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H s AFEHI Ae A "HErge] B SA AlAEE 279 $A4 A5 AHlAE Holy
4%, A delE F9 ‘31r Feb ARE Agste] A5 & de Azl a75Ha vk Fd F2 Al 2"
4L tge ’\]'“‘11}7} Zeb ol Aol BAGe] AT F d=(reliable) TS T F J=FH =
Zolty., 1A, ¥ A (wireless channel) & AR £24(path loss), #Fe(noise), B3 A Z(multipath)ol
o] %t llﬂol‘;‘(fadmg) A, Al 7F 74 (Intersymbol Interference, ISI) & o] olmAlo=m Q1 =Z
2] E(Doppler effect) &9 HoldA o] v}, FA Ade Hlo|d4] 548 53, T4 FAle
A E(reliability) & =o]7] 938 st 7ol /M= Q).

F v 1E9 "oy AMR|AE XYslr] 3 7|sZ MIMO(Multiple Input Multiple Output)”} 4
MIMO 7 thg $4 dEve b5 54l EHuE ARSste] dlolH e $4 a8S FEAZIT. MIN0 71+
o= ¥t b3 (spatial multiplexing), A% TRO|WAE](transmit diversity), WX (beamforming) 5]
ATk Gl QFEV Fok FAL QFEHLE ol mhE MINO MY FEe v 59 AdR E8E ¢ drk. A7
=8 AQade T AZ(spatial layer) == ~E-(stream)o]d} 3o}, ~2EZH] 7)4E= WA (rank) s} s},

g 4 EN AR AEE A2E AA(AGE, A% 39 5)e Tk 0E S BAS
AP = ¥ s HAH(multiple access) /\V\E“o]‘ﬂr % dE Alx"le] o E2% CDMA(Code Division
Multiple access) A]Z~®l FDMA(Frequency Division Multiple Access) A]Z~El TDMA(Time Division Multiple
Access) A]Z~®1  OFDMA(Orthogonal Frequency Division Multiple Access) A]Z~®l SC-FDMA(Single Carrier-
FDMA) A28} 5ol it}

SC-FDMAY= OFDMAS} A9 93 EAAMS 7HAHME AZ w41 EA(single carrier property) 2z <laf
] & PAPR(peak-to-average power ratio)< 7FAtTh. @& PAPRS A% 9] &8 WA ddoA Folst
22, SC-FDMA+ 3GPP(3rd Generation Partnership Project) TS 36.211 V8.2.0 (2008-03) "Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical channels and modulation (Release 8)"¢] 5&eof| }Elt ule} o] 3GPP LTE(long term evolution)ell
A A Asol A vl 7] 3GPP XT2 ©A] AE £ JHUE o83 HE 2EY AERHS

o3t gl

¢hA | ITU(International Telecommunication Union)oll A& 3AIt] o]F<o MW o] 5EA4Al A|l~RloR slakgd=
1Gbps(Gigabits per second) % AFsFE A 500Mbps(Megabits per second)Ql 19 HFES ATl

[¢)
IP(internet protocol) 7]%¥+e] wWHEJw|t]o] A g A(seamless) ABH|AE X YdteE AL ZxEE 8= M-
Advanced Al~¥le] HF3LE a3t vk, 3GPPolME IMT-Advanced AA~ElS 3k $ W 7]& & 3GPP LTE-
Advanced Al2®l& a1#dstar Qlth. LTE-Advanced Al2~¥l& LTE Al2¥le] AAEE zol= Wgow APH
LTE A|2=®l3} 3¢ Z3H4 (backward compatibility)S A8 Aoz oAEar ). LTE-Advanced /\]’\E“J%
LTE Al=¥l3t 5335 75 2lo] ARgAbe] adelA HAglstar, AFgate] gelA e 71E drle] Q&8s =
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A |2281(100) = o= 3hube] 7]%=(110; Base Station, BS)S E38Hsic}. 7+ 71X

&5 22 go(dwta o Aolgtal &) (105a, 105b, 105c)°l thal B2 AujAs Agdch. A
2 A g g (AEetal o yrold 4 k. w#(120; User Equipment, UE)-S 3’—235]7‘]1/} ol E’3
S 72 4 e, MS(Mobile station), UT(User Terminal), SS(Subscriber Station), F417]7]
Device) & T &ol=2 & F Utk 7IA=(110)2 dwrd oz whi(120)3 FAlshe A A5 (fixed
station)S W38l™, eNB(evolved-NodeB), BTS(Base Transceiver System), N2 ¥QIE(Access Point) 5 TF
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ol&tol A &+ A (downlink)E 71A|=(11 it
(120)0l 4 71A1=(110) 2.2 2] FAle oudtr}, A3 Fol A DPm(lzo)o Aol = 0}491 %A R Ef}%}ﬂ,
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A EA A 2~E(100)S MIMO(multiple-input multiple—output) A]Z~8l MISO(multiple-input single-output)
28l SISO(single-input single-output) A]Z~8l % SIMO(single-input multiple-output) A]2®l & o= 3}
d 4 AT}k, MIMO Al2=Ele Th=2] %Al olE|Lb(transmit antenna)®} T2l 5241 <tE|L}(receive antenna)
|t} MISO AlZ='2 o] 41 <tEve) shte] =41 QteluE AR&-gt), SISO Al 2='12 3] 4l
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(display unit 54), AF&AF <lE|Ho] A% -(user interface unit, 55)F X3SF3it}t. T 2ZAA(51)= dlolg]
A, FEAs A, MIM0 A, Al 99 A% (time domain signal) A4 59 &2 FPds}. T 2AA
(51)&= ofatellA A3t ®ile]l met volHE AuEste] v dHUE F3 A7) HolHE dEdt. HEy
(52)= ZEAA GBS ddEo], i 5 Al=E, ofEgAeld B ANkl FdS At taEdoli
GhHE vz oz HARE yaZgolsty, LCD(Liquid Crystal Display), OLED(Organic Light Emitting
Diodes) & # €dxl 845 AMEE 4 Utk AHEA A H | 2F(55)E 719 =4 E1 ‘] 2ad 5 2 gez
AREAE QIEH|o] 20 x3Fo R o]FolH 4 Qlth. RFR(53)E ZEAA S AZAH], 4 Al&(radio signal)&

ZA "/w= fAS

= 3% SC-FDMA(Single Carrier-Frequency Division Multiple Access)E& AF&3le Ay I Al2dloA] dlue]
FA HUE AR F4719 F2E e EFEo|t.

= 38 #zIE, $2171(200)0= AE ZHHF(210), WHE7](220), DFT(Discrete Fourier Transform)-(230),
kgl M (240), IFFT(Inverse Fast Fourier Transform)%-(250), CP(Cyclic Prefix) A45-(260) 2 3}
o] FAl SHHL(290)E XS},

Ad ZEH(210)= HIEL (bit stream)oll Ad ZFS F33te] 5318 H|E(coded bit)E A ST;, HZR7]
(220)+= H33l¥ HEZS 235 A (signal constellation) Aol Y= Fds = A=z WS}, DFTH-
(230)+= YgEE = Ao DFTE F3ste] Fa¢ 99 G‘:“jéé =3t Pakdyl W (240)= FI5 99 A

< 7 WgA71aL, Fukgabe] HAdskA '0'S ATl IFFTH(250)= 92 s]
IFFTE Faste] A3t 99 ANaE -3, P *LO“j(26O)“ AlZE @9 Az SR RS HARste]l ARt
e

S %3 ISI(Inter Symbol Interference), ICI(Inter Carrier Interferenc
A

SC-FDMA:= DFT &Ht(spreading) $ IFFTES <3isto = A= Wkl EAX(single carrier property)<
7}A ™ | o] OFDMell H]& & PAPR((peak-to-average power ratio)< 7FZIth. whebA, AHo] Agtd wdo]
O 2 $AHEE AR § s T = k. ofof weh, AMEA} & (user throughpupt)S Y 4 AT},

'

4= SC-FDMAS AR8ohs BFFA AL AA v F$41 teauE Abgshs $A719] 7329 A dE e
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(300)= AMgE ZPHF(310), Wx7](320), &7+ W (spatial mapper, 330), DFTH-
(340-1,...,340-Nt),  Hdk&3k W(350-1,...,350-Nt), IFFT%’—(SESO—I .,360-Nt), (P AFd4-(370-
1,...,370-Nt) % oo F41 QPELR(390-1,...,390-Nt) & X&sict. & 1(300)“ shvel Ald ZH (31
0)¢t slhube] WME7](320)5 7HAE dhvel =9 =(single codeword) A1¢Ego1u}. T7F W (330) = AHES
T3t t58k&(spatial multiplexing rate)ol weh &3t thssiett}. 37k vgstd AHES TP DFTY
(340-1,...,340-Nt), w3 W¥(350-1,...,350-Nt), IFFTH-(360-1,...,360-Nt) AR
1,...,370-NO)E AA %4 oFelub(390-1,...,390-N)E F38] dEdd. $A7](300) = 37 U5380] 571
iy Hﬂ F53 o5& AdE €& & AT omu& T AdAeH A %‘%01 fFrEHolA & 4 Adrt.

5= SC-FDNAZ AHEehs 99 AxReA theel $41 QHILE Agshs $41719) T2 e dE 1
Bl 25wt

= 55 FF3IH, $A7](400)= AE ZPF(410), HZ7](420), &7+ WH(430), DFTH-(440-1,...,440-L),
MIMO =12]7](450), Itwksw} w13 (460-1,...,460-Nt), IFFTY-(470-1,...,470-Nt), CP 4% —‘%’—(480 1,...,480-
Nt) 2 ool 40 QFEILR(490-1, ... ,490-Nt)E E33t), $4171(400) & e Z=9= A]é%ilomr. Z
gFste AdhES FUEE DFT—,—(440—1 L A40-L)E AR Z ) MIMO A2 7](450)e 98] o ey 71
we} MIMO A€}, «dS 59, MIMO ﬂﬁ]oﬂb A FZHEE2 25 8 (space-time block coding, STBC), =3 =
o] A E](cyclic delay diversity, CDD), 2|3 Y (precoding) H+ WX (beamforming) &2 %A1 oteL}
719ol k. $A171(400)= 7 AEH A A S F5Hez & 5 Q.

2

£ 62 SC-FDMAE AM&3tE A3 A Alz=wlo A tha9] F4l HHU
Uehd EE5Eolt),

65 Fxsd, $4171(500)= Y =ZHHE(510-1,...,510-M), WHE7](520-1,...,520-M), 3%+ ¥ (530-
,...,530-M), DFT¥-(540-1,...,540-L), MIMO #2]71(550), ¥-wr&u} w93 (560-1,...,560-Nt), IFFTH(570-
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AlE o] 5S & 9], Ve BREE A =d ¢ v

o] OFDM Ao <=3 A& F34 JdoA OFDM Aldo] 994 Al ~(phase sequence)E ¥H3+

© 82 Fug dofolq w8 A owAE e o E Yepir),

s, FIa 999 OFDM Ael IFFT7F 3= a1, CP7F gallzl 4157k 0 <Felvh(Ant 0)E &3
odde] OFDM Aldol 1¥H ¢4 Al (Phase Sequence 1)7} #aAaL, IFFT7} <=3¥ L, CP7}
A QU (Ant DE F3 AFEY. Fig g9 OFDM A™Eol] Nt 94 A]@ 22 (Phase
Sequence Nt)7} #3l=|aL, IFFT7F &% 3, CP7F gafjxl A&7k Ned <Helu(Ant Nt)E F3] dEdu).
A7), FI¢ G OFDM A Ne] Fatgalo] t-$-5a, (PE (/]9 A&l d-&3 ).
oj9} o], FuF FGelA =3 AA toMAE = ZZbe] FAI EVEE IFFT A Fo Gl 242 o
St & AF3te WHolt. ol& 94 Aol "elWAlE(phase shift diversity, PSD)Z}
tho] A E] &= OFDM Al Z=Elgho] ofyf2}, SC-FDMA Al =Bl A= A 7153ttt

zlage A7 Zelay gyHo] e HA ABTE ALsts WHold. FAIVE FAVIZEE e 3
ol JRE o)gste ZElad PEE& HEst, Iew gu= FAsl(quantization)® AE HEY 5k
F =5 (codebook) 7]8Fe] Tajxydo] A, yw AR Zojxy o) oQulad 4= g},

% 9t mER e Zemgel dF e,

T 98 FEad, £217)1(1000)= 4 71(2000)ETE1 Zojay FHo JAea()E V=Y Aue SR
(Le{1,....LH). F2171(1000) ¢t 42171(2000)= ket LHe] Zejad $4S zhevhar 7R S, L)
gy PHE s=Holgkgity. $4171(1000) = ACH“ ARl me} meRoriy sy FAW)S A&
H(W=P,). $A4171(1000)= $A AH(xy, ..., xy)o ZFZY FHo] Hald $4 N3 (z,..., )5 I},
$A171(1000)= Nt 41 teluE S8l $4 A5(z, ..., 2)F AF. $271(1000) €+ =2171(2000) Ak
ofof = MIMO AMEe] FAAT. 4171(2000)= Nr7He] =41 SHElUE Fall A AS(ry, ... rp)E FATH.

A171(2000) = ML(Maximum Likelyhood) $417] T+ MMSE(Minimum Mean Squared Error) F417] & A}&-5}o]
ANE2RE $2 AHS FH5),

[H

L
L
Ak ol 7)wke] ]9 (phase shift-based precoding, PSP)S T md 3y 43+ x| tho|wAlEl7} Agtd

Ua w2 94 Hol 7vte] =Zelay P-H(PSP(k)) o & HEriY.
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=z EY 7S AMRSHE A9 SC-FDMAS] EAdo] W= 4 v}, wEbxa], SC-FDMAo| &ure v <QtelY 7]
el A7k Bas.

SC-FDMA 71wkl th <telu} A|~ElS LTE(long term evolution) A|A~El¥ F3kAo] FX|H = Ao upghzse
2, 3GPP TS 36.211 V8.2.0 (2008-03) "Technical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation (Release 8)"<] 443} 54
of Yehd LTE A 2®le] =gl F-%ol tja] 7]&3H}.

T 102 7 ZeEde 25 vERdT

108 Fxabd, 4 Z# 9 (Radio Frame)S 10719 MEZ# ) (Subframe) & & FAH I, 3htel B I
279 €& (Slot)o.2 FAEY. 4 Zgd Ul €32 0U5H 198717 &% Ha7t ARG, v A
x AEEE o Z2eE= AZFS TTI(transmission time interval)@t Aolgt), TTIE dHolE AES ¢
2AEY de & F Uk dE o] e ME=ZH Y dolE Imseldl, dhuhe] &% Aol= 0.5ms

dretar, A Zeddel 23E= MBEZHYS] ¢ B MBIz el xFE=

I8 = (resource grid)E YERH of A Eo]t),
T 118 #Fxed, AgEa &2 X7 99 (tine domain)oll A Ee] SC-FDMA A LS Z3hstar, Fa4 g4
(frequency domain)olx N~ ALE

5= (Resource Block, RB)S ¥&3tt}. SC-FDMA AlH-2 3liupe] AW
(symbol period)& X&3}7] 913 Ao i
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=

Cs1

()
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from CS1
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| Allocate radio resource I«\,szj_o

radio resource >
Threshold ?

S240

Obtain CS2
by applying small CS

Yes

5230
\

Obtain CS2
by applying large CS

END
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