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A7) stEFe A dlelE 1A NOFDMS: o] 838t712 &dd 49, 7|AFo25E sty a Aol JH(downlink
control information) % 7] Al&(reference signal)+v 2 Fik¢ 3 b5 3H orthogonal frequency-
division multiplexing OFDM)& ©]83 F4lsta 7] steFd A dlole+= 7] NOFDM %5 737] OFDME ©]§
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Agol Fd5o] AFHZ HAs= ZRALE YA AFEH B 7E T2 Thed dHoly ZRAY
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FYPHE A= e 5 ol
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e eS| A o FAARE 9O ER ARHUAY I FHaLsE R ER O RYd §
Atk Wuk olyg, FAHLAE B -R'ELS Unle]lx ®E B WEW U= o) sy EE 1 o]
CPUES ARAZIE=S 789 = v, B QA ddlA] -5 shd o] o] ZRANE £33 = 9l

T4 B4l Al=wle 2719 &4 59 Au2E AFstE ZolA Hojud oE Eo] 3GPPe] HSPA(High Speed
Packet Access), LTE(Long Term Evolution B+ E-UTRA (Evolved Universal Terrestrial Radio Access)),
LTE-Advanced(LTE-A), LTE-Pro, 3GPP2¢] HRPD(High Rate Packet Data), UMB(Ultra Mobile Broadband) % IEEE
o] 802.16e 9 &4l HTH Fol &, IEHY A doly Mu|AE AFshe FUY T A A&

2 ddsta Q).

71 Bde A S AlREe dixA] A LIE A
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>

¢

= 38k A (Downlink, DL)elAlE=

OFDM(Orthogonal Frequency Division Multiplexing) A& &3tz i, A3FEA(Uplink, UL)oAE= SC-
FDMA(Single Carrier Frequency Division Multiple Access) ®A1S A3t ). Ak a+= @ (User

Iru

2
Equipment (UE) = Mobile Station(MS))o] 7]*]=+(eNodeB(eNB), =+ base station(BS))2Z HolE L A
o] NZE HAFste FA HAE 5ta, g IE 7IAFo] @GR oy T Alo] AEE dFdhe FA
PAE gttt AV 22 ve AE AL S A4 AR HE doly e Ao ARE WS AT
T s AR HAA 5, 5 AuA(Orthogonality)e] HHstes g 3l &30 wn Z ARgAe] 1
oJE] = Aol ARI} 7

i)
oy
Jhe
o
O

LTE ol &% 541 A2810l 56 B4l Alxw

2 AREAF 2 AMu[ 2 AFA o] vhget 8 AFES AEA
kg sk 4= glojof shr] o, thke 8T ARERS FAldl wEESSHE AH|2E A Ystojol st} 56 F4l Al
95 Hs) nEEE AuaE2s 4E Zekd FdY FA(enhanced Mobile Broadband, eMBB), thit:E 714138

Z2l(massive machine type communication, mMIC), ZAIZ] AX FA(Ultra Reliability Low Latency
Communciation, URLLC) So] it}.

P4 deold A% &

eMBBE 7]1£9] LTE, LTE-A T+ LTE-Pro AlZ=H®lo %
SRR EL P

| A3k doly A% FEnd o
=% A Ae BE2 dth 48 5o 5 F

°
2Elol X eMBBE dhube] 7]

=
>
= o



[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]
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= 20Gbpse] Hdl A% £I(peak data rate), A3FH I A= 10Gbpse] F
o EF 56 A AREe HY AS SEE Alwshs d

perceived data rate)E AlFs|of 3l ole} T QT AMEES WEAIZY] fd ¢S 4" oF oY
(Multi Input Multi Output, MIMO) < 7]
LTE Al=¥le 2GHz Yol Ho 20MHz A
YA 6GHz = 6GHz )39 F3b4 ]

A aFehs dold A% =S wEAY 5 ok

ol
ol
o

BAll 56 BAl Al2=Elo| A ALE QIE|Yl(Internet of Thing, IoT)9F 22 &8 AH|2E XHsr] $13] mMIC7+
2HEIL Art. MICE S&H 02 AHE JAFYUS AT A8 A elA
ANYA &3, g wiEE AIRE, @i ¥E A 55 89 AME QIHY
@ 7)ol BEAR] A /)5S AFSGEE A eld Be ¢ wE(aE Eof 1,000,000 WE/kn ) XY

o AH[ o] B4 E] A stet o] Aol AWEtA| Kl
| %2 21 Alz=gle A Algets e ARl dib] g% 5 AWEAE
e A7k wde g uojop st dike] wiH el E AF wEstr] 57
o 10 WA 15133 zFo] wi-9- 21 wiE ] AW A battery life time)o] @7-¥T}.

=

mpxuto 2 [RLLCE 543 E4(mission-critical) &2 AMgEE AEE 7|4k 4 B4 Auzolt}, oF &
o] ZX(Robot) WE 7174 A=A (Machinery)el thdt 92 AoJ(remote control), A9 A%3}(industrial
automation), <1 Y] &-&X] (Unmaned Aerial Vehicle), ¥4 717 o] (Remote health care), W]/ 33 4=
(emergency alert) o AFEEE My~ So] mald 4 vl webA URLLCZF Al &8s EAL ¢ 3o A
A E w9 H2 JFEE AFIoF gt ol Eo] RLLCE A Yste AY~E 0.5 d8zxHu 22 T4
A% AQAZHAir interface latency)® WEa|ol 811, FAlo] 10~ o]&te] 3R S F&(Packet Error Rate)
o 87 AbghE wkEsjof gt} mEkbA, RLLCE A Hate AH2=E 9 56 Al =82 & AujzRn 42 A
% AlZF F7H(Transmit Time Interval, TTI)E Al&doF 3, FAlo] B4 FF9] AAHS W37 98 F
g el A W AdS FFafor st AA Abglo] a-ET.

>,

N

o
2
of
i,

5G A28 A7FA] AH|AE, eMBB, URLLC, mMTCiE 3Fite] AJ2wloA thFsls =) A | o
Zyzke] Mujzgo] zh= Aolgh @ ANERS WHSAI7]7] 98] Aujgbel] AR tE Faal 71 9 Sl gt

MEE AHSE S otk

olat LTE B! LTE-A A|=8je] T ¢f F-xof disl =d&

ey

o] By FAHom Aystaud .

ELTE Alzgel A Hole mi Aol Alde] AFHE TA AU Gel A-Fus 49 Nu FRE
@ mlolt,

ot

1
Al
1 oA 7FREFLS A 49, ARFS 9 99 vehdnh, Az 9909 HA HAE E9= OFDM
= (OFDM symbold) ZA], Ny, (101)702] OFDM A &o] X shue] &£XE(slot, 102)S FA3kaL, 2719 &30l
2o] 3ol AMBE Xy A(subframe, 103)E FA%C. A £3F9] Holi= 0.5mso]il, AHEIH AL Hol=
1.0mso)lth. 28] 4 Z# < (radio frame, 104)L 10709 ABEZ# Aoz FAHE A7 99 w9olt}, F
g4 g Ay HA AEdY = B o] (Subcarrier, ©]3F FukETe} ER stSelth)ERA, HAA A2
A% 9 (Transmission Bandwidth)e] W% F Ny(105)709] M BEA IR FAETH, A3 9
A Apdel 71 ©@9l= A 24 (Resource Element (RE), 106) &A1 OFDM 4l <ldlz "9l Ausjelo] e~z
Yeld 4 9ok, A9 E=(Resource Block(RB) ¥+ Physical Resource Block(PRB), 107)& A7+ 3 9ollA
Namp(101) 70 9] A8 OFDM A &3} F=3b5 F oA Np(108) 719 A&E ABEIAgAZE Hgdrt, wehba] e

RB(108)+= Ny, X Ngg 7HS] RE(106) 2 - €th. dubA o= dolge] HA AE d9= 7] RB &9lolt}h. LTE

Aol A ANEH O R ] Nowy = 7, Ne=12 131, Ny = A2 A thej o] thefFof v gt}

> bl

502 LTE % LTE-A AlZ=EloM 9] a3 A|o] A H(downlink control information, DCI)ell thall A4
o7 AWIEE 3},

\

LTE A|&8oll M sty = dloly Hes FFP= Holged e Ay dHRe & T 7A=oziy o
Do Al Ak, DCI= o8 7k o (format) o= golum, FFL A vloleo] thgh AAEY HEAA 8

|

Ol

_10_



[0033]

[0034]

[0035]

[0036]
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[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]
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g3 dolgd et AAEH HRAX A7 Aol AW FA7|7} 2L HAME DCI AA| o5, thF <HEHUE
AHgek F3F Y58l (spatial multiplexing)7F A85 =2 ofF, AHA]E DCIAA o5 T o} A7 DCI
xHo] Agro] L&Ht. A sEE A dolgel gt ~AEE Aol FH DCI 2 12 Aok v
7o Aol ARES EIFEE FAA

0/1 = L(Resource allocation type 0/1 flag): AQ & HW2o] 3 0 A 3 1 <
& HEW "AlS #-83}o] RBG(resource block group) @9 E AYS I3t} LTE A1~

o 71E a9 A % Fag 49 Yo E EHEE RB(resource block)o]al, RBGE E=71
o

a5

1o
=
&5
fru
-4
oX,
i
2
o
ot
o
o2
1
=
x
1o
[>
)
1
o,
1o
~
e
ey
o
)
i,
®
o
ot
—_
rlo
=
&
o)
=
=
2
i
2
&
it
i)
oft
ol

il

- A EE @ (Resource block assignment): Hlo]E HAFol ddd RBE FX|gt. A28 gigE 2 =9

@ ol mek EAsks Agle] A

- Wz 2 539 WA (Modulation and coding scheme; MCS): ©lo]g] A& ALgd Wz W23} ALstux &

= o]l A% E=(transport block)e A7E X430},

- HARQ Z 2 A2 HZ (HARQ process number): HARQ o] Z2Z M~ M3 E Fx|gt},

- M =& dlo]E A AAH(New data indicator): si@sh= ©lolE]7F HARQ 7] &I A AAEAAE TA .
t}.

- PUCCHE ¢33t A% A™H Aol W (Transmit Power Control(TPC) command for Physical Uplink Control
Channel (PUCCH)): Aa=l = #lo] @<l PUCCHO| thal A4 A= Aol WS =X},

rh

- <3 B (Redundancy version): HARQ ¢| <% B (redundancy version)< &4

A7 DOl A 29 92 ®¥\x A4S AA st &2 Aol A€ PDCCH(physical downlink control

channel )& &3l AFH}.

DCI ®A|#] #Ho] 2= (payload)ollE= CRC(Cyclic Redundancy Check) BIEZF B7te ™| (RCE ©Ee] Ao aid

3} RNTI(Radio Network Temporary Identifier)® 23 WEZ(scrambling)@tt. DCI HIAX Y B2 o5 &

o] GH-E4 (UE-specific)e] ®lolH A%, #EH Aol ¥& =& Ay dH2 S (random access response)

ol Wt M= tE RNTIEo] AFEET. = RNTIZF "AIH o8 AFHA eFa (RC AL Aol EFE o] dF

Hth. PDCCH o2 AFH = DI HAAE FAlehd v &gk RNTIE AFE3sle] CRCE &<lstar (RC &
o

o}
Rt}

A9t grom g WAAE 1 wel A%H AL el

il

32

T
=
T

o
i)

i
rot

2% LTE A|2=¥l9] DCI7F AEH= sheFga &8 ad<l PDCCH

Ll

=4

T 20 wEw, PDCCH(201)> dlele] AE  Ad<Ql PDSCH(202)9F A|ZF #& 53 (time division
multiplexing, TDM) i1, & A= o9 3%(204)0] Ax AFEch. PDCCH(201)2] 992 OFDM A& 7= &
H¥n o] PCFICH(Physical Control Format Indicator Channel)S 3] #H<4%%E CFI(Control Format
Indicator) 2@ o] Al XJAJE Tl PDCCH(201)E MEZ# el F-Fo| &&= OFDM A& sFstoza, whdo]
Hogt Wy sgga AASYH @9 ARE YUIET F JdEF st o]E T3 DL-SCH(Downlink Shared
Channel)ell digh tj=9 AA, = Al d k4, = Aol 9. dvhe] PDCCH
= o] DCI WIAAE Rbelal shaF Aol kg Ao vl dEEo] SAld ~AEHE ¢ dornw, 7}
A el M= th=7l el PDCCHE] A 40] FAlol| o] Fo X},

PDCCH(201)9] t]=ZHS gt #ogdx AE=2ZE (RS(cell-specific reference signal, 203)7} AF&-®rt}.
CRS(203)= A diFel Ax wf Ar=Z#dvirt AF= 3 A ID(Identity)ol web CRSel A&+ ~aAEH
A wisge] gEbzith. (RS(203)v= EE wEo] T8O AMESHE 7|F 2lolr] witd wi-54 WEw
(UE-specific beamforming)o] AF&2 4= Qlth. wlebA LTE A]&®le] PDCCHol thdh vz otely $Al 7L 7l
T3 £ tpo]HAIE] (open-loop transmit diversity)® 3SFAHE T (RSS] <l ¥ E 4% PBCH(Physical
Broadcast Channel)®] Hay o 2ZRE EH o7 koA dejxit),

=i}

=

PDCCH(201) 9] A1 &2 CCE(Control-Channel Element)E 7|¥Fo.2 3}, 3}pe] CCEE 9719 REG(Resource
Element Group), & % 36712 RE(Resource Element)EZ FA¥ o vk, 57 PDCCH(20)E $18] 28 CCE
o Mee 1, 2, 4 B g/7F € 4 e ol DCI WAIA FHlol2re] Ad 3d&d e} debxn). o9}
ol Mz t& CCE 7R+ PDCCH(201) €] ® = #&-(link adaptation)s T+&3}7] 9fal] AH&-€ T},

_11_
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]
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w2 PDCCH(201D) o tidh AR E B2 Ao AsE HEoF s, LTE A== Eg9= =y
< 93 CCEE9 AFS dehl= &4 Fik(search space)E Folalgivt. oo wal A PDCCH 992 =¥
gore CCEe Hgoz FAHAT. 8 Fe 7+ (CE9 HA W (aggregation level, AL)O| W& E= 7jf
of FFor FAH glon, ol= WA oR A adHEA i T Al og 4 P AHEHZEHY HE
E B gEFoz Hodr. 7 AMEZHY YelA o digw g I U (CEEEYY weEed §
Jd= 71 RE Y FHH(candidate)ol]l thaled PDCCH(201) ] o3k tjZH S S=33}aL, CRC &<l &3 3
T oA fFasitn AdE JRE A g,

g F7ke GE-EA (UE-specific) B4 373 ¥%(Common) B4 & 5
= nE REo A A" AB(system information)o] wd THe AAEHo|u llﬂolo | A A] (paging
message) 9t 2 A FF Ao HARE 4035171 Y3 PDCCH(20D) 9] FF &4 FHS 2418 F k. dE
So] Ao AlAt AR 5& Eghsl= SIB(System Information Block)-12] HES 93 DL-SCHY =A=% o
9 R PDCCH(201)¢] &8 &4 F3hs 2Agto = ald 5 9lt,

LTE A]2=&Jell A PDCCHOll whgh A&7k sh7]eb o] Aojer,

"The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space

[€))]
S

Eooat aggregation level L=11.2.4.8; is defined by a set of PDCCH candidates. For each serving

S(L')
cell on which PDCCH is monitored, the CCEs corresponding to PDCCH candidate m of the search space *
are given by
Li{(¥Yitmnmod | Nocp /L | 3 +i
Yk . . . 1

Where is defined below, i=0, ... , L-1 . For the common search space m'=m. For the PDCCH UE

specific search space, for the serving cell on which PDCCH is monitored, if the monitoring UE is

I
m'=m i - Hoy oy

configured with carrier indicator field then where is the carrier indicator

field value, else if the monitoring UE is not configured with carrier indicator field then m'=m,

w . . . . .
where m=0, ... , M -1. M 1is the number of PDCCH candidates to monitor in the given search space.

Note that the carrier indicator field value is the same as ServCellIndex

¥, . .
For the common search spaces, % is set to 0 for the two aggregation levels L=4 and L=8.

[€))]
For the UE-specific search space ooat aggregation level L, the variable * is defined by

Y,=(4 * Y ymodD

k=1 n/2|

where Y-, = mper # 0, A=39827, D=65537 and , ng 1s the slot number within a radio frame.

The RNTI value used for ngyp is defined in subclause 7.1 in downlink and subclause 8 in uplink.us

471l 713k PDCCHOl wigh &4 g3be] Aejo] mpaw dhd-574 &4 2312 galdos AIdysA] oal
o Ael(identity)ol ogk g B MBI MES T dEAHoR AHodr. S dE-549 w4 3t
of . xq] WMol wel upd = glomz o= Akl we} upE S Stk AE onlEtH, olF Fdho] &
TE AfolollA tE ddEel ofste] 54 we] ©Mgts ARESHA] Rk wAl(olE EE27 (Blocking)
Az AelgthE sidslerr. e 54 ddo] £AbskE e (EEe] ofv 22 AB=Zed oA 27
g ge dzed ool AR 7] wel sid MBEZH el vl 54 ddo] AAEYHA X,
ojeigt B F72 AlFtel] wet Wahy] wiiel I v MEZe el s oek g AV wAsA] ¥ =
T Ju. 4z 54 MBIl Aldda Ad2gde] dE-54 g g3ke] dRIF FH o deAgte
Muxzeq) He de-54 5 gite] W] wiel v MBze el FHLE olsks vE Aow o4



[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]
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@ & g
F71ell 7]<g PDCCHOl digh &4 Fxke] Aojo] 2w 3§ 94 Ik A 44 159 d¥E B EE
sl PDCCHE FAlsfiof stz 7] of&sd (CES Fdo=zs Aojdv. & o5 B4 a3t dEe] 4ol
W AEZESq] He o wet WEEHA gevh. TE B4 Fke] RlE vhFdt Ajadl AR o] AES 9@
EASA T AEA o] Ao ARE AEeEdxE AFEE F . o]F i TE B4 TS w-E4
Sl BOolA Jhew Aol FEale] kel 2AEYL WA Eah A o HANORE 48R 5 9l
=
Al TS Folzl A AelA ddo] faY S AEdoF st (CEERE ol 7ozl i Ao AdES] A
Fo= 1, 2, 4 4 8 Mo (CER 3he] Fas WMo o] 7HA A dilo] EAstnz e B4 7o &
A FE ZEeth. LTE A= PDCCHOlA A dldlel wel Aojw= &4 I3 o] o] RUHY
(monitoring)dloF 3} PDCCH T X "5 (candidates)?] 4= 1719 & 182 BoHr}.
721
Search space Sk(L) Number of PDCCH
. w
Type Aggregation level Size (in CCEs) candidates M
UE-specific 1 6 6
2 12 6
4 8 2
8 16 2
Common 4 16 4
8 16 2
471 % 1o wEW w-54 g ko] A 1A A {1, 2, 4, 845 AdatH o] W 74 {6, 6, 2,
2}71¢] PDCCH FHRA5S zhenh. 2% &4 37ke] 49, 34 dd {4, 8}5 AdstH o] wf Z2 {4, 23719
PDCCH SR TES zt=th, 35 &84 F7ko] A #d {4, 8IS A YslE o] &= A2 HA X7 dutd o
=2 A PR mdsfop of7] wiitel FET ALS AREE AW A (coverage) 54 FA 871 #1%te]
=
s o] gxof

5 g Fiow AEEE DI Al2E wAALY
Fab= 0, 14, 3, 3A, 1C9F £& 5% DCI E£Hol
Kol

(Spatial Multiplexing)E A ¥3}+= DCI ¥ A . @y of sl= 3}
= DCI i‘iﬂﬁ 3 o] thete] AAE A% Z=(Transmission Mode)ol uwle} @tk A% mso A
82 RRC Al2E " S Fato] o]Fofx7] wiitel s dgo] s o] thato] Al &S W3et=Add of
g g3t "12331]“ HE7F A =o] A ¥t ELPE‘VH e HE Rl Agle] DCI X 1A sl

S PDCCH A+9] DCI 45413 =82 4= a1, PDSCH $441-& PDSCH A9 3ty 3 dlolg £
2 St Aol Akl A Alo] A B (uplink control 1nformat10n,
v E8d 4 903, PUSCH $41& PUSCH o] &< doly B/®x= Wl S £89 5

AAAAE F LIE 2 LTE-A AZRe49 $892 A0 Ad 2 S8 Ao AR a8 w2
w4 g1l wakel slsant.

S7lolAE @A =olE T 9l 56 B4 Az shaEa Ao} Aol tste] mue Fxsle] nr} 74
Moz Ay,

\

Wol A AL 5 G SR Aol WS TASE A R Fag Ao 7R wele] A

= 3o W= Ao ﬂ%%-?@ﬂ% AzF 2w Fae 29 72 G (REG)E A7 Fo®E 1 OFDM A E(30
DE FA450] i, F3¢ Fo2+ 12719 ABAZ0(302) & 1 RBE T drt. Ao Ade 7|& o
& FAsHE d AoAA A F H%%ﬂ%lomMﬁ%@mﬁaﬂ@@giwé}ﬁgzﬂﬁwaimqa
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]
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Az Ae] Ado]l AF £ tEstd 5 vk, dolE AdrT; Ao AdS ol FAAFOZA AL}
ZRAE NS FAEAD 4 9do] AA AZE 8T AMERE wEESA]7) 7)) &olsttl. HEgE Alo] Alde FubaS
7l @91E 1 RB(302)Z AAFgo=a Ao Ady doly AE Atole] FI 2 thFsH({requency
division multiplexing, FDM)E BT} @& o2 F3a 4 o},

T 3o =AIFo] 9l REG(303)E AREFo=M thekdt 719 Aol Aqd do] AHd 4 Adrk. deE= 56 Al
2"o| A e Ao Ado] = ¥ @GS CCE(304)2t & A9, 1 CCE(304)& th4=2] REG(303)=%
T4E ¢ AT &= 3o =AE REG(304)E dE B A®aEW REG(303)+= 12709 RER 4= < il 1
CCE(304)7} 670¢] REG(303)= FAEthH 1 CCE(304)% 7270 REZ TAIE 4= o). s Ao o] A
AEW Y F9E v CCE(BE 74E & don, 54 g Ao A Aol 49 e ¥4 o
o whg} s} = vt CCE(304)ol =g xo] dgd 4= vk, Alo] J9ue] (CE(304)ES HMIER &Y
ool w MEe ARl usg We] wel FojE ¢ gl

A I Aol Qe 7E w9l REG(303)9l= DCIZF w8 = REEF o2 fxysly] ¢
591 DMRS(Demodulation Reference Signal, 305)7} wjH &= JHo] BF L= 4 9
REG(303) Well 370¢] REollA DMRS(305)7F A4= 4= v}k, DMRS(303)E REG(303) 1] 3%
O
H

oﬂ,;-:

Ze]sY (precoding) & AHEste] HEH 7] wZol @& 7|x=o] ol g
gloll= o] Jro tjsidgo] 7hsaltt.

4= 56 FA A Al 2=EG A sl A Ao Al el X%\‘QE Aoy < (Control Resource Set, CORESET)el
g dEE EAIE EHolth. & dolE FI FO08 A2H j9E(410), AMFFSR 1 £X420)(% 49 ¢
o= 1 £Xo] 7 OFDM AEE 749 Ao g 733t ) el 2709 Aol FF(A1Ae] G (401), A2
F(402))0] AAEH e dellE EAETE. Aol F(401, 402)= FIF FOo2 HAA A= ddE
(410) oA 54 A EMi=(subband, 403) “dol 9| O}CE A= 4 9l CORESETS A7 Fo2% 3} &=
= o<E e OFDM AE= A= 4= gla o]F Ao] o QO](Control Resource Set Duration, 404)0.2 #
o & gink. &= 49 dHolA Al1ANO] G (401) Zﬂoi 39 dol7t 24lERE AAE i, A2Ale] F
(402)& Aol 49 dol7k 1 AdEx 2] At

o

71 AR E 56 AlAEe e Aol FHL VAol wEelAl Fe AT AlZER (AW AL HH,
q

MIB(Master Information Block), RRC(Radio Resource Control) A|29®)S Fa] AA=E 5 ). dZoA A
o] 495 AAst= AL Ao G99 A, AEME, Ao ] APEAG, Aol I do] T HAH F
o] ARE AFst= AL guistth. didl oA AFshs Aol 99 AR e ARES XFE 5 9
1=
Z 2

- AARAR 1. FI¢ F RB &9 AR

- AARAE 2. Aol AF AE

- AAAR 3. AAGgY AE Dol

- AHAKH 4, REG HMEH =7 2 & EE6)

- AAAE 5. AF = (Interleaved W2l == Non-interleaved A4 H24])

- AR 6. DMRS AH AR (Precoder granula rity)

- AR 7. AN BY (3F SN, O-5F g0, 3E-54 24

- AAAE 8. dF Ao HollA RUER & DI 2

-1

to,

719l A4 AR Qo= sFEA Alo] Ads HAEs)
T }J\Tjr

O 2 56 Alawlel M o] s A Alo] AHrol thel Al Ao drgdttt

rr

o Bad e gugel Agse] awels 4yd

¥ o

O

5G A]2~®loll A PUSCH(Physical Uplink Shared Channel) o2 A%¥ = 4adkd = dlolg = PDSCH(Physical
Downlink Shared Channel) Ao HA%¥+= dtaFH A dolgd W3t ~2AEH AHE DCIS 53 7|AFo =R
B chdel A deEch, @ PUSCH = PDSCHOl thdle] ofv] @ (Fallback)§ DCI ¥} #]vjn] 2 (Non-
fallback)8& DCI 2-E& EYHH (Monitoring)d 4 k. div]d DCI XL 7|A] 52 @ Alolofl A 7%
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f
il
4
o
o

o2 7AE F A3, ¥oE S DCI e A4 7hed d=g 2§ + At
K

[0077] PUSCHE =AlEH 3= vl g DCI& oY) 317] & 39 ARES X33 4 b
Z3
[0078] - Identifier for DCI formats (DCI ¥9 2]®¥Hxz}) - [1] bit
- Frequency domain resource assignment (F3}5 Z=w|¢l 2 o) -
ULBWP UL.BWP
[ [ log,(Ngp (N gz +1)/2) ] 1 bits

- Time domain resource assignment (A7} Z=w|¢l =91 &) - X bits
- Frequency hopping flag (53 533 Z 1) - 1 bit.
- Modulation and coding scheme - [5] bits

New data indicator - 1 bit
- Redundancy version - [2] bits
HARQ process number - [4] bits
- TPC command for scheduled PUSCH - [2] bits
UL/SUL indicator (V& =/F7} 2333 XA AL - 0 or 1 bit

[0079] PUSCHE 2AZH s vldiv| A DCIE od) 817] & 49 HRES ¥ 4 9T}
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#% 4
[0080] - Carrier indicator (2o 2=} - 0 or 3 bits
- Identifier for DCI formats - [1] bits
Bandwidth part indicator (Y= S}E A=) 0 0, 1 or 2 bits
- Frequency domain resource assignment

UL BWP
Nipg /P
O For resource allocation type 0, [ Nis 1 bits
[ log (N ™" (Wi ™" "+ 1)/2) 1

O For resource allocation type 1, bits
- Time domain resource assignment — 1, 2, 3, or 4 bits

- VRB-to-PRB mapping (7F3 AY EZ(virtual resource block)-to-=%] A &= (physical
resource block) "§4)- 0 or 1 bit, only for resource allocation type 1(Xd &% €}] 19 A%
1 HE =& FH9 0 HE).

| (? 0 bit if only resource allocation type 0 is configured(x}d &% €} 0 AAHA 0
HE);
O 1 bit otherwise(Th& A% 1 HE),
- Frequency hopping flag - 0 or 1 bit, only for resource allocation type 1.
O 0 bit if only resource allocation type 0 is configured;
O 1 bit otherwise.
- Modulation and coding scheme — 5 bits
- New data indicator - 1 bit
- Redundancy version - 2 bits as defined in section x.x of [6, TS38.214]
- HARQ process number — 4 bits
- 1st downlink assignment index (A1 3}FHI &< Adl~) - 1 or 2 bits
O 1 bit for semi-static HARQ-ACK codebook(7%4 HARQ-ACK T =29l ZH$- 1 HIE);

O 2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook(%+ HARQ-ACK #E=
53 5% HARQ-ACK F=59 A9 2 H|E).

- 2nd downlink assignment index(A|2 d}&FH =T & <lel~) - 0 or 2 bits

O 2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks(2712] HARQ-ACK
AE F=BI T2 HARQ-ACK F=E9] A9 2 HE);

O 0 bit otherwise(}& A5 0 H|E).
- TPC command for scheduled PUSCH - 2 bits

I
N
[ loga( 2u( 0T

- SRS resource indicator (AF+19 715 A& 2 A A2~ ! or

1 N .

[ log(Ngzs) | bits
I
N
[ loga( 2u( 0T

O B bits for non-codebook based PUSCH transmission(ZE% 7|Hko] o}
Y PUSCH A2 ),

O [ log,(Ngrs) |
A5).
- Precoding information and number of layers(Z#]ZY HH & #Holole <) - up to 6 bits
- Antenna ports(StEIY} ¥ E) - up to 5 bits
- SRS request (A9 7] 4A1& 8%) - 2 bits
- CSI request(ME A8 AR &%) -0, 1, 2, 3, 4, 5, or 6 bits
- CBG transmission information(ZZE £% 15 (code block group) ¥ AH) -0, 2, 4, 6, or 8
bits
PTRS-DMRS association($]4 EH 71& Aa-5F 7|F 41& #A) - 2 bits.
- beta_offset indicator (ME}-2. XAl XA|z}) - 2 bits
- DMRS sequence initialization(DMRS A|® 2 %7]3}) - 0 or 1 bit
- UL/SUL indicator — 0 or 1 bit

bits for codebook based PUSCH transmission(Z=% 7]¥F PUSCH %<

[0081] PDSCHE =AlEH 3= vl g DCI& oY) 317] % 59 ARES X33 4 Qo).
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¥ 5

[0082] - Identifier for DCI formats - [1] bit

[ DI.BWP, DI BWP

log,(Nygs (Ngp +1)/2) ]

- Frequency domain resource assignment — [ ] bits

- Time domain resource assignment - X bits

- VRB-to-PRB mapping - 1 bit.

- Modulation and coding scheme - [5] bits

- New data indicator - 1 bit

- Redundancy version - [2] bits

- HARQ process number - [4] bits

- Downlink assignment index - 2 bits

- TPC command for scheduled PUCCH - [2] bits

- PUCCH resource indicator (&2 Aek® 3 #|o] 249 (physical uplink control channel, PUCCH) =}
A AAAD) - [2] bits

- PDSCH-to-HARQ feedback timing indicator (PDSCH-to-HARQ =4 €}o|w] A]A|=x}) - [3] bits

B

[0083] PDSCHE 2AZH s vldiv A DCIE od) 817] & 69 HRES 9T 4 9T}
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[0084]

[0085]

[0086]

[0087]
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£ 6
- Carrier indicator — 0 or 3 bits
- Identifier for DCI formats - [1] bits
- Bandwidth part indicator - 0, 1 or 2 bits
- Frequency domain resource assignment
DI .BWP
. N /P .
O For resource allocation type 0, [ Nis 1 bits
) 10 ND[ BWFP NDL BWP+1 /2 )
O For resource allocation type 1, [ 1og(Nis (Nes M2 ] bits

- Time domain resource assignment — 1, 2, 3, or 4 bits

- VRB-to-PRB mapping - 0 or 1 bit, only for resource allocation type 1.
O 0 bit if only resource allocation type O is configured;
O 1 bit otherwise.

- PRB bundling size indicator(&d A &5 HEH ZA7] AA|AH) - 1 bit

- Rate matching indicator(&°o]E wj& X|A]z}) - 0, 1, 2 bits

- 7P CSI-RS trigger(04 ¥ CSI-RS EZ]A) - X bits

For transport block 1:

- Modulation and coding scheme — 5 bits

- New data indicator — 1 bit

- Redundancy version - 2 bits

For transport block 2:

- Modulation and coding scheme — 5 bits

- New data indicator — 1 bit

- Redundancy version - 2 bits

HARQ process number - 4 bits

- Downlink assignment index - O or 4 bits

TPC command for scheduled PUCCH - 2 bits

- PUCCH resource indicator

- PDSCH-to-HARQ feedback timing indicator — 3 bits
- Antenna ports — up to 5 bits

- Transmission configuration indication(H% A=A A A]) - 3 bits

- SRS request - 2 bits

CBG transmission information - 0, 2, 4, 6, or 8 bits

- CBG flushing out information(ZE= E= 1F Z#A o2 AH) - 0 or 1 bit
DMRS sequence initialization — 0 or 1 bit

7] DCI+= Ad 39 2 Wz 348 AA PCCHS F3] d5d 4 Adot. DCI WAIA] Ho]Z=d= CRC(Cyclic
Redundancy Check) HIEZ} §-7}5m CRCE @29 219el 3l@d3sl= RNTI(Radio Network Temporary Identifie
)2 ~3WEH (scrambling) @th. DCI =wIAA 9] 54, o|lE S0 @E-54(UE-specific)® dHoly A%, ¥
Ao W T Ady A S Tol wEl M2 gE RNTIE] AEHT. 5 RNTIZF WA 4 o= xaigz] oF
CRC At #Aol 3w o] AEH Tk, PDCCH o2 AEH = DO WAIAE Falstd ghzhd s whe RNTI
ARg3te] CRCE F1ste] (RC €1 AFrt gtow & wirA= 2 ddol A dAsd AdS AT
T}
oAt Al®l AR (System Information, SI)oll thdt PDSCHE ~AlE®W st DI+ SI-RNTIZ =AW EHE 5
21th. RAR(Random Access Response) WA|Aol tdt PDSCHE 2=AEH 3= DCI= RA-RNTIZ AT EHE = 3]
o Hold wAAdl e PDSCHE A~AZEH3IE DI P-RNTIZ =3 #EHE 4 At} SFI(Slot Format
Indicator)E BA3}= DCI SFI-RNTIZ 23353 E 4= vl TPC(Transmit Power Control)E %X3}& DCI
= TPC-RNTIZ 23 REHE F vk, @E-5A4°] PDSCH E+ PUSCHE 2~A|E%3sH= DCIi= C-RNTI(Cell RNT
DE ~3fED d +

¥

57 ool 471 PDCCHE Fall dlol¥ Ad, = PUSCH H+= PDSCHE 271E5% E&%éﬁ% 2AEEH A o
A ellA dlelE 5ol DRSS A %*@%D} = 5% 56 Al=ElolA St RB 7x dAe] ddE =AY
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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]
[0095]

[0096]

[0097]

[0098]
[0099]

[0100]
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Loty & 5% 54 wido] &Y ol 14709 OFDM AES 3hue] &3 (s MEZY)or ARgsal
%7] % 71¢] OFDM AlE= PDCCH(Z &}&H = Alo] AW, 501)7F A% Aﬂ W) Al Eo A DMRS(502)7F A&
HEE AAE A2 Jehdnh, ® 59 A% 1 PDSCH7F A= E 54 RB ol A PDSCH(Z shaFad =L dlolE,
503)= Al ®Al AlEClA DMRS7F AEHA = REEH ol ol WHARE wAw 427129 REE vig ¥ o
AsATh, = 594 FHA Fukdn 704 Af= LTE 2 LTE-A Al2E¥1e] 9o 15kHzolal 56 Al~Ele] 3%
{15, 30, 60, 120, 240, 480}kHz & 3l }7} AL&-H T},

’37] Avsk LTE 9 LTE-A Al2=¥l17} 5G A|2=8¥12 OFDM W2l 7|ukste] Alo] Ad, 7% Als 9 dojE NS
THABIES AAEHAY. F HEE X¥stal T F JolA ZF Fukdal fxo] d5E ol A8 54
{ao, a1, ... , &1t 9Fg o] WS (inverse Fourier transform)S AF&3le] Al & AoAeo] Az 2 WHeks}

Fo7l A7 Tkl AHER Azwel TARG. Y] RN ABel A F AL O o4 19

K-1
i I
(= 2ae”™™ « rec(—)
J= i

1 0<x<l1

O elsewhere

rect(t):{
A7 AfE BEurss AL UeEhga TE OFDM AE ZdolE Yehie rect(x)E

71 kA 1o yERd OFDM Al2E Fab FollA yepiid vao] 284 29 o] Af HA 9] Fukgabsol

|
A AgHE doy AE 4 {a, a, ... , a9 9482 EA(impulse train)d sincilz e A=

(convolution)9] ez e},

K—1

Z @ d(f — kAS) ] ®sinc(Tf)

k=0

S() =Fls(0)} =

1m

o71A F{ -} AZFE 2159 Fgd ¥M3S Yehd 6 (- )+ 98925 Y= Yg 2EkDirac delta) ¥
Folt}. 183l sinc(x)=(sin(nx))/nxol™ @& FAFS Y. = 62 7] OFDM A5 F3u5 FolA

e FoR 7] 78 29 g7F BT 2L s 7HAE A5 gt
% 62 OFDM 3 & 23 s ZAISH ZWolth. = 6olA & F ko] 5 FulEuoia AE$EE 2
7 92 FRkSalEd JES 7R godd A 7 13 A 2004 Af=1/T7F RESslor &5 HA &<l
st = 9o, wEkA sk 3S Buksak7E 7Hd (inter—carrier interference, ICI)o] E£A)31A] FEFH 3=
A& (Zero) 1CI ZAo]g 3t}
[43H2] 3]

1
A —__
v 7
= LIE, LTE-A % 5G Al=glol A A&3ta 9l OFDM Al =¥l Z§- Fubda 7hAo] A4 = OFDM A=< 4
o] &8k 3o uhg} AAHEC, o]o] wet OFDM A s& AT F34 9= BW)3 OFDM A& ol (D) 7F 9]
A AFE 7 U Fi5ue 9 BiXTE 95 5 oy, g o3 A& dol(Dd st B
T A& dlolE ] o] g F-ukEite] sl vl sl AFE Y

el AAeE AR = oA AFAIs] AR el olstellA LTE 3 LTE-A A|AES A=A
Jepuge

o

H

A Ag FHE 2t o] SAAIAHC R 2 el A

A7} Ag= = gtk B Eo] LTE-A o] %o /M5 E 54 o]% 541 71%(5G, new radio, NR)o|] o]o] ¥

e 5 ds ot B iy AAdE SHE v)EA A2s shzke] ddoza 2 owye] Heg A
A goyz] ofysis HelolA dF WS T e 4 Alagddx H8" 4 ).



10-2019-0116670

5

=

=

H

=
[=}

=E N
%ﬂmﬂ WW@MQ]
i = BOTEZ R
ap 201 N Mo A ]
wow e S EL R T T il
o o R i) el —
ﬂME ﬁﬁ@nﬂiﬂﬂﬂl ww_Jl]mE 3 OMMH
of X B i~ - W o 4o O#VOL BTN R 7o o "k
3 B ‘Ilr,# A ﬂ% —_ - 3 X —
mﬂoz 4ﬂﬁ@u_wa G %me oo < 5% T HT R
2 " Aok < = i@]mr ﬂl_aﬂ Mﬂnd%@ﬁVAaT@u
iy do - BT vmmf1ﬂx§ nEE =0 5WE T T
B AL E R . e E T $om 5w [« 5 z TEwh
) ol —_— N —_— ~ 1 on <R T )
g A aTzT%MWW mgmﬂwrﬂmﬂ%ﬂ G Etumﬂmmﬁm@.ﬂ%ﬁﬂ ﬂmuégdz
= I m o @ T S8 o ° T wimﬁ}r 2T Tl 4o oo
,mo%ze ﬁomo%ﬂll E]lﬂ;%ﬂwu Eﬁeﬂﬂl o = ~ M- B %ﬂlﬂ@ ATﬂw
T ok ) =) U B om K i - X0 N W <R ﬂ‘w 5 T < o) o ﬂnﬂoT = = o & o+ o= T Ny
T oo mﬂxnn]qol} N_.qjm moE R io]ﬂuLu 4}L7L£eﬂmP,_ﬁoJﬂzﬁoE i T N
X RpI = A " L e N =r o X N m X N T 7o = M N R0
o I = A__ah}% € ﬂﬂrﬂr.xm z T me«:llum«x wr & T o
TIIREIITT i 551 ot cifzisiziis Criziz
DN I A S oy &l L2 < % CR
o mMM__w;ﬁ% ﬁ%é@%ﬂN w4 %Vmaﬂa;é@ﬁ@u% TN
o Ho = %@% e moEﬁo, ﬂxa? o T S MQQW] = o =
SR R LR = o oo 7 LS wET 48 R )
G diwﬂﬂm Egeﬁ%&mﬂf W my M Wﬂfrim_zﬂo, —ETY o 5
! —_— i = = =~ vt vl B -
- 22 3 Lo put = T = A ;T%omc}@%@ﬁ T
o . ml oy = = <) ™ W o) B = o o)) ﬂrﬂuwr S RE = W ) Lo Lo
To LE,D| ‘.X_y_lﬂtlbt = = EA EL]d qﬂno.LE fatt = D]D n| ﬂAPE.# .
‘DIE AT L r HL _BEHHO ﬂHwA‘UI7 OZTHT(#F_AFO#L —_ ‘IFEHO#T
?Liﬂiz B« gy N = T o = _iromMoLEm.o oo A < B
B % = =% T s - TG ol P do = N o TR
h;ﬁgaﬂ. ) o X < .2 LIPS M X m T T T % o & gl
| =0 ‘I‘ul‘lﬂ OT 1rz:vA_ — ,AOATHL HLELIMHL)AAT;O.#‘”OO .Hl,lrbﬁ\/e.f A_I
g oW %Ioﬁ.ﬁomﬁ G Do po 2 o aan7DaTa.L1ﬁ é mom e .
ictﬁn_ﬂlr N —_ . | > = L, 3 = [ _EEAL W o= — o .
o T T T o o Ty W F S = 0w =2 T Mo o oA
- ~ 9 AXA.#O o HﬁﬁPoiﬂ o = do T iy = o = 2 70 dan]
7‘m07AJ.NI ﬁe‘ur‘_ioﬂnﬂﬂ 71r;oL B N1rLo,A tnﬂ\lﬂm‘l .111_D1r o mm‘._llg;oLO
% e = s NI T odo BT NS ° qar>xF7Lﬂ,r3 BN =
%M%W 5ﬂaTx&wﬁ P#Mﬁ%ﬁrm %mﬂAm geﬂmﬂﬁﬁm%mﬂ%@ 7k T =
—_ B piy —
ww‘_ﬁ, u,xﬂlbtwdﬁkﬁl W.fo ﬁ_ﬂHT‘me ;omﬁvmﬁo Ml‘.kloﬂm,_ﬂ(cioror\mlnﬁrﬂ ﬂ‘%ﬂrﬂ_ol Wﬁ“.i
wﬂuﬁri AﬂmM__OA_nz mﬂm‘_%éoorAm @uannzt _xﬂbf).ﬂqdﬂooﬂeil ﬂﬁoﬂamo%oﬁ
JI,Aoo"_om dy oo EOEH — 1 7w Eaf ™ NN _Em_iOMﬂwrioE s NrMoMx_. o
R et = ATOML% VTmoHT%il T B ﬁodﬂ o8 i s 5
3 O R LI T o J|1m X 5 = S ﬂriﬁﬂnn EEHEOE <
% oo <o G 3. o T RS = o do o o W ) - o _ ™ S o W
o Mg E.Q%QE% =xdiT % ﬂﬂ%%@ o T o B B T w
=T S = EN AR T LT 11%_63AA;;%L%?@@J. omEw X
2 Jluh ]xMLoT ey 1aw7r1_17éﬁ S = n nm_xoaTxOm_m erA n‘-JurLlZ_ w X
R CEmE R X wro < S ﬂr@ﬂ%éﬂﬂwafi = o4 BB o E.{slaﬂ
‘._mO‘Dr‘._PL_L OWA_.O‘IO\INﬁ Ao‘ul _!E_.# ‘m_ﬂ_ —_ = 2 — ZTF ~r ﬂ}wmo ‘.WOO o
C o N X To i = = g o’ e — e — N o N o T I g W T T
Amﬂ;a7 N qwﬂlﬂmﬂ 1FHL1AEEXL = tiT M o 3 [ 4.::._% %nnELlue ‘:LJIAE, <
o G wﬂE u|o]1G VTo»_SﬂN_.( b b moUElMuAT odrﬂrxoﬂxoﬁl71rmﬂ ﬂm_u]ﬂﬂjlﬁr
Eﬂgﬁkoékiu NS R < 2 oFe B AW ﬂaﬂza@7> ﬁfzow
BT R N ,.élﬁ.) o RS = 2 < Hﬂq&omﬂﬂgﬁémm X T o ®
maleL N oy ™ do T S g b N %L11rgo T = Sy % Gl
=B ) N iy = S o h v :@|7,_1rMEd| T = B & ﬂXHT o
) o X oMﬂ(ﬂPMM,mM ﬂ_.oaﬁ;ooﬁ ® o ‘o|n_1mﬂﬂ,A 2 ﬂbt mqﬁlmmﬂWm oo T
._A_lﬂmoﬂmgﬂaﬂl_l_/‘_gﬂor mﬁﬂ&ohieqﬂﬁ e M_Nﬂ/E o == Oegamﬂ,mmq_#oui mﬂw W‘;Mdle_._ﬂ_.olwe
B xoxéﬂe_/%ﬂoéV(@ = AR & & W o 99 TR o 1N¢.Fé£d| 0
H 7% erﬁex S o % o)) = b N T B A 047 La.i%ﬂo . = (- T
el 5 REMT D * @g;.mj% N A~ SEETT @iowmﬂowameUroE =0y g I
LEZEUN Evm gal AL :LﬂcmﬂjluwM_zﬂs H%m%@@ﬂu
o 4 %%ﬂw/ﬂﬂ 7 . %H?%%w_iuﬂ.,icm W B 7E1m}rzf G
e s LT TEew < mgIo:_E%f% & s -
TLEWA[T = VW_-NZTAHT NMﬂﬁmﬁﬁﬂud,@r .ﬂmLA_mE m-%wrﬂhnooﬁo o ¥
] ‘_m/l_“oﬁA_OEMn ) 2 H‘l_/r‘_&ﬂﬂ_ﬁull__/lmge,q]‘urﬂﬁ oy~
AT.SﬂEM#m_L 7wwfmfmoo#oﬂm.‘_§\0)m_ _,m_ﬂ{ww B ol
) —_ i) ) —~
g E%%mwmnA%EMﬂij@%wiﬂa MOM
.1 ul 5 0 — X7
feBlzl DERL LS
71_5 ~ o
o T OB up =
aEMﬂ

[0101]
[0102]
[0103]
[0104]
[0105]
[0106]
[0107]
[0108]
[0109]

-20 -



[0110]
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[0113]

[0114]

[0115]
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[0119]

[0120]

[0121]

ZIHSd 10-2019-0116670

a0, Ay, ..., A1} = argmaxy, o 1eakP(Go, ., Ax_1|R)

o714 PXIVE Y7b Fol Aol Xel SEe2 tehla A& dold 4%e] 74 4 9t /b5 g5

Agoln] A= 2 Aask Aol EFHE 20 kel 5w RE WEEe] ¥ vdebanh BA w2 (v
0.8 o149l Aol S84 5% mpEi £A71% ARGEE NOFDE AEE 107 gl 333 Al dxsh: 4
0

| = 5ol A Ao Adg TP ABI RS £FE AE, ZEa bl
| = 3ol A PDCCHS} DMRSE OFDME Al-8-8}il wlo]Eli NOFDME ARg-ate] dlolE &
FAlEE A 2ES mddth, F71R e A8 ol PDCCH Hi= DMRSSE Fub4: Aol i M2 o Hukgs)
B (FDM)Eo] A4E= dolE= OFDMo] AJ4E Zol}. <dubd o PPCCHE 54 wakzzo] oy 2
B 2AZEY ARE X517 wFo| AA A|xEl] AFE} HF 2
o wEkA ZaAded o3| fl:/‘\_] ER/ETE g2 OFDM*(l /\]-»9— }‘* 740] Zu}. 3 DIRSE &5

re
E
1,
o
lo
g
£
2
2
>
TS
ox
N

>
(RS
N2y

g8k Blo] AA A =F FHol ?’\}ﬁi%ﬁ‘r. Hh of Eﬂohﬂt i?ﬂ %‘ ARE T3l @2’*5& AE Aol &
2 AdeHy B g dHolHEs 23 5 lojok shv] wiitel Fubgr mdo]l w2 A 49k @2 NOFDM&
%

% 9% NOFDM 4152} OFDM A3 7F TDME 4-$-¢] RB %9 ddZ TAE Twolt}, & 9= 2 dhge] 144
ofloll Al 312 3H= OFDMZ} NOFDMe] ZAde Alxgle] sheka a4 PDCCH(901), DMRS(902) 2 PDSCH(903 i
904)2] REE°] AIZF B Fabg AdolA wigsu M= ogsss Wi A oS Yepdch. OFDM A& <} NOFDM
ANF7F A= A= A28 §8249¢ T28 9 wde AAZY 2D AF AL d9el RB ﬂ7]7]-

&% e Tl AR F 9

o
2= 9l%o] OFDMZ} NOFDME] A|7+% T2 Ax|6l7] wjito] S5 TAEr] 98t Wxe pRe 7935l
ARE FupeFoll A FukEal 7hAo] thE7] wiite bl RB Wl EIEE FRkESEC] JieE vhge] 8
g

Ngs orpna— SN re NoFDM
714 Niporowi= SFHF2] RB W] OFDM F4k5he] 7|0] 2L Ngorw= SFHFS] RB W] NOFDM F-1Hbg-3}o] 7 4=o| T},

LTE, LTE-AY} 5G Al2=glol| A9} Fo] 12709] OFDM H-ukEh7t sluhe] RBE ol& 4%, & 99 #Zeo] 17} 0.8%
A5 st NOFDMe] Aol & shbe] RB7F 15709 FukEats 23(910)3t =% Alz=glo] AAE 4 3},
Tk ] AW H}Q} o]l = 9914 PDCCH(901)u} DMRS(902)%& OFDMS AF&-3l%=F 3}ar PDSCH(904)%RF
NOFDMS Ab&3l== 3}gicy. =3k PDCCHY DMRSS} FDMEE PDSCH(903) 5L OFDMS AR3l== 3lqict. =
PDCCHY 715 /ﬂiﬂ w3 gl AlEo] wjB = PDSCH AEolE OFDMS ARgghth. 247] Aw sk npe} 7ro] OFDMT
NOFDM A &= AJ7s 2o WAS & Fart §l7] ol LTE, LTE-A 2 NR A|2=8lz} o] 1471 OFDM Al E-o]

=
R £RE 0E F URS A2Hg BN 5 o

rok

= 102 NOFDM A1} OFDM A&7} TOMEl 74-$-°] RB 2o wrhe U =wolt}, LIE, LTE-Att 56
|80l A5k o] 1270] OFDN 537k kel RBE ol§ 49, % 109 gel 7} 0.69) 792 nelsh
34 690 ek NOFDNS] Z§-oli= shuhe] RB7E 207he] $ukEshE EIH(1010)8HES A2glo] MAE % 9t
w3 A7) A H}Q} o] = 1001413 PDCCH(1001)1} DNRS(1002)% OFDMS AF&3}%=% ka1 PDSCH(1004) %
NOFDN-S A}8-3FE= 3hgich. B PDCCH(1001) 1 DVRS(1002) €k FDME]:= PDSCH(1003)E-& OFDNS Al&3lw% 3
k. 47) dv 6& uke} ko] OFDM} NOFDM A& Al7bE Fxo] W74& % Wert 917 Wi LIE, LTE-A %

NR AJZEs} o] 147 OFDM AEo] 73 &5%% olF F AnsH A28S T4 2 5 v

it

ZA

>

(

J7] = 994 10914 PDCCHZE 2702] 271 F 709] OFDM A EelA Afsa 1 o]F DMRS7F Adse 452 4
R glo) B oubgol A= olol FAEkA ki PDCCHE 070 o4 oW 7j5=2] OFDM A ZE5oA dA5E 5 glx
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]
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TS DMRSE 3Fu; o]4ke] OFDM AlEolA HF=E 4 vy, & WHgeo] AAde= DMRS® PDCCH7F A3k
OFDM 4l &o] 7M4=9F #&glo] 5UatAl PDCCHY DMRS®F FDM® &= PDSCHE S OFDME A&3tal 124 ¢k 4 9o
= NOFDM& AME3te] dlolHE AES 4 JAEF srh. F3 2 i) AAjdo A= DRSS dAIZ £ 3
o1} oo Ak ¥n Tl MY FFE 98 AMgste AE Al AR 7]+ 4lS(channel state
information reference signal, CSI-RS) &3} PDSCH”} FDME+= A $-ol%= Ab7] CSI-RS$} FDME+= PDSCHE= OFDM
= ARgete]l dEE ¢ vk T3 F 7] A& (primary synchronization signal) B % §7] A& (secondary
synchronization signal)) % PBCH(physical broadcast channel)ol®= L3 A7} H&d 4 Q. = do]
H7F NOFDME o] &3 FFAlE bt A7et 22 A5 2 AE 5 Ho% shvhe OFDMES © S
Ko Ariek 22 A5 W A FME ] MEE = vlolyol= OFDMe] A&2 4 Urt.

‘;W

T 118 B odgo] A1AdAYgE w2 gEto] PDSCHE A 538 =A% Zdoly, & 118 #zxehd
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Agskal, FDMSA e4ar PDSCHRE &g Aol wisd &= A-(5 PDSCHZE AEs= Aol widd Ao Ad =
= 71 AlZTE EAEHA] @ )= 1203 dAR Zdske] 7] =2 NOFDME ARE-ske] PDSCHE &4lskH
NOFDME o] 83 st =L HolHE 9% g 2Aed Jis o dFdn.
A7) AN el = T2 st A w3 71A=e] PDSCH F4l FE 7]sshal o PUSCHE] 7d-¢-ol
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Aool 423k 49 NOFDM Al35 AAdsts WS TAd ez 7jegit).

% 132 OFDM 3= NOFDM 4l&5 A4 sh= 7] =

© 7 49 25 E st F217] w4 AHd.

K ooleln N=2'(ne AAF) L wWFHalE Ngte Aud 3 A8 9 {a, a, ..., actol tigke] 27

Ne] IFFT(inverse fast Fourier transform) &%-& F3ate] AIZMS AEHE A5 {A, AL ..., Aate 4
F

S 53, o714 IFFT+ Y29 8] 78 W=+ IDFT(inverse discrete
TFHsE daugFsoer & 4R FH 7|Eo|t).

X,= 2, SN k=01, .N-1

o] & 1302 WA Fal7l= A AEHE (A, A c A 7 FERE Moo WU WEESEO]
S W AUZY (over-sampling) ® L {Ay, Ao A A, Ay, Ay Av1, Ava b2 g=st), o] u A7t
= AMEHE 799 4 S0l Mo ¥ WHEHO] HAERLE Fdo] AAET. = eWAELE Fdoe 7
T Mower W E3HE T, A2 OHAZHE FholE A0l Moo/l ETE A HTh. 1303 TAGA o] AE
W F7]& 7FA+= DAC(digital-to-analog converter) §2hS Fefgtt}, A7|A FI5E oA AE £49 {4
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, a7t AL FASE 99X s A7) DACY BEE F7)E To= 1/( T AfNMye) 2 A= o
of 3hr}. 1303 wAlGlA Aol A|7bE ol R AFE 1304 wAlGA HA
o] 1305 ©AlNA YER 7] 34 49 AEE A a9E JERA "
5= 13 Al =191 5= OFDM
St OFDMZ} NOFDM A& &
Koz A RW OFDM 213 A4
oA Zpol7} whAE 4= 9T},
obel 3 6& 15kHz FubEh 1175 AREShE 56 Al
N2k é=o.8°L 79 NOFDM A]®lo Al 24k 4 Q&= #

Ao R vhe BPEs WAy §lste] K Bk 2 2 gk & Aige dHs A ¥ 6%
Zkzsto] 7] A3k OFDM¥} NOFDME] =Fo]= ® U} AA5] Awshd, el (bandwidth, BW)o] 5, 10, 20, 25,
40, 50MHze] 7 <%-o= OFDM A|2~ElZ} NOFDM A|ZElo] zFz} IFFT ZL7] NO.Z 512, 1024, 2048, 2048, 4096,
4096 FEHOZ AL, UlPEo] 15Mz9] 7 %o OFDM Al ~El-& 1024 IFFTE A48t 4= 9l o1} NOFDM A
2¥1S 2048 IFFTE A}gsHAl o] zhzh Abgels IFFTY Z7)7)F e Al |k, wabd 2o &3 o)A IFFT
o A7]15 WA A E&F Y, 7] = 9 T = 103 Zo] OFDM¥} NOFDM Al E-o] TDME o] &4 3ol &
= A9 IFFT A71% 82 NOFDMel thak K ztoll tiste] olmtt & 2" 7t & Haghs Mg
AZo] 15MHz0) 7% IFFT A7) 2 2048& Al&3}o]of 3hu},

FDN A% 44 el sigahe (<19l A NOFDN AlE A4 ahgel S
d g9e) Bgoz 448 £ Jee FAT £ Yok Ay ® 138 A
NOFDM 415 414 F1Ae 1301314 IFFT 7] e w143 1e) Ae 9

2

A X

=
oy rlo

= F55 oy

Zo)
A5s vepa,

¢

5 o

_{

IFFT Z7] N2 4yt
J

)

i ©

o
A

x 7
BW(MHz)
5 10 15 20 25 40 50
OFDM(15kH |300 624 948 1272 1596 2592 3240
z)
NOFDM(12kH | 375 780 1185 1590 1995 3240 4050
z)

ﬂll>

3 = 139 1303 AN AEY FIE To= 1T AN = AAH o ab=d], &2 &% oA DAC]
MEY F718 WA GRF W, 471 = 9 T & 103 7] OFDM¥} NOFDM AlEe] TDMEe] 574 kvt
S TS AE AFd = 139 1302 HANA AEst= OFDM A&l gtk S ME" A Mover- o
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