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I[.AE IV. Beyond 4G Al =8l =8 7]&
II. o] 554l 71& 18} H 7 A8
0. LTE-Advanced A28 2 7|&
I.ME T 5 9lo] AT 44 ol FFAlolfE B
EETR= LTE AdvancedE]-—— BA & IMT-Advanced
SRS Fotho R s ofdEa AlAY ghe Al gE7] Sls 237l o]Felth
1AW, S dEAHIA 9159 ‘;]X]E‘ A= AL M= O]%%’dfl] g s A olE
24, AAA 273 EE|rHo] AHlAE 917 34 &A%l LTE-Advanced A|2Fl9] 2 71& SASE
O OJEEAS A AT 4y o] =54 ] A H) 25 29K, LTE-Advanced ©]$ol] F23HA th7od

7] A1F3A Tk Long Term Evolution (LTE) A]2=¥l0]
Zhal EBEle 4Ad) o]EFA Al2"e 3GPP (3rd
Generation Partnership Project) £+ 2% < release 8
o] dFet=dl, YF-A= release 8 4AUl ©]FF
A 71gd wAA Rate] 394tk k3 LTE-
Advanced 7122 release 100] Fojofit 2173t 44
olgFAlolztaE otk ojst L =2 ITU
(International Telecommunications Union)7} ~1
A o7t whel o] 4Ath ARl A el A
) 1Gbps7tA & AES 5 sle A|nFoz Aos)
I = " LTE A28 313k (Downlink) ol A
5709 441 <Y, e A (Uplink) ol A shuke] 4
Al REEUE 7IEeR HHe 9 sdda Y
100Mbps, FEFP A H 50Mbpse] A4 S5 B
= AT BIHA, 4X4 SHEIYE A8
318 300Mbps, &3 75MbpsE A ddh= Aoz
=o]! [TU 4418 (IMT-Advanced) 7158 %3A]
5317] w#olt}h. 3GPP Release 10 Al
1GbpS°l“-4 AE S8 Hole ZoE J7hHa g
3 wEkA] release 100] ITUS] IMT-Advanced 7%
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High

Modbility

Peak useful data rate (Mbit/s)
Extracted from ITU-R WPEF M, 1645

W=IMT-2000 (3G)
=IMT-2000 extension (Enhanced IMT-2000)
=Naw systam (Systam bayond IMT-2000)

% 1. IMT-2000 2 IMT-Advanced Capability

1. O|EEAl 7|2
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Al o]FEA Vles =Y A 109d Rl
release 99, release 5(HSDPA), 6(HSUPA), 7(HSPA+)
£ 7A release8(LTE), 10(LTE-Advanced)7}A] %F
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o FTTH 100 Mbps /

Mbps

ADSL2+ 25 Mbps,
“—TE-48Mb

10 Mbps
HSPA+ 5 Mbps

1 Mbps HSOPA T Mbps

UMTS 350 kbps
100 kbps Ly EDGE 100 kbps
GPRS 40 kbps

10 kbps
2000 2005 2010

J% 2. oS o5& 7= WH(EXH: Rysavy
Research, 'HSPA to LTE Advanced, Sept. 2009)
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F7] YA E B 2 d935S 83t A
Ao 7 13T 4 J=H, LTE-Advancedol| A
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A AL 07 100MHzY s 3
a7k 9171 ol LTE-Advanced 71914 $-4
A= e 7Eo] w43 A3 (Carrier Aggregation)
7lgolth o] 9o g HAUE wERE AFA7]
7] $1 71EE v oA B} A3 Awsialh
7 WA AR e A Y] AR o] E 9%
A 7] gt (Multiple Input Multiple
Output: MIMO)71%<]th. $1 4ol A log, (14 )& x
e WY wE} d2A 24§ e x3hol
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IM. LTE-Advanced A|AEI FoJ|&

LTE-Advanced A|2E9] F8 7|2 HHEy
e, NAR oF dEY Ve, A A7 7
FS F UTH2LB] 4]

K3
flo it

31 vk3 A3 7|

LTE Al=Hl9] 71 & 54 59 st o] 7=
£& WCDMAES ooz sl gled Hlgy
OFDMA 48 &7to 2 slt+= Zolg. OFDMA W
”"ﬂ"iL ofe] WkEutE Adshe Zlo] oe ARG
dattial & vk wkEe AL 19 33 %LO]

Y g W A MR OE dge] Af o] A
YUY W 2= AE5H vy A% £
23l wkEat Aol S 4 Urh

) 571744 9] 3L 7 (component carriers
Agste] Hol 100MHz hI7HAE A 9E 5
afaL lom ZZhe] wkEu 2 whEE AS ARS
3}A] 9= release 89 WL AE ZHzhe] whw)l b
o2% AT F UEE st itk %3 sk A9}
AR AE T9T Ny wE ﬂ‘r T @%‘3} ik

(Carrier Aggregation)
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RF aspects of carrier aggregation

Intra-band

carrier aggregation:- Iﬁ B ’ B I I I
Contiguous
compenent carriers

Band A Eand B

Intra-band -
carrieraggregation:- IZ -\\ g‘ \‘I I I
MNeon-contig -

compenent carriers

Band A Band B

TN

Band A Band B

Inter-band |f,. B |

carrieraggre gation

Types of LTE carrier aggregation
8 3 gksut A

32. /iAE &gy 3 MIMO 7]&

LTE Release 89X At 4719] F3t AlF (spatial
layen) S A¥g = 1, 2 AZ(Q-layer) FFA
MIMO A4S 7B A9] LTE Aoz sta 9k
Release 894 47) A= RE2 AL w) i &
& (spectral efficiency)2 16.3 bps/HzE AT F+ )
= A2 g RuHx 3] LTE-Advanced X
o A85 A 30bps/HzS A Eshs AL g dtn
AL o] 87 AlF MIMOi TEVSE 3]
4% TelEE 8 ASS AEIHA ) AL

AHEELE moll wisA of F HHA 4L 70E 5 9l

= AL 1 4 ok 57 Wy 78 AFES
S A% w2 87 A dH A MIMOS A3
< o Hd] 3.0Gbpse] AFEEE 9 F I, 306

4 el A 874 tEUE Adshe AL T

3] X %35 8 H(Precoding Matrix)2] Z7]9} et
TE 5ol A ol9dl o]& AYs}7] A7 reference
signals &40 2 $8& F e HWte] Basith
Release 80lA= 4709 <MY ZE ZpZte] cell
specific Common Reference Signal (CRS)E Aot
AT} Cell specifico]ZHE 552 cell W] EE UEE©]
FEOE AN reference signalolghe Y2 7}
7k} UBHE HX9 reference signalS AM§-3h= UE
specific reference signal®} T2 & gojolt}. 5744
© & CRSE cell W9 BE UEZ} oW g dofsh Ad
RNME A FHS HE3] F4L F UAEF B
2 9 reference signals 453
overhead”} A& o2 wj$- At} (847)9 AERE T
/3% resource block 33 QMY £ E 03} <He|Y
EZE 1A= CRS AES vl 93t HEHY ZE
29} 3& 2R &3] overhead+ SHEIY X E 0,1
2 2k 5%, QHElU X E 232 2R5%0 313). 871 Ll

U XEEZ 293817 9s)A 8719 CRSE 3 AL3)
T AL B&H0A Xtk 7h AFE BT AHgeke
UEE A9 370 243F UESZ 3 do]7] w &
B2E UESS WEeE s CRS Hus= UE specific

reference signal®] LTE-Advancedd] =¥ S1th UE
specific ©]7] wji#ell 3 UEAN A g= = 37 b
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Aojx AE3eE Hol 9l o] A=
FAl Alg o Bxo| 857 Wi Demodulation
Reference Signal (DM-RS)2}il #-2t}. DM-RS=
precoding ©] el AoiF7] Wl dlolE 459t &
kA AA|F- 53} dto] HFE o] M5 gk &
T HR glo|x HolHE Hxd F SUth wabA
DM-RSE AE-3= MIMO9 A41& non-codebook-based
precoding™41-& HIERFO.Z 13l QT Release 8414
+ CRSE UE ¥5°lgt AAF53817] o] 5o 37150
AEEojof shal Ax| 753} © Ho|HE Hx3517] 9
sMe AAFsst] dg HEe] FR7F Faste
PDCCHE Fdto] ALYHES stal ot m2bA CRS
£ AH8-3k= MIMOE codebook-based precoding s
ARERITE ey o HS] Zzte Qe X E) g
Ad F4-2 8 DM-RSE 574 UERHS tide
2 317] gl 4 e EE UEZ} Channel Quality
Indicator(CQI) A4 & 8iAe= 4 W) € UE &
59 reference signale] L&A Hrh o] 93l
9% 4157} Channel Status Information Reference
Signal (CSI-RS) ©|t}. 4 W] UEEL o] A5 S Hie
©& QI Precoding Matrix Index(PMI), Rank
Indicator(Rl) &t 5& 2783 a3 211, overheadE
w371 S5k AE 717} 5msoll A 80ms7HA &= CRS
off Blste] w9~ wtA| AA =Y.

33. /1A E Y3 MIMO 7|&

LTE Release 8 33 A= ©d A-8-A MIMO
BE7F AH A gt dEr] 7 F /1Y $241 tE
UE 7122 AT $A Qtevs ey BE E
= RF 3258 AR 37| wio] B=o) &4
2 shueks F8ate ASR ek 7 /e F4 <
HUE A3ste doAe 7 gEy & Ald Ad8ke]
& MY s JElEtEE slo] RF 3|28 3
3= AT} Release 8 A% B9 Fu §8L
43bps/Hz AEZ ITUIA L+3= IMT-Advanced
A F4 8891 6.75bps/HzE WA 71A] &
g 3 olg} LTE-Advanced &3 T34 G891
15bps/Hzll = ZA & w31t} w2bA| LTE-Advanced
AR e AP E Ao 419 F4l HEYE
Adshe ASR stk R A9 rprtA| = o5

24

A 93}t7] $18F reference signal®] A7} Qg 4
Y= 7|EAHSZ UE specific reference signals
AEsl] diel dEdae 7128402 DM-RS7H A
o=o] itk webA A MIMOE $laiA< <tHel
v Zzhe] Wxe] reference signal?l Sounding
Reference Signal (SRS)S H4-3l=% 3193 eNode B
oA o5 nlgez CSIE ZA3l Rl PMI, CQl
feedback 4155 A3 =F AT

34. 4 FA7] (Relay)

A FAVE A ANAE PgAY S
A9 5BAG tg AMe]A] E(coverage hole)&
& ke oA wfg B ot 7] AW
A g v FEIW AV RS )
E9 FAVNEL i3z 4 #4S Vo dra
3 B4 FAVIE e A #3E Vo R st

—

& F itk FAZI7E Hre] B3 A olo|dEE
(Physical Cell Identity: PC)E 7FAH Za3t BE =
g A'd(physical channel)S A3} eNode B9} &
U3t B4 A4 #2(Radio Resource Management:

& FYste] UESAA b4l eNode BA
2 X o]H non-transparent relaygtil 3}l ©]E type
1 relayg} 3t} ©xo] PCIE 7HXA] ¢k F238h=
relayE transparent relay 52 type 2 relay2kal skl
backhaul H3IE %Z7]d tUaysly 235 ZE3}o
ANAEsed Fedghth. g non-transparent relay=
relay7} %3 eNode B (Doner eNode B:DeNB)<} UE
2 A 255 HAEd I half duplex 42
2 99 W type 1, full duplexZ &%35=H DeNB
o} relay?t relay$t UEZS] A58 A& the T
oz 9g3sh= outband 1 AFE Type 1a,
in-band¢l 495 Type 1bZ F&3kaL Ut} ofuldt
type®] 771017 DeNB$} relayS 243] F-E3}aL
AE BeHoR &E3] AT S0 release 10

oA == 3.

IV. Beyond 4G (B4G) AlAEI F27|&

o] Aol A= LTE-Advanced A|2Hl o]Zd] F8
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A oA 2 Vs daiA duRazt st

Release 1004 Fa3H THEE 7]&Edl taiA
F7HQ s el ded 8o 2E Fu 2 &
< 297] 913 MIMO 7]&9] 8&5 O% o 595
7] $18te linkleveldl X F2 123" MIMOE
system levelo 4] 1183t H5S B &2 = 5 3
= o] aEE o goltt. I MU-MIMO 7&&
5M D& F e o]52 o|2X 2 E Dirty Paper
Coding (DPC) A& AHERS w HuiQl o= &
24 Aok 22y DPC W42 g ol thgk vf-9-
A ARE a7kl B3 EFETt v Fof A
AN A =Flo = FHEE A Fakal itk ZAx A4
231 A|2=Hle] MIMO ©]5-§ B% 957 faix=
Ad HARE dvht o A3 feedback T F Y=tk
o] #AZ BAG Al =HloA A&H R =ojd Ve F
o] shelth

Release 105 A 2J3lHA Zo| =9dd 7& F
A AIZE Ao R Qlste] " 5|2 B8}l release 1101
Al =372 3 71€EE+ Coordinated Multipoint
(CoMP) A& 3217 /)8 A 2+ 24 %4 (enhanced
Inter-cell Interference Coordination: eICIC) 4] o] 9]
t}. elCIC 7]1E2 release 1001 = AH &)= o] =gt
E VoM E BAG 7|EE2 EFSINTE BAG 7]1E0lA
A A 2 F 7 s o 71 FEje] A
o] &A)3= Heterogeneous Network(HetNet)o] 1L Tk
& stu= 71719k 7143 4191 M2M (Machine to
Machine -2 Device to Device:D2D) 7]&©°|th
elCIC 7]&°] HetNet 37049 74 24 & F2 &
EE 3k glo] B 1M elCICE BAG 71&E #7

STk

4.1. Cooperative Multipoint (CoMP) A%

Network MIMO &-& distributed MIMOZ}11 %= &
= CoMP= A A A99] UE A A A=
o] Y3l AFE AEshe WS T o3

CoMP A4S $afixe UF deo] A4d golg 2

Hol gtk A AR} Holy BFE FHIE 7E
2= CoMP AFol] Fshs Aol BF HolHE A

3= joint transmission 213} Ao AS MEsh=
dynamic switching 7]%°] At dloJEe} Ad FB
B5E 33719 backhaul®] F&o] U5 =27] o

4.2. Heterogeneous Network(HetNet)¥} enhanced
Inter-Cell Interference Coordination (eICIC)

NFFNL B oJFeAol Mol AT E
dlole] Edhgo] EZFel wet o FEA Aulz B3
o gt e A2Y S0 Bayo] AT 3
R Qe 22 5] §9) 27k AW A

T2 913 Femto-cello] =9457] A|AIL 257 )&

T=
E 4 %& Macro-, Micro-, Pico-, Femto- AE9] A&
b2 A$ A8 A48T W FS 22 EAEE
Heterogeneous Network(HetNet) 0.2 18E 3 1
&l BRIt} o]2|g HetNetll e ©]F #3re] 114
©] homogeneous network®ll B8} A 71 7H4do] xR
O A7 = JE FOE Holil o]& HA3] Aojst

7] 91§ 71&°] a3ttt Homogeneous networkel]
29] ICIC 71&9] release 89914 2 =2] HiciA
elCIC 7]& & HetNet 273014 Macro-9} Pico-cell 7t
3.2 Macro-9} Femto-cell 7+9] 7448 #A3] Aojst
7] 918 71€0lth 7] 3732 HetNetd] Aol wha}
aA g2t F AUtk o9 F £ Femto-cello] Closed
Subscriber Group (CSG) BEEZ 28 79 Femto-
cell AHEA] Yol CSGoll 4314 -2 Macro-cell UE
7F 24T Femto-cell 278 7Fe 7S A €

& gleh o5 S 23] Gstel e I

A A el
Fole Foks Gl 28 % Fo4/ A7 o
o2 FAlo] wefsks 24 WA Fo| =9 oz
Btk

%3 HetNet #70lHe= A2 bE 7, JE

ALEL 5830} 3] WEo] Azke) o] A4 A
HUE A0 PEH] 222 A5 e Self-
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Optimizing Network(SON) 7|&%= &%3] =9 & 3
o7 ®olth

4.3. Machine to Machine $4l

sk

7171 2+ AF B4 (M2M 22 D2D &
FotA &1 717150l AR Sl
olo}7] gt} AHIE E 59
ojZejAl ol o] MEEEA 7]E
}L 42 B A "oyt 71717k
e ojZ g Aol ﬂx}ib
St A2 o EA 0l AE 78S
st FAA o2 AEstew
S Aotk M2M 54l 30 += o]F
1_7_55 | 222 A 9ze o}
NAFE HFHe EY
Al 4 A U;]"j/]"ﬂ M2M 5412 cellular
w2lolgtr] BobE ad hoc HIEH A FH)
2ol 7ht) dExAQ Ve F9 shvEe
QualcommA}ol| A= M2M 5418 $13lA] FlashLinQ7}
cﬂr,]. [5]

M2M 541& ad hoc network 37 717t7] wj&
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o]d, 2AEHY, A5 A% T A9 BEe HHo| AlEA
ejEofol & oz Wl
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V.2 B

B 10 A= 3GPP release 8 712¢1 LTE A|2=E] o]&
o] A ©]F5FAl 7] Z release 10 LTE-Advanced
Alz"le] F8 V& O Uy ALHoR 1wEs
Beyond 4G AlZ=Hl9] F8 7]& tiste] ’\Lﬁ Bttt
LTE-Advanced A28l 9] Fo7|&2 & Wty 23]
%, /MAE A4t MIMO 7%, F41 relay 7S,
B4G 7]€EE CoMP, HetNet ¥ eICIC 7|&, M2M &
2ol thate] A7) skt
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