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[Title of the inventioip
Method and apparatus for insertion of code blodeinin wireless cellular communication system
[Technical field
[0001] The present invention relates to a wire@samunication system, and more specifically, toethod
and apparatus for inserting an index into a codekylwhich is a unit in which a channel code iSq@®ned,
and transmitting the same.
[Prior Arf]
[0002] To meet a demand for radio data traffid than an increasing trend since commercializatiba 4G
communication system, efforts to develop an impdd®® communication system or a pre-5G communication
system have been conducted. For this reason, ttoBBunication system or the pre-5G communication
system is called a beyond 4G network communicatj@iem or a post LTE system. To achieve a high data
transmission rate, the 5G communication systerorisidered to be implemented in a very high frequenc
(mm Wave) band ( e.g., like 60 GHz band). To raiayath loss of a radio wave and increase a @ansf
distance of the radio wave in the very high frequepand, in the 5G communication system, beamfagmin
massive MIMO, full dimensional MIMO (FD-MIMO), aryaantenna, analog beam-forming, and large scale

antenna technologies have been discussed.
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Further, to improve a network of the system, inGecommunication system, technologies such as an
evolved small cell, an advanced small cell, a cladio access network ( cloud RAN), an ultra-demstgvork,

a device to device communication (D2D), a wirelesskhaul, a moving network, cooperative communicgti
coordinated multi-points (CoMP), and receptioniifeence cancellation have been developed. Iniaddid
this, in the 5G system, hybrid FSK and QAM modulat{FQAM) and sliding window superposition coding
(SWSC) that are an advanced coding modulation (A€Meme and a filter bank multi carrier (FBMC),can
orthogonal multiple access (NOMA), and a sparsecodltiple access (SCMA) that are an advanced acces
technology, and so on have been developed.

[0003] Meanwhile, the Internet has evolved fronuanan-centered connection network through which a
human being generates and consumes informatidretmternet of Things (IoT) network that
transmits/receives information between distribuidechponents such as things and processes the irtfforma
The Internet of Everything (IoE) technology in whithe big data processing technology, etc., is ¢oetb

with the IoT technology by connection with a claetver, etc. has also emerged. To implement the 10T
technology elements, such as a sensing technolgd and wireless communication and network
infrastructure, a service interface technology, asecurity technology, have been in demand; rggent
technologies such as a sensor network, machinadhime (M2M), and machine type communication (MTC)

for connecting between things have been researched.
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In the IoT environment, an intelligent Internethrology (IT) service that creates a new value iman life
by collecting and analyzing data generated in tmected things may be provided. The loT may bdiegpp
to fields, such as a smart home, a smart buildirgmart city, a smart car or a connected car, atgrnid,
health care, smart appliances, and an advancethteaa service, by fusing and combining the exgstin
information technology (IT) with various industries
[0004] Therefore, various tries to apply the 5G ommication system to the 10T network have been
conducted. For example, the 5G communication tdolgies, such as the sensor network, the machine to
machine (M2M), and the machine type communicatMmC), have been implemented by techniques such as
beamforming, MIMO, and the array antenna. The appitin of the cloud radio access network ( cloud\NiRA
as the big data processing technology describedeainay also be considered as an example of thegfudi
the 5G communication technology with the loT tedbgy.
[0005] Meanwhile, recently, there is a need forethnd and apparatus for inserting an index intode dlock
as a unit in which a channel code is executed mm$itting the same, in accordance with the deveént of
a next generation mobile communication system.
[Details of the Invention]
[Problem to be Solved by the Invention]
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[0006] A primary object of the present is to pravia method of inserting a code block (CB) indemethod
of operating a system by applying a CB index toaretmission, and the like. In a wireless commuiuoat
system, in particular, the existing LTE systematadransmission is performed in a transport b(@& unit.
The TB is divided into a plurality of code block3R), and channel coding is performed in a CB Ultie
retransmission after an initial transmission iS@@ned in a TB unit, and the TBs need to be retratted
even when only one CB fails to decode. Therefomnaay be a case in which the retransmission neelds t
made in a CB unit. For the case, there is a need fioethod of inserting and operating a CB indetifying a
CB of the order of CBs.
[0007] In addition, another object of the presenention is to provide a method for selecting ahodtfor
mapping the frequency domain first and a methodrfapping the time domain first, a method for perfimg
frequency-time hybrid mapping, etc., and to proadeethod for selecting each mapping method and
transmitting mapping method information. In a wéisd communication system, especially in the cotwesit
LTE downlink, when mapping data, the frequency dionfirst mapped in an OFDM symbol of an allochte
frequency domain and TTI (Ims subframe), and thapping is performed in the next OFDM symbol. Inesth
words, the method of mapping to the frequency darfiest and then to the time domain is followed 5@
wireless communication, the method of mapping &ftequency domain first and the method of mapping
the time domain first can be set to be performéemintly depending on a specific situation. Tisibecause
the method of mapping to the frequency domain éret the method of mapping to the time domain &esth
have their own advantages.
[0008]
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[0008] Another object of the present inventionagptovide a method for transmitting and receiviagadn a
mobile communication system.

[0009] In addition, another object of the presenention is that, in a 5th Generation Wireless @ail
Communication System (hereinafter referred to assth communication system), in order to satisfyores
user requirements and services, a single systenicshe able to provide various services with défer
transmission/reception techniques and transmissiogption parameters, and considering forward
compatibility, it aims to design so that additiosatvices in the future do not have restrictiorad #re limited
by the design of the existing system. As an exampéemethod for supporting various services, e 5
communication system should be able to operateieftily in various frequency bands compared to the
existing communication system. Another object ef pinesent disclosure is directed to provision oious
services having different transmission/ receptemhhiques and transmission/reception parametensan
system in order to satisfy various requirementssardices of users in the 5th generation wirelefislar
communication system (hereinafter, referred to@&mmunication system) and to realize a desighato
services to be added in future in consideratiofofard compatibility are not restricted by thereunt system.
As an example of a method for supporting variousises, the 5G communication system should be table
operate efficiently in various frequency bands cared to the existing communication system. In otinands,
it should be able to operate efficiently in freqogibands below 1 GHz to above 70 GHz. While thgufescy
band below 1 GHz has the advantage of being aldedore wide coverage, it has the disadvantageiofjb
difficult to secure a wide frequency band. On theeohand, the high-frequency band above 70 GHz is
suitable for ultra-high-speed data transmissiorabse it is easy to secure a wide frequency bandasuthe
disadvantage of narrow coverage. Low-frequency damd high-frequency bands can have different
frequency characteristics depending on the frequbaaod, so this needs to be taken into consideratten
designing a communication system. In the low-freqyeband below 6 GHz, the path loss attenuationtalue
the distance between ttransmitter andreceiver is relatively small. On the other hand, in thethfgequency
band above 6 GHz, the path loss due to the distaetveeen théransmitter andreceiveris very large.
Therefore, in the case of a cellular system opayati a high-frequency band, the coverage may besmall

compared to a system operating in a low-frequerayb
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In order to secure coverage in the high-frequenoyl pit is desirable to apply transmission based on
directional beam using a multi-antenna array inhigl-frequency band. Transmission based on deati
beam can expand coverage in a specific directiohit s difficult to transmit signals in all dirdons
simultaneously. On the other hand, in the casewfftequency bands below 6 GHz, since there idively
little path loss between the same transmitter andiver, it is possible to secure full coverag@gisin omni-

directional beam without a directional beam.

[0010] In designing the initial access process obmmunication system supporting various frequéranyds,
the difference between the low frequency band b&@®Hz and the high frequency band above 6 GHz must
be considered. Initial access refers to the me#mabprocedure for an idle terminal to access a &iasien,
and for the initial access of the terminal, theebstsition broadcasts a synchronization signal gsies
information to the terminal. The synchronizatiogrsil is a signal transmitted by the base statiothi®
terminal to perform time and frequency synchronaratind detect the unique number of the base statio
network. Here, the unique number of the base statiomnetwork refers to the conventional cell numbethe
beam number, or it is assumed that the base siathrdes information necessary for the terminadtitain
system information. In addition, the system infotiorais information necessary for the terminal taess the
network, and an idle terminal can detect the unigquaber of the base station or network using the
synchronization signal and then receive it basetheruniqgue number. A base station operating a low
frequency band can transmit a synchronization sigsiag a relatively wide omnidirectional beam (Gmn

Beam).

231-11



August 22, 2016

That is, through one transmission of a synchrommnatignal, terminals in a wide range can acquire
synchronization signals and system information méigas of their locations within the cell. On th@er hand,
a base station operating a high-frequency band trarstmit synchronization signals using a direcldream
to secure coverage. In the case of a synchronizatgmal transmitted using a directional beam, kendi low-
frequency band, coverage cannot be secured ifreditibns, so a method of transmitting beams intiplel
directions can be considered to transmit synchetioiz signals in all directions. For the above oaasit can
be considered in different initial access processgending on the frequency band. However, progidin
different initial access methods depending on tbgufency band in one communication system may @ot b
desirable in terms of terminal complexity, implertaion, and system efficiency. Therefore, it isessary to
provide an initial access method and procedureishagttimized for each frequency band and is aashas
possible.

[0017 Another object of the present disclosure is tovjgi® various services having different transmiskion
reception techniques and transmission/receptioanpaters in one system in order to satisfy various
requirements and services of users in the 5th géaerwireless cellular communication system (heager,
referred to as 5G communication system) and tézeealdesign so that services to be added in fiture
consideration of forward compatibility are not reged by the current system. As an example of thatefor
supporting various services in a 5G communicati@tesn, the present invention can consider a sytan

supports multiple subcarrier spacings within ongesy.
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[0012] Meanwhile, in the wireless communicationteys, a terminal performs the following initial caution
step for the purpose of establishing a radio lititha base station. First, synchronization witlekio a
network is acquired, and a master information biddkB) is acquired by physical broadcast chann&P)
decoding. The MIB contains the most basic infororafor connection to the system. Based on the
information, a physical downlink control channeD@CH) and a physical downlink shared channel (PDBSCH
are decoded to obtain a system information blotR)(S hereafter, it exchanges identity with the datation
through a random access step and then perfornmteah connection to a network through steps sueh a
registration and authentication. At this time, sitlce 5G communication system supports various
numerologies, for example, various parametersiierstibcarrier spacing, the numerologies for thesighy
layer channel in which each information is trangaditin the initial connection step may be differgatm each
other. However, since the terminal can not knowsthigcarrier spacing used by the system duringritiali
connection process, the initial connection mayheoefficiently performed.
[0013] In addition, a terminal in an RRC_IDLE statalergoes a paging process to start data
transmission/reception. In order to observe theénggigformation, the terminal wakes up for a litéldile at a
predetermined time interval to observe control aligy. For the terminal in the RRC_IDLE state, tietwork
knows a location of the terminal in a tracking af€A) unit, not in a cell unit, in which the TA @efined by
grouping several neighboring eNBs. The paging ngessgay be transmitted across a plurality of ceithiw
the TA. The paging message is transmitted throhghlPDSCH, and scheduling information on the PDSCH

can be acquired from the PDCCH configured as P-RMTthis case, if various numerologies are usettien
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5G communication system, each cell can transmiptggng message through a physical layer chanheitse
different subcarrier spacing's. In particular,rfiaitial connection to a certain cell is performaatt then a rese-
55 lection to another cell is performed, the cqroesling cell does not have any information on drentnal in
the RRC_IDLE state, such that an operation proaethrrefficiently transmitting the paging messagesed.
[0014] Therefore, the present disclosure proposesffective method and operation procedure for iogial
connection and paging suitable for the 5G commuioicaystem. The cell initial connection and pagimgthod
proposed by the present disclosure can supposffioégent services for various numerologies to mibegibly
operate the 5G communication system capable oflgineously providing different requirements.

[Means for Solving the Problems]

[0015]

In order to solve the above problems, the preserdntion is a method for processing a control digma
wireless communication system, the method commisinstep of receiving a first control signal tnauitted
from a base station, a step of processing theweddirst control signal, and a step of transmijtan second

control signal generated based on the processitigetbase station.

[Effect of the Invention]
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[0019 According to one embodiment of the present inventan operation method for inserting and
transmitting a CB index is provided, thereby e#fidily performing base station and terminal transiois
to reduce unnecessary data transmission.
[0017 In addition, according to another embodiment efphesent invention, by defining a transmission
and reception method for a terminal in a mobile wamication system, wireless resources are effigient
utilized and transmission delay is reduced.
[0019 Further, according to another embodiment of thegoteimvention, a base station method and
device for efficiently supporting a unified initiatcess method in designing a system operatingriowus
frequency bands to satisfy various user requiresnand services are provided, and an initial access
method of a terminal using the same is provided.
[0019 Moreover, according to another embodiment of ttesent invention, by providing an effective
cell initial access and paging method in a 5G comipation system supporting various numerologies, a
5G wireless communication system supporting vargargices with different requirements at the same

time can be efficiently operated.

[Brief Description of the Drawings]

FIG. IA illustrates a diagram of a transport stawetof a time-frequency domain of the LTE or LTE-A
system.

FIG. IB illustrates a diagram of a transport stmuetof an uplink time-frequency domain of the LTE or
LTE-A system.
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FIG. IC illustrates a diagram of a state in whiettadfor eMBB, URLLC, and mMTC are allocated in
frequency-time resources in a communication system.
FIG. ID illustrates a diagram of a state in whibh tlata for eMBB, URLLC, and mMTC are allocatedhie
frequency-time resources in the communication syste
FIG. IE illustrates a diagram of a structure in ethone transport block according to embodimenthef
present disclosure is divided into several codeksd@nd a CRC is added.
FIG. IF illustrates a diagram of a structure in @vhan outer code according to embodiments of thegt
disclosure is applied and coded.
FIG. IG illustrates a block diagram depending orethier to apply the outer code according to emboulisnef
the present invention.
FIG. H illustrates a diagram of an example ofracure for inserting code block index informatimecording
to the present invention.
FIG. 1l illustrates a diagram of an example ofdtrecture for inserting code block index informatio
according to the present invention.
FIG. 1J illustrates a diagram of an example ofstinecture for inserting code block index informatio
according to the present invention.
FIG. IK illustrates a diagram of a procedure ofead station and a terminal according to embodinadritee
present invention.
FIG. IM illustrates a diagram of the procedureh® base station and the terminal according to emisods
of the present invention.
FIG. Is illustrates a diagram of the internal stowe of a terminal according to embodiments ofpttesent

invention.

231-16



August 22, 2016

FIG. 2a is a diagram showing a downlink time-fregqmedomain transmission structure of an LTE or LAE-
system.

FIG. 2b is a diagram showing an uplink time-frequedomain transmission structure of an LTE or LTE-A
system.

FIG. 2c is a diagram showing how data for eMBB, WRl.and mMTC are allocated from frequency-time
resources in a communication system.

FIG. 2d is a diagram showing how data for eMBB, WRl.and mMTC are allocated from frequency-time
resources in a communication system.

FIG. 2e is a diagram showing a structure in whicl transport block is divided into several codekdoand a
CRC is added according to an embodiment.

FIG. 2f is a diagram showing a structure in whiahoater code is applied and coded according to an
embodiment.

FIG. 2g is a diagram showing a block diagram adogrtb whether an outer code is applied accordingt
embodiment.

FIG. 2h is a diagram showing an example of sigreghping described in the 2-1 embodiment of the mitese
invention.

FIG. 2i is a drawing showing another example ohalgnapping described in the second embodimenteof t

present invention.
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FIG. 2j is a drawing showing another example ohalgnapping described in the 2-1 embodiment of the
present invention.
FIG. 2k is a drawing showing another example ofaignapping described in the 2-1 embodiment of the
present invention.
FIG. 2m is a drawing showing another example afi@ignapping described in the 2-1 embodiment of the
present invention.
FIG. 2n is a drawing showing another example af&ignapping described in the 2-1 embodiment of the
present invention.
FIG. 20 is a drawing showing a procedure of a Iséast@on and a terminal according to the 2-1 embedim
FIG. 2p is a drawing showing a procedure of a Iséasgon and a terminal according to the 2-1 embedim
FIG. 2s is a drawing showing an internal structufra terminal according to embodiments of the piese
invention.
FIG. 2t is a drawing showing an internal structofr@ base station according to embodiments of tbsgmt
invention. FIG. 3a is a diagram showing the basiecture of the time-frequency resource domainciiis a
radio resource domain where data or control charofegxisting LTE and LTE-A systems are transmitted
FIGS. 3b, 3c, and 3d show examples of extendedefstuctures.
FIG. 3e shows frame structure types A, B, and €imparison with the LTE frame structure in the time

domain.
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FIG. 3f shows an example of multiplexing the abfraene structure types A, B, and C in one system.
FIG. 3g shows an example of a measurement gaplif Brsystem.
FIG. 3h shows that a terminal supports a combinaifd-TE and NR with frame structure type B, andtth
the LTE system and the NR system are time-synchedretween subframes or radio frames by a specific
offset.
FIGS. 3i, 3j, and 3k show the Al and A2 sectioespectively, for each frame structure type of thie N
system.
FIG. 31 shows an operation method of a terminal abése station according to an embodiment of the
present invention.
FIG. 3m shows a procedure in which a terminal aegumeasurement gap control information and
performs measurement.
FIG. 3n shows a flexible scheduling timing in an B\&tem.
FIG. 30 shows a flexible HARQ timing in an NR syste
FIGS. 3p and 3q explain the operation of a termérwabrding to an embodiment of the present invantio
FIG. 3r shows the terminal procedure when the nreasent gap and the uplink data or control infororati
transmission time overlap according to the abovihatk
FIG. 3s shows that the terminal supports the coailiin of LTE and NR with frame structure type Cdan
the LTE system and the NR system are out of tinmelsonization between subframes or radio frames by

a certain offset.
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FIG. 3t describes a method for measuring chanagisinformation (CSI; Channel Status Information)
of a terminal in a partial subframe.
FIG. 3u shows a procedure for a terminal to meaS@according to the above method.
FIG. 3v shows a terminal transceiver accordindhegresent invention.
FIG. 4ais a diagram showing a transmission baseatldirectional beam considered in a high-frequency
band of 6 GHz or higher.
FIG. 4b is a diagram showing a method for transngth synchronization signal and system information
based on beam sweeping.
FIG. 4c is a diagram showing a structure for trattsrg a physical channel through which a
synchronization signal and system information eaagmitted when transmitting a synchronization aign
and system information using an omnidirectionainbea
FIG. 4d is a diagram showing a structure for trattsmg a physical channel through which a
synchronization signal and system information eaagmitted when transmitting a synchronization aign
and system information using a directional beam.
FIG. 4e is a flowchart showing an initial connentjarocess according to the 4-1 embodiment of the
present invention.
FIG. 4f is a drawing illustrating a method of mpléxing synchronization signals and system inforomat
in a system using a directional beam accordingéoit2 embodiment of the present invention.
FIG. 5a is a drawing illustrating an example of &vices being multiplexed and transmitted in one

system.
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5b is a diagram illustrating the basic stroetof the time-frequency domain in LTE.

5c is a diagram illustrating resource eleméatgng different subcarrier spacings.

5d is a diagram illustrating a downlink phyaitayer channel used for cell initial access IrELT
5e is a diagram illustrating a contention-lbliserxdom access procedure in LTE.

5f is a diagram illustrating an uplink phyditayer channel for random access in LTE.

5g is a diagram illustrating a first embodirneha communication system to which the presevertion

is applied.

FIG.

5h is a diagram illustrating a base statiodh t'enminal procedure according to the 5-1 embodiroéthe

present invention.

FIG.
FIG.

5i is a diagram illustrating a paging procedum LTE.
5j is a diagram illustrating a second embodiitrtd a communication system to which the present

invention is applied.

FIG.

5k is a drawing illustrating a base statiod searminal procedure according to the 5-2nd embedirof

the present invention.

FIG.

51 is a drawing illustrating a base statiod srminal procedure according to the 5-2nd embedirof

the present invention.
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FIG. 5m is a block diagram showing a terminal tcanger structure according to an embodiment of the
present invention.

FIG. 5n is a block diagram showing a base statimmsteiver structure according to an embodiment of
the present invention.

[Specific Details for Carrying Out the Invention]

[0021] Hereinafter, embodiments of the present ineenwill be described in detail with the attached
drawings. In addition, if it is judged that a sgiectlescription of a related known function or
configuration may unnecessarily obscure the gishefpresent invention when explaining the present
invention, the detailed description will be omittdédl addition, the terms described below are terms
defined in consideration of the functions in thegant invention, and this may vary depending on the
intention or custom of the user or operator. Trarfthe definition should be made based on the
contents throughout this specification.

[0022] The advantages and features of the preseanmfion, and the method of achieving them will
become clear with reference to the embodimentsithestin detail below with the attached drawings.
However, the present invention is not limited te #mbodiments disclosed below, but can be
implemented in various different forms, and thesdediments are provided only to make the disclosure
of the present invention complete and to fully mfica person having ordinary skill in the art to e¥hthe
present invention belongs of the scope of the itiwenand the present invention is defined onlythxy
scope of the claims. The same reference numeffalsteethe same components throughout the

specification.
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[0023][First Embodiment]

[0024]In order to meet the increasing demand for leé®data traffic since the commercialization ef th
4G communication system, efforts are being maadiet@lop an improved 5G communication system or
pre-5G communication system. For this reason, thed@@munication system or pre-5G communication
system is called a communication system after Gh@dtwork (Beyond 4G Network) or a system after
the LTE system (Post LTE). In order to achieveghldata transmission rate, the 5G communication
system is being considered for implementation iml&na-high frequency (mmWave) band (e.g., a 60
gigabit (60 GHz) band). To mitigate the path lobsadio waves in ultra-high frequency bands and
increase the transmission distance of radio waemmnforming, massive MIMO, full-dimensional

MIMO (FD-MIMO), array antenna, analog beam-formingd darge-scale antenna technologies are being
discussed in 5G communication systems. In addifarthe network improvement of the system, the 5G
communication system is developing technologies siscevolved small cell, advanced small cell, cloud
radio access network (cloud RAN), ultra-dense netwaevice to device communication (D2D), wireless
backhaul, moving network, cooperative communicat@oMP (Coordinated Multi-Points), and
interference cancellation. Further, in the 5G systihe same reference symbol refers to the same
component throughout the FQAM, which is an advarmmting modulation (ACM) method. (Hybrid

FSK and QAMModulation) and SWSC (Sliding Window 8ggosition
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Coding), and advanced access technologies sucBME€ KFilter Bank Multi Carrier), NOMA (non-
orthogonal multi access), and SCMA (sparse codéi mctess) are being developed.
[0025] Meanwhile, the Internet is evolving from a ramcentered network where humans create and
consume information to an IoT (Internet of Thingsjwork where information is exchanged and
processed between distributed components suchi@sti®ldoE (Internet of Everything) technology,
which combines IoT technology with big data progggsechnology through connection to cloud servers,
etc., is also emerging. In order to implement l@thnological elements such as sensing technology,
wired/wireless communication and network infrastiwe, service interface technology, and security
technology are required, and recently, sensor mé&smfor connecting objects, machine-to-machine
(M2M), and machine-type communication (MTC) arengestudied. In the 10T environment, intelligent
IT (Internet Technology) services can be providet tollect and analyze data generated from coadect
objects to create new values for human life. loit loa applied to fields such as smart homes, smart
buildings, smart cities, smart cars or connectes, canart grids, healthcare, smart home appliamces,
advanced medical services through the convergamte@nbination of existing IT (information
technology) technologies and various industries.
[0026] Accordingly, various attempts are being madapply 5G communication systems to 0T
networks. For example, technologies such as semdaorks, machine-to-machine (M2M), and machine-
type communication (MTC) are being implementeddnhhiques such as beam forming, MIMO, and

array antennas, which are 5G communication teclyneso
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The application of cloud RAN as a big data progessechnology described above can also be considere
an example of the convergence of 5G and 10T teciynes.

[0027] Meanwhile, the new 5G communication, NR (NeadR access technology), is designed to allow
various services to be freely multiplexed in timedafrequency resources, and accordingly,
waveform/numerology, etc. and reference signalsbeadynamically or freely allocated according te th
needs of the corresponding service. In order twigeothe optimal service to the terminal in wirasles
communication, optimized data transmission throograsurement of channel quality and interference
amount is important, and therefore accurate chastagls measurement is essential. However, uniike 4
communication where channel and interference ckeniatics do not change significantly depending on
frequency resources, in the case of 5G channelanneth and interference characteristics change
significantly depending on the service, so supfursubsets at the FRG (Frequency Resource Greug) |

is required to allow for dividing and measuringrtheMeanwhile, in the NR system, the types of s@wic
supported can be divided into categories such é8BfEnhanced mobile broadband), mMMTC (massive
Machine Type Communications) (mMTC), and URLLC (&iReliable and low-latency Communications).
eMBB can be seen as a service that aims for highepransmission of high-capacity data, mMTC as a
service that aims for minimizing terminal power atwhnecting multiple terminals, and URLLC as a
service that aims for high reliability and low laty. Different requirements can be applied dependm

the type of service applied to the terminal.

[0028] In this way, multiple services can be providedisers in a communication system, and in omler t
provide such multiple services to users, a methatiadevice using the method that can provide each

service within the same time period according todharacteristics are required.
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[0029] Hereinafter, embodiments of the present itivanwill be described in detail with referencethe
attached drawings.
[0030] In describing embodiments, descriptions ohtecal contents that are well known in the tecahic
field to which the present invention belongs anel @ot directly related to the present invention
omitted. This is to convey the gist of the presemention more clearly without obscuring unnecegsar
explanations.
[0031] For the same reason, some components in thehatl drawings are exaggerated, omitted, or
schematically illustrated. In addition, the sizeeath component does not fully reflect the actizal. §he
same or similar components in each drawing arengiive same reference numbers.
[0032] The advantages and features of the presesttion, and the methods for achieving them will
become clear with reference to the embodimentsritbestcin detail below together with the attached
drawings. However, the present invention is noitéohto the embodiments disclosed below, but can be
implemented in various different forms, and thesdediments are provided only to make the disclosure
of the present invention complete and to fully infica person having ordinary skill in the art to gththe
present invention belongs of the scope of the itiwenThe present invention is defined only by sieepe

of the claims. The same reference numerals reféretgame components throughout the specification.
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[0033] At this time, it will be understood that eablock of the processing flow diagrams and the
combination of the flow diagrams can be performgdcbmputer program instructions. Since these
computer program instructions can be loaded omimaessor of a general-purpose computer, a special-
purpose computer, or other programmable data psogeequipment, the instructions executed through
the processor of the computer or other programmehta processing equipment create a means for
performing the functions described in the flow dag block(s). Further, since these computer program
instructions can also be stored in a computer-adailar computer-readable memory that can be didecte
to a computer or other programmable data processjugpment to implement the functions in a specific
manner, the instructions stored in the computeita@va or computer-readable memory can also produce
a manufactured item that includes an instructioamsdor performing the functions described in tbevf
diagram block(s). Since the computer program icwas can be installed on a computer or other
programmable data processing device, the instmgtibat perform a series of operational steps en th
computer or other programmable data processingedwicreate a computer-executable process, ahd tha
perform the computer or other programmable dategaging device, can also provide steps for perfaymi
the functions described in the flowchart block(s).
[0034] In addition, each block can represent a mmdigdgment, or part of code that includes one aemo
executable instructions for performing a specifigital function(s). It should also be noted thasame

alternative implementation examples, the functimemntioned in the blocks can occur out of order.
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For example, two blocks shown in succession mayadlgtbe executed substantially simultaneously, or
the blocks may sometimes be executed in reverss dapending on the corresponding function.
[0035] At this time, the term 'part’ used in the préasembodiment means a software or hardware
component such as an FPGA or ASIC, and -'part’ pedeertain roles. However, -'part' is not limited t
software or hardware. -'part' may be configureldegaon an addressable storage medium and may be
configured to reproduce one or more processorgeftre, as an example, -'part’ includes components
such as software components, object-oriented sata@nponents, class components, and task
components, and processes, functions, propertiesegures, subroutines, segments of program code,
drivers, firmware, microcode, memory, data, databadata structures, tables, arrays, and variabies.
functions provided in the components and -'pargg/ e combined into a smaller number of components
and -'parts' or further separated into additionatonents and -'parts'. In addition, the components and
'‘parts' may be implemented to play one or more CRltse device or the secure multimedia card. In
addition, in an embodiment, the -'parts' may inclade or more processors.
[0036]Wireless communication systems are evolvinghfpoviding initial voice-oriented services to
broadband wireless communication systems that gedvigh-speed, high-quality packet data services,
such as 3GPP's HSPA (High Speed Packet Access)(lLdrigy Term Evolution or E-UTRA (Evolved
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Universal Terrestrial Radio Access)), LTE-AdvancedE-A), 3GPP2's HRPD (High Rate Packet Data),
UMB (Ultra Mobile Broadband), and IEEE's 802.16&. &ddition, the 5G or NR (new radio)
communication standard is being created as a Sterggon wireless communication system.
[0037] As a representative example of the abovediraad wireless communication system, the LTE
system adopts the OFDM (Orthogonal Frequency Dumisdultiplexing) method in the downlink (DL) and
the SC-FDMA (Single Carrier Frequency Division Mpilke Access) method in the uplink (UL). Uplink
refers to a wireless link in which a terminal (UEser Equipment) or MS (Mobile Station)) transmiggad
or control signals to a base station (eNode B selstation (BS)), and downlink refers to a wirelggsin
which a base station transmits data or controladgyio a terminal. The above multiple access method
typically allocates and operates the time-frequaespurces for transmitting data or control inforiorat
to each user so that they do not overlap with e#loér, that is, so that orthogonality is establitirereby
distinguishing the data or control information ath user.
[0038] The LTE system adopts the HARQ (Hybrid AutdimdaRepeat reQuest) method in which the
physical layer retransmits the corresponding ddtenna decoding failure occurs in the initial trarssion.
The HARQ method is a method in which the receiaifies the transmitter of the decoding failure whe
the receiver fails to correctly decode the data@¥ANegative Acknowledgement) to allow the trangenit
to retransmit the data at the physical layer. Hoeiver combines the data retransmitted by theinéter

with the data that was previously decoded unsufidgsto improve data reception performance.
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If the receiver correctly decodes the data, it cangmit information (ACK; Acknowledgement) to the
transmitter to notify the transmitter of the deewgsuccess, so that the transmitter can transmwiiia¢a.
[0039] FIG. la is a diagram showing the basic stmgtf the time-frequency domain, which is a radio
resource domain in which the data or control chhisrteansmitted in the downlink in the LTE system.
[0040] In FIG. la, the horizontal axis representstiime domain, and the vertical axis represents the
frequency domain. The minimum transmitter in tmeetidomain is an OFDM symbol, and Nsymb (la-02)
OFDM symbols are combined to form one slot (la-@@)Y two slots are combined to form one subframe
(la-05). The length of the slot is 0.5ms, and th@tlerf the subframe is 1.0ms. Further, the radio &am
(la-14) is a time domain unit consisting of 10 sulvfes. The minimum transmitter in the frequency
domain is a subcarrier, and the bandwidth of thieeegystem transmission bandwidth consists otal to
of NBW (la-04) subcarriers.
[0041] The basic unit of resources in the time-fremyedomain is a resource element (la-12, Resource
Element; RE), which can be expressed by an OFDNbsyindex and a subcarrier index. A resource
block (la-08, Resource Block; RB or Physical ResewBlock; PRB) is defined as Nsymb (la-02)
consecutive OFDM symbols in the time domain and NRRBLO) consecutive subcarriers in the frequency
domain. Therefore, one RB (la-08) consists of NsymbX NREB (la-12). In general, the minimum
transmitter of data is the above RB unit. In LTEteyns, Nsymb = 7, NRB =12, and NBW and NRB are
proportional to the bandwidth of the system trassion band, but other values may be used in systems
other than LTE systems.
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The data rate increases in proportion to the nurbBBs scheduled to the terminal. The LTE system
operates by defining 6 transmission bandwidthshéncase of an FDD system that operates by dividing
the downlink and uplink by frequency, the downlinknsmission bandwidth and the uplink
transmission bandwidth may be different. The chhbardwidth indicates the RF bandwidth
corresponding to the system transmission bandwidihle la-01 shows the correspondence between the
system transmission bandwidth and the channel biatiigefined in the LTE system. For example, an
LTE system with a 10MHz channel bandwidth con$tS0 RBs in the transmission bandwidth.

[0042] [Table Ia]

Channel bandwidth
1.4 |3 5 10 |15 |20

BHhanne1 [MHz ]

Transmission bandwidth

configuration g

[0043]

[0044] In the case of downlink control information¢an be transmitted within the first N OFDM
symbols within the subframe. In the embodiments igeénerally {1, 2, 3}. Therefore, the N value can b
applied variably for each subframe depending oratheunt of control information to be transmitted in
the current subframe. The transmitted control im@ion can include a control channel transmission
interval indicator indicating how many OFDM symbdte control information is transmitted over,
scheduling information for downlink data or uplid&ta, and information regarding HARQ
ACK/NACK.
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[0045] In the LTE system, scheduling information downlink data or uplink data is transmitted from
the base station to the terminal through downlimktol information (DCI). DCI is defined according
various formats, and each format can indicate wdraths scheduling information for uplink data (UL
grant) or scheduling information for downlink d@2L grant), whether it is compact DCI with small
control information size, whether spatial multiglexusing multiple antennas is applied, and wheither
is DCI for power control. For example, DCI format 1, whis scheduling control information (DL grant)
for downlink data, can include at least one offtilwwing control information.

[0046] - Resource allocation type 0/1 flag: Indicatéether the resource allocation method is type 0 0
type 1. Type O allocates resources in RBG (resobiaek group) units using the bitmap method. In the
LTE system, the basic unit of scheduling is RB,chihis expressed as a time and frequency domain
resource, and RBG consists of multiple RBs, whiebdmes the basic unit of scheduling in the Type 0
method. Type 1 allocates a specific RB within tHiBER

[0047] - Resource block assignment: Indicates thealR2ated to data transmission. The resource to be
expressed is determined according to the systeiviidth and resource allocation method.

[0048] - Modulation and coding scheme (MCS): Indisdtee modulation method used for data

transmission and the size of the transport blodkclvare the data to be transmitted.
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[0049] - HARQ process number: Indicates the processoer of HARQ.
[0050] - New data indicator: Indicates whether iHBRQ initial transmission or retransmission.
[0051] - Redundancy version: Indicates the redundascsion of HARQ.
[0052] - Transmit Power Control (TPC) command for RI¥C(Physical Uplink Control CHannel):
Indicates the transmit power control command foCRHI (Physical Uplink Control CHannel).
[0053] The above DCI can be transmitted on a dowrgimksical control channel, PDCCH (Physical
downlink control channel) (or control informatidmereinafter referred to as “control informationt) o
EPDCCH (Enhanced PDCCH) (or enhanced control inftion, hereinafter referred to as “enhanced
control information”) after going through a channetiing and modulation process.
[0054] Generally, the above DCI is scrambled indepatig for each terminal with a specific RNTI
(Radio Network Temporary Identifier) (or terminal identifjex CRC (cyclic redundancy check) is added,
channel coded, and then configured as an indepeREIEDCH and transmitted. In the time domain, the

PDCCH is mapped and transmitted during the cortrahnel transmission period.

231-33



August 22, 2016

The frequency domain mapping position of the PDGEHetermined by the identifier (ID) of each
terminal, and can be transmitted by spreading thesentire system transmission band.

[0055] Downlink data can be transmitted on the PDERysical Downlink Shared Channel), which is a
physical channel for downlink data transmissione RDSCH can be transmitted after the control cHanne
transmission section, and scheduling informatiazhsas the specific mapping position in the freqyenc
domain and the modulation method are determineedoas the DCI transmitted through the PDCCH.
[0056] Among the control information constituting th€l, the base station notifies the terminal of the
modulation method applied to the PDSCH to be trattsdhand the size of the data to be transmitted
(transport block size; TBS) through the MCS. Ineambodiment, the MCS can be composed of 5 bits or
more or less bits. The above TBS corresponds teitieebefore channel coding for error correction is
applied to the data (transport block, TB) thatlihee station wants to transmit.

[0057] The modulation methods supported by the LTéEesy are QPSK (Quadrature Phase Shift
Keying), 16QAM (Quadrature Amplitude Modulationh)da64QAM, and the modulation order (Qm)
corresponds to 2, 4, and 6, respectively. Tha i)e case of QPSK modulation, 2 bits per symbal ¢

be transmitted, in the case of 16QAM modulatiohitd per symbol can be transmitted, and in the oase
64QAM modulation, 6 bits per symbol can be trantaditIn addition, modulation methods higher than
256QAM can also be used depending on system matidit

[0058] FIG. Ib is a diagram showing the basic strieetaf the time-frequency domain, which is a radio

resource area where data or control channelsamsnitted in the uplink in the LTE-A system.
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[0059] Referring to Ib, the horizontal axis represdahe time domain and the vertical axis represtiets
frequency domain. The minimum transmitter in timeetidomain is an SC-FDMA symbol (Ib-02), and
NsymbUL SC-FDMA symbols can be combined to form slo¢ (Ib-06). Further, two slots are combined
to form one subframe (Ib-05). The minimum transmittethe frequency domain is a subcarrier, and the
entire system transmission bandwidth (Ib-04) cossi$t total of NBW subcarriers. NBW can have a
value proportional to the system transmission baidiw

[0060] The basic unit of resources in the time-fremyedomain is a resource element (RE, 1b-12), which
can be defined by an SC-FDMA symbol index and aaulter index. A Resource Block Pair (LB-08; RB
pair) can be defined as NsymbUL consecutive SC-FByitabols in the time domain and NscRB
consecutive subcarriers in the frequency domaieréfore, one RB consists of NsymbUL x NscRB REs.
Generally, the minimum transmitter of data or cohimformation is an RB unit. In the case of PUCGH,
is mapped to a frequency domain correspondingR& nd transmitted during 1 subframe.

[0061] In the LTE system, the timing relationshipRt CCH or PUSCH, which is an uplink physical
channel that transmits HARQ ACK/NACK correspondiod®DSCH, which is a physical channel for
downlink data transmission, or PDCCH/EPDDCH inchgdsemi-persistent scheduling release (SPS
release), is defined. For example, in an LTE sysiparating in FDD (frequency division duplex), the
HARQ ACK/NACK corresponding to the PDCCH/EPDCCH taining the PDSCH or SPS release
transmitted in the n-4th subframe is transmittethasPUCCH or PUSCH in the nth subframe.
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[0062] In the LTE system, downlink HARQ adopts anmesyonous HARQ method in which the data
retransmission time is not fixed. That is, whenlthse station receives HARQ NACK feedback from the
terminal for the initial transmission data trangedt the base station freely determines the tresssan

time of the retransmission data by scheduling dperaFor the HARQ operation, the terminal performs
decoding of the received data, buffers the datarad®ghed to be an error, and then performs combining
with the next retransmission data.

[0063] When the terminal receives a PDSCH includiognlink data transmitted from the base station in
subframe n, it transmits uplink control informatimecluding HARQ ACK or NACK of the downlink data
to the base station in subframe n+k via PUCCH o8€H. In this case, k is defined differently
depending on the FDD or TDD (time division duplex}he LTE system and its subframe settings. For
example, in the case of the FDD LTE system, thevalas fixed to 4. On the other hand, in the aafse
the TDD LTE system, the above k can change accgitditthe subframe setting and the subframe
number.

[0064] Unlike the downlink HARQ in the LTE systemethplink HARQ adopts a synchronous HARQ
method with a fixed data transmission time. Thathie uplink/downlink timing relationship of the
PUSCH (Physical Uplink Shared Channel), which jphgsical channel for uplink data transmission, the
PDCCH (Physical Uplink Control Channel) precedipgnd the PHICH (Physical Hybrid Indicator
Channel), which is a physical channel for transngttownlink HARQACK/NACK corresponding to the
PUSCH, is fixed by the following rules.
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[0065] When the terminal receives a PDCCH includiptjink scheduling control information transmitted
from a base station in subframe n or a PRICH trattisigndownlink HARQ ACK/NACK, the terminal
transmits uplink data corresponding to the coritrf@rmation through a PUSCH in subframe n+k. Asthi
time, the k is defined differently depending on EigD or TDD (time division duplex) of the LTE systeand
its settings. For example, in the case of an FDE kystem, the k is fixed to 4. On the other handhé case
of a TDD LTE system, the k can change dependintpersubframe settings and subframe number. InEi2 F
LTE system, when the base station transmits uglaieduling approval or downlink control signal alada to
the terminal in subframe n, the terminal receivesuplink scheduling approval or downlink contrigirgl and
data in subframe n. First, if uplink scheduling mpal is received in subframe n, the terminal traits uplink
data in subframe n+4. If a downlink control sigaatl data are received in subframe n, the termiaasinits
HARQ ACK or NACK for the downlink data in subframna4. Therefore, the time that the terminal can
receive uplink scheduling approval and transmiinkpdlata or receive downlink data and prepareandmit
HARQ ACK or NACK is 3 ms corresponding to 3 subfesnThen, when the terminal receives a PRICH
carrying a downlink HARQ ACK/NACK from the base tita in subframe i, the PRICH corresponds to the
PUSCH transmitted by the terminal in subframe linkthis case, the k is defined differently depegdm the
FDD or TDD of the LTE system and its settings. Egample, in the case of an FDD LTE system, the k is
fixed to 4.
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Meanwhile, in the case of TDD LTE system, the abloean be changed according to the subframe
setting and subframe number.
[0066] FIG. le and FIG. Id illustrate how data for BB, URLLC, and mMTC, which are services
considered in 5G or NR systems, are allocated frequency-time resources.
[0067] Referring to FIG. le and FIG. Id, we can see haguency and time resources are allocated for
information transmission in each system.
[0068] First, FIG. le illustrates how data for eMBBRLLC, and mMTC are allocated from the premise
system frequency band (Ic-00). When URLLC dataD@¢ic-05, Ic-07) is generated and needs to be
transmitted while eMBB (Ic-01) and mMTC (Ic-09) deing allocated and transmitted in a specific
frequency band, the portion where eMBB (Ic-01) e TC (Ic-09) are already allocated can be
emptied, or URLLC data (Ic-03, Ic-05, Ic-07) canttansmitted without transmission. Among the above
services, since URLLC needs to reduce delay tinfid, LT data (Ic-03, Ic-05, Ic-07) can be allocated and
transmitted to a portion of the resource (Ic-0lywtich eMBB is allocated. Of course, if URLLC is
additionally allocated and transmitted in the reseuo which eMBB is allocated, eMBB data may net b
transmitted in the overlapping frequency-time reéseuand thus the transmission performance of eMBB
data may be reduced. That is, in the above casBBetlata transmission failure may occur due to
URLLC allocation.
[0069] In the Id, the entire system frequency badeDQ) can be divided and used for transmitting
services and data in each subband (Id-02, |d-0@6)dinformation related to the above subbandrsgtti
can be determined in advance, and this informat@mbe transmitted from the base station to the

terminal through upper signaling.
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Alternatively, the information related to the ab®utb-bands may be arbitrarily divided by the base
station or network node and services may be providehe terminal without separate sub-band
configuration information transmission. In FIG. ldyb-band 1d-02 is used for eMBB data transmission,
sub-band 404 is used for URLLC data transmissiod,saib-band |d-06 is used for mMMTC data
transmission.
[0070] In the entire embodiment, the length of tle@smission time interval (TTI) used for URLLC
transmission may be shorter than the length ofHeused for eMBB or mMTC transmission. In
addition, the response to information related td_UR can be transmitted faster than eMBB or mMTC,
and thus, information can be transmitted and recewith low delay.
[0071] FIG. le is a diagram illustrating the proc&s#hich one transport block is divided into mulép
code blocks and CRCs are added.
[0072] Referring to the diagram le, a transport blflek01, transport block; TB) to be transmitted in
uplink or downlink may have a CRC (le-03) addethi last or the very beginning. The CRC may have
16 bits or 24 bits or a fixed number of bits oragigble number of bits depending on channel caout;
and may be used to determine whether channel calmgccessful. The F lo-mo-key (le-01, le-03) with
TB and CRC added may be divided into several cdolekb (codeblock; CB) (le-07, le-09, le-11, le-13)
(le-05). The above code block can be divided intehkdovith a predetermined maximum size, in which
case the last code block (le-13) can be smaller dflaer code blocks, or can be adjusted to havedime

length as other code blocks by inserting 0, a randalue, or 1.
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CRCs (le-17, le-19, le-21, le-23) may be added to eattecdbove divided code blocks (le-15). The
above CRC may have 16 bits or 24 bits or a fixeslmer of bits, and may be used to determine whether
channel coding is successful or not. However, tRE{le-03) added to the above TB and the CRCs (le-
17, le-19, le-21, le-23) added to the code block bmgmitted depending on the type of channel code t
be applied to the code block. For example, if adlPlDcode, not a turbo code, is applied to the code
block, the CRCs (le-17, le-19, le-21, le-23) inseit#d each code block may be omitted. However, even
when LDPC is applied, CRCs (le-17, le-19, le-21,3%-@an be added to the code block as it is. Also,
when polar code is used, CRC can be added or anitte

[0073] FIG. 1f is a drawing showing a method of traitsng using an outer code, and FIG. Ig is a block
diagram showing the structure of a communicatisiesy using the outer code.

[0074] Referring to FIG. 1f and FIG. Ig, a method of sraitting a signal using an outer code can be
examined.

[0075] FIG. 1f shows that after one transport blacHivided into several code blocks, bits or symbols
(If-04) in the same position in each code blockeareoded with a second channel code to generaty pari
bits or symbols (If-06) (If-02). After this, CRCs cha added to each code block and parity code blocks
generated by the second channel code encoding,(If-0). The addition of the above CRC may vary
depending on the type of channel code. For examgtilen a turbo code is used as the first channed,cod
the above CRC (If-08, If-10) is added, but after thah code block and parity code block can be

encoded by the first channel code encoding.
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[0076] When the outer code is used, the data todpsmmitted passes through the second channel coding
encoder (Ig-09). The channel code used for thensecbannel coding may be, for example, Reedsolomon
code, BCH code, Raptor code, parity bit generatmufe, etc. The bits or symbols that pass through th
second channel coding encoder (Ig-09) in this wassghrough the first channel coding encoder (lg-11
The channel codes used for the first channel coidicigde Convolutional code, LDPC code, Turbo code,
Polar code, etc. When the channel-coded symbotsthasugh the channel (Ig-13) and are received by
the receiver, the receiver side can sequentiakyaip the first channel coding decoder (Ig-15) thed
second channel coding decoder (Ig-17) based oretle@ved signal. The first channel coding decoligr (
15) and the second channel coding decoder (Ig-Ivpetgorm operations corresponding to the first
channel coding encoder (Ig-11) and the second @lamding encoder (Ig-09), respectively.
[0077] On the other hand, in the channel coding btiagram where the outer code is not used, only the
first channel coding encoder (Ig-11) and the fitermnel coding decoder (Ig-05) are used in the
transmitter and receiver, respectively, and themsg@channel coding encoder and the second channel
coding decoder are not used. Even when the outler ismot used, the first channel coding encodgr (|
11) and the first channel coding decoder (Ig-0%) lba configured in the same manner as when the oute
code is used.
[0078] The eMBB service described below is callede§pservice, and data for eMBB is called Type 1
data. The Type 1 service or Type 1 data is notéichio eMBB, and may also be applied when high-

speed data transmission is required or when widkbansmission is performed.
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Also, URLLC service is called type 2 service, amtiadfor URLLC is called type 2 data. The type 2
service or type 2 data is not limited to URLLC, andy be applied to other systems that require low
latency or high reliability transmission, or thatjuire both low latency and high reliability. AlsaMTC
service is called type 3 service, and data for mNH €alled type 3 data. The above type 3 servidgpe

3 data is not limited to mMTC, and may be appleddses that require low speed, wide coverageyvor |
power. Also, when explaining an embodiment, tygefvice may be understood as including or not
including type 3 service.

[0079] The structure of the physical layer channeldu®r each type to transmit the above three sesvic
or data may be different. For example, at leastajribe length of the transmission time intervarl )T

the allocation unit of the frequency resource,dtnecture of the control channel, and the mappiethod
of the data may be different.

[0080] Although the above description is made witte¢hservices and three types of data, there may be
more types of services and corresponding datattendontents of the present invention may be agplie
in this case as well.

[0081] To describe the method and device proposéteiembodiment, the terms physical channel and
signal in the conventional LTE or LTE-A system mayused. However, the contents of the present

invention can be applied to a wireless communicasigstem other than the LTE and LTE-A systems.
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[0082] The embodiment defines the transmission acejpteon operations of the terminal and the base
station for the first type, second type, and tiyyee service or data transmission as describedealamd
proposes a specific method for operating termiredeiving different types of service or data schiedu
together within the same system. In the presemntion, the first type, second type, and third type
terminals refer to terminals receiving the firgoey second type, and third type service or datadiding,
respectively. In the embodiment, the first typertierl, the second type terminal, and the third type
terminal may be the same terminal or may be diffeterminals.

[0083] Hereinafter, an embodiment of the presentiion will be described in detail with
accompanying drawings. In addition, when it is deieed that a specific description of a related
function or configuration may unnecessarily obsaheegist of the present invention in explaining th
present invention, the detailed description thevatifoe omitted. Further, the terms described betoey
terms defined in consideration of the functionghi@ present invention, and may vary depending en th
intention or custom of the user or operator. Trarfthe definition should be made based on the
contents throughout this specification. Hereinaftee base station is a subject that performs resou
allocation of the terminal, and may be at least@iren eNode B, a Node B, a BS (Base Station), a
wireless access unit, a base station controlles,ravde on a network. The terminal may include a UE
(User Equipment), an MS (Mobile Station), a celludaone, a smartphone, a computer, or a multimedia
system capable of performing a communication fmctin the present invention, the downlink (DL)
refers to a wireless transmission path of a sigmakmitted from a base station to a terminal,taed

uplink (UL) refers to a wireless transmission patla signal transmitted from a terminal to a baagamn.
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In addition, although the embodiments of the preserention are described below using LTE or LTE-A
systems as examples, the embodiments of the priesention may be applied to other communication
systems having similar technical backgrounds onokhtypes. For example, the fifth generation n®bil
communication technology (5G, new radio, NR) depetbafter LTE-A may be included here. In
addition, the embodiments of the present inventiay be applied to other communication systems
through some maodifications within a scope that dugssignificantly deviate from the scope of the
present invention at the discretion of a persoh whilled technical knowledge.

[0084] In the present invention, the transmissioretimerval (TTI) refers to a unit in which a cortro
signal and a data signal are transmitted, or migy te a unit in which a data signal is transmittedr
example, in the downlink of an existing LTE systehe transmission time interval is a subframe, Wwhic
is a time unit of 1 ms. Meanwhile, in the uplinktbé present invention, the transmission time vratler
refers to a unit in which a control signal or aadsignal is sent, or may refer to a unit in whidhaga

signal is transmitted. The transmission time irakiw the existing LTE system uplink is a subframe,
which is the same 1 ms time unit as the downlink.

[0085] Unless otherwise specified, the shorteneddeBicribed herein may include a terminal capable of
transmitting control information, or data, or cahtinformation and data in a transmission time riveé
shorter than Ims or Ims, and the normal-TTI termimaly include a terminal capable of transmitting
control information, or data, or control informatiand data in a transmission time interval of Ims.
Meanwhile, in the present invention, the terms wrad- TTI, shortened- TTI, shortened TTI, shorter

TTI, short TTI, and s TTI have the same meaninganedused interchangeably.
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In addition, in the present invention, normal-TToymal TTI, subframe TTI, and legacy TTI have the
same meaning and are used interchangeably. Irbtheathe Ims, which is the standard for
distinguishing between shortened-TTI and normal-Tidy vary depending on the system. That is, in a
specific NR system, if the TTI is shorter than Os2mased on 0.2ms, it is shortened-TTI, and a TTI of
0.2ms can be called normal-TTI.

[0086] Meanwhile, one of the important standardgtierperformance of a cellular wireless
communication system is packet data latency. Fsmihrpose, in the LTE system, signal transmission
and reception are performed in subframe units lggaitransmission time interval (TTI) of Ims. In the
LTE system operating as described above, it mgyolssible to support a terminal (short-TTI UE) havin
a transmission time interval shorter than Ims. Meale, in the 5th generation mobile communication
system, NR, the transmission time interval canHmeter than 1 ms. Short- TTI terminals are expetted
be suitable for services such as Voice over LTEL(M®) services and remote control, where latency is
important. In addition, short-TTI terminals are egfed to be a means to realize the Internet ofgehin
(IoT), which is mission critical on a cellular basi

[0087] In addition, in the present invention, shoe®T Tl data means data transmitted on a PDSCH or
PUSCH that is transmitted and received in shortdnddinits, and normal-TT| data means data
transmitted on a PDSCH or PUSCH that is transmétedireceived in subframe units. In the present
invention, the control signal for shortened-TTI mgarcontrol signal for shortened-TTI mode operation
and is referred to as sSPDCCH, and the control sfgnaormal-TTI means a control signal for normal-

TTI mode operation.
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For example, the control signal for normal-TTI ma&yRCFICH, PRICH, PDCCH, EPDCCH, PUCCH,
etc. in the existing LTE system.

[0088] In the present invention, the terms physibalnnel and signal in the existing LTE or LTE-A
system may be used interchangeably with data draaignals. For example, PDSCH is a physical
channel through which normal-TTI data are transmjtbeit in the present invention, PDSCH may be
referred to as normal-TTI data, and sPDSCH is aipalyshannel through which shortened-TTI data are
transmitted, but in the present invention, SPDSCly tve referred to as shortened-TTI data. Similarly,
shortened-TTI data transmitted in downlink and uplinthe present invention may be referred to as
sPDSCH and sPUSCH.

[0089] Hereinafter, in the present invention, thankpscheduling approval signal and the downlinkadat
signal are referred to as the first signal. In iddj in the present invention, the uplink datansigfor the
uplink scheduling approval and the HARQ ACK/NACK the downlink data signal are referred to as the
second signal. In the present invention, amongitpeals transmitted by the base station to theitedmn

a signal that expects a response from the termarabe the first signal, and the terminal's respaignal
corresponding to the first signal can be the sesigukl. In addition, in the present invention, seevice
type of the first signal can belong to categorigshsas eMBB, mMTC, and URLLC.

[0090] Hereinafter, in the present invention, the TeRigth of the first signal means the length ofetim
during which the first signal is transmitted. Ind#&gbn, in the present invention, the TTI lengthtioé
second signal means the length of time during wthiehsecond signal is transmitted. Additionallythe
present invention, the second signal transmissmimg refers to information about when the terminal
transmits the second signal and when the baserst&teives the second signal, and may be refesred

as second signal transmission/reception timing.
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[0091] If there is no mention of a TDD system in fnesent invention, the FDD system will be generally
described. However, the method and device of thegmt invention in the FDD system can be applied to
the TDD system with a simple modification.

[0092] Hereinafter, the upper signaling in the prégarention is a signal transmission method that is
transmitted from a base station to a terminal uaidgwnlink data channel of a physical layer, onfra
terminal to a base station using an uplink datacbbof a physical layer, and may be referred tBRE
signaling or a MAC control element (CE).

[0093]

[0094] [Embodiment 1-1] .

[0095] Embodiment 1-1 describes a method of transmgit code block by adding a code block index
when transmitting a code block with reference t6.Rh, FIG. li, FIG. lj, FIG. Ik, and FIG. Im.

[0096] The diagram shows a TB divided into seveaale blocks, and then a CRC and a code block
index are added. A TB (lh-01) to be transmitted mubplink or downlink can have a CRC (Ih-03) added
to the last or the very beginning. The CRC can H#/bits or 24 bits or a fixed number of bits or a
variable number of bits depending on the channedlitions, and can be used to determine whether the
entire TB has been successfully received. A bldeiOl, 1h-03) to which a TB and a CRC are added can
be divided into several code blocks (Ih-07, |h40911, 1h-13) (Ih-05).
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The above code block can be divided by pre-detengitne maximum size, and in this case, the lagéco
block (Ih-13) can be smaller than other code blpokgan be adjusted to have the same length as oth
code blocks by inserting 0, a random value, or 1. €REG17, Ih-19, |h-21, Ih-23) can be added to each
of the above divided code blocks (Ih-15). The abGRE can have 16 bits, 24 bits, or a fixed numlber o
bits, and can be used to determine whether chaodéalg is successful. However, the CRC (Ih-03) added
to the above TB and the CRCs (Ih-17, Ih-19, Ih-B123) added to the code block can be omitted
depending on the type of channel code to be apmid¢iae code block. For example, if LDPC codes, not
turbo codes, are applied to the code blocks, th€Ch-17, 1h-19, |h-21, Ih-23) inserted into eackeo
block may be omitted. However, even when LDPC dief, the CRCs (Ih-17, Ih-19, Ih-21, 1h-23) can
be added to the code blocks as they are. Also, ahmiar code is used, the CRCs can be added or
omitted.

[0097] Afterwards, the code block index (Ih-27, Ih-#831, Ih-33) is inserted into each code block so
that transmission is possible. The code block inday be information consisting of bits of a
predetermined length, such as which order the spomrding code block is transmitted in one TB, er th
location order of the corresponding code block. &ample, if the code block index consists of 8,bit
the code block index of Ih-27 will be 00000000, tloele block index of Ih-29 will be 00000001, and Ih
31 and Ih-33 can be the values of N-1 and N conveot&ddigit binary numbers, respectively. The léngt
of the above code block index can be determineat lgast one of the upper signaling, a specifioeal
indicated by DCI, the MCS value, and the TB sizBS$J.
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[0098] After the above code block index and CRC died to the code block, channel codes such as
turbo code, LDPC code, and polar code can be applie

[0099] FIG. li is a drawing showing the location bétcode block index being added to the back of the
code block or in front of the CRC (li-27, 1i-29,31, 1i-33). Unlike the example presented in FIG.ylbu

can see that the code block index is added rigfioirt of the CRC.

[0100] In the above FIGS. Ih and li, only exampleshaf code block index being inserted at the vewgtfr
of the code block or in front of the CRC are ddsaxii, but it is not necessarily limited theretesHould

be noted that the modified example of the first edilment may be implemented by being modified to an
example in which the code block and CRC are indert¢he middle, etc.

[0101] FIG. |j is a diagram showing an example inatha code block index is masked by an XOR
operation on the CRC. After the code block ind@2T|, 1j-29, 1j-31, I]-33) is generated to have tleare
length as the CRC length, each CRC (lj-17, Ij-}21, 1j-23) is XOR-operated and can be added to the
end of the code block. According to the above mathdien the terminal decodes each channel-coded
code block and checks the CRC, it can determingheh¢he channel coding is successful by performing
an XOR operation on various code block indices.

[0102] FIG. Ik is a flowchart showing the proceduoés: base station and a terminal for a method of
determining whether to insert a code block indecoating to a higher signaling or DCI specific litda

transmitting it.
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The base station transmits to the terminal whetiercode block index is inserted using the bitdhef
upper signaling or the specific position of the OIRD2). The terminal checks the bits of the upper
signaling or the specific position of the DCI arigecks whether the code block index is inserteds{ikO
Thereafter, when transmitting data, the base statigerts the code block index, performs channel
coding, and transmits (Ik04), and the terminal &ksebe order of the code blocks or determines the
location of the data by considering the insertediedolock index when performing channel coding and
checking the data (Ik08).
[0103] FIG. Im is a drawing showing the procedurethefbase station and the terminal in the method of
transmitting and receiving by determining whethner ¢ode block index is inserted. In the present
invention, the method of inserting and transmitting code block index can be called A-type
transmission. The above A-type transmission caselaahe initial transmission in which data isffirs
transmitted, or the case where a specific transomsaode is set as upper signaling, or the caseavhe
TBS is greater than a specific value, the case evités the 1st type transmission, the 2nd type
transmission, or the 3rd type transmission, orictme where it is transmitted with a specific TTHgth,
etc. The base station prepares data to be trapsh(ith02), and determines whether it is the A-type
transmission in order to determine whether to ins@ode block (Im06). In the case of the A-type
transmission. It inserts the code block index infation, performs channel code encoding, and traasmi
(Im06), and in the case where it is not the A-typ@smission, it does not insert the code block)nde
information, and transmits the code block by chanode encoding (Im08). When the terminal prepares
to receive data, it checks Cim12) and whetherthesA-type transmission (Im16). If it is an A-type
transmission, the success or failure of decodimtgisrmined by considering the code block indexrwhe
decoding the channel code of the code block (Imas&d, if it is not an A-type transmission, the ssscer
failure of decoding is determined by assuming thatelis no code block index when decoding the
channel code of the code block (Im18).
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1) When providing artificial intelligence or a product or servitikzing artificial intelligence, an artificial
intelligence business operator must review in advance whetheratttificial intelligence is considered
high-impact artificial intelligence, and, if necessary, may retjtlee Minister of Science and ICT to
confirm whether the artificial intelligence is considered higlpamt artificial intelligence. In the present
invention, the initial transmission and retransni@s may refer to the initial transmission and
retransmission in the HARQ operation.

[0104] In the first embodiment, at least one or neoof the methods presented in FIG. |h, FIG. Ii, FIG. |j
FIG. Ik, and FIG. Im may be combined and used. #teough the present embodiment describes that
the code block index information is inserted an@thchannel code encoded and transmitted, it is not
necessarily limited to this, and it may be modifiod implemented so that the code block index
information is inserted after the channel code encoding. Meanwahile;e the present embodiment
assumes and describes the case of downlink datastrassion, the base station transmits data and the
terminal receives data, but it is not necessarily limited to.tAis a modified example of the first
embodiment, the present embodiment may be appliadlie part where the code block index
information is inserted in uplink data transmissjavhere the terminal transmits data and the base
station receives data.

[0105] [Embodiment 1-2]

[0106] Embodiment 1-2 describes a method for pravidfeedback on whether decoding of a code block
is successful or not when a receiver decodes a THemds back whether reception is successful or not
and performing the same for a code block for whietransmission has failed. The above-mentioned
receiver may be a terminal in the downlink and adagation in the uplink.
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[0107] In this embodiment, the code block indexoimhation may be a method presented in FIG. |h, FIG.
li, and FIG. lj, or may be information indicating tbeation of the code block in the TB in a modified
manner without being limited thereto. For example, tbede block index information may be arbitrarily
checked according to the order of the code bloeiduded in one TB. That is, if the initial transmission is
transmitted without including the code block indeatad 10 code blocks are transmitted in one TB when
the initial transmission is performed, the code thandex may be assigned in ascending order fraen th
code block located from the front, even though tbede block index is not included.

[0108] In this embodiment, the method in which thede block index is inserted and transmitted may
be called A-type transmission. The above A-type m@asion case may be the initial transmission in
which data is first transmitted, or the upper siding is set to a specific transmission mode, or TBS

has a specific value or more, the 1st type transiois, the 2nd type transmission, or the 3rd type
transmission, or the transmission is performed wétlspecific TTI length, etc.

[0109] The receiver may perform channel code decgdin the code blocks in the TB and feed back
failed code blocks to the transmitter. For exampiden there are 10 code blocks in one transmitted TB
the code blocks that were successfully transmittedy be mapped to 1 and the failed code blocks may
be mapped to 0, and the channel code decoding suoegsailure of each code block may be
transmitted as 10-bit information. In the above emple, if the 2nd and 5th code blocks among the 10
code blocks failed to be decoded and the remaining code blocksallesaeccessfully decoded, it may be
possible to feed back the value 1011011111 to tte$mitter. The above feedback may be transmitted
to the base station on the uplink control channeldata channel.
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Or, it may be possible to set up a code block groopsisting of M code blocks and transmit whether
the decoding is successful or not for each codelblgroup. The above code block group M may be
signaled from the base station to the terminal,tbe information of the M value may be transmitted a
DCI, or it may be automatically determined accogdio the number of code blocks included in the TBS
or TB or the system frequency band. For exampléolémvs, the number M of code blocks included in
the code block group according to the TBS may berdahed according to the TBS value of the
scheduled data.

TES | value M
TBS = 81,440 1
61,440 < TBS < 122,880 Z
122,880 < TBS < 184,320 3
154,320 < TBS < 245,760 4

[0110]

[0111] The above table describes cases where thev&B8 is less than 245,760, but it is not limited
thereto, and the M value may be defined by sinnilégs for large TBS values. As another example, it
may be determined according to the system frequbany. Let the unit of frequency resources be a
resource block. The above resource block corresptmii80 kHz and 12 subcatrriers in the LTE system,
but it may be determined differently in the NR @& System. For example, one resource block may
correspond to a frequency band corresponding t&kBiz5 The M value may vary as follows depending

on the total number of resource blocks in the systequency band.
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Total number of resource blocks of the system

frequency band B
<= 10 1
11 - 26 | 2
27 - B3 |3
B4 — 1100 4

[0112]
[0113] Meanwhile, in the above example, when the receivecks the code block index of the code
block that failed to be decoded, in the case ofyfd transmission, it can be obtained by checkirg th
code block index information included in the codedk, and in the case of non-A-type transmissitie, t
code block index information can be checked arbilyaaccording to the order of the code blocks
included in one TB. For example, if the initial samssion is transmitted without including the code
block index, and if 10 code blocks are transmittedne TB when the initial transmission is performed,
the code block index from 0 or 1 can be assigneplisatially from the code block located from the
front, although the code block index is not inclade

[0114] If the transmitter fails to transmit severabde blocks after the initial transmission of one TB, it
can transmit only the failed code blocks when resenission is performed. In the above retransmission
it is possible for the code block index informatitanbe included and transmitted when the code blask
transmitted. Therefore, when the receiver receiviga corresponding to retransmission, it determines
that it is a type A transmission, checks the cotteck index information, and performs decoding by

combining it with the initial transmission in dednd the corresponding code block.
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[0115] This embodiment describes a method in wradleceiver provides feedback on whether a code
block has been transmitted or not, and a transmittetransmits partial code blocks, but it is not
necessary to always use them in combination, ancheaay be used separately.
[0116] In the present invention, the initial transmission andaasmission may refer to the initial
transmission and retransmission in the HARQ openatio
[0117] In order to perform the above embodimentstbé present invention, a transmitter, a receiver,
and a processor of a terminal and a base stationiliustrated in FIGS. Is and 1t, respectively. From the
above-mentioned embodiments 1-1 to 1-2, a transnioisgeception method of a base station and a
terminal is shown to determine whether to insertdmblock index information and perform an
operation according to the above-mentioned embodim® and in order to perform this, the receiver,
processor, and transmitter of the base station ahd terminal must operate according to the
embodiments.
[0118] Specifically, FIG. Is is a block diagram illiistyahe internal structure of a terminal accordihg
an embodiment of the present invention. As illustratadHIG. Is, the terminal of the present invention
may include a terminal receiver (1s-00), a terminal trannitls-04), and a terminal processor (1s-02).
The terminal receiver (1s-00) and the terminal tnanitser (1s-04) may be collectively referred to as a
transceiver unit in the embodiment of the presentvéention. The transceiver unit may transmit and
receive signals with a base station. The signalsimayde control information and data. To this end,
the transceiver unit may be composed of an RF traitter that up-converts and amplifies the frequency
of a transmitted signal, an RF receiver that low-aa@mplifies a received signal, and down-converts the
frequency. In addition, the transceiver can rece@signal through a wireless channel and outpti it
the terminal processor (1s-02), and transmit a algsutput from the terminal processor (1s-02) thgiu

the wireless channel.
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The terminal processor (1s-02) can control a seriggatesses so that the terminal can operate
according to the embodiment of the present inventidescribed above. For example, when the
terminal receiver (1s-00) receives a data signahftbe base station, it decodes it depending on
whether code block index information is inserted, and therinal processor (1s-02) can be controlled
to interpret the code block index information. Thereafter, tieeminal transmitter (1s-04) performs
signal transmission and reception depending on vieetcode block index information is inserted.
[0119] FIG. 1tis a block diagram showing the iraéstructure of a base station according to an
embodiment of the present invention. As shown in.F1Gthe base station of the present invention can
include a base station receiver (It-01), a base stationgnaitter (1t-05), and a base station processor (It-
03). The base station receiver (It-01) and the bsts¢ion transmitter (It-05) may be collectively referred
to as a transceiver unit in the embodiment of theepent invention. The transceiver unit can transmit
and receive signals with the terminal. The sigmady include control information and data. To thisde
the transceiver unit may be configured with an RF transmitiat up-converts and amplifies the
frequency of a transmitted signal, an RF receivat thw-noise amplifies the received signal, and down-
converts the frequency. In addition, the transceiumit may receive a signal through a wireless cten
and output it to the base station processor (It-08hd transmit the signal output from the terminal
processor (It-03) through the wireless channel. Base station processor (It-03) may control a seoies
processes so that the base station can operate eding to the embodiment of the present invention
described above. For example, the base station procg#s08) may determine whether to insert code
block index information and control to generate @ldlock index information to be transmitted to the

terminal.
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After that, the base station transmitter (It-05) irgs and transmits the code block index, and theda
station receiver (It-01) checks the code block indexeceives the code block index feedback
information that has been successfully transmitted.

[0120] In addition, according to one embodimenttioé present invention, the base station processor
(It-03) can control to generate downlink controldanfmation (DCI) or an upper signaling signal inclgdi
the code block index information. In this case, D€l or the upper signaling can indicate whether th
scheduled signal includes the code block indexrinédion.

[0121] Meanwhile, the embodiments of the present invention disetbs this specification and
drawings are only specific examples presented to easily explaitethnical content of the present
invention and help in understanding the presentention, and are not intended to limit the scope of
the present invention. That is, it is obvious tperson having ordinary skill in the art to which the
present invention belongs that other modified exal®p based on the technical idea of the present
invention can be implemented. In addition, the abovelamdiments may be combined and operated as
needed. For example, parts of the first and secombediments of the present invention may be
combined and operated as a base station and a teamiln addition, although the above embodiments
have been presented based on the LTE system, attoglifications based on the technical ideas of the
above embodiments may be implemented in other systesuch as 5G or NR systems.

[0122] [Second embodiment]
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[0123] Efforts are being made to develop improveés Gommunication systems or pre-5G
communication systems to meet the increasing demémdwireless data traffic since the
commercialization of 4G communication systems. R teason, 5G communication systems or pre-5G
communication systems are called Beyond 4G Networkmunication systems or Post LTE systems. In
order to achieve high data transmission rates, 5G communit&ystems are being considered for
implementation in ultra-high frequency (mmWave) lisne.g., 60 gigahertz (60 GHz) bands). To
mitigate the path loss of radio waves in ultra-high frequebagds and increase the transmission
distance of radio waves, beamforming, massive MIf@.dimensional MIMO (FD-MIMO), array
antenna, analog beam-forming, and large-scale antemechrtologies are being discussed in 5G
communication systems. In addition, for improvimg thetwork of the system, the 5G communication
system is developing technologies such as advanced small celisicadvsmall cells, cloud radio access
networks (cloud RAN), ultra-dense networks, device ta@@ecommunication (D2D), wireless backhaul,
moving networks, cooperative communication, CoMBafdinated Multi-Points), and interference
cancellation. In addition, advanced coding modwat{ACM) methods such as FQAM (Hybrid FSK and
QAM Modulation) and SWSC (Sliding Window Superposition Coding), as agllanced access
technologies such as FBMC (Filter Bank Multi Carrier), NOMAo(ttmgonal multiple access), and

SCMA (sparse code multiple access) are being developed irste@isy
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[0124] Meanwhile, the Internet is evolving from a human-ceatenetwork where humans create and
consume information to an Internet of Things (lo€work where information is exchanged and
processed between distributed components such agdis. I0E (Internet of Everything) technology,
which combines loT technology with big data progags$echnology through connection to cloud
servers, is also emerging. To implement |oT, techricdédglements such as sensing technology, wireless
communication and network infrastructure, servicedrface technology, and security technology are
required, and recently, sensor networks for conniegtobjects, machine-to-machine (M2M), and
machine-type communication (MTC) technologies amd studied. In the 0T environment, intelligent
IT (Internet Technology) services can be provided tollect and analyze data generated from
connected objects to create new value for humae.libT can be applied to smart homes, smart
buildings, smatrt cities, smart cars or connectedscamart grids, healthcare, smart home appliances,
and advanced medical services through the convectgeand combination of existing IT (information
technology) technologies and various industries.
[0125] Accordingly, various attempts are being madapply 5G communication systems to 0T
networks. For example, technologies such as senstwarks, machine-to-machine (M2M), and
machine-type communication (MTC) are being impletadrby techniques such as beam forming,
MIMO, and array antennas, which are 5G communiceté&zhnologies. The application of cloud wireless
access networks (cloud RAN) as a big data proaessihnology described above can also be said to be

an example of the convergence of 5G and loT tedgiesk.
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[0126] Meanwhile, the new 5G communication, NR (New Radicsadeehnology), is designed to allow
various services to be freely multiplexed in time and frexaey resources, and accordingly,
waveform/numerology, etc., and reference signalg, €an be dynamically or freely allocated accogdin
to the needs of the corresponding service. In ortteprovide the optimal service to the terminal in
wireless communication, optimized data transmissibrough measurement of channel quality and
interference amount is important, and therefore accurate charsiatus measurement is essential.
However, unlike 4G communication where channel and interferehegacteristics do not change
significantly depending on frequency resourceghim case of 5G channels, channel and interference
characteristics change significantly depending o $ervice, so support for a subset at the FRG
(Frequency Resource Group) level is required to allow fadidg and measuring them. Meanwhile, in
the NR system, the types of services supportedlmadivided into categories such as eMBB (Enhanced
mobile broadband), mMMTC (massive Machine Type Camuations) (mMMTC), and URLLC (Ultra-Reliable
and low-latency Communications). eMBB can be seensasvice that aims for high-speed transmission
of large amounts of data, MMTC as a service thasdor minimizing terminal power and connecting
multiple terminals, and URLLC as a service that aims for highiligfiand low latency. Different
requirements can be applied depending on the type of service apmi¢iktterminal.
[0127] In this way, multiple services can be preddo users in a communication system, and in order
to provide such multiple services to users, a metlamd a device that can provide each service within

the same time period according to its characteristics amped.
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[0128] Hereinafter, embodiments of the present invention wéldescribed in detail with reference to
the attached drawings.
[0129] In describing the embodiments, descriptiafigechnical contents that are well known in the
technical field to which the present invention belongs and are natady related to the present
invention will be omitted. This is to convey the gist of theggm invention more clearly without
obscuring unnecessary explanations.
[0130] For the same reason, some components in theched drawings are exaggerated, omitted, or
schematically illustrated. In addition, the size of each congpbrloes not entirely reflect the actual
size. The same reference numbers are assignedds@ime or corresponding components in each
drawing.
[0131] The advantages and features of the preseuéntion, and the methods for achieving them, will
become clear with reference to the embodiments describedetail below together with the attached
drawings. However, the present invention is not texi to the embodiments disclosed below, but can
be implemented in various different forms, and tieesmbodiments are provided only to make the
disclosure of the present invention complete andftdly inform a person having ordinary skill in the art
to which the present invention belongs of the scapfethe invention, and the present invention is
defined only by the scope of the claims. The same refereniceerals refer to the same components

throughout the specification.
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[0132] At this time, it will be understood that dablock of the processing flow diagrams and the
combination of the flow diagrams can be performeddomputer program instructions. These computer
program instructions can be loaded onto a processioat general-purpose computer, a special-purpose
computer, or other programmable data processing ipguent, so that the instructions executed
through the processor of the computer or other pragimable data processing equipment create a
means for performing the functions described in tth@wv diagram block(s). These computer program
instructions can also be stored in a computer-avddady computer-readable memory that can be
directed to a computer or other programmable dateopessing equipment to implement the functions
in a specific manner, so that the instructions swin the computer-available or computer-readable
memory can also produce a manufactured item thaludes an instruction means for performing the
functions described in the flow diagram block(®m@uter program instructions may also be installed
on a computer or other programmable data processdogiipment, so that a series of operational steps
are performed on the computer or other programmaladlata processing equipment to produce a
computer-executable process, and the instructiohattperform the computer or other programmable
data processing equipment may also provide stepgp&forming the functions described in the
flowchart block(s).
[0133] In addition, each block may represent a miedsegment, or part of code that includes one or
more executable instructions for performing a spediogical function(s). It should also be notedttim
some alternative implementation examples, the fuiocis mentioned in the blocks may occur out of

order.

231-62



August 22, 2016

For example, two blocks shown in succession maya#lgthe executed substantially simultaneously, or
the blocks may sometimes be executed in reverseepd&pending on the corresponding function.
[0134] At this time, the term '~ part’ used in tipeesent embodiment means a software or hardware
component such as an FPGA or an ASIC, and the "pedarms certain roles. However, the '~ part' is
not limited to software or hardware. The 'part' may be dgafed to be in an addressable storage
medium and may be configured to reproduce one oreprocessors. Accordingly, as an example, the
'~ part' includes components such as software congs, object-oriented software components, class
components, and task components, and processegtifons, properties, procedures, subroutines,
segments of program code, drivers, firmware, miawe, circuits, data, databases, data structures,
tables, arrays, and variables. The functionalityyded within the components and 'parts’ may be
combined into a smaller number of components analrtp' or further separated into additional
components and 'parts'. In addition, the componeatsd 'parts' may be implemented to play one or
more CPUs within the device or secure multimedia card. Aldbe embodiment, the 'part' may include
one or more processors.

[0135] Wireless communication systems have evolved fpoowiding voice-oriented services in the
early days to broadband wireless communication eyt that provide high-speed, high-quality packet
data services, such as 3GPP's HSPA (High Speed Packst At&efLong Term Evolution or E-UTRA
(Evolved Universal Terrestrial Radio Access)), LTE-Advaided\), 3GPP2's HRPD (High Rate Packet
Data), UMB (Ultra Mobile Broadband), and IEEE's1&@2

231-63



August 22, 2016

Also, the 5G or NR (new radio) communication staddsibeing created as a 5th generation wireless
communication system.

[0136] As a representative example of the above broadband veisatemmunication system, the LTE
system adopts OFDM (Orthogonal Frequency Divisiotiplexing) method in the downlink (DL) and SC-
FDMA (Single Carrier Frequency Division Multiple Access) methoduplthle (UL). Uplink refers to a
wireless link in which a terminal (UE (User Equipment) or MS (M8tzt&n)) transmits data or control
signals to a base station (eNode B or base statio}),(Bi&d downlink refers to a wireless link in which a
base station transmits data or control signals tteeminal. The above multiple access method usually
distinguishes data or control information of eacken by allocating and operating the time-frequency
resources for transmitting data or control inforniam to each user so that they do not overlap each
other, that is, so that orthogonality is establighe

[0137] The LTE system adopts the HARQ (Hybrid AitocrRepeat reQuest) method in which the
physical layer retransmits the corresponding dataew a decoding failure occurs in the initial
transmission. The HARQ method is information that tbceiver notifies the transmitter of the decoding
failure when the receiver fails to decode the data cothg (NACK; Negative Acknowledgement) to
allow the transmitter to retransmit the data at the phical layer. The receiver combines the data
retransmitted by the transmitter with the data thdailed to be decoded previously to improve data

reception performance.
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In addition, if the receiver correctly decodes thatd, it can transmit information (ACK;
Acknowledgement) to the transmitter to notify theansmitter of the decoding success, so that the
transmitter can transmit new data.

[0138] FIG. 2a is a diagram showing the basic straaif the time-frequency domain, which is a radio
resource domain in which the data or control chahisetransmitted in the downlink in the LTE system.
[0139] In FIG. 2a, the horizontal axis represengsttime domain, and the vertical axis represents the
frequency domain. The minimum transmitter in theng& domain is an OFDM symbol, and Nsymb (2a-
02) OFDM symbols are combined to form one slot (@g-@nd two slots are combined to form one
subframe (2a-05). The length of the slot is 0.5 amg) the length of the subframe is 1.0 ms. Furthbe,
radio frame (2a-14) is a time domain unit consigtof 10 subframes. The minimum transmitter in the
frequency domain is a subcarrier, and the bandwidtiihe entire system transmission bandwidth
consists of a total of NBW (2a-04) subcarriers.

[0140] The basic unit of resources in the time-fregcy domain is a resource element (2a-12, Resource
Element; RE), which can be expressed by an OFDRo$ymlex and a subcarrier index. A resource
block (2a-08, Resource Block; RB or Physical ResBlock; PRB) is defined as Nsymb (2a-02)
consecutive OFDM symbols in the time domain and (22B.0) consecutive subcarriers in the
frequency domain. Therefore, one RB (2a-08) conefditssymb X NRB REs (2a-12). In general, the
minimum transmitter of data is the above RB unitLITE system, Nsymb =7, NRB =12, and NBW and
NRB are proportional to the bandwidth of the systé&ansmission band, but other systems other than

LTE system may use different values.
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The data rate increases in proportion to the numioéRBs scheduled to the terminal. The LTE system
operates by defining 6 transmission bandwidthsthe case of an FDD system that operates by dividing
the downlink and uplink by frequency, the downlitnansmission bandwidth and the uplink
transmission bandwidth may be different. The chanp@ndwidth indicates the RF bandwidth
corresponding to the system transmission bandwidiable 2a-Ol shows the correspondence between
the system transmission bandwidth defined in théslslystem and the channel bandwidth. For example,
an LTE system with a 10MHz channel bandwidth cansfss0 RBs in the transmission bandwidth.
[0141] [Table 2a]

Channel bandwidth
1.4 |3 ) 1o |16 20
BWChannel [MHz]

Transmission bandwidth
B 15 256 BO | 7h | 100
configuration Npp

[0142]

[0143] In the case of downlink control informatidhcan be transmitted within the first N OFDM
symbols within the subframe. In the embodiment,dNyenerally {1, 2, 3}. Therefore, the N value can b
applied variably for each subframe depending on éimeount of control information to be transmitted in
the current subframe. The transmitted control infoation can include a control channel transmission
interval indicator indicating how many OFDM symlibks control information is transmitted over,

scheduling information for downlink data or uplidita, and information about HARQ ACK/NACK.
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[0144] In the LTE system, scheduling informatiordimvnlink data or uplink data is transmitted from
the base station to the terminal through downlin&rdrol information (DCI). DCI is defined accordimg
various formats, and each format can indicate wheath is scheduling information for uplink data (UL
grant) or scheduling information for downlink dgfaL grant), whether it is compact DCI with small
control information size, whether it applies spatiaultiplexing using multiple antennas, and whetliter
is DCI for power control. For example, DCI formattich is scheduling control information (DL grant)
for downlink data, can include at least one of thédwing control information.

[0145] - Resource allocation type 0/1 flag: Indicates whetherresource allocation method is type 0 or
type 1. Type 0 allocates resources in RBG (resduomé group) units by applying the bitmap methéa.
the LTE system, the basic unit of scheduling isnREEh is expressed as a time and frequency domain
resource, and RBG is composed of multiple RBs aadnhes the basic unit of scheduling in the Type 0
method. Type 1 allocates a specific RB within the RBG.

[0146] - Resource block assignment: Indicates tBealRcated for data transmission. The resourcbdo

expressed is determined according to the systemdveidth and resource allocation method.
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[0147] - Modulation and coding scheme (MCS): IndEdlhe modulation scheme used for data
transmission and the size of the transport blockieh is the data to be transmitted.

[0148] - HARQ process number: Indicates the HARGepsmumber.

[0149] - New data indicator: Indicates whethersitHARQ initial transmission or retransmission.

[0150] - Redundancy version: Indicates the redurayaversion of HARQ.

[0151] - Transmit Power Control (TPC) command t®2®H (Physical Uplink Control CHannel): Indicates
the transmit power control command for PUCCH (Physical Uptmirol CHannel).

[0152] The above DCI can be transmitted on a dawrphysical control channel, PDCCH (Physical
downlink control channel) (or control informatiohereinafter referred to as “control information”)ro
EPDCCH (Enhanced PDCCH) (or enhanced control itornh@reinafter referred to as “enhanced
control information”) after going through a channedding and modulation process.

[0153] Generally, the above DCI is scrambled independentlafcin terminal with a specific RNTI (Radio
Network Temporary ldentifier) (or terminal idenéf), a CRC (cyclic redundancy check) is addednehan

coded, and then configured as an independent PD@Ceich terminal and transmitted.
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[0147] - Modulation and coding scheme (MCS): Indcéhe modulation scheme used for data
transmission and the size of the transport blockieh is the data to be transmitted.

[0148] - HARQ process number: Indicates the HARGepsmumber.

[0149] - New data indicator: Indicates whethersitHARQ initial transmission or retransmission.

[0150] - Redundancy version: Indicates the redurayaversion of HARQ.

[0151] - Transmit Power Control (TPC) command t82®@H (Physical Uplink Control CHannel): Indicates
the transmit power control command for PUCCH (Physical Uptinkd CHannel).

[0152] The above DCI can be transmitted on a dowrphysical control channel, PDCCH (Physical
downlink control channel) (or control information, hereinaftereakd to as “control information”) or
EPDCCH (Enhanced PDCCH) (or enhanced control itornh@reinafter referred to as “enhanced
control information”) after going through a channedding and modulation process.

[0153] Generally, the above DCI is scrambled independtartiyach terminal with a specific RNTI (Radio
Network Temporary ldentifier) (or terminal idenéf), a CRC (cyclic redundancy check) is addednehan

coded, and then configured as an independent PD@Cekich terminal and transmitted.
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In the time domain, PDCCH is mapped and transmitethg the control channel transmission period.
The frequency domain mapping position of PDCCHetedmined by the identifier (ID) of each terminal,
and can be transmitted by spreading over the esytBm transmission band.

[0154] Downlink data can be transmitted on the PDSERsical Downlink Shared Channel), which is a
physical channel for downlink data transmissionSEBI can be transmitted after the control channel
transmission period, and scheduling informatiorhsag specific mapping position and modulation
method in the frequency domain is determined baseitie DCI transmitted through the PDCCH.

[0155] Among the control information constituting th€l, the base station notifies the terminal of the
modulation method applied to the PDSCH to be trattsdhand the size of the data to be transmitted
(transport block size; TBS) through MCS. In an etibent, the MCS can be composed of 5 bits or more
or less bits. The above TBS corresponds to theb&iee channel coding for error correction is &gpl

to the data (transport block, TB) that the bastostavants to transmit.

[0156] The modulation methods supported by the LTéesy are QPSK (Quadrature Phase Shift
Keying), 16QAM (Quadrature Amplitude Modulationhda64QAM, and each modulation order
(Modulation order) (Qm) corresponds to 2, 4, ance§pectively. That is, in the case of QPSK
modulation, 2 bits per symbol can be transmittedhe case of 16QAM modulation, 4 bits per symbol,
and in the case of 64QAM modulation, 6 bits perlsghtan be transmitted. In addition, modulation
methods higher than 256 QAM can also be used depgmi system modification.
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[0157] FIG. 2b is a diagram showing the basic stmectd the time-frequency domain, which is a radio
resource domain where data or control channelsamemitted in the uplink in the LTE-A system.
[0158] Referring to FIG. 2b, the horizontal axis représéme time domain and the vertical axis
represents the frequency domain. The minimum trétesnn the time domain is an SC-FDMA symbol
(2b-02), and NsymbUL SC-FDMA symbols can be combiwefdtm one slot (2b-06). Further, two slots
are combined to form one subframe (2b-05). Themmimi transmitter in the frequency domain is a
subcarrier, and the entire system transmissionveiltial (transmission bandwidth; 2b-04) consists of a
total of NBW subcarriers. NBW can have a value prtpnal to the system transmission bandwidth.
[0159] The basic unit of resources in the time-fremyedomain is the Resource Element (RE, 2b-12),
which can be defined by the SC-FDMA symbol index ambicarrier index. A Resource Block Pair (2b-
08, Resource Block Pair; RB pair) can be defineNssnbUL consecutive SC-FDMA symbols in the
time domain and NscRB consecutive subcarriersarfriquency domain. Therefore, one RB consists of
NsymbUL x NscRB REs. Generally, the minimum trarigeniof data or control information is the RB
unit. In the case of PUCCH, it is mapped to thgdrency domain corresponding to 1 RB and transmitted
for 1 subframe.
[0160] In the LTE system, the timing relationshiglod PUCCH or PUSCH, which is an uplink physical
channel that transmits HARQ ACK/NACK correspondinghe PDSCH, which is a physical channel for
downlink data transmission, or the PDCCH/EPDDCHudmg a semi-persistent scheduling release
(SPS release), is defined. For example, in an L'BEesay that operates in FDD (frequency division
duplex), the HARQ ACK/NACK corresponding to the RC¥$ transmitted in the n-4th subframe or the
PDCCH/EPDCCH including an SPS release is transthiti¢he nth subframe as the PUCCH or PUSCH.
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[0161] In the LTE system, downlink HARQ adopts anmasyonous HARQ method in which the data
retransmission time is not fixed. That is, whenlihse station receives HARQ NACK feedback from the
terminal for the initial transmission data trangedt the base station freely determines the tresssani
time of the retransmission data through the schireglwlperation. For the HARQ operation, the terminal
performs decoding of the received data, buffersddtita determined to be an error, and then performs
combining with the next retransmission data.
[0162] When the terminal receives a PDSCH includiognlink data transmitted from the base station in
subframe n, it transmits uplink control informatimeluding the HARQ ACK or NACK of the downlink
data to the base station in subframe n+k via PUBGCPIUSCH. In this case, k is defined differently
depending on the FDD or TDD (time division duplex}Yhe LTE system and its subframe settings. For
example, in the case of the FDD LTE system, thevalias fixed to 4. On the other hand, in the aafse
the TDD LTE system, the above k can change acogitdinhe subframe setting and the subframe
number.
[0163] Unlike the downlink HARQ in the LTE systemethplink HARQ adopts a synchronous HARQ
method with a fixed data transmission time. Thathie uplink/downlink timing relationship of the
PUSCH (Physical Uplink Shared Channel), which jhgsical channel for uplink data transmission, the
PDCCH (Physical Uplink Control Channel) precedignd the PHICH (Physical Hybrid Indicator
Channel), which is a physical channel for transngtdownlink HARQACK/NACK corresponding to the
PUSCH, is fixed by the following rules.
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[0164] When the terminal receives a PDCCH includiptink scheduling control information transmitted
from a base station in subframe n or a PRICH trétisign downlink HARQ ACK/NACK, the terminal
transmits uplink data corresponding to the cortridrmation through a PUSCH in subframe n+k. Asthi
time, the k is defined differently depending on EigD or TDD (time division duplex) of the LTE syste
and its settings. For example, in the case of ab EDE system, the k is fixed to 4. On the otherdyan

the case of a TDD LTE system, the k can changentdiipg on the subframe settings and subframe
number. In the FDD LTE system, when the base statamsmits uplink scheduling approval or downlink
control signal and data to the terminal in subframtihne terminal receives the uplink schedulingrapal

or downlink control signal and data in subfram&inst, if uplink scheduling approval is received in
subframe n, the terminal transmits uplink datalibfsame n+4. If a downlink control signal and datea
received in subframe n, the terminal transmits HARCK or NACK for the downlink data in subframe
n+4. Therefore, the time that the terminal canixecaplink scheduling approval and transmit uplidta

or receive downlink data and prepare to transmiRIAACK or NACK is 3 ms corresponding to 3
subframes. Then, when the terminal receives a PRIEFing downlink HARQ ACK/NACK from the
base station in subframe i, the PRICH correspomdiset PUSCH transmitted by the terminal in subframe
i-k. In this case, k is defined differently deperglon the FDD or TDD of the LTE system and its
settings.
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For example, in the case of the FDD LTE systematimve K is fixed to 4. On the other hand, in thgec
of the TDD LTE system, the above k can be changedrding to the subframe setting and the subframe
number.

[0165] FIG. 2c and FIG. 2d illustrate how data for@Bj URLLC, and mMTC, which are services
considered in the 5G or NR system, are allocatdeguency-time resources.

[0166] Referring to FIG. 2c and FIG. 2d, we can see heguiency and time resources are allocated for
information transmission in each system.

[0167] First, FIG. 2c illustrates how data for eMBERLLC, and mMTC are allocated in the premise
system frequency band (2¢-00). When URLLC data c20-05, 2¢-07) is generated and needs to be
transmitted while eMBB (2¢c-Ol) and mMTC (2c¢c-09) arerfgeallocated and transmitted in a specific
frequency band, the already allocated portion oB&\W2c-Ol) and mMTC (2c-09) can be emptied or
URLLC data (2c-03, 2c-05, 2¢-07) can be transmittédout transmission. Among the above services,
since URLLC needs to reduce delay time, URLLC @ata03, 2c-05, 2¢-07) can be allocated and
transmitted to a portion of the resource (2c-Olwkoch eMBB is allocated. Of course, if URLLC is
additionally allocated and transmitted on resoutoeshich eMBB is allocated, eMBB data may not be
transmitted on the overlapping frequency-time resesirand thus the transmission performance of
eMBB data may be reduced. That is, in the above, &4BB data transmission failure due to URLLC

allocation may occur.
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[0168] In FIG. 2d, the entire system frequency b&wi{0) can be divided and used for transmitting
services and data in each subband (2d-02, 2d-0@6RdFhe information related to the subband
configuration can be determined in advance, argitifiormation can be transmitted from the baseostat
to the terminal through upper signaling. Alternalyy the information related to the subband can be
arbitrarily divided by the base station or netwodde to provide services to the terminal without
transmitting separate subband configuration infdimnaIn FIG. 2d-, subband 2d-02 is used for eMBB
data transmission, subband 404 is used for URLL& glansmission, and subband 2d-06 is used for
mMTC data transmission.

[0169] In the overall embodiment, the length of ttemsmission time interval (TTI) used for URLLC
transmission can be shorter than the length oTHaused for eMBB or mMTC transmission. In
addition, the response of information related td_UR can be transmitted faster than eMBB or mMTC,
and thus, information can be transmitted and reckwith low delay.

[0170] FIG. 2e is a diagram illustrating a proceswlvich one transport block is divided into seveaie
blocks and a CRC is added.

[0171] Referring to FIG. 2e, one transport block (2etfansport block; TB) to be transmitted in uplink
or downlink can have a CRC (2e-03) added to theolafirst part. The CRC can have 16 bits or 24 bit
a fixed number of bits in advance or a variable benof bits depending on channel conditions, amd ca
be used to determine whether channel coding isesstul. The appendix (2e-01, 2e-03) with TB and
CRC can be divided into several code blocks (CB}@2, 2e-09, 2e-11, 2e-13) (2e-05).
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The above code block can be divided by pre-deteéngithe maximum size; in this case, the last code
block (2e-13) can be smaller than other code blomksan be adjusted to have the same length as oth
code blocks by inserting 0, a random value, orRCE (2e-17, 2e-19, 2e-21, 2e-23) can be addectto ea
of the above divided code blocks (2e-15). The ali&iR€ can have 16 bits, 24 bits, or a fixed number of
bits, and can be used to determine whether chaodalg is successful. However, the CRC (2e-03)
added to the above TB and the CRCs (2e-17, 2eet]122e-23) added to the code block can be omitted
depending on the type of channel code to be apfi¢iue code block. For example, if LDPC codes, not
turbo codes, are applied to the code blocks, thesCRe-17, 2e-19, 2e-21, 2e-23) inserted into each code
block may be omitted. However, even if LDPC is &mblthe CRCs (2e-17, 2e-19, 2e-21, 2e-23) may be
added to the code blocks as they are. Furthepdiar code is used, the CRC may be added or amitte
[0172] FIG. 2f is a drawing illustrating a methodt@Ensmitting using an outer code, and FIG. 2g is a
block diagram illustrating the structure of a conmigation system using the outer code.

[0173] Referring to FIGS. 2f and 2g, a method of trattamgi a signal using an outer code can be
examined.

[0174] FIG. 2f shows that after one transport blscilivided into several code blocks, bits or symsbol
(2f-04) at the same position in each code block aceded with a second channel code to generate parit
bits or symbols (2f-06) (2f-02). After this, CRCs carableled to each code block and the parity code
blocks generated by the second channel code erp(2ii®8, 2f-10).
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The addition of the above CRC may vary dependinthertype of channel code. For example, if a turbo
code is used as the first channel code, the ab&@ @f-08, 2f-10) is added, but after that, each code
block and parity code block can be encoded wittfitsechannel code encoding.

[0175] If an outer code is used, the data to be tnétted passes through the second channel coding
encoder (2g-09). The channel code used for the dedmannel coding may be, for example, a Reed
solomon code, a BCH code, a Raptor code, a patigeberation code, etc. The bits or symbols tlaasp
through the second channel coding encoder (2g-0@)srway pass through the first channel coding
encoder (2g-l). The channel code used for the ¢insinnel coding may be a convolutional code, an
LDPC code, a Turbo code, a Polar code, etc. Whestiannel-coded symbols are received by the
receiver through the channel (2g-13), the recataersequentially operate the first channel coding
decoder (2g-15) and the second channel coding de¢2git7) based on the received signal. The first
channel coding decoder (2g-15) and the second cheodi@g decoder (2g-17) can perform operations
corresponding to the first channel coding encodg#ll) and the second channel coding encoder (2g09)
respectively.

[0176] On the other hand, in the channel coding btiagram where the outer code is not used, only the
first channel coding encoder (2g-Il) and the falsannel coding decoder (2g-05) are used in the
transmitter and receiver, respectively, and themsgchannel coding encoder and the second channel
coding decoder are not used. Even when the outkr isnot used, the first channel coding encodgr (2
I) and the first channel coding decoder (2g-05) ba configured in the same way as when the ootés ¢

is used.
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[0177] The eMBB service described below is callede§service, and data for eMBB is called Type 1
data. The Type 1 service or Type 1 data is notéidiio eMBB, and may also be applied when high-
speed data transmission is required or wide-batstnission is performed. In addition, URLLC service
is called Type 2 service, and data for URLLC idezhlType 2 data. The Type 2 service or Type 2 gata
not limited to URLLC, and may also be applied whan-latency time is required or high-reliability
transmission is required, or when low-latency tene high-reliability are required simultaneously in
other systems. In addition, mMTC service is callgge 3 service, and data for mMMTC is called Type 3
data. The Type 3 service or Type 3 data is notdichfo mMTC, and may be applied when low-speed or
wide coverage or low-power is required. Also, wiegplaining an embodiment, the first type servicgy ma
be understood as including or not including thedthype service.

[0178] The structure of the physical layer channeldu®r each type to transmit the above three sesvic
or data may be different. For example, at leastadrike length of the transmission time interval )T

the allocation unit of the frequency resource,dtnacture of the control channel, and the mappiethod
of the data may be different.

[0179] Although the above description is given whiheke services and three data, there may be more
types of services and corresponding data, andsrc#se, the contents of the present invention lmeay

applied.
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[0180] In order to explain the method and device pseg in the embodiment, the terms physical channel
and signal in the conventional LTE or LTE-A systeray be used. However, the content of the present
invention can be applied to a wireless communicasigstem other than the LTE and LTE-A system.
[0181] As described above, the embodiment definegr@msmission and reception operations of the
terminal and the base station for the first type,second type, and the third type service or data
transmission, and proposes a specific method feratimg terminals receiving different types of sesv

or data scheduling together in the same systethelpresent invention, the first type, the secype t

and the third type terminals refer to terminalsereing the first type, the second type, and thedthipe
service or data scheduling, respectively. In theaiiment, the first type terminal, the second type
terminal, and the third type terminal may be thmeaerminal or may be different terminals.

[0182] Hereinafter, an embodiment of the presentritiga will be described in detail with
accompanying drawings. In addition, when describirgpresent invention, if it is judged that a sfiec
description of a related function or configuratimay unnecessarily obscure the gist of the present
invention, the detailed description will be omittéa addition, the terms described below are terms
defined in consideration of the functions in thegant invention, and these may vary depending®n th
intention or custom of the user or operator. Thaefthe definition should be made based on the
contents throughout this specification. Hereinaftiee base station is an entity that performs nesou
allocation of a terminal, and may be at least dremceNode B, a Node B, a BS (Base Station), alegge

access unit, a base station controller, or a nade reetwork.
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The terminal may include a UE (User Equipment)M&h (Mobile Station), a cellular phone, a smart
phone, a computer, or a multimedia system capdlgeréorming a communication function. In the
present invention, the downlink (DL) is a wirelésssasmission path of a signal transmitted from seba
station to a terminal, and the uplink (UL) meangii@less transmission path of a signal transmiftech

a terminal to a base station. In addition, althothghembodiments of the present invention are destr
below using an LTE or LTE-A system as an examjple @gmbodiments of the present invention may be
applied to other communication systems having sintéchnical backgrounds or channel types. For
example, the fifth generation mobile communicatiechnology (5G, new radio, NR) developed after
LTE-A may be included here. In addition, the embaatits of the present invention may be applied to
other communication systems through some moditioativithin a scope that does not significantly
deviate from the scope of the present inventidghetiscretion of a person skilled in the art.

[0183] In the present invention, the transmissioretimerval (TTI) refers to a unit in which a cortro
signal and a data signal are transmitted, or mi@y te a unit in which a data signal is transmittedr
example, in the downlink of an existing LTE systdhg transmission time interval is a subframe, Wwhic
is a time unit of 1 ms. Meanwhile, in the uplinktbé present invention, the transmission time vater
refers to a unit in which a control signal or aadsignal is sent, or may refer to a unit in whidtasa

signal is transmitted. In the uplink of an existinfE system, the transmission time interval is a
subframe, which is a time unit of 1 ms, the sam#hatsof the downlink.

[0184] Unless otherwise specified, the shortened-&frhinal described may include a terminal capable
of transmitting control information, or data, om¢! information and data in a transmission time

interval shorter than Ims or Ims, and the normal{Efminal may include a terminal capable of
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transmitting control information, or data, or cahtinformation and data in a transmission time rivexe
of Ims. Meanwhile, in the present invention, shioe-TTI, shorter TTI, shortened TTI, shorter TTI,
short TTI, and sTTI have the same meaning and sed interchangeably. In addition, in the present
invention, normal-TTI, normal TTI, subframe TTIl,calegacy TTI have the same meaning and are used
interchangeably. In the above, the criterion Inrsdistinguishing between shortened-TTI and normal-T
may vary depending on the system. That is, in aiBp&R system, if TTI is shorter than 0.2 ms ldhse
on 0.2 ms, it is shortened-TTI, and TTI of 0.2 ms ba called normal-TTI.
[0185] Meanwhile, one of the important criteria foetperformance of a cellular wireless communication
system is packet data latency. To this end, inLtfe system, signal transmission and reception are
performed in subframe units with a transmissioretinterval (TTI) of Ims. In the LTE system operatin
as described above, it may be possible to suppertrdnal (short-TTI UE) with a transmission time
interval shorter than Ims. Meanwhile, in the 5tng@tion mobile communication system, NR, the
transmission time interval can be shorter than 1$hert-TTI terminals are expected to be suitabie f
services such as Voice over LTE (VoLTE) serviced @mote control, where latency is important. In
addition, short-TTI terminals are expected to lmeemns to realize the mission-critical Internet bings
(IoT) based on cellular.
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[0186] Also, in the present invention, shortened-d@idla means data transmitted on PDSCH or PUSCH
transmitted and received in shortened TTI unitg, mormal-TTI data means data transmitted on PDSCH
or PUSCH transmitted and received in subframe ulmtthe present invention, the control signal for
shortened-TTIl means a control signal for shortefi€dmode operation and is referred to as sSPDCCH,
and the control signal for normal-TTI means a cdrdignal for normalTTI mode operation. For
example, the control signal for normal-TTI can &&HRCH, PRICH, PDCCH, EPDCCH, PUCCH, etc. in
the existing LTE system.

[0187] In the present invention, the terms physibalnmel and signal in the existing LTE or LTE-A
system can be used interchangeably with data drai@ignal. For example, PDSCH is normal-TTI
Although it is a physical channel through whichadisttransmitted, in the present invention, PDS@HI ¢
be called normal-TTI data, and sPDSCH is a physicahnel through which shortened-TTI data is
transmitted, but in the present invention, sPDS@hi lee called shortened-TTI data. Similarly, in the
present invention, shortened-TTI data transmittedowwnlink and uplink are called sPDSCH and
sPUSCH.

[0188] Hereinafter, in the present invention, annkpkcheduling approval signal and a downlink data
signal are called the first signal. In additionthie present invention, an uplink data signal falink
scheduling approval and HARQ ACK/NACK for a dowrdidata signal are called the second signal. In
the present invention, among the signals transthiiyea base station to a terminal, a signal expgéi
response from the terminal can be the first sigaad, a response signal of the terminal correspgradin
the first signal can be the second signal. Add#llyn in the present invention, the service typéheffirst

signal may belong to a category such as eMBB, mMIRLLC, etc.

231-81



August 22, 2016

[0189] Hereinafter, in the present invention, the TeRigth of the first signal means the length ofetim
during which the first signal is transmitted. Alsothe present invention, the TTI length of these

signal means the length of time during which theosd signal is transmitted. Also, in the present
invention, the second signal transmission timirfgreeto information about when the terminal trartsmi

the second signal and when the base station rectiieesecond signal, and may be referred to as the
second signal transmission/reception timing.

[0190] If there is no mention of a TDD system in gresent invention, the FDD system will be generally
described. However, the method and device of teegnt invention in the FDD system may be applied to
the TDD system with a simple modification.

[0191] Hereinafter, the upper signaling in the présmrention refers to a signal transmission mettied

is transmitted from the base station to the termising a downlink data channel of the physicaklaypr
from the terminal to the base station using amlpdiata channel of the physical layer, and may la¢gso
referred to as RRC signaling or a MAC control elati€E).

[0192]

[0193] [Embodiment 2-1].

[0194] Embodiment 2-1 describes a method in whichse Istation sets and determines a signal resource
mapping method, and transmits and receives usagigimal resource mapping method when transmitting
uplink or downlink data, with reference to FIGS, 2h 2j', 2k, 2m, 2n, 20, 2p, 2s, and 2t.
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[0195] FIG. 2h is a drawing showing the appearanceasmnexample of frequency domain priority
resource allocation in the allocated frequency-tiesources (2h-02, 2h-12). In (a) of FIG. 2h, the arrow
(2h-04) shows the order in which the signals to Aegmitted are mapped. That is, the mapping is first
performed in the frequency domain from the givesotgce, and then mapping is started from the
resource located in the next time. For examplép)rof FIG. 2h, when 36 signal resources need to be
mapped and sent, the order in which the signalsnamped is shown as a number (2h-14). That is, Isigna
symbols from 1 to 36 are first mapped in the fremyedomain direction, and then mapping is staried b
moving to the next time. In the present inventite, signal mapping method shown in FIG. 2h is dalle
the F-type mapping method.

[0196] FIG. 2i is a drawing showing the appearanakamnexample of time domain priority resource
allocation in the allocated frequency-time resosi@-02, 2i-12). In (a) of FIG. 2i, the arrow (2i-04)
shows the order in which the signals to be trartechiare mapped. That is, the mapping is first peréol

in the time domain from the given resource, and thmapping is started from the resource locatetien t
frequency. For example, in (b) of FIG. 2i, when 3fhsail resources need to be mapped and sent, the orde
in which the signals are mapped is shown as a nu(@b&4). That is, signal symbols from 1 to 36 are
first mapped in the time domain direction, and theapping is started by moving to the next timehim
present invention, the signal mapping method iatstl in FIG. 2i is called the T-type mapping method
[0197] FIG. 2j is a diagram showing an example oktglemain priority resource allocation in one area
after dividing a time interval (2j-00) in which tramission is performed in an allocated frequenaeti
resource (2j-02, 2j-12) into a set number of ar@ge§, 2j-07, 2j-08). The time interval (2j-00) in wh

the above transmission is performed may be a THédaled at one time.

231-83



August 22, 2016

In addition, when dividing the time interval (2j-0@)which the above transmission is performed into
areas, the number of divided areas can be tramghirttm the base station to the terminal as a phaysi
layer signal such as upper signaling or DCI, orloanietermined according to the TTI length. For
example, if the unit of the above transmission,, 1§ 1ms, and the length of the shortened-TT! sujgabr
by the base station is 2 OFDM symbols, the aboeeasea can be an area consisting of 2 OFDM
symbols. In (a) of FIG. 2j, the arrow (2j-04) shatle order in which the signal to be transmitted is
mapped. That is, after dividing the time intervalihich the above transmission is performed invami
resource into several areas, the first area (2j0fi)st mapped to the time domain, and then thppitey
is performed in the resource located at the frequesnd when the first area mapping is completesl, t
mapping is moved to the next areas (2j-07, 2j-08) started. For example, in (b) of FIG. 2j, when 36
signal resources need to be mapped and sent,dbeinrwhich the signals are mapped is shown as a
number (2j-14). An example of (b) of FIG. 2] is atample in which the time interval during which
transmission is performed is divided into threeaard hat is, signal symbols from 1 to 36 are first
mapped in the time domain direction within the dad areas, and then move to the next frequency to
begin mapping. Afterwards, when mapping is complétethe above areas, it moves to the next area and
begins mapping again in the time domain firstha present invention, the signal mapping method
illustrated in FIG. 2j is referred to as the TDpéymapping method.
[0198] FIG. 2k is a diagram showing an example ajdency domain priority resource allocation in one
area after dividing the frequency interval (2k-@0pcated for transmission in the allocated freauyen
time resources (2k-02, 2k-12) into a set numberreés (2k-06, 2k-07, 2k-08).
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The allocated frequency section (2k-00) in whichaheve transmission is performed may be a
frequency resource scheduled at one time. In adivhen dividing the frequency section (2k-00) in
which the above transmission is performed intoargj the number of regions divided may be
transmitted from the base station to the termisa ahysical layer signal such as an upper sigmailin
DCI, or may be determined according to the allat&tequency bandwidth. For example, if 24 PRBs are
allocated based on the LTE terminal for the aboaesmission, one region may be composed of 8 PRBs.
In (a) of FIG. 2k, the arrow (2k-04) shows the ordewfrich the signals to be transmitted are mapped.
That is, after dividing the frequency section whieagsmission is performed in a given resource into
several sections, the first section (2k-06) is fingipped to the frequency domain, and then theireso
located in the next time is mapped, and when tisé ection mapping is completed, the mapping is
moved to the next sections (2k-07, 2k-08) and stafter example, in (b) of FIG. 2k, when 36 signal
resources need to be mapped and sent, the ordéidh the signals are mapped is shown as a number
(2k-14). In the example of (b) of FIG. 2k, the fregag section allocated for transmission is divideto i
three sections. That is, signal symbols from 1@ first mapped in the frequency domain directio
within the divided section, and then the mappingtasted in the next time. Afterwards, when the
mapping is completed in the above section, the img@dp moved to the next section and the mapping is
started in the frequency domain again. In the prteseention, the signal mapping method illustraited
FIG. 2k is referred to as the FDF type mapping oeth
[0199] FIG. 2m is a drawing illustrating an exampldrequency domain priority resource allocation in
one frequency-time domain after dividing a frequesection (2m-10) allocated for transmission in an
allocated frequency-time resource (2m-02, 2m-12) antixed number of regions (2m-16, 2m-17, 2m-
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18), and dividing a time section (2m-00) in whichansmission is performed into a fixed number of
regions (2m-06, 2m-07, 2m-08). The allocated frequesection (2m-10) in which the above
transmission is performed may be a frequency resoscheduled at one time. The time section (2m-00)
in which the above transmission is performed mag B&1 scheduled at one time. In addition, when
dividing the frequency section (2m10) in which #i®ve transmission is performed into regions, the
number of divided regions may be transmitted fromhase station to the terminal as a physical layer
signal such as upper signaling or DCI, or may lerdened according to the allocated frequency band.
For example, if 24 PRBs are allocated based ohTtieterminal for the above transmission, one region
may be composed of 8 PRBs. In addition, when digidhe time section (2m-00) in which the above
transmission is performed into regions, the nunabelivided regions may be transmitted from the base
station to the terminal as a physical layer signah as upper signaling or DCI, or may be deterchine
according to the TTI length. For example, whenuhi of the above transmission, TTI, is Ims, anel th
length of the shortened-TTI supported by the btsts is 2 OFDM symbols, the above one area may be
a section consisting of 2 OFDM symboils. In (a) 86 F2m, the arrow (2m-04) shows the order in which
the signals to be transmitted are mapped. For ebeanmp(b) of FIG. 2m, when 36 signal resourcesthee
to be mapped and transmitted, the order in whietstbnals are mapped is shown as a number (2m-14).
In the present invention, the signal mapping meiliostrated in FIG. 2m is referred to as the TFiype
mapping method.

[0200] FIG. 2n is a diagram showing an example oétdomain priority resource allocation in one
frequency-time domain, after dividing the frequemgrval (2n-10) allocated for transmission in the

allocated frequency-time resources (2n-02, 2n4it@) a fixed number of regions (2n-16, 2n-17, 2n-18),
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and dividing the time interval (2n-00) where traission is performed into a fixed number of regions
(2n-06, 2n-07, 2n-08). The allocated frequency se¢®orl0) in which the above transmission is
performed may be a frequency resource scheduledeatime. The time section (2n-00) in which the
above transmission is performed may be a TTI sdeddat one time. In addition, when dividing the
frequency section (2n10) in which the above trassion is performed into regions, the number of
divided regions may be transmitted from the bazgost to the terminal as a physical layer signahsas
upper signaling or DCI, or may be determined adogrtb the allocated frequency band. For example, i
24 PRBs are allocated based on the LTE terminghfabove transmission, one region may be
composed of 8 PRBs. In addition, when dividingtihee section (2n-00) in which the above transmission
is performed into regions, the number of dividegioas may be transmitted from the base statiohdo t
terminal as a physical layer signal such as upigeasng or DCI, or may be determined accordingi®
TTI length. For example, when the unit of the abtraasmission, TTI, is Ims, and the length of the
shortened-TTI supported by the base station is 2MDEiImbols, the above one area may be a section
consisting of 2 OFDM symboils. In (a) of FIG. 2ng thrrow (2n-04) shows the order in which the signal
to be transmitted is mapped. For example, in (BIGE. 2n, when 36 signal resources need to be ntappe
and sent, the order in which the signal is mappedhown as the number (2n-14). In the present
invention, the signal mapping method illustratedriG. 2n is called the FTDT type mapping method.
[0201] In the signal mapping method described wit®.Rh, FIG. 2i, FIG. 2j ', FIG. 2k, FIG. 2m, and
FIG. 2n, if there is a resource dimension that cabe used for data transmission, it is possiblend

the mapping of the resource dimension and maptitemext order of resource dimensions.
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In the above, the resource dimensions that carsased for data transmission may be those that are
already in use, such as reference signals, synizdat@n signals, control signals (control chanraels
control signals), broadcast signals, and channakorement signals.

[0202] Although the above-described methods for magpgata to resource dimensions in the frequency-
time domain are presented in FIGS. 2h, 2i, 2]', 22k, and 2n, they are not necessarily limited tioeré
should be noted that, as a modified example o$é&wend embodiment, the part where the control
channel is inserted may be excluded from the donaaud the like.

[0203] FIG. 20 is a diagram showing the procedura wansmitter when a base station sets a mapping
method to a terminal among signal mapping methadsuaes the set mapping method for uplink or
downlink transmission. The transmitter may be mteal in uplink and a base station in downlink. The
base station sets the method of mapping the sigriaé resource dimension for the terminal (20-08g
above setting can be set by the upper signaling Big@aling, or it can be transmitted as a spebitiof

the control signal of the physical layer duringhgmission scheduling such as DCI. Alternativelg, th
above mapping information setting can be when #ia © the first transmitted initial transmission,
when it is set by the upper signaling in a sped¢ismission mode, or when TBS has a specificevaiu
more, when it is the first type transmission, theand type transmission, or the third type transioig

or when it is transmitted with a specific TTI lehgetc. For example, in the case of the first type
transmission for eMBB having a setting where treoad type data such as URLLC is not transmitted in
the transmission, the F type mapping illustrateBI@. 2h can be used, and in the case of thetyipst
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transmission for eMBB having a setting where treosd type data such as URLLC can be transmitted,
the T type mapping illustrated in FIG. 2i can bedisAccording to the above-determined mapping
settings, data prepared for transmission is mappeesource dimension (20-06). The signal geneltaged
the above-determined mapping is transmitted (20-08)

[0204] FIG. 2p is a diagram showing the procedurihefreceiving end when the base station sets a
mapping method to the terminal among the signalpimgpmethods and uses the set mapping method for
uplink or downlink transmission. The receiving endy be the base station in the uplink and the teami
in the downlink. The base station sets a methodfpping signals to resource dimension for the
terminal (2p-02). The above-described setting magebéy the upper signaling, RRC signaling, or may
be transmitted as a specific bit of the physicg¢tacontrol signal during transmission schedulswgh as
DCI. Alternatively, the above-described mappingmiation setting may be the case where the data is
the initial transmission that is transmitted fiiwt,is set by the upper signaling in a specifiasraission
mode, or when TBS has a specific value or morés tire first type transmission, the second type
transmission, or the third type transmission, draasmitted with a specific TTI length, etc. Faample,

in the case of a first-type transmission for eMB®ing a setting in which a second-type data such as

URLLC is not transmitted in the transmission, thg/pe mapping illustrated in FIG. 2h may be used, an
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in the case of a first-type transmission for eMB#/inhg a setting in which a second-type data such as
URLLC can be transmitted, the T-type mapping illattd in FIG. 2i may be used.

[0205] In order to perform the above embodiment efghesent invention, the transmitter, receiver, and
processor of the terminal and the base stationeapeectively illustrated in FIG. 2s and FIG. 2tohder

to perform the operation described in the above-ioeatl embodiment 2-1, the transmission and
reception method of the base station and the tedrigrshown, and in order to perform this, the neze
processor, and transmitter of the base statiortteterminal must each operate according to the
embodiment.

[0206] Specifically, FIG. 2s is a block diagram ilizing the internal structure of a terminal acoogdo
an embodiment of the present invention. As illustan FIG. 2s, the terminal of the present invamti
may include a terminal receiver (2s-00), a termiraismitter (2s-04), and a terminal processor (2s-02).
The terminal receiver (2s-00) and the terminal tratism(2s-04) may be collectively referred to as a
transmitting and receiver in the embodiment offilesent invention. The transmitting and receivey ma
transmit and receive signals with the base stafibe.above signal may include control information a
data. To this end, the transceiver may be confiywi¢h an RF transmitter that up-converts and anaslif
the frequency of a transmitted signal, an RF rexdivat low-noise amplifies the received signal, and
down-converts the frequency. In addition, the trangr may receive a signal through a wireless celann
and output it to the terminal processor (2s-02), teenasmit the signal output from the terminal preoes
(2s-02) through the wireless channel. The terminatgssor (2s-02) may control a series of processes s
that the terminal can operate according to the eda®scribed embodiment of the present invention. Fo
example, the terminal receiver (2s-00) may extractdmmbde data from a resource dimension according

to a signal mapping method set, and the termiradgssor (2s-02) may be controlled to interpret the
mapping
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method setting information. After that, the termiitnansmitter (2s-04) performs signal mapping
according to the set mapping method.

[0207] FIG. 2t is a block diagram showing the intésteucture of a base station according to an
embodiment of the present invention. As shown i@.Ft, the base station of the present invention ma
include a base station receiver (2t01), a bas®staansmitter (2t-05), and a base station progcgso

03). The base station receiver (2t-01) and the s@dion transmitter (2t-05) may be collectively rede

to as a transceiver in the embodiment of the pteéseantion. The transceiver may transmit and nexei
signals with the terminal. The signals may incladatrol information and data. To this end, the
transceiver may be composed of an RF transmitggrup-converts and amplifies the frequency of a
transmitted signal, an RF receiver that low-noisglifies a received signal, and down-converts the
frequency. In addition, the transceiver can receigggnal through a wireless channel and outpuottite
base station processor (2t-03), and transmit thabmutput from the terminal processor (2t03) tigtou
the wireless channel. The base station procesti)(2an control a series of processes so thdidke
station can operate according to the embodimetiteopresent invention described above. For example,
the base station processor (2t-03) can control tardate the signal mapping method setting and
generate mapping method setting information tadesmitted to the terminal. Thereafter, when theeba
station transmitter (2t-05) transmits a downlink, sikgnal is mapped and transmitted according to the
mapping method, and the base station receiver (2t#€igxtract and decode a signal from the resource
according to the mapping method during uplink traission.
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[0208] Meanwhile, the embodiments of the presentntiga disclosed in this specification and drawings
are only specific examples presented to easilyagxphe technical contents of the present inverdian
help understand the present invention, and arentesided to limit the scope of the present invantio
That is, it is obvious to those with ordinary skillthe art pertaining to the present inventiort titaer
modified examples based on the technical ideasptlsent invention can be implemented. In addition
some of the above embodiments can be combined@erdted as needed. In addition, although the above
embodiments were presented based on the LTE systhar,modified examples based on the technical
idea of the above embodiments can be implementethar systems such as 5G or NR systems.

[0209] [Third Embodiment]

[0210] Hereinafter, embodiments of the present ineenwill be described in detail with accompanying
drawings. In addition, when it is determined thapacific description of a related known function o
configuration may unnecessarily obscure the gish@fpresent invention in explaining the present
invention, the detailed description thereof willdraitted. And the terms described below are terms
defined in consideration of the functions in thegant invention, and may vary depending on the
intention or custom of the user or operator. Tharefthe definition should be made based on the
contents throughout this specification. Hereinaftiee base station is a subject that performs resou
allocation of the terminal, and may be at least@fen eNode B, a Node B, a BS (Base Station), a
wireless access unit, a base station controlles,rayde on a network. The terminal may include a UE
(User Equipment), an MS (Mobile Station), a cellydhone, a smartphone, a computer, or a multimedia
system capable of performing a communication famctin the present invention, the downlink (DL)
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refers to a wireless transmission path of a sigaakmitted from a base station to a terminal,taed
uplink (UL) refers to a wireless transmission patla signal transmitted from a terminal to a baagam.

In addition, the embodiments of the present in@ntian be applied to other communication systems
having similar technical backgrounds or channet$yfm the embodiments of the present invention
described below. In addition, the embodiments efgtesent invention can be applied to other
communication systems through some modificatiorikinvia range that does not significantly deviate
from the scope of the present invention as judged person having skilled technical knowledge. [§211
Recently, discussions are actively underway orbBd5th Generation) system or New Radio access
technology (NR), which is the next-generation comivation system after LTE (Long Term Evolution
or E-UTRA (Evolved Universal Terrestrial Radio Accgssd LTE-A (LIE-Advanced or E-UTRA
Evolution) to handle the explosively increasing mebata traffic. While existing mobile communiaai
systems have focused on conventional voice/datartontations, the 5G system aims to satisfy various
services and requirements, such as enhanced MaroigglBand (eMBB) services for improving existing
voice/data communications, Ultra Reliable and Laatency Communication (URLLC) services, and
massive Machine Type Communication (MTC) servited support massive machine-type
communications.

[0212] While the bandwidth of the system transmis&iandwidth per single carrier of existing LTE and
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LTE-A is limited to a maximum of 20 MHz, the 5G sgist aims to provide ultra-high-speed data services
reaching several Gbps by utilizing ultra-widebantich is much wider than this. Accordingly, the 5G
system is considering ultra-high frequency bandsifseveral GHz to up to 100 GHz, where it is
relatively easy to secure ultra-wideband frequen@s candidate frequencies. In addition, it is
considering securing wideband frequencies for tAes$stem through frequency reallocation or allaati
among frequency bands from hundreds of MHz to s¢¥&Hz used in existing mobile communication
systems.

[0213] The radio waves in the above ultra-high fremyeband have wavelengths of several mm and are
also called millimeter waves (mmWave). Howevelthie ultra-high frequency band, the path loss of
radio waves increases in proportion to the frequdyand, reducing the coverage of the mobile
communication system. [0214] In order to overcoheedisadvantage of reduced coverage in the above
ultra-high frequency band, beamforming technolodyiclv focuses the radiated energy of radio waves to
a specific target point using multiple antennamtoease the reach of radio waves, is gaining itapae.
The above beamforming technology can be applieghth of the transmitter and receiver. In additmon t
the effect of increasing coverage, the beamforrteagnology has the effect of reducing interfereince
areas other than the beamforming direction. Inmfalethe above beamforming technology to operate
properly, accurate measurement and feedback medtfidds transmission/reception beams are required.
[0215] Another requirement of the 5G system is arattiw latency service in which the transmission
delay between the transmitter and receiver is aqmately Ims. As one way to reduce the transmission
delay, a frame structure design based on a sharf{Transmission Time Interval) is required compared
to LTE and LTE-A.
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TTI is the basic unit for performing schedulingdahe TTI of the existing LTE and LTE-A systems is
Ims corresponding to the length of one subframe example, a short TTI of 0.5ms, 0.2ms, O.Ims, etc.
shorter than the existing LTE and LTE-A systemgdssible to satisfy the requirements for the tltiva
delay service of the above 5G system. In the fdligvdescription, unless otherwise stated, TTI and
subframe are used interchangeably to mean a predesal fixed time interval as the basic unit of
scheduling.

[0216] Hereinafter, the frame structure of the LTH &1 E-A systems will be described with reference to
the drawings, and the design direction of the 5&esy will be described.

[0217] FIG. 3ais a drawing showing the basic stmectf the time-frequency resource area, which is a
radio resource area where data or control chamfi¢fe existing LTE and LTE-A systems are
transmitted.

[0218] In FIG. 3a, the horizontal axis representstitne domain and the vertical axis represents the
frequency domain. Uplink (UL) refers to a wirelesiklin which a terminal transmits data or control
signals to a base station, and downlink (DL) refera wireless link in which a base station trarsmata
or control signals to a terminal. The minimum trartter in the time domain of the existing LTE and
LTE-A systems is an OFDM (Orthogonal Frequency DorisMultiplexing) symbol in the downlink and
an SC-FDMA (Single Carrier-Frequency Division MulépAccess) symbol in the uplink. Nsymb (3a-02)
symbols are combined to form one slot (3a-06), amddots are combined to form one subframe (3a-
05). The length of the above slot is 0.5 ms, ardehgth of the subframe is 1.0 ms. And a radimé&a
(3a-14) is a time domain unit consisting of 10 subta.
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The minimum transmitter in the frequency domaia E5kHz subcarrier (subcarrier spacing = 15kHz),
and the bandwidth of the entire system transmidsadwidth consists of a total of NBW (3a04)
subcarriers.

[0219] The basic unit of resources in the time-fregyedomain is a resource element (3a-12, Resource
Element; RE), which can be expressed as an OFDMalar SC-FDMA symbol index and a subcarrier
index. A resource block (3a-08, Resource BlockdrBhysical Resource Block; PRB) is defined as
Nsymb (3a-02) consecutive OFDM symbols or SC-FDM#Mkwyls in the time domain and NRB (3a-10)
consecutive subcarriers in the frequency domaieréfore, one RB (3a-08) consists of Nsymb x NRB
REs (3a-12). In LTE and LTE A systems, data is mapp&B units, and the base station performs
scheduling in RB-pair units that constitute onefsare for a given terminal. The number of SC-FDMA
symbols or OFDM symbols, Nsymb, is determined leylémgth of the cyclic prefix (CP) added to each
symbol to prevent interference between symbols.ekample, if the general CP is applied, Nsymb = 7,
and if the extended CP is applied, Nsymb = 6. Ttereled CP is applied to systems with relatively
longer transmission distances than the generas@kat orthogonality between symbols can be
maintained.

[0220] The above subcarrier spacing, CP length aetcessential information for OFDM transmission
and reception, and the base station and terminai reaognize them as common values to enable smooth

transmission and reception.
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[0221] NBW and NRB are proportional to the bandwidtlthe system transmission band. The data rate
increases in proportion to the number of RBs scleetio the terminal.

[0222] The frame structure of the LTE and LTE-A systedescribed above is designed for conventional
voice/data communication, and thus has limitationscalability in satisfying various services and
requirements such as 5G systems. Therefore, iB@&ystem, it is necessary to flexibly define and
operate the frame structure by considering vargangices and requirements.

[0223] FIGS. 3b, 3c, and 3d show examples of extefrdeae structures. In the examples of FIGS. 3b,
3c, and 3d, the essential parameter set definmg@xtended frame structure includes subcarrierirspac
CP length, and subframe length.

[0224] In the early stages of the introduction of B@& system in the future, at least coexistenceuat d
mode operation with the existing LTE/LTE-A systesrekpected. Through this, the existing LTE/LTE-A
can provide stable system operation, and the 5&rsysan play a role in providing improved services.
Therefore, the extended frame structure of they&Bem needs to include at least the frame structure
essential parameter set of LTE/LTE-A. FIG. 3b shtives5G frame structure or essential parameter set,
which is the same as the frame structure of LTEAAIReferring to FIG. 3b, frame structure type A
shows that the subcarrier spacing is 15 kHz, 14bsysnconstitute an Ims subframe, and 12 subcarriers
(=180 kHz = 12 x 15 kHz) constitute a PRB.
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[0225] Figure 3c shows frame structure type B, whileeesubcarrier spacing is 30 kHz, 14 symbols form
a 0.5 ms subframe, and 12 subcarriers (=360 kH2x3@ kHz) form a PRB. That is, compared to frame
structure type A, the subcarrier spacing and PR8 aie twice as large, and the subframe length and
symbol length are twice as small.

[0226] Figure 3d shows frame structure type C, witeeesubcarrier spacing is 60 kHz, 14 symbols form
a 0.25 ms subframe, and 12 subcarriers (=720 ktH2x60 kHz) form a PRB. That is, compared to frame
structure type A, the subcarrier spacing and PR8 aie four times larger, and the subframe length a
symbol length are four times smaller.

[0227] That is, if the above frame structure typgédseralized, the essential parameter sets, such as
subcarrier spacing, CP length, and subframe lehgitye an integer multiple relationship for eacletyp
thereby providing high scalability. If the abovarfre structure types A, B, and C are compared Wwéh t
LTE frame structure in the time domain, it is aewh in FIG. 3e.

[0228] The above-mentioned frame structure typeseaspplied to various scenarios. In terms of cell
size, the longer the CP length, the larger theaagllbe supported, so frame structure type A cppastl
relatively larger cells than frame structure typesnd C. In terms of operating frequency band)dhger
the subcarrier spacing, the more advantageousat ghase nolse recovery in the high-frequency pand
so frame structure type C can support relativegjhér operating frequencies than frame structurestyp
and B.
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From a service perspective, since a shorter sulkeftangth is advantageous for supporting ultra-low
latency services such as URLLC, frame structure §ps relatively suitable for URLLC services
compared to frame structure types A and B.
[0229] In addition, a scenario in which the abovenfesstructure types are multiplexed and operated in
single system can be considered. Figure 3f shovexample in which the above frame structure types A
B, and C are multiplexed in a single system. Teaby maintaining an integer multiple relationship
between the essential parameter sets definingothvedframe structure types, resource mapping wahin
subframe or within a PRB is smoothly performed eivea multiplexed case such as Figure 3f.
[0230] [[Embodiment 3-1] Measurement gap
[0231] In order to support the mobility of the ter@linthe terminal needs to measure the radio link
quality (radio link quality) of not only the celéreinafter referred to as serving cell) to whicis i
currently connected and performing signal transimisand reception, but also other surrounding cells
The terminal reports the measured radio link quaditthe base station, and the base station refehe
radio link quality report of the terminal to detenm whether to handover the terminal to anothdnaigh
better radio link quality. The radio link qualitygasurement can be classified into intra-frequency
measurement, inter-frequency measurement, andR#&r(Radio Access Technology) measurement
methods depending on the measurement target:
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[0232] 1) Intra-frequency measurement method is aggkocahen the frequency of the serving cell of the
terminal and the cell for which the radio link gtyals to be measured are the same.

[0233] 2) Inter-frequency measurement method is appéoaben the frequency of the serving cell of the
terminal and the cell for which the radio link gtials to be measured are different.

[0234] 3) Inter-RAT measurement method is applicablemtine RAT (Radio Access Technology) of the
serving cell of the terminal and the cell for whitle radio link quality is to be measured are défe:.

RAT refers to a wireless access technology, suacwoesnunication methods such as 4G and 5G.

[0235] In the case of intra-frequency measuremeattg¢iminal does not need additional RF frequency
change (RF tuning) operation to measure the rakaguality of the cell for which it is to be measd.

In contrast, in the case of inter-frequency measargrr inter-RAT measurement, depending on the
terminal, it is necessary to change the RF frequehthe terminal to the frequency of the cell ® b
measured (RF tuning) or to change the RAT to thd RRthe cell to be measured.

[0236] Measurement gap is the time period requirednfe terminal to change the frequency or RAT and
measure the radio link quality during the intergirency measurement and inter RAT measurement.
During the measurement gap, the terminal stopsjtliek transmission operation and does not receive
the downlink signal from the serving cell. In otherrds, a service interruption occurs between the

terminal and the serving cell due to the measuréigen
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That is, a service interruption occurs betweertéhminal and the serving cell due to the measurémen
gap. FIG. 3g illustrates the measurement gap of fitesystem. In FIG. 3g, the length of the
measurement gap is 6 subframes (=6ms) from subffigrheto subframe (i+6). Therefore, the service
interruption time of the terminal lasts from thdo&ame (i+1) to the subframe (i+6).

[0237] In the case of a terminal capable of tranémgjithnd receiving only one RF or one RAT signal at
any moment, interfrequency/inter-RAT measuremepei$ormed by changing the RF or RAT during the
measurement gap time period. In addition, evertéfiminal capable of simultaneously transmitting an
receiving multiple RF or multiple RAT signals atyamoment is capable, a measurement gap is required
for interference control. For example, if theremsmeasurement gap, the uplink signal transmitjetthé
terminal to the serving cell at any moment andsilgeal of the surrounding cell that the terminahtgao
measure may interfere with each other, which mdwyce the reliability of the radio link quality
measurement. The effect of the interference may dapending on the gap between the frequency of the
serving cell and the frequency of the cell to besueed, and the RF implementation method of the
terminal.

[0238] As described above, in the early stage wherb@ system is introduced in the future, the teaiin
is expected to operate in LTE-NR coexistence orINIFEdual mode at least through the combination of
existing LTE/LTE-A and NR (LTE-NR aggregation). Dugh this, the existing LTE/LTE-A can provide
stable system operation, and the 5G system caragiale in providing improved services. The present
invention proposes a method of setting and applgingeasurement gap for a terminal that supports LTE
NR aggregation to support mobility to an LTE or Sy&tem.

231-101



August 22, 2016

The present invention proposes a method for sediimgapplying a measurement gap for a terminal
supporting LTE-NR combination to support mobilityadn LTE or NR system. Basically, it is assumed
that the LTE system and the NR system are indepersgstems and that the time synchronization
between subframes or radio frames between theystersas does not match. The system where the time
synchronization does not match is called an asymdus system.

[0239] Referring to FIG. 3h, the terminal supports thalgimation of LTE (3h-01) and NR (3h-02) which
is a frame structure type B, and the LTE systemthad\NR system indicate that the time synchrororati
between the subframes or radio frames is misalityeffset A" (3h-03). In addition, the base stati

sets a measurement gap (3h-04) corresponding tofames based on LTE to the terminal, indicating
that it corresponds to LTE subframe (i+1) to LTBfsame (i+6). However, due to the above "offset A",
the above measurement gap does not coincide vatNEhsubframe boundary. That is, the NR subframe
affected by the above measurement gap is from NiRaue (j+2) to NR subframe (j+14). Among them,
the i.11 (3h-06) section, which is part of NR sabie (j+2), and the L12 (3h-07) section, whichast pf
NR subframe (j+14), do not actually overlap witke Hibove measurement gap time section, but from the
NR system perspective, they are inevitably incluiteithe interruption time (=measurement gap + L11 +

L1 2) (3h-05), resulting in inefficiency in radio megce utilization.
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[0240] In the 3-1 embodiment, in order to resolveittaficiency of the above wireless resource
utilization, a method is proposed in which the Atl #2 sections are utilized to perform signal
transmission and reception of the terminal whery anpart of the measurement gap and the subframe
overlap. FIGS. 3i, 3j, and 3k illustrate the Al alsections, respectively, by frame structure typthe
NR system.

[0241] In Figure 3i, the terminal supports a comhborabf LTE (3i-01) and NR (3i02), which is frame
structure type A, and the LTE system and the NResyshow that the time synchronization between the
subframes or radio frames is misaligned by "offse(3i-03). In addition, the base station sets a
measurement gap (3i04) corresponding to 6 subfrévassd on the LTE standard to the terminal,
indicating that it corresponds to LTE subframe JitdlLTE subframe (i+6). And from the NR subframe
perspective, it shows that from a part of NR subfgj+1) to a part of NR subframe (j+7) overlapshwi
the above measurement gap. That is, the L11 (3p&@&)of NR subframe (j+1) and the i".12 (3i-07jtpa
of NR subframe (j+7) can perform transmission agakption operations with the NR system without
interruption. Therefore, from the NR system persipecthe interruption time (3i-05) = measuremeayp g
(3i -04).

[0242] FIG. 3j shows that the terminal supports thmlgination of LTE (3j-01) and NR (3j02) with
frame structure type B, and the LTE system and\fResystem are out of time synchronization between
subframes or radio frames by "offset A" (3j-03). Ahe base station sets a measurement gap (3j04)
corresponding to 6 subframes based on LTE to tinginal, indicating that it corresponds to LTE
subframe (i+1) to LTE subframe (i+6).
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And from the NR subframe perspective, it shows tiwah a part of NR subframe (j+2) to a part of NR
subframe (j+14) overlaps with the above measurem@nt That is, the L11 (3j-06) part of NR subframe
(j+2) and the L12 (3j-07) part of NR subframe (j+14) carfgrm transmission and reception operations
without interruption with the NR system. Therefdirem the NR system perspective, interruption time
(3j-05) = measurement gap (3j-04).

[0243] FIG. 3k shows that the terminal supports alwoation of LTE (3k-01) and NR (3k02) with frame
structure type C, and the LTE system and the NiRsyare out of time synchronization between
subframes or radio frames by "offset A" (3k-03). Ahd base station sets a measurement gap (3k04)
corresponding to 6 subframes based on LTE to tingnal, indicating that it corresponds to LTE
subframe (i+1) to LTE subframe (i+6). And from tKR subframe perspective, it indicates that a portio
of NR subframe (j+4) overlaps with the measurengamt from a portion of NR subframe (j+28). That is,
the L11 (3k-06) section, which is a portion of Nib&ame (j+4), and the L12 (3k-07) section, whichis
portion of NR subframe (j+28), allow the terminalgerform transmission and reception operations
without interruption with the NR system. Therefdirem the NR system perspective, the interruption
time (3k-05) = measurement gap (3k-04).

[0244] For convenience of explanation below, the sarhé that overlaps the beginning of the
measurement gap and some sections is called paubiiame 1, and the subframe that overlaps the end
of the measurement gap and some sections is qahtdl subframe 2.
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[0245] The terminal receives a downlink signal in fesection of the partial subframe 1 and transmits
an uplink signal in the A2 section of the partiabBame 2, thereby minimizing waste of radio resear
[0246] Whether the terminal transmits or receivegaas in the partial subframe is determined based o
whether the following condition is satisfied whesrmparing the "offset A" with the symbol or subframe
length of the NR system. As described above, thebsy length and subframe length of the NR system
vary depending on the frame structure type of tReshstem.

[0247]- Condition 1: "offset A" .C:::: 0.5 symbol

[0248]- Condition 2: "offset A" .C:::: 0.5 subframe

[0249] If condition 1 is satisfied, the terminal deténes that the LTE system and the NR system are in
time synchronization, and does not perform transimisand reception operations in the partial suhéra
(Hereinafter referred to as synchronous mode iidition 1 is not satisfied and condition 2 is sféd,

the terminal determines that the LTE system and\tResystem are not in time synchronization, and
performs signal transmission and reception in dr¢igd subframe. (Hereinafter referred to as
asynchronous mode.) As a variation of the abovelitions 1 and 2, the base station can set a
predetermined threshold value 1 instead of 0.5 s condition 1 and inform the terminal of this

through signaling, and can set a predeterminedlilotd value 2 instead of 0.5 subframes in condiion
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and inform the terminal of this through signaling.

[0250] The above "offset A" can be measured by thaitel, or determined at the base station
installation stage and notified by the base statioe terminal through signaling. If the terminal
measures "offset A", the terminal reports the mesment result to the base station so that the base
station and the terminal can recognize the sameatpae.

[0251] Alternatively, the operation in the partiabfiame can be determined according to the terrsinal’
capability and the base station settings. Sincaslgachronous mode requires additional terminal
operation more than the synchronous mode, the synobs mode can be defined as the basic operation
of the terminal, and the terminal capability thaditionally supports the asynchronous mode can be
defined. Referring to FIG. 31 below, in step 314Dk, terminal reports the terminal capability to baese
station. The terminal capability includes inforneation whether the terminal supports the asynchr®nou
mode. In step 31-02, the terminal obtains confijomainformation from the base station regarding
whether to operate in synchronous mode or asynolomode through base station signaling. In step
31-03, the terminal compares the configuration imfation obtained in step 31-02 with the terminal
capability and determines the operation in theiglestibframe according to the following decision

method.
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[0252] - Decision method 1: (Terminal capability yyashronous mode not supported or only
synchronous mode supported) & (Base station settiagynchronous mode) -] Determine as
synchronous mode and report to the base stativhbidase station setting error is

[0253] - Decision method 2: (Terminal capability yymshronous mode not supported or only
synchronous mode supported) & (Base station settisgnchronous mode) -] Determine as synchronous
mode

[0254] - Decision method 3: (Terminal capability syashronous mode supported) & (Base station
setting = synchronous mode) -] Determine as symeius mode

[0255] - Decision method 4: (Terminal capability symshronous mode supported) & (Base station
setting = asynchronous mode) -] Determine as asgnolus mode

[0256] Additionally, in the above step 31-01, thertaral includes whether a measurement gap is
required in the terminal's capability informatiamdareports it to the base station. can be repolitéae
terminal does not require a measurement gap, theegures of steps 31-02 and 31-03 above can be
omitted, and the terminal can perform radio linlalfy measurement of the surrounding cell without a
measurement gap.

[0257] Next, the method by which the base statios aegheasurement gap to the terminal is described.
The length L of the measurement gap is to inclb@eprocessing time required for cell identification
from the signal received by the terminal during itieasurement gap period, and the processing time
required for RF or RAT change of the terminal.
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And in order for the terminal to periodically messthe radio link quality of the surrounding cétie
measurement gap is repeated at a predeterminextig&gompared to the reference system. And the
measurement gap is started at a point in timeigtsgparated by the "measurement offset" within the
measurement gap period. The "measurement offsetprevent the phenomenon in which terminals in
the system simultaneously focus on measuring tfie tenk quality at a limited time by setting diffent
values for each terminal. The reference systenbeaamn LTE system or an NR system.

[0258] The length of the measurement gap, the ggetie "measurement offset” information, and the
information about the reference system are defasefixed values and used, or the base statiorssate
or all of the measurement gap-related control infdrom and notifies the terminal through signaling.
[0259] The terminal obtains the measurement gapeeledntrol information from the base station, and
then attempts to measure the radio link qualitthefsurrounding cell in the radio frame and sub&am
that satisfy the following condition A.

[0260]- Condition A:
[0261] SFN mod T = FLOOR( "measurement offset" /N);

[0262] Subframe = "measurement offset" mod N;
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[0263] T = P/10

[0264] In the above condition A, SFN is a countethef radio frame unit of the reference system,
FLOOR (x) is the largest integer not greater thaximod y is the remainder of dividing x by y, add
represents the number of subframes constitutingadie frame of the reference system.

[0265] For example, if the measurement gap-relatetr@dnformation acquired by the terminal from
the base station is P = 40ms, "measurement offs28' subframes, and the SFN of the reference system
is 2, N = 10, when calculating the above condition

[0266] T = 40/10 = 4;

[0267] SFN mod T=2mod 4 =2

[0268] FLOOR(25/10) = 2;

[0269] Subframe = 25 mod 10 = 5;

[0270] therefore, condition A is satisfied. Thattle terminal starts a measurement gap of length L a
SFN = 2 and subframe =5 of the reference systathrepeats it with a 40ms cycle.

[0271] Figure 3m shows the procedure for the termimalcquire measurement gap control information
and perform measurement. In step 3m-01, the tetragrpires measurement gap control information

from the base station.
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In step 3m-02, the terminal determines whether tasurement gap control information received from
the base station satisfies the above conditiomAd,ibso, performs radio link quality measurememntthe
surrounding cells in step 3m-03. If condition A © satisfied, the terminal performs step 3m-02 ragai
the next time.

[0272] The operation in asynchronous mode or syndusmode in the above partial subframe has been
described in relation to the measurement gap ofettminal, but the above technology can be gerreli
and applied before and after a certain radio resoarea where transmission or reception of theiteim
is restricted, similar to the measurement gap.example, the above-mentioned certain radio resource
area can be defined and allocated in advance blyase station so that a terminal supporting aa-ltv
latency service within a cell can transmit and iezsignals for a time shorter than the subframgtie.
[0273] [[Embodiment 3-2] PUSCH/PDSCH transmission/réoep

[0274] Example 3-2 describes a flexible data transoméa®ception method in an NR system. In the
existing LTE/LTE-A system, the time interval betwee transmission time of the base station control
information that schedules the uplink data transioisof the terminal and the transmission timehef t
uplink data (hereinafter referred to as scheduiiming) is applied to all terminals as the samedix
value. Similarly, in the LTE/LTE-A system, the tinmerval between the transmission time of the

downlink data of the base station and the transamgsne of the HARQ-ACK control information of the
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terminal for the downlink data (hereinafter referte as HARQ timing) is applied to all terminalstias
same fixed value.

[0275] However, in the NR system, by flexibly adjastithe scheduling timing and HARQ timing, it is
possible to support terminals requiring low-late(Clow latency) service and efficiently use radio
resources. For the flexible timing adjustmentyarig indicator k is defined, and the schedulingrtign
and HARQ timing are determined as follows.

[0276]- Scheduling timing:

[0277] Uplink data transmission time = j + TMINI + k

[0278]- HARQ timing:

[0279] Uplink HARQ-ACK control information transmissi time = j + TMIN2 + k

[0280] In the scheduling timing, j indicates a subfeain which the base station transmits control
information for scheduling the uplink data transsmos of the terminal. TMINI is the minimum time

required for a terminal to process and acquiredliteg control information received from a basdista
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[0281] In HARQ timing, j represents a subframe inebhilownlink data of a base station is transmitted.
TMINZ is the minimum time required for a terminalgrocess and acquire data received from a base
station.

[0282] And the timing indicator k can be includedhe scheduling control information of the base
station to the terminal through dynamic signalingemi-statically through upper layer signalind2§3]
Figure 3n shows flexible scheduling timing in an By®&tem. Figure 3n exemplifies the case where
TMINI = 4 (3n-01) and the base station transmitsesicting information in subframe j (3n-02). The
terminal applies the timing indicator k that theséatation signals, and if k=0, transmits uplintada
subframe j+4 (=j+4+0), and if k=l, transmits uplid&ta in subframe j+5 (=j+4+1). FIG. 3n defines the
timing indicator k as 0 or 1, but it can be defirmsdvarious values depending on the system design.
[0284] FIG. 30 shows flexible HARQ timing in an NRsssm. FIG. 30 exemplifies the case (30-02)
where TMINI = 4 (30-0l) and the base station tramsmownlink data in subframe j. The terminal
applies the timing indicator k that the base stasignals, and if k=0, transmits the uplink HARQ4AC
in subframe j+4 (=j+4+0), and if k=l, transmits thyglink HARQ-ACK control information in subframe
j+5 (5j+4+1). FIG. 30 defines the timing indicatoas 0 or 1, but it can be defined to various value

depending on the system design.
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[0285] In addition, it is necessary to define therafien when the time point at which the terminahtga

to transmit uplink data or HARQ-ACK control infortan overlaps with the measurement gap period
according to the scheduling timing and HARQ timife operation of the terminal is described below
with reference to FIGS. 3p and 3q.

[0286] FIG. 3p shows an example where the uplink ttatgsmission time point calculated according to
the scheduling timing overlaps with the measurergaptperiod (3p-06) when the base station transmits
scheduling information in subframe j (3p02). Irstbase, the terminal adjusts the uplink data
transmission time point so that it does not ovewith the measurement gap period (3p-05) by the
following method.

[0287] - Method A: Transmit immediately after the ra@@ment gap period ends (transmit in subframe
j*m in the example of FIG. 3p)

[0288] - Method B: Transmit at the point in time whee measurement gap period ends and additionally
applies the timing indicator k (transmit in subfapm if k=0 in the example of FIG. 3p, and trantsimi
subframe j+m+l if k=l)

[0289] Method A can minimize the uplink transmissdeiay of the terminal, and Method B can adjust

the timing additionally. If it is a TDD system, tkerminal transmits in the first uplink subframatth
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arrives after the point in time calculated accogdio the above methods A and B.

[0290] Figure 3q shows an example where, in the whsge the base station transmits downlink data in
subframe j (39-02), the uplink data transmissioretoalculated according to the scheduling timing
overlaps with the measurement gap period (3g-06@g#n this case, similar to the case of the above
Figure 3p, the terminal adjusts the uplink HARQ-AC#ntrol information transmission time so that it
does not overlap with the measurement gap pericording to the above Method A or Method B (3g-
05).

[0291] Figure 3r shows the terminal procedure whemtleasurement gap and the uplink data or control
information transmission time overlap accordingh® above method. In step 3r-01, the terminal reseiv
scheduling information or downlink data from theséatation. In step 3r-02, the terminal determihes
transmission time of uplink data or uplink HARQ-AKntrol information according to the scheduling
timing or HARQ timing. In step 3r-03, the terminatdrmines whether the transmission time determined
above overlaps with the measurement gap periaodddfes not overlap with the measurement gap pgeriod
in step 3r-04, the terminal maintains the transimisime determined in step 3r-02 as is, and tradtssm
uplink data or uplink HARQ-ACK control information the base station in step 3r-06. If the uplink
transmission time determined in step 3r-02 ovenlitis the measurement gap period, in step 3r-05, the
terminal adjusts the transmission time of uplinkadar uplink HARQ-ACK control information

according to method A or method B, and transmits the base station in step 3r-06.
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[0292] And, the transmission/reception timing of teeminal can be defined by combining the above
scheduling timing and the partial subframe of theve 3-1 embodiment. The following is describedhwit
reference to FIG. 3s. FIG. 3s shows that, likecthee of FIG. 3k, the terminal supports the commnat

of LTE (3s-01) and NR (3s-02) with frame structure tgheand the LTE system and the NR system are
out of time synchronization between subframes diorrames by "offset A" (3k-03). And the base
station sets a measurement gap (3s-04) correspotwdégubframes based on LTE to the terminal,
indicating that it corresponds to LTE subframe JitdlLTE subframe (i+6). And from the NR subframe
perspective, it indicates that a portion of NR salfe (j+4) to a portion of NR subframe (j+28) oapd
with the measurement gap. That is, it indicates iR subframe (j+4) is applied as partial subfraime
and NR subframe (j+28) is applied as partial sub&&. As described in the description of FIG. 3k
above, the terminal can perform transmission an€épton operations without interruption with the NR
system in the portion of partial subframes 1 atida®2 does not overlap with the measurement gap.
[0293] Under these conditions, FIG. 3s illustratease where a terminal transmits uplink data in
subframe j according to base station schedulingd®3sand the base station wants to transmit
retransmission scheduling control information fog tiplink data to the terminal in subframe j+4thaes
minimum processing time required for receiving @anocessing the uplink data of the terminal is 4

subframes. The subframe j+4 is partial subframand,since the terminal can receive a downlink $jgna
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the base station transmits retransmission schegatintrol information to the terminal in subframd |

as initially calculated. After that, the termin&bss transmitting and receiving operations to tedell
during the measurement gap period, and then pesfapiink data transmission according to the
retransmission scheduling of the base stationea¢iidl of the measurement gap. In the example of FIG
3s, the terminal transmits uplink data in partiddfseame 2 (3s-08). Therefore, the HARQ RTI (Round
Trip Time) between the initial uplink data transsis time (3s-05) of the terminal and the
retransmission uplink data transmission time is@8rames (3s-10). If the terminal does not supibert
transmission and reception operations in the patiaframe, the terminal cannot receive the
retransmission scheduling control information traitked by the base station in subframe j+4, and can
receive the retransmission scheduling control m&ttion in subframe j+29, which is the time at which
the downlink signal can be received from the béstom the fastest after the measurement gap.
Assuming that the above retransmission schedubingral information processing time of the termiisal
4 subframes, the terminal can transmit the upliaia dcheduled for retransmission in subframe j+33.
Therefore, the HARQ RTI increases to 33 subframassing transmission delay.

[0294] [Embodiment 3-3] Val id subframe for CSI measnent

[0295] Embodiment 3-3 explains a method for measurirannel status information (CSI; Channel

Status Information) of the terminal in the parsabframe. The terminal measures CSl indicating a
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downlink channel status from the CSI-RS (CSI RefeeeBignal) transmitted by the base station, and
reports it to the base station to support the sdiregloperation of the base station. The above RSis
mapped to a fixed location with a predeterminedrpsed pattern, and the accuracy of the terminal CSI
measurement depends on the mapping of the CSI-R@ jpartial subframe. The following is explained
with reference to FIG. 3t.

[0296] In the example of FIG. 3t (a), it shows thatfsame (n) (3s-01) is a partial subframe, andragfa
subframe (3s-04) and subframe (n+l) of subframefe)included in the measurement gap (3s-02). In the
case of FIG. 3t (a), it shows that the mapping 8f-RS (3s-03) within the partial subframe (3s-01) does
not overlap with the measurement gap (3s-02). Toexethe terminal can receive the CSI-RS without
loss and maintain the reliability of the CSI measoent. That is, if the mapping of the CSI-RS that t
terminal wants to measure does not overlap withmthasurement gap section of the partial subframee, t
terminal determines that the partial subframe Igl\far CSI measurement and performs CSI
measurement in the partial subframe. In contraghe case of FIG. 3t (b), the mapping of the CSI-RS
(3s-07) in the partial subframe (3s-09) overlaps withmeasurement gap (3s-06). Therefore, the
terminal determines that the partial subframevsalid for CSI measurement and does not perform CSI
measurement in the partial subframe.

[0297] FIG. 3u shows the procedure for the termioaheasure CSl according to the above method. In
step 3u-Ol, the terminal obtains CSI configuraiimiormation and measurement gap configuration
information from the base station through signaling
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CSI configuration information includes control infieation for CSI measurement of the terminal, siech a
mapping pattern of CSI-RS, transmission period, teaasmission time. Measurement gap configuration
information includes measurement gap-related cointformation, such as measurement gap length,
period, and time. In step 3u-02, the terminal deiees the CSI measurement time. The terminal can
determine the CSI measurement time by referrirntgeaCSI configuration information acquired in step
3u-0Ol and additionally the CSI report command intlideby the base station. In step 3u-03, the tedimina
determines whether the subframe n for which C& Ise measured is a partial subframe, and ifribisa
partial subframe, proceeds to step 3u-04 and pag@SI| measurement in the subframe n. If the
determination result of step 3u-03 is a partial ubg, in step 3u-05, the terminal determines whettee
CSI-RS overlaps with the measurement gap. If theRStoes not overlap with the measurement gap,
the terminal proceeds to step 3u-04 and performg@asurement in the subframe n. If the judgment
result in step 3u-05 is that the CSI-RS overlaph thie measurement gap, the terminal proceedspo ste
3u-06 and does not perform CSI measurement in thiessne n.

[0298] As a modified example of the 3-3 embodimerd,ihse station can inform the terminal of whether
CSI measurement is performed in the partial subdrémough signaling.

[0299] FIG. 3v shows a terminal transceiver accordinthe present invention. For the convenience of
explanation, the drawings and descriptions of deyitot directly related to the present inventian ar
omitted.

[0300] Referring to FIG. 3v, the terminal is composed gnsmitter (3v-04) comprising an uplink
transmission processing block (3v-01), a multiptegi8¥-02), and a transmission RF block (3v-03), a
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receiver (3v-08) comprising a downlink reception mssing block (3v-05), a demultiplexer (3v-06), and
a reception RF block (3v-07), and a control umit-(®). The control unit (3v-09) determines how to
apply the measurement gap and how to apply theapauibframe from the measurement gap control
information acquired by the terminal through thedatation signaling, and controls each of the
configuration blocks of the receiver (3v-08) fore®ing the downlink signal of the terminal and each
the configuration blocks of the transmitter (3v-@a¥) transmitting the uplink signal. [0301] In the
transmitter (3v-04) of the terminal, the uplink tsamssion processing block (3v-01) performs processes
such as channel coding and modulation to genersigmal to be transmitted. The signal generateten
uplink transmission processing block (3v-01) is fipldixed with another uplink signal by the multipéex
(3v-02), and then is signal processed in the tratisigiRF block (3v-03) and then transmitted to theeba
station.

[0302] The terminal receiver (3v-08) demultiplexesghgal received from the base station and
distributes it to each downlink receiving procegsitock. The downlink receiving processing block-(3
05) performs processes such as demodulation amthehdecoding on the downlink signal of the base
station to obtain control information or data trawtsed by the base station. The terminal receives08)
applies the output result of the downlink receivprgcessing block to the control unit (3v-09) tport
the operation of the control unit (3v09).

[0303] Meanwhile, the embodiments of the presentnitiva disclosed in this specification and drawings
are only specific examples presented to easilyagxphe technical contents of the present inverdian
help in understanding the present invention, aedat intended to limit the scope of the present

invention.
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That is, it is obvious to those skilled in the thidt other modified examples based on the techideal of
the present invention are possible. In additiochez the above embodiments can be combined and
operated as needed.

[0304] [Fourth Embodiment]

[0305] Wireless communication systems have evolveh foroviding initial voice-oriented services to
broadband wireless communication systems that geavigh-speed, high-quality packet data services,
such as, for example, 3GPP's HSPA (High Speed PAckess), LTE (Long Term Evolution or E-
UTRA (Evolved Universal Terrestrial Radio Acces$)JE Advanced (LTE-A), LTE-Pro, 3GPP2's
HRPD (High Rate Packet Data), UMB (Ultra Mobile Bdband), and IEEE's 802.16e.

[0306] As a representative example of the above arad wireless communication system, the LTE
system Adopts the OFDM (Orthogonal Frequency Dividiiultiplexing) method in the downlink (DL)
and the SC-FDMA (Single Carrier Frequency Divisionliiple Access) method in the uplink (UL). The
uplink refers to a wireless link in which a termifdE (User Equipment) or MS (Mobile Station))
transmits data or control signals to a base stdébiode B or base station (BS)), and the downlef&rs
to a wireless link in which a base station transrddta or control signals to a terminal. The above

multiple access method usually distinguishes datantrol information of each user by allocatinglan
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operating the time-frequency resources for transrgitiata or control information to each user st tha
they do not overlap each other, that is, so ththibgonality is established.

[0307] As a future communication system after LTEt1l, the 5G communication system must be able
to freely reflect various requirements of users sevice providers, so services that simultaneously
satisfy various requirements must be supportedi&er considered for the 5G communication system
include enhanced Mobile Broadband (eMBB), massiaehine type communication (mMTC), and Ultra
Reliability Low Latency Communication (URLLC).

[0308] eMBB aims to provide a data transmission tlaée is even higher than the data transmission rate
supported by existing LTE, LTE-A, or LTE-Pro. Fora@xple, in a 5G communication system, eMBB
must be able to provide a peak data rate of 20@bie downlink and a peak data rate of IOGbp$ian t
uplink from the perspective of a single base statin addition, 5G communication systems must ftevi
the maximum transmission speed while providingiticeeased user perceived data rate. To meet these
requirements, improvements in various transmisaiwhreception technologies, including more advanced
Multi Input Multi Output (MIMO) transmission techiamy, are required. In addition, while the current
LTE transmits signals using a maximum transmisb@amdwidth of 20 MHz in the 2 GHz band, 5G
communication systems can satisfy the data traissonispeed required by 5G communication systems

by using a wider frequency bandwidth than 20 MH#hia 3-6 GHz or 6 GHz or higher frequency bands.
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[0309] At the same time, mMTC is being consideresupport application services such as the Internet
of Things (loT) in 5G communication systems. mMTEguires support for large-scale terminal
connection within a cell, improved terminal covexaignproved battery life, and reduced terminal £ost
efficiently provide the Internet of Things. Sin¢etinternet of Things provides communication funasi
by attaching various sensors and various devites)$t be able to support a large number of terisina
(e.g., 1,000,000 terminals/km?2) within a cell. bddion, terminals supporting mMTC are likely to be
located in shadow areas that cells do not coveh as basements of buildings, due to the natutteeof
service, and therefore require wider coverage coatpt other services provided by 5G communication
systems. Terminals supporting mMTC must be compo$éalv-cost terminals, and since it is difficudt t
frequently replace the terminal batteries, a venglbattery life time, such as 10 to 15 yearsedgiired.
[0310] Finally, URLLC is a cellular-based wirelessronunication service used for a specific purpose
(mission-critical). For example, services sucheasate control of robots or machinery, industrial
automation, unmanaged aerial vehicles, remotehealte, and emergency alert can be considered.
Therefore, the communication provided by URLLC nyustvide very low latency and very high
reliability. For example, a service supporting URLInust satisfy an air interface latency of less &

milliseconds and have a packet error rate requin¢imfeless than 10-5.
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Therefore, for the service supporting URLLC, the$(Stem must provide a smaller Transmit Time
Interval (TTI) than other services, and at the séime, a design requirement is required to alloeate
wide resource in the frequency band to securedinability of the communication link.

[0311] The above describes the services that theob@nuinication system must provide. As described
above, in the case of eMBB, a wider frequency lihad the existing one must be used in the high
frequency band above 6 GHz to satisfy the requirgsnnat the next-generation communication system
must provide. At the same time, various servicestrha provided in the low frequency band below 6
GHz. The high frequency band above 6 GHz has alaegg path attenuation depending on the distance
between the transmitter and receiver due to itpueacy characteristics. In other words, when trseba
station transmits a signal with the same powem éivine terminal is located in the same locatithe,
reception power received by the terminal in thenHrgquency band is very small compared to the
reception power in the low frequency band. In addjtthe penetration loss of the high-frequency band
much greater than that of the low-frequency baraltduts frequency characteristics. This means that
when a high-frequency band signal passes throwggidlaor object, it experiences much greater signal
attenuation compared to the low-frequency band. &fheg, in the case of a cellular system operating i
the high-frequency band, the coverage may be mmetier than that of a system operating in the low-
frequency band. In order to fully secure systemecage in the high-frequency band, the base statidn
terminal of the high-frequency band must applydraission based on a directional beam using a multi-
antenna-array. However, when the base stationeandrtal apply transmission based on a directional
beam, the coverage can be expanded in a spectictidin, but it is difficult to transmit signals &il

directions simultaneously.
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[0312] Drawing 4a is a drawing showing a directidoe@m-based transmission considered in a high-
frequency band of 6 GHz or higher.

[0313] In Drawing 4a, a base station (4a-001) thatagas one cell can communicate with terminals 4a-
002, 4a-003, and 4a-004 within the cell. The area0faedvered by the base station (4a-001) indicates
the maximum coverage that the base station (4adiyommunicate with terminals when using an
omni-directional beam. As shown in Drawing 4a, whi@enbase station (4a001) transmits a signal using a
directional beam, the coverage can be further &szd@. In the case of high frequency bands, sirece th
target coverage cannot be achieved by using andiractional beam, a directional beam must be used.
In the drawing 4a, terminals 4a-002 and 4a-003ccammunicate with the base station (4a-001) using an
omnidirectional beam, but in the case of termirea84, the path attenuation is relatively large, so
communication with the base station (4a-001) uaim@mnidirectional beam is impossible. Therefore, a
directional beam (4a-006) must be used in the figguency band. However, although a directional
beam can improve coverage in the direction thabdaam is directed, it has a narrow beam width
compared to an omnidirectional beam, so therg®blem that communication is difficult when the

beam direction between the terminal and the bas®istdoes not exactly match. For example, since
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beam 4a-006 formed toward terminal 4a-004 in drawlimgloes not face terminals 4a-002 and 4a-003,
terminals 4a-002 and 4a-003 cannot communicatethiétibase station (4a-001) using beam 4a-006.
[0314] When a base station performs data transmissiarspecific terminal, it can form a beam for the
specific terminal before performing the data traission. The terminal can report channel status
information or a preferred beam index to the bastos, and the base station can use the informatio
reported by the terminal to form a beam when trattisig data. In addition, since uplink and downlink
are communicated using the same frequency resoimrtiese-division duplexing, the base station can
measure the channel status information of the tehtiy using the sounding reference signal transahit
by the terminal by assuming the reciprocity of wieeless channel between the terminal and the base
station, and form a beam to be used when transgidtata to the terminal.

[0315] However, additional consideration is requindten transmitting a signal transmitted for initial
connection of an idle terminal as a directionalbeBuring the initial connection process, the
synchronization signal and system information tnaitted by the terminal also need to be transmitted
based on a directional beam to secure full covetdgeever, since the base station cannot know the
existence of an idle terminal, it cannot form arbdzsed on the channel status report and measuremen
of the terminal and transmit a signal for initiahmection. Here, the signals transmitted by the bas
station for the initial connection of an idle tenai include a synchronization signal and a physical
channel for system information. The synchronizasigmal is a signal transmitted by the base stdation
allow the terminal to synchronize time and frequewih the base station and acquire a unique number
transmitted by the cell or network (e.g., cell nemfCel1l IDentification)). In addition, system
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information is information necessary for the teratito connect to the network and can be transmitied
the terminal through a broadcast channel. In agidisystem information is information required &or
terminal to access the network, and can be trateshiv the terminal through a broadcast channel. As
described above, since the base station cannot #m@presence of an idle terminal, it cannot traham
synchronization signal using a directional beanetlam the status report and measurement of the
terminal. Therefore, a beam sweeping techniqueiisghbconsidered, which forms a directional beama in
different direction at regular time intervals anantsmits it.

[0316] Drawing 4b is a drawing illustrating a metHodtransmitting a synchronization signal and syste
information based on beam sweeping.

[0317] In Drawing 4b, a physical channel (4b-002-4B)00r transmitting a synchronization signal and
system information transmitted during one synctratidon signal transmission period (4b-001) is mappe
one-to-one with one directional beam (4b007-4b-0IBg physical channel (4b-002-4b-005) for
transmitting the synchronization signal and sysigiormation can be transmitted to the terminal tigto
the same signal repeated multiple times and diitedt@ectional beams (4b007-4b-010). That is, the
synchronization signal and system information (45@6-005) can be transmitted through the directional
beams (4b-007-4b-010) in which the same signal Heereht directions. For example, the
synchronization signal and system information (82)Ccan be transmitted in the direction directedhzy
directional beam (4b007), and the synchronizatignad and system information (4b-003) can be
transmitted in the direction directed by the dii@tal beam (4b-008). As described above, by
transmitting the synchronization signal by changimgdirection of the directional beam over tinte t

base station has the advantage of securing coveradjedirections.
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However, when using beam swimming based on dinegtibeams for transmitting synchronization
signals and system information in high-frequenaydsa there is a problem that the beam can only be
formed in one direction for the entire band. Inastivords, during one synchronization signal
transmission cycle (4b-001), all frequency resosiigan only be transmitted in the same direction. In
high-frequency bands above 6 GHz, it is difficulafeply digital beamforming for generating directibn
beams due to the complexity of RF chains and ADB€)8) so analog beamforming must be applied.
Analog beamforming is a method of implementing dtiraintenna array and phase shifter in the analog
stage and controlling the direction of the directibbeam by controlling the phase shifter. In thgecof
directional beam transmission based on analog lwramfg, a directional beam is formed in the same
direction for the entire frequency band during ta@smission time unit. For this reason, it is
advantageous to multiplex the synchronization dignd system information in the frequency domain in
the frequency band above 6 GHz. That is, if thekyonization signal and system information to be
transmitted in the same direction are multiplexethie frequency domain in one time resource and
transmitted, there is an advantage of more effityiarilizing the time frequency resource. Howeuer,
the frequency band below 6 GHz, since the synchatioin signal and system information can be
transmitted using an omnidirectional beam to sefulteoverage, there is no need to consider the
method of multiplexing the synchronization signadl aystem information in the frequency domain bke
GHz. That is, in the low-frequency band below 6 Gifithe synchronization signal and system

information are multiplexed in the frequency domaire minimum frequency band that the terminal must
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support must increase, which is not desirable thackefore, the method of multiplexing the
synchronization signal and system information mtime domain is more appropriate.

[0318] [[Embodiment 4-1]

[0319] Drawing 4c is a drawing showing a structurea @hysical channel in which a synchronization
signal and system information are transmitted wihamsmitting a synchronization signal and system
information using an omnidirectional beam.

[0320] In Drawing 4c, the synchronization signal agdtem information are transmitted at a certain
periodic interval (4c-001). The synchronization sigmay be composed of a first synchronization digna
(4c-002) and a second synchronization signal (4c;08)the present invention does not exclude
including more synchronization signals. Both thistfsynchronization signal (4c-002) and the second
synchronization signal (4c-003) may include a uaigumber of a cell or network. In this case, the
terminal can perform time synchronization basedherfirst synchronization signal (4c-002) and then
acquire the cell number or network number, etanftbe first synchronization signal (4c-002) and the
second synchronization signal (4c003). Alternatiyvéie first synchronization signal (4c-002) may be
transmitted to all cells as the same signal regasdbf the base station or network unique numbehis
case, the terminal must detect the base statiangithrough the first synchronization signal (4&2pand
attempt to detect the base station or network wnigumber from the second synchronization signal (4c
003) based thereon
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When a base station transmits a synchronizatioraband system information using an omnidirectional
beam, the first synchronization signal (4c-002) #redsecond synchronization signal (4c-003) are
multiplexed in the time domain. The physical chdrfde004) transmitting the system information iscal
multiplexed in the time domain with the first symohization signal (4c-002) and the second
synchronization signal. The first synchronizatiggnal (4c-002), the second synchronization signed (4
002), and the physical channel (4c-004) transmittiiregsystem information are transmitted by shaaing
least the same frequency band.
[0321] Drawing 4d is a drawing showing a structurgirich a physical channel transmitting a
synchronization signal and system informationassmitted when transmitting a synchronization digna
and system information using a directional beam.
[0322] In Drawing 4d, the synchronization signal dmel system information are transmitted at a comstan
periodic interval (4d-001). Depending on the nundifetirectional beams used by the cell or network
within the periodic interval (4d-001) in which tegnchronization signal and system information are
transmitted, the synchronization signal and systégormation may be transmitted continuously through
directional beams having different directions. Blgachronization signal may be composed of a first
synchronization signal (4d-002) and a second symikation signal (4d-003), but the present invention
does not exclude including more synchronizationalg Both the first synchronization signal (4d-p02
and the second synchronization signal (4d-003) imelyde a unique number of the cell or network. In
this case, the terminal performs time synchromireliased on the first synchronization signal (48}00
and then acquires a cell number or network nunggerfrom the first synchronization signal (4d-002)
and the second synchronization signal (4d-003krAdtively, the first synchronization signal (4d-p02
may be transmitted to all cells as the same sigrgardless of the base station or network unicueey.
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In this case, the terminal must detect the basestaming through the first synchronization sidy(éd-
002) and attempt to detect the unique number obése station or network from the second
synchronization signal (4d-003) based thereon.firbiesynchronization signal (4d-002) and the second
synchronization signal (4d-003) are multiplexedhe frequency domain. In addition, the physical
channel (4d-004) transmitting the system infornratalso multiplexed in the time domain with tivstf
synchronization signal (4d-002) and the secondtsymszation signal (4d-003). In addition, the first
synchronization signal (4d002), the second syndhation signal (4d-003) and the physical channel
(4d004) transmitting the system information ar@sraitted at the same time.

[0323] As described above, it is desirable that ymelsronization signal transmission structure acogrd
to the omnidirectional beam according to Drawingrdtiple synchronization signals and system
information are multiplexed in the time domain. tBe other hand, it is desirable that the synchaiitn
signal transmission structure according to thectimaal beam according to Drawing 4d be multiplekxed
the frequency domain with multiple synchronizatgignals and system information. It is desirable tha
the synchronization signal transmission structemeding to the omnidirectional beam and the
synchronization signal transmission structure atiogrto the directional beam use different multkohe
methods, but it is desirable to have a structuaeithas unified as possible from the system petisge
[0324] In addition, although the above descriptiosuases that the directional beam is suitable for the
high-frequency band, when considering compatibitityhe future, initial access signal transmission
based on the directional beam is possible evemehow-frequency band, and at the same time, initial
access signal transmission based on the omnidiredtbeam may be possible even in the high-frequency
band. Therefore, it is not desirable to decide witieam-based transmission to use for the measutemen

frequency band.
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Therefore, a method is needed for the base statioriorm the terminal of which beam-based
synchronization signal is transmitted when the teafreceives the synchronization signal. The prese
invention aims to solve this problem.

[0325] According to the purpose of the present inenthe first embodiment of the present invention
proposes that the first synchronization signal thatterminal must detect first has the same siract
regardless of whether the base station transngtsythchronization signal using the forward bearther
directional beam.

[0326] If the same structure is described in detzive,

[0327] the first synchronization signal has the saalaes for the following design items regardless of
whether the base station uses the omnidirectiogeinbor the directional beam.

[0328]- Frequency band for synchronous signal trassiwom

[0329]-

[0330]-

[0331]- Subcarrier spacing
[0332]-

[0333] That is, the first synchronous signal (4cO@@ysmitted on the omnidirectional beam basis of

Frequency resource for synchronous signakirassion

Sequence length of synchronous signal

Transmission period of synchronous signal

Drawing 4c and the second synchronous signal (494#@2smitted on the directional beam basis of
Drawing 4d have the same signal, and the termemaldetect the first synchronous signal to find out
whether the base station to be connected tranamitsitial access signal based on the omnidireation

beam or the initial access signal based on thetéreal beam.
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[0334] In order for a terminal to find out which beara thitial access signal is transmitted through gisin
the first synchronization signal, the first embodirhof the present invention proposes the following
method.

[0335] 1. A method of using the index of the sequarss to transmit the first synchronization signal
differently depending on the transmission basetherdirectional beam and the transmission based on
the omnidirectional beam. At this time, the seqeeindex constituting the first synchronization sibjis
based only on the beam information used by the &tasien. For example, if the signal transmittedtfe
initial access is transmitted using the omnidi@til beam, the first synchronization signal can be
transmitted with the sequence index constitutiregfifst synchronization signal set to 0. On thesoth
hand, if the signal transmitted for the initial ass is transmitted using the directional beamfitke
synchronization signal can be transmitted withsbguence index constituting the first synchronizati
signal set to 1. This means that if a Zadoff-Chgusece is used as a sequence constituting the first
synchronization signal, the above sequence indexeanapped to the root index of the Zadoff-Chu
sequence. Or, if a Zadoff-Chu sequence is usedsaguence constituting the first synchronizatigmai,

the above sequence index can be mapped to a spaaific delay of Zadoff-Chu for the same root irde
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[0336] 2. A method of using the index of the sequarss to transmit the first synchronization signal
differently depending on the directional beam-basadsmission and the omnidirectional beam-based
transmission. At this time, the sequence index titotieg the first synchronization signal may indéu

not only the beam information used by the baséostabut also the base station unique number or
network unique value. For example, assuming thav#iues that can be transmitted in the first
synchronization signal are 0 to 5, in the caseasfamission using the omnidirectional beam, the
sequence index constituting the first synchronirasiignal may be transmitted as 0 to 2. Here, dtieeo
values 0 to 2 may be determined according to tlse btation unique number or network unique vale. |
the case of transmission using the directional hélensequence index constituting the first
synchronization signal may be transmitted as 3 tdese, one of the values 0 to 2 may be determined
according to the base station unique number orar&twnique value. This means that if a Zadoff-Chu
sequence is used as a sequence composing theyficttronization signal, the above sequence index ca
be mapped to the root index of the Zadoff-Chu segeieor can be mapped to a specific cyclic delay of
Zadoff-Chu at the same root index.

[0337] If the terminal finds out which beam the ialtaccess signal is transmitted through usingitke f
synchronization signal, it can operate differeitighe case of an omnidirectional beam and in #se ©f

a directional beam.

[0338] Figure 4e is a flowchart showing the initiatass process according to the 4-1 embodimenteof th

present invention.
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[0338] Figure 4e is a flowchart showing an initiahoection process according to the 4-1 embodiment of
the present invention.

[0339] In Figure 4e, the terminal cannot know thendmased initial information of the base station or
network to be connected in the start step (4e-0Hat is, the terminal does not have information on
whether the base station transmits the initial estion signal, the first synchronization signag #econd
synchronization signal, and the system informatisimg an omnidirectional beam.

[0340] The terminal attempts to acquire the firstcbyonization signal in step (4e-002). Since thesbas
station has the same first synchronization sigmatgire regardless of the omnidirectional bearther
directional beam, the terminal can receive the fiymchronization signal. In this step, the terrhina
performs cross-correlation on the received signal mitiftiple sequences that can be transmitted as the
first synchronization signal. The sequence withhighest correlation as a result of the cross-caticei
can be determined as the sequence transmittecelyate station. In step (4e-003), the unique nuwiber
the base station or network is acquired based®sdbhjuence detected in the previous step, and at th
same time, it is possible to determine whethebts® station or network uses an omnidirectionainbea
or a directional beam. If the terminal determirtest the base station uses a directional beam pn(4&e
003), it moves to step (4e-004). In step (4e-00W) terminal assumes that the second synchronization
signal and system information are frequency-domaittiplexed in the same time resource as the first
synchronization signal when acquiring the secomatisgonization signal and system information
thereafter, and receives the signal. In orderdeive a second synchronization signal and system
information that are frequency-domain multiplexedtioe same time resource as the first synchrooizati

signal, the terminal may need to change its Ringgstto receive signals in a wider frequency bdnacht
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when receiving the first synchronization signaljmay need to shift its RF frequency to the freqyenc
resource transmitting the second synchronizatignasiand system information. On the other hanid jsf
determined in step (4e-003) that the base stased an omnidirectional beam, the terminal moves to
step (4e-006). In step (4e006), the terminal rexedvsignal assuming that the second synchronizatio
signal and system information are time-domain rplgiied in the same frequency resource as the first
synchronization signal when acquiring the secomatisgonization signal and system information
thereafter. In order to receive the second syndéhation signal and system information that are time
domain multiplexed in the same frequency resousdaba first synchronization signal, the terminagslo
not need to change the RF frequency band or mavBREhfrequency, unlike in the case of a directional
beam, and can attempt to detect the second syrizatiom signal at a time determined based on tisé fi
synchronization signal and acquire the system imétion.

[0341] [[Embodiment 4-2]

[0342] In the first embodiment, when using an omeiclional beam, it is proposed that the first
synchronization signal, the second synchronizatignal, and the system information are transmibted
the same frequency resource and are multiplexéteitime domain. Therefore, since the first
synchronization signal and the second synchrowizagignal are transmitted on the same frequency
resource as the system information, the first syorahation signal and the second synchronizatignadi
can be used as a demodulation reference signe¢deiving the system information. That is, it ispible
to measure the channel with the first synchrorezasignal and the second synchronization signal, an
demodulate the system information based on theumnedgshannel. On the other hand, when using a
directional beam, the first synchronization sigtia¢, second synchronization signal, and the system

information are transmitted on the same time resguyut can be multiplexed in the frequency domain.
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In this case, unlike the omnidirectional beam-basaasmission, the first synchronization signal el
second synchronization signal need to be considaredier to become the reference signals for
demodulating system information. Therefore, in4k& embodiment of the present invention, a metkod i
proposed for using the first synchronization sigarad the second synchronization signal as reference
signals for demodulating system information whendirectional beam is used and the first
synchronization signal, the second synchronizagignal, and the system information are multiplexed
the frequency domain.

[0343] FIG. 4f is a drawing illustrating a method foultiplexing a synchronization signal and system
information in a system using a directional beapading to the second embodiment of the present
invention.

[0344] In FIG. 4f, it is assumed that the synchrotidzasignal and the system information are transit
within the synchronization signal transmission treacy bandwidth (4f-001). The synchronization signal
transmission frequency bandwidth (4f001) can berdehed to be the same as the minimum bandwidth
that the terminal can support. In a system usidgeztional beam according to the second embodiment
of the present invention, the first synchronizatsggnal (4f-002) can be configured by allocating
continuous subcarriers (4f-003) in the middle witthie transmission bandwidth. As shown in FIG. 4f,
there is an advantage in that filtering for crosg-elation performed in the time domain can belitated

by allocating the first synchronization signal ¢@2) to continuous subcarriers (4f-003). The second
synchronization signal (4f-005) can be allocatebawe equal intervals according to the second
synchronization signal interval (4f-005) among siacarriers (4f-003) on which the first synchrotima
signal (4f-002) is not transmitted within the maxim synchronization signal transmission bandwidth.
Here, the synchronization signal interval (4f-00&h be designed in consideration of requirememts fo

transmitting channel status or system information.

231-136



August 22, 2016

For example, when the multipath delay of the chhimoeeases, the coherence frequency in the fregguen
domain decreases, so the frequency domain spatthg esecond synchronization signal should be
further reduced. At the same time, when the muhipizlay of the channel decreases, the coherence
frequency in the frequency domain increases, s@rélgiency domain spacing of the second
synchronization signal can be further increased.

[0345] The method of mapping the second synchrowizatignal to the subcarrier can be described as
follows:

[0346] [Mathematical Formula 1]

[0347] Subcarrier number of the second synchroniaatignal = Second synchronization signal spacing
* k + Second synchronization signal offset

[0348] The subcarrier number of the second synchatiniz signal has a value between 0 and N-1. Here,
N is the number of valid subcarriers used for di@asmission in the system. k is a natural number
greater than 0, and has a value from 0 to K-1. Heis, the length of the sequence used in the second
synchronization signal. The offset of the secontthyonization signal has a value from 0 to (thesdc
synchronization signal interval - 1).

[0349] It is proposed that the offset of the secomtkronization signal is generated based on the bas
station or network unique number transmitted byfitts& synchronization signal, if the first
synchronization signal includes the unique numibén® base station or network. For example, if the
base station unique number is X, the offset ostmnd synchronization signal can be determinéd as

mod second synchronization signal interval).
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In this way, when determining the offset of thea®tsynchronization signal, since the subcarrier fo
transmitting the second synchronization signalffei@nt for each base station or network, blind
detection is required to detect the second synémtian signal, but there is an advantage in that
interference of the second synchronization sigevben base stations can be avoided when
demodulating data.

[0350] In the system information transmission con&den the present invention, when using a
transmitter multi-antenna technique such as a sfsageency block code to secure coverage and
reliability, the channel corresponding to eachgraitter antenna port must be estimated. Therefloee,
second synchronization signal must be transmitiat imultiple antenna ports. To this end, the second
synchronization signal generated according to nmaghieal expression 1 can be alternately assigned to
each antenna port. That is, when considering taugstnitter antenna ports, the method of mapping the
second synchronization signal to the subcarrierbeadescribed as follows:

[0351] [Mathematical Formula 2]

[0352] Subcarrier number of the second synchroniaatignal for the transmitter antenna port 1 =
Second synchronization signal interval * k * 2 1c8ed synchronization signal offset

[0353] Subcarrier number of the second synchroniaaignal for the transmitter antenna port 2 =

Second synchronization signal interval * (k * 2 }+1Second synchronization signal offset
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[0354] The subcarrier number of the second synchatiniz signal has a value from 0 to N-1. Here, N is
the number of valid subcarriers used for data tresson in the system. K is a natural number greate
than 0 and has a value from O to K-1. Here, Khs (ength of the sequence used in the second
synchronization signal/2). The offset of the seceyiachronization signal has a value from 0 to (the
second synchronization signal interval - 1).

[0355] If four transmitter antenna ports are congdethe method of mapping the second
synchronization signal to the subcarrier can beritesd by the following equation

[0356] [Mathematical Formula 2]

[0357] Subcarrier number of the second synchroniaagignal for the transmitter antenna port 1 =
Second synchronization signal interval * k * 4 +¢8ead synchronization signal offset

[0358] Subcarrier number of the second synchroniaagignal for the transmitter antenna port 2 =
Second synchronization signal interval * (k * 4 }-¥1Second synchronization signal offset

[0359] Subcarrier number of the second synchroniaatignal for the transmitter antenna port 3 =
Second synchronization signal interval * (k * 4 y42Second synchronization signal offset [0360]
Second synchronization signal for the transmittgemna port 4 Subcarrier number of the
synchronization signal = Second synchronizationaignterval * (k * 4 + 3) + Second synchronization
signal offset [0361] The subcarrier number of theosdcsynchronization signal has a value from 0 to N-
1. Here, N is the number of valid subcarriers Usedata transmission in the system. k is a natural
number greater than 0 and has a value from 0 tolele, K is (the length of the sequence used in the
second synchronization signal / 4).
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The offset of the second synchronization signaldhealue from 0 to (second synchronization signal
interval - 1).

[0362] Meanwhile, the embodiments of the presentritiva disclosed in this specification and drawings
are merely specific examples presented to easgiagxthe technical content of the present inventiod
help understand the present invention, and arentesided to limit the scope of the present invantio
That is, it is obvious to those with ordinary skillthe art to which the present invention belotingg

other modified examples based on the technical dfi¢lae present invention are possible. In addjtion
each of the above embodiments can be combined@erdted as needed. For example, parts of
Embodiment 1, Embodiment 2, and Embodiment 6 optlesent invention can be combined and
operated as a base station and a terminal.

[0363] [Fifth Embodiment]

[0364] Wireless communication systems are evolviogifproviding voice-oriented services in the early
days to broadband wireless communication systeattiovide high-speed, high-quality packet data
services, such as 3GPP's HSPA (High Speed Packess) LTE (Long Term Evolution or E-UTRA
(Evolved Universal Terrestrial Radio Access)), LA&vanced (LTE-A), LTE-Pro, 3GPP2's HRPD (High
Rate Packet Data), UMB (Ultra Mobile Broadband)] #8EE's 802.16e.
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[0365] As a representative example of the abovadivand wireless communication system, the LTE syste
adopts the OFDM (Orthogonal Frequency Division lifldtxing) method in the downlink (DL) and the SC-
FDMA (Single Carrier Frequency Division Multiple Aess) method in the uplink (UL). Uplink refers to a
wireless link in which a terminal (UE (User Equipmieor MS (Mobile Station)) transmits data or contr
signals to a base station (eNode B or base st@i8})), and downlink refers to a wireless link iniefha base
station transmits data or control signals to a ieain The above multiple access method typicallycates and
operates the time-frequency resources for transiquittata or control information to each user sa they do
not overlap with each other, that is, so that aytmality is established, thereby distinguishingdh&a or
control information of each user.

[0366] As a future communication system after L&t is, the 5G communication system must be able t
freely reflect various requirements of users amdise providers, so that services that satisfyouasi
requirements simultaneously must be supported.i&sreonsidered for the 5G communication system
include enhanced Mobile Broadband (eMBB), massiaehine type communication (nMTC), There are
Ultra Reliability Low Latency Communication (URLLCgtc.

[0367] eMBB aims to provide a data transmissioe that is higher than the data transmission rgipated
by existing LTE, LTE-A, or LTE-Pro. For example,arbG communication system, eMBB should be able to
provide a maximum transmission rate (peak data cdt20Gbps in the downlink and a maximum transioiss

rate of 10Gbps in the uplink from the perspecti/a single base station.
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In addition, the 5G communication system must miexthe maximum transmission speed while providireg t
increased user perceived data rate. To meet thgagements, improvements in various transmissieh a
reception technologies, including more advancedtiNMuybut Multi Output (MIMO) transmission technolpg
are required. In addition, while the current LT&nsmits signals using a maximum transmission badttvaif
20MHz in the 2GHz band, the 5G communication systamsatisfy the data transmission speed required b
the 5G communication system by using a wider fragudandwidth than 20MHz in the 3-6GHz or 6GHz or
higher frequency band.

[0368] At the same time, mMMTC is being conside@dupport application services such as the Interhet
Things (loT) in the 5G communication system. mMEQuires support for large-scale terminal connection
within a cell, improved terminal coverage, improvsttery life, and reduced terminal costs to edfitly
provide the Internet of Things. The Internet of Aig8 must be able to support a large number of tetsi

(e.g., 1,000,000 terminals/km2) within a cell, ggrovides communication functions by attachingadous
sensors and various devices. In addition, termisigorting mMTC are likely to be located in shadowas
that cells do not cover, such as underground arelasildings, due to the nature of the service, tiealefore
require wider coverage than other services provie8G communication systems. Terminals supporting
mMTC must be composed of low-cost terminals, andesit is difficult to frequently replace the termal's

battery, a very long battery life time, such agd. @5 years, is required.
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[0369] Finally, URLLC is a cellular-based wirelessmmunication service used for a specific purpose
(mission-critical). For example, it can be consa@tkas a service used for remote control of robots o
machinery, industrial automation, unmanaged aeehicles, remote health care, emergency alert, etc.
Therefore, the communication provided by URLLC nusivide very low latency and very high reliability
For example, a service supporting URLLC must satsf air interface latency of less than 0.5 mitmads,
and at the same time, it has a requirement of kepa&eror rate of less than 10-5. Therefore, feemice
supporting URLLC, the 5G system must provide a fanélansmission time interval (TTI) than othensees,
and at the same time, a design requirement isnextjto allocate a wide resource in the frequencyhia
secure the reliability of the communication link.

[0370] Figure 5a is a diagram illustrating an ex#rip which three 5G services, namely eMBB (5a-0l),
URLLC (5a-02), and mMTC (5a-03), are multiplexed @aransmitted in one system. According to the
example illustrated in Figure 5a, in a 5G commuicesystem, different transmission/reception téghes
and transmission/reception parameters can be we@én services to satisfy different requiremehtsash
service.

[0371] Hereinafter, the frame structure of the LA LTE-A systems will be described in more detéiih

reference to the drawings.
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[0372] Figure 5b is a diagram showing the basiecstire of the time-frequency domain, which is @gad
resource domain in which the data or control chhisrteansmitted in the downlink in the LTE systg@B73]
In Figure 5b, the horizontal axis represents time tlomain and the vertical axis represents theiénecy
domain. The minimum transmitter in the time domaian OFDM symbol, and Nsymb (5b-02) OFDM
symbols are combined to form one slot (5b-06), mralslots are combined to form one subframe (5b06g.
length of the slot is 0.5 ms, and the length ofghieframe is 1.0 ms. And the radio frame (5b-14)tisne
domain unit consisting of 10 subframes. The minimtansmitter in the frequency domain is a subcagraed
the bandwidth of the entire system transmissiordiaaith consists of a total of NBW (la-04) subcarsie
[0374] The basic unit of resources in the time-firecy domain is a resource element (5b-12, Resource
Element; RE), which can be expressed by an OFDMisyimdex and a subcarrier index. A resource block
(5b-08, Resource Block; RB or Physical ResourcelBIBRB) is defined as Nsymb (5b-02) consecutive
OFDM symbols in the time domain and NRB (5b-10)smmutive subcarriers in the frequency domain.
Therefore, one RB (5b-08) consists of Nsymb x NRBR5b-12). In general, the minimum transmittedata
is the above RB unit. In LTE systems, Nsymb = 7BNRI2, and NBW and NRB are proportional to the
bandwidth of the system transmission band.

[0375] The frame structure of the LTE and LTE-Atsyss as described above is designed for typical
voice/data communications, and thus has limitatioresalability in satisfying various services and

requirements, such as 5G systems.
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Therefore, in the 5G system, it is necessary tdlflg define and operate the frame structure bysaering
various services and requirements. For exampld, saxwice can consider having different subcasgjecing
according to requirements. Currently, two methagsbeing considered to support multiple subcariiethe
5G communication system. As the first method tgosupmultiple subcarriers in the 5G communication
system, the subcarrier spacing set that the 5G eomnmation system can have can be determined useng t
following mathematical formula 1.

[0376] [Mathematical formula 1]

[0377] ~f = fOM

[0378] Here, fO represents the basic subcarrietispaf the system, and M represents the sealictgifaFor
example, if fO is 15kHz, the subcarrier spacingtisat the 5G communication system can have can be
composed of 7.5kHz, 15KHz, 30KHz, 45KHz, 60KHz, 8K etc., and the system can be configured using
all or part of the set.

[0379] Also, as a second method for supporting iplelsubcarriers in the 5G communication system, th
subcarrier spacing set that the 5G communicatistesy can have can be determined using the following
mathematical expression 2.

[0380] [Mathematical formula 2] [0381] ~f = f02m
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[0382] Here, fO represents the basic subcarriecispaf the system, and m represents an integéngea
factor. For example, if fO is 15 kHz, the set dbsarrier spacings that a 5G communication systemhesae
can be composed of 7.5 kHz, 15 kHz, 30 kHz, 60 K28, kHz, etc. The system can be configured udiray a
part of the set, as in mathematical expression fhe present invention, according to the two mesho
described above, the present invention is descaBedming that a 5G communication system usesd &6t
kHz, 30 kHz, and 60 kHz subcarrier spacings wittofQ5 kHz. However, the technique proposed in the
present invention can be applied without limitatiorother subcarrier spacing sets (e.qg., fO isKHMZ and
the subcarrier spacing sets are 17.5KHz, 35KHz,7&#kHz). If the subcarrier spacing sets 17.5KHXK35,
and 70KHz are considered in the present inventi@technique described based on fO of 15kHz can be
mapped. Similarly, 35kHz, 70kHz, and 140kHz cammagpped one-to-one with 30kHz, 60kHz, and 120kHz,
respectively, and the present invention can beritest

[0383] Figure 5c is a diagram illustrating resouetaments (5c-00) when the subcarrier spacingliefOl),
L.f2(5¢c-02), and L.f3(5c-03), respectively. In theample of Figure 5c, the values of the subcaspeacing of
each resource element, i.e., *f1(5c-0l), L.f2(5¢-@2d L.f3(5c-03), correspond to 15kHz, 30kHz, &0&Hz,
respectively. In addition, each resource elemestmOFDM symbol length of Ts(5¢c-04), Ts'(5¢-05) a
Ts"(5¢-06). As a characteristic of OFDM symbolsicsi the subcarrier spacing and the length of thBNDF
symbol have an inverse relationship, it can beiomefd that the symbol length becomes shorter as the
subcarrier spacing increases. Therefore, Ts(5a¢stice as long as Ts'(5¢-05) and four times ag las
Ts"(5¢-06). In addition, as a second method to stippultiple subcarriers in a 5G communication systthe
subcarrier spacing set that the 5G communicatistegsy can have can be determined using the following

mathematical expression 2.
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[0384] The various subcarrier spacing sets dest@®ve can be used for various purposes withingges
system. For example, in a low carrier frequencydosuch as 2GHz to 4GHz, it may be appropriate éoaus
low subcarrier spacing considering the channel itimmd (multi-path delay spread or coherence badthyiof
the band. For example, in a center frequency b&a&blz to 4GHz, the path delay spread is relatiVatge
and therefore the coherence bandwidth is smait,is@advantageous to use a low subcarrier spaginthe
same time, in a band with a high center frequeri&GiHz or higher, the effects of channel conditions
Doppler shift, and frequency offset are more sexjco it may be advantageous to use a wide suéicarri
spacing. At the same time, even in a band thatag®s center frequency, the 5G communication systan
use a high subcarrier spacing for systems thainegary low transmission delay times such as URLLC
[0385] Hereinafter, the cell initial access opematprocedure of LTE and LTE-A systems will be désext in
more detail with reference to the drawings.

[0386] Figure 5d is a drawing showing the downlptlysical layer channel structure used in the oéiki
access stage in LTE. An LTE terminal must perfdmmfollowing processes before communicating with th

network.
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[0387]- Acquiring synchronization with cells in thetwork

[0388]- Receiving and decoding system information

[0389] First, let's explain the procedure for acipgi synchronization with cells. In order for artenal to
acquire synchronization with a cell, two synchrauian signals are transmitted in LTE, such as F8Bnary
Synchronization Signal, 5d01) and SSS (Secondangt8pnization Signal). PSS (5d-Ol) consists ofehre
different ZC (Zadoff-Chu) sequences according ®pghysical layer cell ID (Identity) of the cell. o
specifically, three cell IDs in one cell ID grouproespond to different PSS (5d-Ol), respectivelheéthe
terminal detects and confirms the PSS(5d-Ol), iaimis information about the 5ms timing of the ctile
location of the SSS(5d-02), and the cell ID witthie cell ID group. The SSS(5d-02) has 168 diffexaities
corresponding to different cell ID groups. For thigpose, the SSS(5d-02) is designed based onettpesincy
interleaving of two m-sequences X and Y of 31. Byedting the SSS(5d-02), the frame timing and #llelD
group are known. As a result, the synchronizatigth e network is obtained through the PSS(5d0t) a
SSS(5d-02), and one of the total 504 physical lagériDs is obtained. Depending on the obtainegsjial
layer ID, the corresponding CRS(Cell-specific Refee Signal) is known. At this time, in the cas@dfal
cell search, i.e., in RRC_IDLE mode, CRS is usediézoding PBCH (5d-03) for channel estimation and
system information acquisition. On the other handhe case of mobility measurement, i.e., in
RRC_CONNECTED mode, the reception power of CRSdasured, and if the measurement value satisfies
the set condition, an RSRP (Reference Signal Redddower) measurement report is transmitted to the

network. Based on this measurement report, thearktdecides whether to perform a handover.
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[0390] Next, we will specifically explain the rede&m and decoding of system information in the ggtial
access stage. As described above, in the RRC_IDhdierwhere cell selection or re-selection is peréam
cell system information must be acquired in ordeadcess the cell after obtaining synchronizatigh the
cell through the cell search procedure. In LTEfeysinformation is transmitted in two ways througio
different transmission channels.

[0391] - MIB (Master Information Block): Transmitteising PBCH (5d-03)

[0392] - SIB (System Information Block): Transmitasing PDSCH (5d-04)

[0393] The MIB transmitted through PBCH (5d-03) tains the following information:

[0394]- Information on downlink cell bandwidth

[0395]- Cell PHICH (Physical Hybrid ARQ Indicatoh@nnel) setting information

[0396]- SFN (System Frame Number)

[0397] PBCH (5d-03) is decoded using CRS scrambiéd cell ID obtained through PSS (5d-OI)/SSS (5d-
02) as described above. Unlike other downlink tngission channels, PBCH (5d-03) is not mapped besed
RB and is transmitted through 72 subcarriers imtiddle regardless of cell bandwidth.

[0398] SIB transmitted through PDSCH (5d-05) isiled differently as SIBx (where x is a number sasii,
2, 3, etc.) depending on the type of informatiocoitains. To simplify the explanation, we will fecon SIB1

and SIB2, which are related to the initial conmatidf the cell.
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SIBI mainly includes information related to whetlaeterminal can access the cell and use the senrice
scheduling information in the time domain for tleenaining SIBx (x=2,3,...). Some of them are as folow
[0399]- PLMN(Public Land Mobile Network)-ldentitusiness

[0400]- trackingAreaCode

[0401]- schedulingInfoList

[0402]- s i_Periodicity

[0403]- si_WindowLength

[0404]- systeminfoValueTag

[0405]- etc.

[0406] PDSCH(5d-04) on which SIBI is transmittedrensmitted at a cycle of 80ms from the Oth sub&an
the time domain. PDSCH(5d-04) on which SIBI is smaitted in the frequency domain Scheduling
information can be obtained from DCI (Downlink Canttinformation) transmitted in the common search
space of PDCCH (5d-05) set to SI-RNTI (System Imfation Radio Network Temporary Identifier).
Meanwhile, SIB2 includes information required faleaminal to access a cell. This includes uplink ce
bandwidth, random access parameters, paging paesnahd parameters related to uplink power cantrol
Some of them are as follows.

[0407]- ac-Barr ingInfor
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[0408]- radioResourceConfig

[0409]- ra_Supervisioninfo

[0410]- pcch_Config

[0411]- prach_Config

[0412]- uplinkPowerControl

[0413]- etc.

[0414] The time domain scheduling information of DSCH (5d-04) where SIB2 is transmitted can be
obtained through the above-mentioned SIBI. Theueagy domain scheduling information for the PDSCH
(5d-04) where SIB2 is transmitted can be obtaimechfthe DCI transmitted to the common search space
the PDCCH (5d-05) set to SI-RNTI, similar to SIBI.

[0415] In LTE, the terminal can form a wireleskliwith the network through the random access psoaésr
obtaining synchronization with the network and sgsinformation in the initial access phase of thk c
Random access can be either contention-based tantmm-free. When performing cell selection and
reselection during the initial access phase ofla@ewhen moving from RRC_IDLE to RRC_CONNECTED,
contention-based random access can be used. Noention-based random access can be used whernngsett
uplink synchronization when downlink data arriviesthe case of handover, or in the case of position

measurement.
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[0416] Figure 5e is a diagram illustrating a cotitambased random access process in LTE. Accortditige
diagram illustrated in Figure 5e, the random acpessess consists of four steps. The first stepsitep (Se-
Ol) in which a terminal transmits a random accessmble so that an eNB can estimate the transmissio
timing of the terminal. The random access preansai@nsmitted through an uplink physical layerrotel
corresponding to the PRACH (Physical Random Ac&smnel), and the details of this will be described
later. Through the step (5e-0l) of transmitting thedom access preamble, the base station receghie
there is a random access attempt and estimatelelimetime between the terminal and the base stédio
adjust the uplink timing.

[0417] The second step is the step (5e-02) where B sends a response (Random Access Responsg, RAR
to the UE for the detected random access atterhptRAR is transmitted via PDSCH (5d-04) and inctude
the following messages:

[0418]- Index of the random access preamble sequaeiected by the network

[0419]- Temporary Cell Radio Network Temporary Itifer (TC-RNTI)

[0420]- Uplink scheduling grant

[0421]- Timing advance

[0422] The UE that transmitted the preamble obsetlre PDCCH for the RAR within the configured time
window. Frequency domain control information for&CH (5d-04) on which RAR is transmitted can be
obtained from DCI transmitted to the common seapzte of PDCCH (5d05) set to RA-RNTI (Random

Access Radio Network Temporary Identifier).
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The terminal that receives the RAR adjusts itsnkpliansmission timing and proceeds to the next $02123]
The third step is the step (5e-03) in which thenteal transmits an L2/L3 message for an RRC comprect
request to the eNB. The terminal uses the uplinsigal layer resources allocated in the randomsacce
response in the second step (5e-02) to send negeseasages, such as the terminal's identity an@® Ao
the eNB. At this time, the message is transmittedugh the PUSCH (Physical Uplink Shared Channel),
which is an uplink physical channel set to TC-RNTI.

[0424] In the fourth step (5e-04), the terminaleiges a downlink message for contention resoludioth RRC
connection setup from the eNB. The contention-rggm message is transmitted through PDSCH (5d-04),
and the scheduling information for the correspogd®SCH (5d-04) can be obtained from the DCI
transmitted through PDCCH (5d-05) set to C-RNTI.

[0425] Since contention-resolution is not requiethe non-contention-based random access prooelgsthe
first step (5e-0Ol) and the second step (5e-02)@ Be are used.

[0426] FIG. 5f is a diagram illustrating an uplipkysical layer channel used in the random accex®ps in
LTE. As described above, in the first step (5e@lhe random access process, the terminal casniaa
random access preamble using PRACH (5e-Ol). Theanktcan broadcast to all UEs using SIB2 which time
frequency resources are available for PRACH (5efth cell has 64 available preamble sequencashwh
are defined into two subsets, and the sequenascimsubset are signaled as part of the systemmiafimn.

When performing a random access attempt, the Usoraly selects a sequence from one of the two ssibset
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In the third stage (5e-04) of random access, trasssom of L2/L.3 messages for RRC connection reqgisest
performed using PUSCH (5e02).

[0427] As described above, messages required imitied cell access process in conventional LTE ar
transmitted using various physical layer transroissihannels. At this time, the physical layer traission
channel in LTE is set to a parameter of a commanarnalogy. For example, OFDM modulated symbols®et t
a subcarrier interval of 15 kHz are transmittedwideer, since the 5G communication system supparisws
parameters for various subcarrier intervals, theemelogy of the physical layer channel through \uteéach
piece of information is transmitted in the initedcess stage may be different. For example, theastikr
intervals of PBCH and PDCCH or PDSCH may be diffier&his can be set to different subcarrier spacing
because the required constraints may be differgminding on the transmission purpose, messageaside,
broadcasting status of each physical layer cha@rebhysical layer channels with different subigarr
spacings can be multiplexed with each other to k&anaously support various services with different
requirements of eMBB, URLLC, and mMTC. Thereforédiéional base station and terminal operations are
required to efficiently perform initial access ih@ system supporting various subcarrier spacings.

[0428] [Embodiment 5-1]

[0429] Figure 5g is a drawing illustrating a fisshbodiment of a communication system to whichpttesent

invention is applied.
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In FIG. 5g, a terminal (5g-Ol) supporting varioudbearrier intervals and a 5G cell (5g-02) transngtand
receiving data are illustrated. In the examplel@.F5g, the terminal (5g01) is illustrated to sugfbe
subcarrier interval sets of Ml, L.f2, and L.f3 ¢(B8), and the base station also supports the sudaceterval
sets of Ml, L.f2, and L.f3 (5g-04). However, theepent invention does not exclude the case whertetminal
(5g-0l) and the 5G base station (5g-02) supporbnbt all subcarrier interval sets, but also suppaty one
or some subcarrier intervals. For example, theiteahi5g-OIl) may support only ~fl, or the base istat(5g-
02) may support only A2, L.f3. In the case wheng/@mne or some subcarrier spacings are supponteha
the entire subcarrier spacing set, the servicessiple only when the terminal (5g-Ol) and the ¢aij-02)
support the same subcarrier spacing. TherefoilelGn 5g, it is assumed that the terminal (5g-Ob) #re cell
(5g-02) support at least one identical subcarpacmg.

[0430] The following describes the specific conseait the present invention for efficiently dealwgh the
situation where different subcarrier spacings canged for the physical layer channels (FIGS. BH5n
used in each stage of the cell initial access destiabove.

[0431] First, the operation for detecting the sywclization signal of the present invention will described.
[0432] In the synchronization acquisition stagejcluhis the very first stage of the cell initial ass, the
terminal (5g01) and the cell (5g-02) do not havg iaformation. Therefore, in the step of obtainoe

synchronization using a synchronization signal aacPSS/SSS, the terminal (5g-Ol) can detect a
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synchronization signal from a 5G cell (5g02) byfpening blind detection for all subcarrier intersdhat it
can use.

[0433] Next, the operation for PBCH decoding of pinesent invention will be described.

[0434] For the PBCH (5d-03) where the MIB is traitsea, the base station (5g-02) may consider uging
subcarrier spacing different from the subcarriercémy used for transmitting the synchronizatiomalgin this
case, it may be considered to implicitly indicdteotigh mapping between the sequence of PSS/SSBeand
subcarrier spacing. The base station (5g-02) mgyarspecific sequence of the synchronization signahe
of the subcarrier spacings, and when the termbwldl) obtains synchronization with the sequenicenay
utilize this as information on the subcarrier spgdior the PBCH transmitted next. Or, it may besidered
that the base station (5g-02) uses the same sidrcgpacing as the subcarrier spacing used fosimating
the synchronization signal for PBCH transmissiaorthis case, the terminal can perform decodinghen t
PBCH by assuming the subcarrier spacing for thetaymization signal acquired through blind detetts
the subcarrier spacing of the PBCH (5d-03).

[0435] Next, the operation for decoding the PDCGH-(5) set to SI-RNTI of the present invention o
described.

[0436] As described above, SIBx is transmittechioPDSCH (5d-04), and at this time, the control
information for decoding the PDSCH (5d-04) can bguéred through the PDCCH (5d-05) set to SI-RNTI.
The subcarrier spacing of PDCCH (5d-04) set to STFRcan also use a subcarrier spacing differemhftoat
of the synchronization signal (5d-01, 02) or PBGd-03), and the base station (5g-02) can provide

information about this through MIB.

231-156



August 22, 2016

The terminal (5g-Ol) can perform decoding basethersubcarrier spacing information for the PDCCHH (5
05) set to SI-RNTI acquired through the MIB. Ot thase station (5g-02) can use the same subcspeeing
used for the PBCH (5d-03) for transmitting the PBCGd05) set to SI-RNTI, and in this case, the teah
(5g-0l) can perform decoding by assuming the sulaaspacing used for decoding the PBCH (5d-03heas
subcarrier spacing of the PDCCH (5d-05) set to SR

[0437] Next, the operation for decoding the PDS@Hhich the SIBx of the present invention is trarited
will be described.

[0438] PDSCH (5d-04) on which SIBx is transmitteshde transmitted using a different subcarriemvaie
from the synchronization signal (5d-01, 02), PBGH-03), and PDCCH (5d-05) set to SI-RNTI. In these,

SIBl and SIBx(x=2,3, .0aare explained separately. As described above, @Ihins the operator
information of the cell required for initial accessd scheduling information in the time domaindtrer SIBs.
Therefore, SIBI is acquired before all other SIBxx3, ..04 The base station (5g-02) can inform the

information about the subcarrier spacing of the 8&d-04) where SIBI is transmitted through the MIB
However, since the PBCH(5g-03) that transmits thB ban be transmitted with a very narrow bandwidth,
there may be restrictions on the transmission dgpaherefore, a method of indicating informatiaibout the
subcarrier spacing of the PDSCH(5d-04) where SiBlansmitted using the DCI acquired from the
PDCCH(5d-05) set to SI-RNTI can also be considefée. terminal (5g-Ol) can perform decoding on PDSCH
(5d-04) for SIBI based on subcarrier spacing infation obtained through MIB or DCI.
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Information about the subcarrier spacing for PDE#04) for SIBx (x=2,3, ...) transmission can also be
indicated via MIB or DCI. Additionally, since theguisition of SIBI precedes SIBx (x=2,3, ...), it mbag
considered to indicate the subcarrier spacing tir@iBl. Meanwhile, the base station (5g-02) mag the
same subcarrier spacing used for the PDCCH (5¢&5p SI-RNTI for the PDSCH (5d-04) transmission f
SIBx transmission, and in this case, the termibgt@|) may perform decoding by assuming the subararr
spacing used for the decoding of the PDCCH (5ds@b}o SI-RNTI as the subcarrier spacing of the @BS
(5d-04) where SIBx is transmitted.

[0439] Next, the operation for the PRACH (5e-Ofrtsmission of the present invention will be desatib
[0440] As described above, the terminal (5g-Oldi@nly Obtains configuration information for the gigal
layer PRACH (5e-0l) transmitting the access preambherefore, the base station (5g-02) can add
information on the subcarrier spacing to be used®RACH (5e-0l) transmission to SIB2 and instrinet t
terminal (5g-Ol). It is also possible to considaplicitly indicating the subcarrier spacing of tRRACH (5e-
Ol) by the terminal (5g-Ol) determining the sub@arspacing of the PRACH (5e-Ol) by itself and
transmitting the PRACH (5e-Ol) without transmittiag additional indicator for the subcarrier spachthe
PRACH (5e-0l) from the base station (5g-02). By piag a specific random access preamble sequerae to
specific subcarrier spacing, the base station Bgz8n obtain information on the subcarrier spacised for
the PRACH (5e-0l) through the received random a&cpesamble sequence number or set number. Can be

obtained implicitly.
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Or, a situation where PRACH (5e-Ol) uses the sarbeagrier spacing as the downlink physical layer
transmission channel of the previous stage canbesmnsidered.

[0441] Next, the operation for decoding PDCCH (&J-6et to RA-RNTI of the present invention will be
described.

[0442] As described above, the RAR message isrirdiesl to PDSCH (5d-04), and at this time, control
information for decoding PDSCH (5d-04) can be ai®dithrough PDCCH (5d05) set to RA-RNTI. The
subcarrier spacing of the PDCCH (5d-05) set to R¥FRcan also use a different subcarrier spacinmftbe
synchronization signal (5d-01, 02), PBCH (5d-03)€H (5d-05) set to SI-RNTI, or PDSCH (5d-04)
received in the previous step. Therefore, the bt®n (5g-02) can inform the information abouw th
subcarrier spacing for the PDCCH (5d-05) set toRFI through MIB or SIBx (x=I, 2). The terminal (59
Ol) can perform decoding based on the subcarrieisg information for the PDCCH (5d-05) set to RAFR
acquired. Or, the base station (5g-02) can useaime subcarrier spacing of another downlink phi/tagar
channel for PDCCH (5d-05) transmission set to RAHRMN in this case, the terminal (5g-Ol) can perf
decoding by assuming the subcarrier spacing ofitlwenlink physical layer channel on which decodirasw
previously performed as the subcarrier spacingp@RDCCH (5d-05) set to RA-RNTI.

[0443] Next, the operation for decoding the PDSGH-(4) on which the RAR of the present invention is

transmitted will be described.
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[0444] The PDSCH (5d-04) on which RAR is transnditéan also be transmitted using a different sukararr
spacing from other downlink physical layer transsiga channels. The base station (5g-02) can infbem
information on the subcarrier spacing for the PD6&#04) on which RAR is transmitted through MIB or
SIBx (x=1,2). Or, it can be indicated through D@rismitted to the PDCCH (5d-05) set to RA-RNTI. The
terminal (5g-Ol) can obtain the RAR message bygoering decoding based on the information on the
subcarrier spacing for the PDSCH (5d-04) on whighdcquired RAR is transmitted. Or, the base stgbg-
02) can use the same subcarrier spacing of andtivanlink physical layer channel for the PDCCH (58)-0
transmission on which RAR is transmitted, and is tase, the terminal (5g-Ol) can perform decodiyng
assuming the subcarrier spacing of the downlinksflay layer channel on which decoding was previpusl|
performed as the subcarrier spacing of the PDSEHFIE on which RAR is transmitted.

[0445] Next, the operation for the PUSCH (5e-0ahsmission on which the L2/L3 message of the ptesen
invention is transmitted will be described.

[0446] As described above, the control informafionthe PUSCH (5e02) transmission on which the B2/L
message is transmitted can be obtained from the RASsage transmitted from the base station (5g-02).
Therefore, the base station (5g-02) can instriectélminal (5g-Ol) by adding information about tubcarrier
spacing to be used for the PUSCH (5e-02) on wlieH_2/L3 message is transmitted to the RAR message.
The terminal (5g-Ol) can transmit the PUSCH (5e-@2)vhich the L2/L3 message is transmitted usieg th
acquired subcarrier spacing. Alternatively, it ni&@yconsidered to transmit the PUSCH (5e-02) usiagsame

subcarrier spacing as the subcarrier spacing alalalink physical layer transmission channel @r dplink
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physical layer transmission channel used in th@lraccess procedure before.

[0447] Next, the operation for decoding PDCCH (%J-6et to C-RNTI of the present invention will be
described.

[0448] The subcarrier spacing of PDCCH (5d-05)ts&Z-RNTI may be different from the subcarrier spgc
of other physical layer channels. Since TC-RNTdriemoted to C-RNTI in the case of a terminal that
succeeds in the random access process, the C-Réftlaned here may include TC-RNTI. PDCCH (5d-05)
set to SI-RNTI or RA-RNTI is transmitted througls@mmon search space, but C-RNTI can be transmitted
through a common search space or a user-spediclsspace, so it can be transmitted by considerimgre
user-specific subcarrier spacing. At this time¢si€-RNTI is a terminal-specific unique identifassigned
when a terminal succeeds in random access, tenspeagific transmission, not cell-common, becomes
possible in subsequent steps. The subcarrier gpatiRDCCH (5d-05) set to C-RNTI can be instructed
through MIB, SIBx, RAR, or can follow the subcarrgpacing of a downlink or uplink physical layer
transmission channel that was previously succdggtfahsmitted and received. For example, the same
subcarrier spacing as PUSCH (5e-02) that trandr@fis3 messages can be used.

[0449] Next, the operation for decoding PDSCH (3d-6n which the contention-resolution message ef th

present invention is transmitted will be described.
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[0450] The subcarrier spacing of the PDSCH (5ddiyvhich the contention-resolution message is
transmitted may be different from the subcarrieacspg of other physical layer channels. Contrabinfation
for the PDSCH (5d-04) on which the contention-raoh message is transmitted may be obtained fham t
PDCCH (5d-05) set to C-RNTI. Therefore, the baagm@t (5g-02) may include information about the
subcarrier spacing for the PDSCH (5d-04) on whighdontention-resolution message is transmitteldan
DCI transmitted to the PDCCH (5d-05) set to C-RNAlternatively, it may be considered to decode the
PDSCH (5d-04) using the same subcarrier spacitigeasubcarrier spacing of the previously used dimknl
physical layer transmission channel or uplink pbgklayer transmission channel.
[0451] FIG. 5h is a diagram illustrating a baseistaand terminal procedure according to the first
embodiment of the present invention.
[0452] First, the base station procedure of thegmeinvention will be described. In step 5h-0%, ltlase
station transmits configuration information for @anhlink or uplink physical layer transmission chahnsed
in the cell initial access stage. The configuratidormation for the physical layer transmissiorachel can be
a numerology defined by various system parametexsthe subcarrier spacing used in OFDM modulason
described above as an example. The method fomtitiimgy the configuration information for the phgal
layer transmission channel can be an implicit irtton or an instruction using MIB, SIBx, DCI, etand this
is specifically described above. The method fangraitting the configuration information for the (sigal
layer transmission channel can be different fohestage of the cell initial access procedure asifpally
described above. In step 5h-02, the base staosrrits control information and data using theesponding
physical layer channel configuration information.
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Next, the terminal procedure of the present inntwill be described. In step 5h-03, the termieakives
physical layer channel configuration informatioarfr the base station, and in step 5h-04, decodes the
corresponding control information and data.
[0453] The above describes the first embodimenh®fresent invention in detail. Before descrikiimeg
second embodiment of the present invention, theéngagperation procedure of the LTE and LTE-A system
will be described in detail below.
[0454] FIG. 5i is a diagram illustrating a pagin@@edure in LTE. The paging procedure can be usedtify
a terminal in an RRC_IDLE state when an incomingazcurs and initiate network access for the teats,
or to notify terminals in an RRC_CONNECTED statattbystem information has changed. Paging is
controlled by an MME (Mobile Management Entity) daan paging message can be transmitted across laultip
cells within a TA (Tracking Area). According to Biaging starts from MME (5i-03) and is deliverecetéB
(5i02) and then to terminal (5i-01). To be morecsiie paging starts from MME (5i-03) and is delied to
eNB (5i-02) by SIAP signaling (5i-04) and then éonhinal (5i-01) by RRC signaling (5i-06). At thise,
terminal (5i-01) can detect the presence of pagiegsage by observing PDCCH (5i-05) set as PRNTI.
[0455] An efficient paging procedure should allewinal (5i-01) to rest most of the time withoutfpeming
receiving operation and wake up only briefly aefixime intervals to observe paging informatiomfrihe
network.
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For this purpose, LTE defines PO (Paging Occasiod)PF (Paging Frame). PO is defined as a subfimame
which a PDCCH set to P-RNTI for receiving a pagingssage exists. PF is defined as one radio frame
containing one or more POs. According to FIG. % terminal (5i-01) can observe one PO per DRX
(Discontinuous Reception) cycle (5i-08). PF is gilxy the following mathematical expression 3.
[0456] [Mathematical Formula 3] [0457] SFN mod TEdiv N)*(UE_ID mod N)
[0458] T: DRX cycle
[0459] nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32,6W, T/128, T/256
[0460] N: min(T,nB) [0461] UE_ID: IMSI mod 1024, #-RNTI is monitored on PDCCH [0462] The T value
corresponding to the DRX cycle can be set throuyggeulayer signaling. If there is no upper laygnsiing
for T, the default paging cycle (defaultPagingCyahelicated by SIB2 is set to T. Also, in rare case
terminal can directly request a terminal-specifRXcycle, which is possible via an Attach Request §AU
(Tracking Area Update) Request. In the above mattieal expression 3, the UE_ID is calculated fréwe t
IMSI (International Mobile Subscriber Identity). @#hMSI is transmitted to the MME in the form of Attach
Request message via upper layer signaling (her& (Won-access stratum) signaling) during the inétc@ess
phase.
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For this purpose, LTE defines PO (Paging Occasiod)PF (Paging Frame). PO is defined as a subfiame

which a PDCCH set to P-RNTI for receiving a pagingssage exists. PF is defined as one radio frame

containing one or more POs. According to FIG. &, terminal (5i-01) can observe one PO per DRX

(Discontinuous Reception) cycle (5i-08). PF is gilwy the following mathematical expression 3.

[0456] [Mathematical Formula 3]

[0457] SFN mod T = (T div N)*(UE_ID mod N)

[0458] T: DRX cycle

[0459] nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32,6W, T/128, T/256

[0460] N: min(T,nB)

[0461] UE_ID: IMSI mod 1024, if P-RNTI is monitoresh PDCCH

[0462] The T value corresponding to the DRX cyde be set through upper layer signaling. If thenea

upper layer signaling for T, the default pagingleydefaultPagingCycle) indicated by SIB2 is seTtd\lIso,

in rare cases, a terminal can directly requestraital-specific DRX cycle, which is possible via Attach

Request or a TAU (Tracking Area Update) Requedhdénabove mathematical expression 3, the UE_ID is

calculated from the IMSI (International Mobile Saliber Identity). The IMSI is transmitted to the NBMn
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the form of an Attach Request message via upper kignaling (here, NAS (Non-access stratum) siggal
during the initial access phase.

[0463] Meanwhile, when the terminal is in RRC_IDktate, the LTE network knows the location of the
terminal by TA unit, not cell unit. When connectitiggthe LTE network, the terminal is allocated al TA
(Tracking Area Identity) list from the MME. The temal can move freely within the cells in the TAst!
without MME update. When an incoming call to themtimal occurs, the MME transmits the same paging
message to all cells within the TA currently settfee terminal, and each cell transmits the pagiegsage to
the terminal. When the terminal (re)selects a @eadhtains the TAC (Tracking Area Code) of thel tiefough
SIBI and can check whether the cell is a cell$rTial list. If the TAC of the selected cell is & that is not in
the TAI list, the terminal sends a TAU messagd®NME. And when the MME gives the terminal a
response (TAU Accept) to the TAU message, it cawide the TAl list together, so that the terminahc
update the TAl list according to the change inltoation of the terminal.

[0464] The physical layer transmission channelpfaging follows the downlink transmission channel
structure of FIG. 5d described above. The pagingsamge is transmitted through the PDSCH (5d-04) tfzend
control information for the PDSCH (5d-04) on whitle paging message is transmitted is transmittexai ¢jin
the DCI of the PDCCH (5d-05) set to P-RNTI. Therteral can observe the PDCCH (5d-05) set to P-RNTI,

and when a paging message is found, it can retieé&vpaging message.
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the form of an Attach Request message via upper kignaling (here, NAS (Non-access stratum) siggal
during the initial access phase.

[0463] Meanwhile, when the terminal is in RRC_IDktate, the LTE network knows the location of the
terminal by TA unit, not cell unit. When connectitigthe LTE network, the terminal is allocated al TA
(Tracking Area Identity) list from the MME. The temal can move freely within the cells in the TAst!
without MME update. When an incoming call to themtmal occurs, the MME transmits the same paging
message to all cells within the TA currently settfee terminal, and each cell transmits the pagiegsage to
the terminal. When the terminal (re)selects a @eadhtains the TAC (Tracking Area Code) of thel tefough
SIBI and can check whether the cell is a cell$rTial list. If the TAC of the selected cell is & that is not in
the TAI list, the terminal sends a TAU messagd®NME. And when the MME gives the terminal a
response (TAU Accept) to the TAU message, it cawide the TAl list together, so that the terminahc
update the TAl list according to the change inltoation of the terminal.

[0464] The physical layer transmission channelpfaging follows the downlink transmission channel
structure of FIG. 5d described above. The pagingsage is transmitted through the PDSCH (5d-04) tfaend
control information for the PDSCH (5d-04) on whitle paging message is transmitted is transmittexa ¢jin
the DCI of the PDCCH (5d-05) set to P-RNTI. Therteral can observe the PDCCH (5d-05) set to P-RNTI,

and when a paging message is found, it can retieé&vpaging message.
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[0465] As described above, the paging proceduminventional LTE is characterized by multiple célla
TA area transmitting the same paging message ppeafi terminal. In addition, each cell cannot ®no
whether the corresponding terminal is camped amid, only the terminal can check the system inftiona
about the cell to which it has accessed. In a 5@neonication system, various parameters for various
subcarrier intervals can be supported, and thexeéifferent cells belonging to the same TA cangrait
paging messages through physical layer transmis$iannels set to different subcarrier intervalsother
words, depending on whether the terminal suppbegbrresponding subcarrier interval, there magases
where paging messages from different cells in theaiilea are not properly received. Therefore, aotoki
base station and terminal operations are requiredficiently perform the paging procedure in a$Gtem
supporting various subcarrier intervals.

[0466] [[Embodiment 5-2]

[0467] Figure 5j is a drawing showing a second editbent of a communication system to which the prese
invention is applied. Figure 5j shows one term{{s§01), three 5G TRPs (Transmission Reception Bpint
TRP1 (5j-02), TRP2 (5j-03), TRP3 (5j-04), and oi@ MME (5j05). In Figure 5j, TRP1 (5j-02), TRP2 (5j-
03), and TRP3 (5j-04) exist within the same TA asgal the terminal (5j-01) can be allocated infdiara
about the TA from the MME (5j-05). It is exemplifiehat each terminal (5j-01) and TRPs (5j-02, 5j&j304)

support (5j-06) the subcarrier spacing sets ofiAfR, L.f3. In the second embodiment of the preésen
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invention, it is not excluded that the terminalQ8j) and the 5G TRPs (5j-02, 5j-03, 5j-04) suppattonly all
subcarrier spacing sets, but also support onlyoos®@me subcarrier spacings. For example, the nair(bj-
01) may support only ~l, or TRP1 (5j-02) may sugpdl, L.f2, TRP2 (5j-03) may support *f2, L.f3nd

TRP3 (5j-04) may support M1, 3. In the case where only one or some subcarterials among the entire

subcarrier interval set are supported, the seigipessible only when the terminal (5j-01) and 38 TRPs
(5j-02, 5j-03, 5j-04) support at least one identgtgbcarrier interval.

[0468] First, the operation for decoding the PDC@GEH-05) set with the P-RNTI of the present invemtiaill
be described. The terminal (5j-01) in the RRC_IDit&te goes through the process of obtaining
synchronization with the cell and receiving sysiaformation when selecting or reselecting a ceftle T
subcarrier spacing of the PDCCH (5d-05) set to PFRNay be different from the subcarrier spacinghaf
physical layer transmission channels received dutie cell selection process, i.e., the synchraioizaignal,
PBCH, PDCCH set to SI-RNTI, and PDSCH. Therefdre,ldase station (5j-02, 5j-03, 5j-04) can transhat
subcarrier spacing used for the PDCCH (5d-05)sBtRNTI to the terminal (5j-01) in the form of sy
information (MIB or SIBx). However, as describedab, each base station (5j-02, 5j-03, 5j-04) withia TA
cannot know whether the terminal (5j-01) has canped, and also cannot know whether the termisp0()
supports the corresponding subcarrier spacing.efbier, when the subcarrier spacing of the PDCCHO&d
set to PRNTI is transmitted as system informatsoprocess for the terminal to reselect a cell ney b

additionally required depending on whether theikezksubcarrier spacing can be supported.
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For example, in FIG. 5j, let's assume that TRPQZj-TRP2(5j-03), and TRP3(5j-04) support all sukiea
spacing sets of AMl, L.f2, and L.f3, and the terahibj-01) supports only the subcarrier spacingfbofWe can
consider the case where the physical layer chatragismitting synchronization signals and system
information in TRP1(5j02), TRP2(5j-03), and TRP304)) are transmitted with the subcarrier spacithg "f

Also, let's assume that the subcarrier spacinthiPDCCH(5d-05) set to PRNTI uses 1, A2, anfd in

TRP1(5j-02), TRP2(5j-03), and TRP3(5j-04), respeii. In this environment, the terminal (5j-01) czamp
on all of TRP1 (5j-02), TRP2 (5j-03), and TRP3 (&)} and thus obtain system information. Howevethef
terminal camps on TRP2 (5j-03), the terminal caemheine that it cannot receive a paging messageighr
the system information. In this case, the termi@al perform reselection to another cell in the TRP1 (5j-
02) or TRP3 (5j-04). At the same time, it can sandquest message for TAU to the MME to exclude ZRP
(5j-03) from its TA. After that, the terminal (5 can successfully receive a paging message loasto:
newly updated TA.
[0469] Another way to determine the subcarrier sgpof PDCCH (5d-05) set to P-RNTI is to consideatt
the terminal (5j-01) transmits capability infornmation whether it supports its own subcarrier sgatirthe
MME (5j-05). The terminal (5j-01) can transmit capigpinformation on whether it supports its own
subcarrier spacing to the MME (5j-05) through ataélh Request message during the initial acces&phaad
this can be done through upper layer signaling (@A$S signaling). The MME (5j-05) can inform allltse
(TRP1 (5j-02), TRP2 (5j-03), TRP3 (5j-04)) connelte it of the capability for the subcarrier spacof the
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terminal (5j-01), and allow each base station tecie¢he subcarrier spacing of the PDCCH (5d-05)&€-
RNTI based thereon. Alternatively, the base statmmreset the TA by considering the selectiomef t
subcarrier spacing of the PDCCH (5d-05) set to PRRdr example, in FIG. 5j, let's assume that TR%j1
02), TRP2 (5j-03), and TRP3 (5j-04) support allcrbier spacing sets of ~1, A2, and L.f3, andtéreninal
(5]-01) supports only the subcarrier spacing of Afko, let's assume that the subcarrier spacinthto
PDCCH (5d-05) set to P-RNTI uses /Ml, L.f2, and infTRP1 (5j-02), TRP2 (5j-03), and TRP3 (5-04),
respectively. Consider that the TA of the termig@g01) is initially set to TRP1 (5j-02), TRP2 (6B), and
TRP3 (5j-04). The MME (5j-05) that has received ¢apability of the terminal (5j-01) can confirm tH&RP2
(5]-03) uses ™2 as the subcarrier interval for”RCCH (5d-05) set to P-RNTI, exclude TRP2 (5j-08jn
the TA, and inform the terminal of the updated hformation. Therefore, the terminal (5j-01) can
successfully receive the paging message basecearethly updated TA.

[0470] Next, the operation for PDSCH decoding oricivlihe paging message of the present invention is
transmitted will be described. Control information the PDSCH (5d-04) on which the paging message i
transmitted can be obtained from the DCI of the BBIG5d-05) set to P-RNTI. Therefore, the basetati
(5j02, 5j-03, 5j-04) can include information abdl subcarrier spacing for the PDSCH (5d-04) orciviie
paging message is transmitted in the DCI transchttiche PDCCH (5d-05) set to P-RNTI. Alternatiyaty
can also be considered to decode the PDSCH (5d9d4 the same subcarrier spacing as the subcarrier
spacing of the PDCCH (5d-05) set to P-RNTI.

231-169



August 22, 2016

[0471] Figure 5k is a drawing illustrating a batstion and terminal procedure according to the firs
embodiment of the present invention.

[0472] First, the base station procedure of thegmeinvention will be described. In step 5k-0F, ltase
station transmits information on the numerologg.(esubcarrier spacing, etc.) for the physical lay@annel
used for paging as system information (MIB or SlBRr)step 5k-02, the base station can transmitrobahd
data for paging. Next, the terminal procedure efgihesent invention will be described. In step Bkife
terminal obtains information on the physical lagamerology (e.g., subcarrier spacing, etc.) use@dging
from the base station in the TA. In step 5k-04,tdreninal determines whether it supports the cpording
numerology, and if it does, completes the receptiorontrol information and data for paging usihg t
numerology in step 5k-07. On the other hand, ifdbeesponding numerology is not supported, cell
reselection is performed in step 5k-05. Then, a TAgluest message is transmitted to the MME in Ske6.
[0473] FIG. 51 is a diagram illustrating an MMEbase station, and a terminal procedure accorditiget@irst
embodiment of the present invention.

[0474] First, the MME procedure of the present mian will be described. In step 51-01, the MMEewes
information on supportable numerologies from thienteal. In step 51-02, the MME determines whether a
base station in the TA supports the correspondimgeanology for paging transmission, and if thera se
station that does not support it, it updates thebyAxcluding the base station from the TA (stef®3} If the

base station in the TA supports the numerologyestad by the terminal for paging transmission,Tihe
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update is no longer performed and a paging messdgansmitted to the base station (step 51-04%t,Nee
will explain the base station procedure. In stefd51the base station receives capability inforaratin the
numerology of the terminal from the MME. In step®3, the base station selects one or some of the
numerologies that the terminal can support as eenollogy for transmitting a paging message and in#ss
this information to the terminal. In step 51-0% thase station transmits control information artd far
paging using the configured numerology. Next, #reninal procedure of the present invention will be
described. In step 51-08, the terminal obtainsrmédion on the physical layer numerology used fgipg
from the base station in the TA. In step 51-09,témminal determines whether it supports the cpording
numerology and completes reception of control im@tion and data for paging using the corresponding
numerology in step 51-10.

[0475] To perform the above embodiments of thegmesvention, the transmitter, receiver, and aaninits
of the terminal and the base station are respégtiigstrated in FIG. 5m and FIG. 5n. The transsiugs and
reception methods of the base station and theiairfor cell initial access and paging in the 5G
communication system corresponding to the aboveodintents 1 and 2 are shown, and in order to perform
the above, the transmitter, receiver, and processahe base station and the terminal must eaetatp
according to the embodiments.

[0476] Specifically, FIG. 5m is a block diagrarnustrating the internal structure of the terminalading to
the embodiment of the present invention. As illatstd in FIG. 5m, the terminal of the present ini@mimay

include a terminal processor (5m-01), a receiver-(&), and a transmitter (5m-03).
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[0477] The terminal processor (5m-01) can contre¢r@es of processes that the terminal can operate
according to the above-described embodiment optesent invention. For example, the terminal opemat
can be controlled differently according to theisgt for different numerologies, such as subcamigrvals,
according to the embodiment of the present invantio addition, the control signal and data sigrzal be
transmitted and received according to the celiah#ccess and paging procedures of the preseantion.
The terminal receiver (5m-02) and the terminaldraitter (5m-03) can be collectively referred tdtzes
transceiver unit in the embodiment of the presevemtion. The transceiver unit can transmit an@ikec
signals with the base station. The signals camdektontrol information and data. To this end,tthasceiver
unit can be composed of an RF transmitter thatamerts and amplifies the frequency of a transishisignal,
and an RF receiver that low-noise amplifies andrdaanverts the frequency of a received signal diditeon,
the transceiver can receive a signal through aegsechannel and output it to the terminal proae@so-01),
and transmit the signal output from the terminaigessor (5m-01) through the wireless channel.

[0478] FIG. 5n is a block diagram showing the in&@rstructure of a base station according to anoelinient
of the present invention. As shown in FIG. 5n,lillge station of the present invention can includasz
station processor (5n01), a receiver (5n-02), amdresmitter (5n-03).

[0479] The base station processor (5n-01) can abatseries of processes so that the base staiooperate
according to the embodiment of the present invandiescribed above. For example, the base statieratpn
can be controlled differently according to theiagtitems for different numerologies, such as sutea

intervals, according to the embodiment of the presw/ention. In addition, according to the cell
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initial access and paging procedures of the preéseantion, scheduling for control channels ancidat
channels of uplink/downlink can be performed arttirsgeinformation can be instructed to a terminal.
[0480] The base station receiver (5n-02) and tise Iséation transmitter (5n-03) may be collectiveferred
to as a transceiver in the embodiment of the ptésgantion. The transceiver unit can transmit eexkive
signals with the terminal. The signal may includetcol information and data. To this end, the tcager unit
may be configured with an RF transmitter that upvests and amplifies the frequency of a transmisigdal,
an RF receiver that low-noise amplifies the recgisignal, and down-converts the frequency. In #@tithe
transceiver unit may receive a signal through @&b&s channel and output it to the base statiorepsor (5n-
01), and transmit the signal output from the baaton processor (5n-01) through the wireless chann
[0481] Meanwhile, the embodiments of the presewgiition disclosed in this specification and dravsiage
only specific examples presented to easily explantechnical contents of the present inventionfaeid in
understanding the present invention, and are mended to limit the scope of the present inventidrat is, it
is obvious to those with ordinary skill in the pdrtaining to the present invention that other ifivedi
examples based on the technical idea of the présestition are feasible. In addition, each of theae
embodiments can be combined and operated as needed.
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[Claims]
[Claim 1]
A method for processing a control signal in a vassl communication system, the method comprising:
a step of receiving a first control signal transedtfrom a base station,
a step of processing the received first contrataigand
a step of transmitting a second control signal gerd based on the processing to the base station.
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[Abstract]
[Abstract]
The present disclosure relates to a communicagicmique and system thereof that fuses a 5G
communication system to support a higher data négssson rate than a 4G system with [0T technoldge
present disclosure can be applied to intelligentises (e.g., smart home, smart building, smayt sinart car
or connected car, healthcare, digital educatidajlresecurity and safety-related services, etasel on 5G
communication technology and loT-related technolddye present invention discloses a method andcdevi
for inserting an index into a code block, whictaianit in which a channel code is performed, aadsmitting
it.
[Representative Drawing]
FIG. 1h
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[FIG. 1h]
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[FIG. 1j]
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[FIG. 1K]
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[FIG. 2¢€]
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[FIG. 20]
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[FIG. 3c]
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