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ABSTRACT

Recent exploration of smart-phone user is fueling the deployment of long term evolution (LTE) service that
offers higher data rates service over 3G HSPA networks. In particular, Korea, mobile powerhouse, recently
launched the service of LTE-Advanced (LTE-A) which is the latest release in LTE standard.
Multiple-input-multiple-output (MIMO) technology is the one of key enablers for LTE and LTE-A for achieving
high data rate. MIMO technology has received much attention since it is possible to achieve channel capacity in
proportion to the number of antennas without increasing frequency and power. In this paper, we overview of the
theoretical background of MIMO technology regarding from single-user MIMO, multiuser MIMO, and massive

MIMO and design considerations to implement the communication system.
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o] Slrk olzdt S FI| st o%
(multiplexing gain)¢]2} U=} Fv= ojgst
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A ﬂ] 7‘33«] ool Algte] qlck olzigh A
AlzHloll = A= A dat
FER7ke] AlolE HA3Ehs
e =1 7}< |, =2 192 (precoding matrix
index; PMI)RHe- A=E3HA] et o] 9ol = H-5
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71 55 ARl AR hE ol
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A7} AsEle] g, BeAdS B oz sh
o] FAldellA] o] Ao 2 AR E AF3he= of
= ARSAF Al~Hlo| B2 Ad-8-5F (channel capacity)
Hrhe ZF ARgAre] Ad-ges E_Il:‘ A7 A
H87F 44 (capacity region)°] §41¢] IAE 1A
s A3t W E=e] ¥ok BCAdolA thgAREAL
& AU AT G A I e
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Ao AL AFHAe] oW, w3yl
(degraded) BC?‘<HH M= oJ] A8k A1EE TE)
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o] AL} A& A& = U= XY WY E S
w3ldct w3} (degraded)® AL 7 AL AR
27} A7} 7 S8 AR 7FF VR ARSAE
742 o] 7hsd AdS dH =Tk o7 19 1
of vpehd uie} 3ro] & 7)o] AREALRE o] Foi%] 71
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RS o] 83t Ado) "’J‘T':i} = e A T
o Sl 5 5 WA ) )
S5 A2 AT T Sl AEsh, Al
A= 7 P‘c} 77k ARk ’tli—t’rﬂ 2Rl ZHA3A)
HAS AR

_ujz
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7] (successive interference cancellation)
sfe] B8 Aqle S

N(O,N1)
Y1l
N(O,N1) N(O,N2-N1)
X = X A\ A\
N(O.N2) - U N
Y2
Y1 Y2
N2>N1

J2l 1. =3P} 7153 Gaussian BCAE. ZQJAF F WA A}
4ol ez 7F9Alek B8e] ARAP)} A HA A
o] Aplir} zeha PR,

Fig. 1. Degraded Gaussian BC channel
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NS w Algtellx] AR HE 3 walS Esle]

Al el gl A3 BUE Ades

N
1 PX O 6]O A~ oln 3
C= Elog(l—l- P ) S S 5 9l 7yelnt
n
(23 2 D).
200041t} ES<] DPC 7]*-S MIMO BCHdel A

43t A dgeF dFS doaat s AlEEe]
gle] 2kom AlA| Viswanath, Jindal, Goldsmith-5-2
MACAE =} BCAEZe] A (duality)S ©]83}
o] DPCE AH-8hH= MIMO BCAde] A3 <<
o] MACAIES] Ad-geF oz} FUFL o',
o]e] Weingarten, Steinberg, Shamais~> aligned
degraded BC (ADBC)/I'd2- AFg3le] DPC2] Ad
L5F do] BCAEY A=) 93 oS 51

spatep,

Message Y
Encoder Decoder ——

2! 2. Costa®] DPC 7]
Fig. 2. Costa’s DPC technique
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TEEAREAE MIMO A28l Falslr] $lsiae o
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L

B=———P,, “

J714 N 71AF kel ela P
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sk A Abe) grel e} @)AS wEe
2AY # =) v ESE ASS ae) 3
& vlasisich TReA o 4 glso] A
wlele) eptsh v ESE 71x|5e) qelt Sl
Alajsled 2714717 = ek ek 4
BE Abgsle] Z2lmudl 9ot A4 A
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selat 5 gick s wAE F=w) vjEs
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% o] zHFe] o ol o]58 g
4 sl =} (a7 4 22,

L

L
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of Ad oAt vESS ST A9 3 &9 vlal
Fig. 3. Sum rate comparison between perfect CSIT and
scaled feedback bits based on (4)
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.
: —s7— ZF with perfect CSIT !
| —&— ZF with 20 bits

30F - - - - - 4o I—| —&— ZF with 15 bits -
|
|
|
|

—&£— ZF with 10 bits

N
o

s

Sum Rate (bps/hz)

O3 4. g A A ARE AR wie} A" Ad <k
A1sh v EE S7MI7] 90 & 4k vl

Fig. 4. Sum rate comparison between perfect CSIT and
fixed feedback bits

2) AHEAL 2A1E: tHeAHA MIMO A 2=Fle]]
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Fallof gl oo} 2 AlEA} AAEF A
af=Eofof 3 T893 o|frEe s FHHE
= T e ARAES Adsks A0 AR
Z7ke] A (fairness)S BAsH= A7 Q)
o} AA R ARSARE A9E] s AR}
2Z3E SINR¥} #22  AEdEA (channel
quality) HHE dofof gk ATk Aol A
= Al 2AlEE = ok ARSARY] AEA R
oo & T §l7] witell, SINRS AHEeHA 5
Ak 4= Qi weba] 7]R]=el e A

A W EZ ] AHiE= x| 4] A4tk o]

$ e Apseke A4 4}
S e T e AgE) =3k A
T HAAEEE o (o] 2 =
4 ARgARRle] AlElE = glom e ARgARt 3
Aol BAEA] oS 5 Slok AAR 7 A=
2AER oA = o3t Aol zeE A )
8] 2A|E" (proportional fair scheduling) 7|

W 5ol wel ARgsa e

3) AR AA 2 ZElzd: =AM} MIMO
Alz=wlef|x] HhAshs Tl ~ERIZE 4]
(interstream interference) &2 AT 74Z7]H
= S84 AE 5 olvk A Rl A= A

Z7|He 2= V-Blast, T B33} (sphere
decoding)S )83t 9= ZE(maximum
likelihood detection), ¥FA &= H53}
(iterative detection and decoding) Lol glo
olelgh Al 7|HEL AR MIMO A2~
ge] Fa3t A7FA7E =gtk

olell )&l thEAREAF MIMO A|2~gle] 5= 7F
A AF8AE 74 (interuser interference)
ol Al 7[HoR = A sfHe] &
7Vedb FAlet Ze|FHe- E3le] 7o) A
ojxlofof gtk 7HIAle] Aso] 9% ZFe]
Y MMSE 5] Z8|379 7S ARS8k 7
T ZElEd AEE uE pAdeR A5
T 7] Wil stdEl Al oA Ze]so]
wolok gt} 224 #=x). o] 7FsA ] ¢
&l LTE-Advancedol4&= EA AgxE ¢
gk A-gu}ele] (dedicated pilot)2 =31sIAch
P, 08 shelgle ALgAE 2ol EEE A7)
AR Aol el sle] 4]
whze] dele] AEsh Tfalsl AT
SR wlew AR = e

Yqg = hpx,+vet y, = hpz, +v=E FH=
7] wj ol A3 A b = hp< SAldoE
HZo| nkz AR 4= 9k

3.3. LTE % LTE-Advancedoi|A{2] MU-MIMO

ot AeflA thE o8] 7 olfrEs aE3led
LTE-Advanced EFol4+= 7] 711 A2 vlAlS-
=9islgirk o5 zhds] Seokshd ofgd) 2l

) 54 2$A (dynamic switching): TtIARSA}

MIMOA| 282 AJg7t 21d& shie] ARgx)
NA fsto] d A8l AFES A
7)== vlE, cFEEAREAE MIMOA| 2818 o]2]
ARl HA o] x23hs FelA oeARER)
ctlo|HAJE] (multiuser diversity) S ¥4HA]7]7]
wjitel] w3 AFEolt ofe] ARSAIEY] 4
ALES A 5 9lrk DdA-EA MIMO
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control information; DCI) ZE"lo] =s1=|<ic}

2) o]F3 =%  (dual codebook)®] =94
LTE-Advancedol|A& Ad o= AE-S F
T2 TegdeRs dUdI=ES 285 o
weh PR RS PSR e s
B3-S zZH= o]FFEE (dual codebook)”]H

efeh. ol FA= el el ac)

Aol s (A3 Py TR, P

Joi 2 long term Ad 543 Wk3shH

Py T3

37 short term A'd ZHHE wkdgch 7 /)9

g A} elav= 7 g o R vy

Zro] FrolAlcil

Mo rr ao
4 K

oY

¢

A4 (frequency selectivity) =l

E

P= PP, ®
NFIE AP ALY A Gre

F IR Begewn dlaci-s ARgst
wfo} wlwste] SAkE Al5-S Algsbax Y=

W) 2alg ZoFe Al 9l

3) AE A3 =9I A AF3 nie} ol
LTEAM = 3-8 o}d5 uks ARS3l7] sl
AdFA o} Holee] % (demodulation)A|
RE AR 4 shelel B AT 4 9)
o B4 e BE A A
S W) B4R AT 93zl

449 7} Slek webd 7} AR Aol

o

BEAOR Aelahs BT ZemPe A
L

ARgAF g FlEl e mIghe = oleldh A
ooz AfEA HHT ze)mRE 53
3k 2~ 0]
2 T A

Iv. CE8F MIMO

dollA] odF3F wdabgxt U AR MIMO
Azsse Qbelel St e (ehek ek 471 107)
]‘:{1‘) K]iE]ﬂ% 7};(61—5}._37__ o]r/],‘ g/]{z_ = o uly1 9‘}\
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