRQ  LV PRUH  WKDQ  D SUHGHWHUPLQHG YDOXH   WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV 

PDSSHG WR WKH 386&+ E\ DSSO\LQJ WKH UDWH PDWFKLQJ  DQG   

ZKHUHLQ  ZKHQ WKH VL]H RI  WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  LV HTXDO WR RU  OHVV 

WKDQ  WKH  SUHGHWHUPLQHG  YDOXH   WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV  PDSSHG  WR  WKH 

386&+ E\ DSSO\LQJ WKH SXQFWXULQJ  

 

    7KH  PHWKRG  RI  FODLP      ZKHUHLQ  WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV  QRW 

PDSSHG WR DQ\ V\PERO EHIRUH D V\PERO ZKHUH D ILUVW GHPRGXODWLRQ UHIHUHQFH VLJQDO  '0 

56  LV WUDQVPLWWHG RQ WKH 386&+    

 

   7KH PHWKRG RI FODLP    ZKHUHLQ WKH SUHGHWHUPLQHG YDOXH LV   ELWV    

 

   7KH PHWKRG RI FODLP    ZKHUHLQ WKH &6, SDUW   LQFOXGHV DW OHDVW RQH RI 5DQN 

,QGLFDWRU  5,  DQG &KDQQHO 4XDOLW\ ,QIRUPDWLRQ  &4,  IRU D ILUVW WUDQVSRUW EORFN  DQG WKH 
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&6, SDUW   LQFOXGHV 3UHFRGLQJ 0DWUL[ ,QGLFDWLRQ  30,   

 

   7KH PHWKRG RI FODLP    ZKHUHLQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ 

LV GHWHUPLQHG EDVHG RQ DQ XSOLQN GRZQOLQN DVVLJQPHQW LQGH[  '$,  YDOXH LQFOXGHG LQ DQ 

XSOLQN JUDQW UHFHLYHG IURP WKH %6  

 

   7KH PHWKRG RI FODLP    ZKHUHLQ WKH DPRXQW RI WKH UHVRXUFHV IRU WUDQVPLWWLQJ 

WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  RQ  WKH 386&+  LV  GHWHUPLQHG  EDVHG  RQ D  ILUVW  EHWD 

SDUDPHWHU  DQG   

ZKHUHLQ  ZKHQ DPRQJ D SOXUDOLW\ RI VHWV FRQILJXUHG YLD D KLJKHU OD\HU VLJQDOLQJ  

RQH VHW LQFOXGLQJ D SOXUDOLW\ RI EHWD SDUDPHWHUV LV LQGLFDWHG E\ DQ XSOLQN JUDQW DQG WKH 

ILUVW EHWD SDUDPHWHU LV GHWHUPLQHG EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ 

DPRQJ WKH SOXUDOLW\ RI EHWD SDUDPHWHUV  

 

   7KH PHWKRG RI FODLP    ZKHUHLQ SDUW RU DOO RI WKH 8&, LV PDSSHG WR UHVRXUFHV 

LQ  D  V\PERO  ZKHUH  D  GHPRGXODWLRQ  UHIHUHQFH  VLJQDO   '0 56   LV  WUDQVPLWWHG  RQ  WKH 

386&+  

 

    7KH  PHWKRG  RI  FODLP      ZKHUHLQ  ZKHQ  WKH  386&+  LV  D  VHPL SHUVLVWHQW 

VFKHGXOLQJ   636   386&+   WKH  UDWH PDWFKLQJ  RU  SXQFWXULQJ  LV  SHUIRUPHG  EDVHG  RQ 

PD[LPXP 8&, SD\ORDG GHGLFDWHG WR WKH 636 386&+  

 

     7KH  PHWKRG  RI  FODLP      ZKHUHLQ  ZKHQ  WKH  386&+  LV  D  VHPL SHUVLVWHQW 

VFKHGXOLQJ  636  386&+  WKH UDWH PDWFKLQJ RU SXQFWXULQJ LV SHUIRUPHG EDVHG RQ D EHWD 

RIIVHW YDOXH LQFOXGHG LQ GRZQOLQN FRQWURO LQIRUPDWLRQ WKDW DFWLYDWHV WKH 636 386&+  

 

    $ XVHU HTXLSPHQW  8(  IRU WUDQVPLWWLQJ XSOLQN FRQWURO LQIRUPDWLRQ  8&,  WR D 

EDVH VWDWLRQ  %6  LQ D ZLUHOHVV FRPPXQLFDWLRQ V\VWHP  WKH 8( FRPSULVLQJ  

D WUDQVPLWWHU  DQG   

D SURFHVVRU RSHUDEO\ FRXSOHG WR WKH WUDQVPLWWHU DQG FRQILJXUHG WR    

PDS  WKH  8&,  LQFOXGLQJ  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  DQG  &KDQQHO  6WDWH 

LQIRUPDWLRQ  &6,  WR D SK\VLFDO XSOLQN VKDUHG FKDQQHO  386&+     
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ZKHUHLQ WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ LV PDSSHG WR WKH 386&+ E\ DSSO\LQJ 

HLWKHU  UDWH PDWFKLQJ  RU  SXQFWXULQJ  WR  UHVRXUFHV  IRU  WUDQVPLWWLQJ  WKH  DFNQRZOHGJHPHQW 

LQIRUPDWLRQ RQ WKH 386&+ EDVHG RQ D VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  

ZKHUHLQ WKH &6, LQFOXGLQJ &6, SDUW   DQG &6, SDUW   LV PDSSHG WR WKH 386&+ 

EDVHG RQ UHVHUYHG UHVRXUFHV IRU WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ ZKLFK LV GHWHUPLQHG 

EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  DQG 

ZKHUHLQ  EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ  WKH &6, SDUW   LV 

QRW PDSSHG WR WKH UHVHUYHG UHVRXUFHV DQG &6, SDUW   LV PDSSHG WR WKH 386&+ LQFOXGLQJ 

WKH UHVHUYHG UHVRXUFHV  DQG 

WUDQVPLW WKH PDSSHG 8&, RQ WKH 386&+    

 

     7KH  8(  RI  FODLP       ZKHUHLQ  ZKHQ  WKH  VL]H  RI  WKH  DFNQRZOHGJHPHQW 

LQIRUPDWLRQ  LV PRUH  WKDQ  D SUHGHWHUPLQHG YDOXH   WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV 

PDSSHG WR WKH 386&+ E\ DSSO\LQJ WKH UDWH PDWFKLQJ  DQG   

ZKHUHLQ ZKHQ  WKH  VL]H RI  WKH DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV HTXDO  WR RU  OHVV 

WKDQ  WKH  SUHGHWHUPLQHG  YDOXH   WKH  DFNQRZOHGJHPHQW  LQIRUPDWLRQ  LV  PDSSHG  WR  WKH 

386&+ E\ DSSO\LQJ WKH SXQFWXULQJ  

 

    7KH 8( RI FODLP     ZKHUHLQ WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ LV QRW PDSSHG 

WR DQ\ V\PERO EHIRUH D V\PERO ZKHUH D ILUVW GHPRGXODWLRQ UHIHUHQFH VLJQDO  '0 56  LV 

WUDQVPLWWHG RQ WKH 386&+  

 

    7KH 8( RI FODLP     ZKHUHLQ WKH SUHGHWHUPLQHG YDOXH LV   ELWV    

 

    7KH 8( RI FODLP     ZKHUHLQ  WKH &6, SDUW    LQFOXGHV DW  OHDVW  RQH RI 5DQN 

,QGLFDWRU  5,  DQG &KDQQHO 4XDOLW\ ,QIRUPDWLRQ  &4,  IRU D ILUVW WUDQVSRUW EORFN  DQG WKH 

&6, SDUW   LQFOXGHV 3UHFRGLQJ 0DWUL[ ,QGLFDWLRQ  30,  

 

    7KH 8( RI FODLP     ZKHUHLQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ LV 

GHWHUPLQHG EDVHG RQ DQ XSOLQN GRZQOLQN DVVLJQPHQW LQGH[  '$,  YDOXH  LQFOXGHG LQ DQ 

XSOLQN JUDQW UHFHLYHG IURP WKH %6  
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    7KH 8( RI FODLP     ZKHUHLQ WKH DPRXQW RI WKH UHVRXUFHV IRU WUDQVPLWWLQJ WKH 

DFNQRZOHGJHPHQW  LQIRUPDWLRQ  RQ  WKH  386&+  LV  GHWHUPLQHG  EDVHG  RQ  D  ILUVW  EHWD 

SDUDPHWHU  DQG   

ZKHUHLQ ZKHQ DPRQJ D SOXUDOLW\ RI VHWV FRQILJXUHG YLD D KLJKHU OD\HU VLJQDOLQJ  

RQH VHW LQFOXGLQJ D SOXUDOLW\ RI EHWD SDUDPHWHUV  LV LQGLFDWHG E\ DQ XSOLQN JUDQW DQG WKH 

ILUVW EHWD SDUDPHWHU LV GHWHUPLQHG EDVHG RQ WKH VL]H RI WKH DFNQRZOHGJHPHQW LQIRUPDWLRQ 

DPRQJ WKH SOXUDOLW\ RI EHWD SDUDPHWHUV  

 

    7KH 8( RI FODLP     ZKHUHLQ SDUW RU DOO RI WKH 8&, LV PDSSHG WR UHVRXUFHV LQ 

D V\PERO ZKHUH D GHPRGXODWLRQ UHIHUHQFH VLJQDO  '0 56  LV WUDQVPLWWHG RQ WKH 386&+  

 

    7KH 8( RI FODLP     ZKHUHLQ ZKHQ WKH 386&+ LV D VHPL SHUVLVWHQW VFKHGXOLQJ 

 636  386&+   WKH UDWH PDWFKLQJ RU SXQFWXULQJ  LV SHUIRUPHG EDVHG RQ PD[LPXP 8&, 

SD\ORDG GHGLFDWHG WR WKH 636 386&+  

 

    7KH 8( RI FODLP     ZKHUHLQ ZKHQ WKH 386&+ LV D VHPL SHUVLVWHQW VFKHGXOLQJ 

 636  386&+  WKH UDWH PDWFKLQJ RU SXQFWXULQJ LV SHUIRUPHG EDVHG RQ D EHWD RIIVHW YDOXH 

LQFOXGHG LQ GRZQOLQN FRQWURO LQIRUPDWLRQ WKDW DFWLYDWHV WKH 636 386&+  

 


