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(constellation index)E WERN®Y, me <ty oldX(antenna index)E YERY, h,S AY PFA

h=[hh, by ] 7
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AREE 7 SrElYsel
ZIwke B FAstes 5HOR g MIMO Aol A AlE Al A
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AI337 el SholA,
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AY NEE 7] AR ALED B AV nelsE sk PAL ven FAIe SO s U0

Alz=]loll A As Al A
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A7 A7 A7) AT FA AR AdEe tHUE S 7] 5A HHUES ALE ctelvEel gk A
g JdYHMEEL 4] 54 dHUEdd dig Ald WEY FAdsA AATS EHOR dh= MIMO Al 2=FolA] Al
T A A
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Az A FHRRE A7) A5 $A ZAX9 A7) AE A ZX7 FAE A ¥EE 9 AdEt 4
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7% 50
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7] A1 constellation A4 W2 237 A AEET phase differences 7] 43 #AAE e A
ATE 7o R = AT HAY FUF EE(uiform distribution) 2 7Fg3te] A7) Ald @] gk A}
St5 Faste WAAS SHOE k= MIMO Al=RleA As F4 A
A% 52
A51ae] o] A,

R L o _ _ T
37) R AE VIR e #F WAF od A, Y] BE Ao WHoRNE HiHow
2ol E 7S eSS B0 R sk MIMO Al=HldA 4lE $41 4],

A7 53

A498o] oA,

A7) FAsE WAl A AR E A E(constellation)s A7) QF AEET YA Aol (phase difference)?
EXEE 7F9-A¢H(Gaussian) &2 ZAMESHE AL 7|Hlo 2 = A2 constellation A WS 7|Hlo g A
AEe EHOE dhi= MIMO Al=EloA AT F41 23],

A7 54

A538e Qo] A,

=

7] A2 constellation A4 WAL A7) A4 ALEIE] §14 Afole] REEE 7] Gaussian FE|Z 7Py}
o] constellations A43h= WalolH,

271 €1 AEEZr phase differenced] BFLE 317] 823} o] ZALEE & d&S EFo R = MIMO
A zElo A AT FA A
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47) FEAANA, [(A)E A BF S ehim, At 9F AYED 999 Aol ey, ok 4
7] AT AR el 38 ASE NeR st BF RS e,

7% 55
498 oA,

7] FALEE WA oA AR = Al E(constellation)+ Zol= FHuo) &x1E]E(Lloyd max algorithm)S 7]¥to
2 o] AABS 5EHoZ 5 MIMO Alz=glol A Als 41 =

5% 56
As5akel 9loyA,

271 Lloyd max algorithme Z Aol A3} FeH(quantization set) FHS WHE 53& Ed) AEs= WIS
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AT 57

AI55& el olA,

7] Lloyd max algorithme “37] 4&# #AE YeldlE A4 Al dbE 348 7|9 S =2 constellationo] ¥
AEE 2o Efo R 3= MIMO Al2EleA AF 42X
73 58

498 oA,

7] A e S] Feel e uhsh 28 WE(etric)& JIMOR FATHE

R A5 S8 A,
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=
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.
F8H2>

argmin| £, %, | =| £, A,

m

A

nm

= |fi| |Alm m |
=2
A7 e el A, M o HA%(constellation) A9 94 7S YeERIM, ne constellation 182

(constellation index)E UWERN®Y, me <tey odX(antenna index)E YERY, h, AY FA

h=[h,h, . hy]
o] x3sl= ~Zdl A HE(scalar element)S ERNT mo. ~7gl g

(scalar channel)®] 3717} 12 =%elo] A (normalizing)® Y Az]HE(channel element)<].

7% 59
A|497 el Lol A,

471 AE W= 7] A Uekdl vkel &2 slE(netric)S 7o AR S SR S MINO

Al 2EHo A A E Fal A,
<F 82>
_ Alm
A7) Gkl o A 72 A %E(constellation) “de] 94 @S YERNM, md <HHY 219 (antenna
h=[h,h,..h,]
index)E YeERH, h2 AdE 34 o] x3gste 2ZEl delHE(scalar elemen
).
A7 60

A49%e) oA,

471 G wE AnE ve Al i vt £AES PO s NIN0 AL A AE FA
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73 61

A60 oI A,

A7 mlg A dE Fe A AE HA AV st rEHuEs 5 54 oty QP asdd st
e gtElyEd dsid A7) Ad 3 AR FAHES AAEE F7)9S EAOR s MIM0 AlxEdA A
T A AA.

A7 62

A9l Qlof A,
47) A MEE 7] AE B2 FANA Qe HES e A e )
A ARSI E A erEEe] tal FAtE S SR she NINO A2 A AE $2 %ﬂ.

273 63

Al497 el Lol A,

A7) A MEE 7] sS4 AAd A Addets HUES F 54 hEuEd Jb rEEe delx
PARNG SHo® s N0 AadelA B $4 A

AT% 64

A6l SholA,

7 Az FA FATE A Vs $ 37 54 dHvES AQR SHEvEe] i Al demESS
71 54 <telvgel tigk g wE el gdsiA dAEe SH0R sk NN AlAEAM A FAl FA
5 A A

2] tiple Input Multiple Output: MIMO, ©]3} “MIMO “E} Hs}7|&2 $}) A~
! T A B el A9k AorA, 58] iR MIMO(Massive NIMO, oldh ©
Massive MIMO” &} H&}712 dtc}) A|z=EloA QY #H FRE /5281 3 2 ol #e Ao},

W 3 ol &

HA, Massive MIMO W22 A% 4 ZA], 4 & 7]x]=(Base Station: BS)ell th<] dEHUES A X3}
14 Ho]Y(fast fading)¥, AFEAZF M4 (inter-user interference) 53 & t%d EAES 7193 A
3 xglZYH(linear pre-coder)Whs AF&3ted H|wz HA| d|ZsAA, ¥wa =& do|g #o]E(data rate)
£ 5 ¢ Jde Aottt 7] Massive MIMO W29 FHL 7|X|=o] 71 AYdte= AEIVES] 7ol A
of gla, 7IA=LE 7] 7AF Aale] AYsl= QteHlUE ZHztel gk A9 HARE BT 43 dve TS
7|Wo 2 st Aot

wabA, A7) Massive MIMO ®32]8 2 AF3 A (channel reciprocity, ©]3F “channel reciprocity” & A 3}7]
2 gho= e, AMg FAo| 7|AFo] A sk AHUEY gl g JTS WA g Al FEE
(Time Division Duplexing: TDD, ©]&} “IDD” &} As}7|= 3tt}) Al =EloA] sl A7) AP qlot.
2 FA 9 AE A FHZE] A7 HAY, =2 v A(downlink) A

[¢) LN
AT B9, A5 FA D LS S AP S 2E B4 BE Apes

T X had

2)
€]
sto] Fuke 2% Tcrge_a‘ J (Frequency Division Duplexing: FDD, ©]3} “FDD” @ H&}7|= 3ht}) AJ=El o
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v Fak4 g&4o] AstE & Aok, oy ol FE ds| d o2 W& ol 3} Al~=El(Universal Mobile
Telecommunications System: UMTS, °]a} “UMTS” 2} Ha7|= 3hth)3b, #dd H& BT v5 H<E(Wideband
Code Division Multiple Access: WCDMA, ©]3} “WCDMA” @} H&}7|= dth) A|AElz) He AnbAel ZAl A~
g A= TDD WH2lo] obd FDD WHAlS AMgstar 9ok, weba], &34 (backward compatibility) SERE $3)
FDD W2lo] Abgd AfoE a&X o= 54 7hs3 Massive MINO Al&=glell digh HgAdo] oiF= il gl

s, 7] TDD WAS AbEske Bl A=l '] A7) FDD WAE AREste S4Al A|2&Flo A= channel
reciprocity’} A H3A Forz Az X (Channel State Information at the
Transmitter: CSIT, ©]3} “CSIT” 2} H37|= 3thHE F5&7] Y& s 4 X, A o= ALgA g2
ol 4% MY HAHE BHE FRE U3 (quantization)dte] AE Fal Fx] A A2 J|AFoR FAFE=
Aol Agky d=w(limited feedback, ©]3F “limited feedback” B} AH3}7|Z 3t}) WS ARE3IL, o 7]
A, 247] limited feedback W42 AA M <SA8t(Vector Quantization: VQ, ©]8F “VQ” & AHsI7|= gt}
WA <7kt b3} (Scalar Quantization: SQ, °lsk  “SQ7 @& IR gith) WAo=® Fd 4 Tt
T3, AV QY AW ARE U dEuHES X8 § o, A o2 dxstdE Ald ¥ (channel

vector)& X33 = gl

e, A7, A7) VQ B R 7] SQ A Zzbell oisiA] Aetd ohs a2t

A7 vQ Ae A9 WE (channel vector) AAIZF FAstE = WS JeERH, A7) SQ WHAS AE WE s}
2EshE Ald AW E(channel element)E Z47bo] SFxbsbs]«= W28 YERTE

471 VQ A2 Ad W gk FAstE A9 ALY A d3tE Alsty] 918 =5 (codebook) o] A7NE
Az FA FATE Adsks HUEY] gl ] AFAom FTMAACE stedl, oA HUES] Al
sl AFHoR Frlsts ZEHY Z27]= A7) Massive MIMO Al 2=¥19] F2-& AlgkstA ).

A7 SQ WA sk el <t tdk A =(constellation, ©]3} “constellation” 2} #H3s}7|2 stch)E A
Azt o]%, A5 F2 FAVF ALYt B dElY AW E(antenna element) &l Wl SFxistE HEE S
Atk weEbA, A7) SQ Aol ARgE A A7) VQ o] ARgE Aol HE] W E® (beam forming) ©15-<
FaE g QAR A7 VQ A bEHY Aol dis) AeA R Frlele R A7) 7 EAE A™
T A WA et

weha], 7] SQ Aol AMSE A9 Wl Y o5 A dAS dldsy] 98 Edys 5 Z}ﬁr(TrelllS
Coded Quantization: TCQ, °©]3} “TCQ” &} AHsl7|Z stt}) ®2lo] AetdE ul k. 7] TCQ a2 A7 Q

WAS 7o R sl Akt o)t

a8 o974 = la ¥ = 1bE FERs T0Q WS 7|Wte 2 sl limited feedback 2lol disA] Aws}l7]
2 3},

olsf, Awel A A7l TCQ WS 7|wo® sk limited feedback W28 “TCQ 4] 71¥k-limited
A7) 2 gt

_H
D
@
[aN
o
o
o
o
o
1>
o

T late duFESl MINO B4 Al2Ele] x5 gy or TAJg Tyoe|t),

T 1as Zxsd, A7) MIM0 B4 AJ2ELe 7)1A3H(100) 7 o]% w7 (Mobile Station: MS, ©]&F “MS” @
A2 #h) (12005 g8l 7] 7IAF(100) o5 7, 4 =2, Whe deus, 5 ehey #1(110-
D, oreluh #2(110-2)¢F, -, <FEIY # My (110- Mp S A LD3bH, A7) MS(120)= 8 7] Qtelvh(160)E =
3},

h=[h,h,..h, ]

o] A%, A7 MS(120)7F 7] 71X 5 (100) .2 F=wgord Qg gy Yoo] ket
7 2] W E (scalar element) hiEolE ZHzF B HIEES (bits)e] UA3} HlEEo] stdyw, wlahr A7)
MS(120)= BN, HIESS 7] 71X =1(100) 0.2 3| =wislic),

rlr
mﬁ
i)
e

& laolA = AubAQl MIMO S AJ2Ee] Fzd diejr dHsigder, tges = 1b
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MIMO EA1 Al2=®lofl A TCQ HH2] 7]¥k-limited feedback 2]l thajr AH3lr|=2 3o},

% 1be uEAQl MIMO A1 Al=®lelA TCQ W2l 7]Wk-limited feedback WA& Ao R EAIS T olt),

!

1b=

il

Fzapd, dubEQl SQ WA o] AR ¢ = 1af] NS(150)%= %= 1 bell =AIHo] gl wieh o] Ad

Wl , ® o o ,
o] 9 4H(phase) 7S UFERJ = constellation (Z=%5)S AA
star, o]F Ad AW Ee| A st7] 484 16 UERH nRep Fo] 48t FAS gt

<o 1>

= ar maxh w
075} ég; weW

71 FERAl 194, ] = ‘] 7y 2=Ze} Ald(scalar channel)® A7|7F 12 =EEo]lA
(normalizing)® 3tS veERHAT

A7) e 1o YER miel e g 528 RE AlE dHEES taiA Fashd, FxstE QY 9
HE AT 4 o, A7 FAste Ad 9g e ab7] §7302] 29 o] Yeld = Q.

woF, 37 NS(150)7h 24 AY AmEe] e FAs wEES A% BE 302 AUt AT FH(B=3)
Q AL % Tbol e uhet o] wdE 4 .

o
N
w

niw

0
WSQ: e’ |<9=T,n20, 1, ,7
% 1bollA, constellatione ol, Ad Ay
_ e _ 45
HE  Zho] h =€ o o f € o o] <FAlEwH, 4zkslt ;e HIE ~E"(bit
stream)<  “001” ¥} o] XA 4 9t}

% 1bolA = LubEd MIMO B4 Al=®lol A TCQ ¥WAS 7|Hke 2 3} limited feedback ™2lol sl A3}
ol

A Al &=E el A TCQ Aol WA drgshr] = e,

AF71 MS(200)= EdE A tldEd(trellis decoder)(211)9}, constellation(213)S E3dHaly, A7) 7]1A]=(25
0)2 AHFAE A3 (convolutional encoder)(251)¢}, constellation(253)S ¥E§H3ht},

A71 TCQ W2 &= 20] yeRd wiel o] EdFEl A tlmY(trellis decoding) §2Fo] F7iE o] SQ2Hth
g MEE 5388 = 5 s Aotk F, A NS(200)E A7) EFEA URH(211)E ¥39tsto

AH o A 3
24 7] sePand pAdes A e AT 5+ Aot
A7) NS0 E AYE FASI, 47 F48 Adel did AY FAg, S AP WEE ) =9 vag
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(IDE B3 EZds dmy $42 Fste]l sttt Telm B, 37 NS00E 37 FAstE A
WEE EPSHE Woy GRS TS A= AAAE ) 71AT(250) 08 T =g,

aed, A7) 7IA=(250)2 AF7] NS(200) =E] AlE sj=w wajx]e] E3hE]o] gl vE=w ARE A7) A

[e:

HEME sy (25D)E F& AYFME s (encoding) ol 7] FApstE Ad #E g 3958 = 3
.
& 2045 LARbHl AL AlaElell A TCQ Aol A Adrsiglon], tEom ARkl FAl A A E

g~ gay S Aysirle] 9A, T 3a 2 ® 3bE FEst] dwrA B4 AlaHd A A-TA

A Aol A ARG lsir] o] Wi el diaiA drshr = Jhr).

¥ 3t AwrEel A AZHAA AT s W FEE AFHOR BA Eweld,

T 322 #FxdE, A7) AdEFEAY QdIafgE d o2 35 #olE(code rate) 2/38 X Ysitta 71 R g
t}.

L BadlA= GREAQ SAl Al=EoA A-EAE QFT o UF T2 disia dgsiflon, e & 3b
& FFeto] dWARl A A xHlA FE HolE 2/3F Addte AEFAY A3yt AEE AS 1 9E
U] E(input bit)E3}, &3 H]E(output bit)E % ZH|O]E H|E(state bit)E7re] #A thafA AW =
Ela=

Aels yag Aol tieia A 00}71:1 ?&T’%.

T 45 il A Alzdlo A Edyix T3y WS EH oz TAIg =it}

M.
T 48 Fxshd, 7Aool AYste gHUES AF, S 7]' 49 A9, % 1bolA M npe} #e
constellations AF&3le] A7l Asld AL S e FA3 wEEo] Z+zF “000” , “100” , “1117
“001” olg}ar 7Fgsl7| = g,
Edgls 3o 54L& dAY ZHE HEE] HE AR U& AT, 7T HAER(E 404 ARE EA
Ho] ) Wk weEl F8 vEEo] Afe s JHRYE Aoy, o] A, EE HARES AHE 1Esd
7] =8k4] 3o yERd whe} 722 WEH(metric) A4S AFESIY 7 S A3} ol#(quantization error)
E zZte gAg Ald e E A-E ¢ vk

n=12_..2"m=12 ..M,

e - 7IM

argmin | w, —7_ | w
&71 a3 3olA, " = FAE dlEe dEhie, e 2E5 T SR dert 7 A
A

%)
AeE m=5 Yele | ne constellation €1¥)X(constellation index)ZS YERATE. A7) 4=8F4] 3¢ ek

w - .
e Aot HNES gaet AY WEs A48 5 o

Wepd, Ao ge Edes fad 54

o
rr

oteLlE 9] orelyt el (antenna

o

47 AAAT A

3
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o3, ¥ wel W mgAd AAdE ARG =S Frstel 4AF ARAT. ) AgelAE ¥ ww
of W BAL olsfshizl Baw iuo] Musy 1 o9 Yo MAyYe B WYl 94E FEA %%
S g Roleks A% Folstelol Fth agm FEHE SolEe ¥ wgdAe /5 mestel gold
FOIERA ol AgA, 2840 % wE el Sol ueh gebd + dvh adEE 1 ot B A
%

A E3sHe Qo ols|uofof @}
AL A2 53 ol AFE EFehs folt TR FARAES AYsitd AsE & AW, 4] FHas
e 4] gl old AHAE etk Y] SolEe shiel PHSAE vE PHALEYE P
wromy ARt dF Sof, ¥ wel A WAS ol GowA Al FHLLE A2 THLLD 3
9E 4 U3, A A2 TALLE Al TARLE 9uE & Y. W/EE ol folt ¥ie) pald
A8 FHEe] 23 wE 5ol B VAN FRE o o FHS T

B HUolA AT Solt WX BEAT A4 dF Agel] 98 ASE dom, ¥ age st o)
ohth wel EHE Fug wusl A Feld gt @, 85 @S mFU B FUA, XY
shth m UMAT Bol gol WAAel JAR 54, 24, WA, B4, P8k, $F EE o5 =
Fa gl EARES AR AelA, st mE 1 ol BE SABeld 27, WA, ¥, Pk, ¥
FoEE oS 2P A5 B4 EE B F5AS vel WAsA gt Aow olssolor Bt

tEsl goEA S @, el A BeA FolE LA o714 AgEHE BE GolEe ¥ wudol
S5l 71 Ropl A Bakel AAE A Aol o8] AAom ofsHE A% TAF oW AHw Yk o
W ow ALgEE Aol Aolue] gl A% ge SolEe B Ao B A A ovish Qs o
ME 7R Ao dAsolok sn), B FUNA Bus Aol g &, oldHolAY HusA P4
e R BRI

Z2% (Multiple Input Multiple Output: MIMO, ©]3} “MIMO “&F A3}7]
g F/5Eke FA 2 IS Acksith. o]d, 2 el A AR ol A
5 MIMO(Massive MIMO, ©]&} “Massive MIMO” €F A3&}7]= 3tt}) A|2~Elo]
gk, 2 oo o AAdeE Y] Ad 3 AR g4 gevgHES 29e

om, A o 4xtEE Y WE(channel vector)E X3S & Qv F, A7) FAstE AE HETE ¥

5 7 A BA7 248 Massive MIMO A =EloA Edgxs 7|dke] 24d
A3l WhAlS ALEEle] AE BE ARE FH/FAsE AA 2 RS Aokt
sk, B oukgo] o A= AEE 7 AT BAVE SASE Massive MIMO Al2=HloA 215 EdEgs 3= A
f

erential Trellis coded Channel

g A Diff Quantization: DTCQ, °l3} “DTCQ” & A= 3It}h) A&
7o 2 Ad BE ARE F/5A8E AX 9 S Aetsi
T3, B L7 A 7]1%]

wrel A AAlde AEE AT BATE EAEE Massive MINO Al2=8lell A ARg-=}
3

o
= =
oZo] YtE A H=w(massive channel feedback) WS 7|Htoz g #AH HHE &/ FH

i
ot
yu?
o
T
ol
lo,
o
N

2 AAdE AEED AH AATE EAEE Massive MIMO A 2Elo A Adado] 7¢13 HAw

iy
ion, ©]& “constellation” 2 A2 JchHE 7|Wtez AE AH HAWE F/FAeE FH L

EAISHE Massive MIMO Al2=glo A W E" (beam forming)
Ea=c e I i A s

o5& Y Al st

skt | H kol o AA]o|oA] A|otsF= Massive MIMO Al&Eloll A Y & HRE &/ A 2 B
o 2 ¥ o EBFAH (LTE: Long-Term Evolution, ©]3} "LTE"&} AHsl7|= 3tt}) o]% ZA A|AdHly = g o &
FA-o]j=ul~= (LTE-A: Long-Term Evolution-Advanced, ©]3} "LTE-A"g} A3}7]= 3it}) o]F T4l A|2EI}
2rtd ey X2 EF(Mobile Internet Protocol: Mobile IP, ©]d} "Mobile IP"g} s}7]= 3tt}) A|2Ely),
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%4 (high speed downlink packet access: HSDPA, ©]&} "HSDPA"&} 3}7|= 3t}) olF &
Jsk H3 3)7] A4 (high speed upllnk packet access: HSUPA, ©]&} "HSUPA"Z} AH3}7|=
gt}h) o] EAl A|AHElY A ZEAE ISEU4Y 2(3 generation project partnership 2: 3GPP2, ©]3}
"3GPP2"e} V1R dth)e] ad #olE w|R Hlo|El(high rate packet data: HRPD, ©|3} "HRPD"&} 3HVE
gl ol T4l Alz®a}, 3GPP2e] Fuld HE W3 ths % (WCDMA: Wideband Code Division Multiple
Access, ©l3} "WCDMA"E} 3}71Z Fr}) o)F BA AlxEly 3GPP2o] H& £ thE A4 (CDMA: Code Division
Multiple Access, ©lat "CDMA"2} A3t7|& 3it}) olF B4l Al=®la, = AdA7] A= 7|2 33| (IEEE:
Institute of Electrical and Electronics Engineers, ©|3} "IEEE"g} 3}7]2 3tt}) 802.16m Al A|=€3} X
3}¥l 9|7l A|~El(EPS: Evolved Packet System, ©]&} "EPS"#} Halr|= 3tt}) T3 2-& vkt olF 54 A
2HE5 A& TMsEe BRIt

WA, B e d AAdelAE Ads FA AT ZIAFela, As Al AATE olE wd7](Mobile
Station: MS, oJst “NS” €+ Hspr|= rhetar 7pdepr|= vy, R, A7) MSE A7, v s 23t
o, A7) dazoe Edgx(trellis) F22 7HAH, A7) FA71E A7) 71T A8 AA QY AsS
S sk, A7) Edes g2 dads dA A AsE FARsEn. ojsh, dwe] weld 4] Ede
2 F2E e dade “Eddgs fgay” e Jsrle g

Eek, A7l 71AFE 7]F AlE(Reference Signal: RS o[t “RS” @+ Hst71& bk A(correlation, ©]

{0

[¢]

} “correlation” @ H3&7E v} BH AHARE }% FSA1719F, A7) MS7F 5418 = A B (feedback
information)S FA3l= FAI7|1E Egsth, o7 1, 7] correlation ¥A AKX A o|Z correlation 7
F(factor)E F3FsH | A7 correlation AlFE AFE iHLQ% 7t correlation JEE YERE AlFE YER

=

w2 oEe] A AAdelA AdEE Ad WY S BAls A EdEle 2= oAd FAkst

(Differential Trellis Coded Channel Quantization: DTCQ, °]3} “DICQ” &} AH3s}7]= 3tt}) wha]” ojgfa A

st7|=2 kot

ok, ool o AAjdo A A ekstE DICQ WA o] AMgE Ao F2S AWEr] s L] wjAo)

H&= 7]E” dA Adet biel 2 Jlgo] agiR HE¥va JHAs 2 g

WA B oubmol o A= FkFoer AduE Ad(correlated channel, ©]8F “correlated channel” @

As712 3t}) Ao A eSS 914 ZFo](phase difference, ©]3} “phase difference “gF A3}7]= 3+
3 = 54 1839, MSe = ladlA A9k niep o] JdF AEEZF phase

5 93} (Trellis Coded Quantization: TCQ, ©]3} “TCQ” & Hs71= 3Jhr}) WAlS
F< 992 FAst s A F, O A 53 AdE FgEe Jud JHE VA

-z

ﬁl

=
. lo
it
22
El

7] MSE 1K AYE 3t phase difference®s YENE= =M HHE A7 7|Xxro R s=mstry] o] dd o}
o AYE F 7]Fo] HE 7]1F AML(reference channel), 4 d2 \d g £, vy AAFH Q=
constellation® 7|¥re 2 JAa}sla, A7) 48 275 Yels = HRE A7) 7|AFo2 F4d]e
=

A7) phase differencet™ 3}7] 4=3H2] 49} o] yehd 4= At}

-

<k 4>

>
|

§}‘I
~~
>

o b= by, ]

3 T8 4olA, h2 AE HH ¥3ste 278 AW E(scalar

element), 5 &7 7|1A=ro] Agdsh= g9 ctelus F telu nat 7] NS Ad WEHE dEhis,

1>

mo ~7+e} A<D (scalar channel)®] A7)7F 12 x='eto] A (normalizing)E Y AZHEE vehdt),
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[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]
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Wodbygo] o] Ao M= MS7F 7IA o2 9] phase differenced FAEHE WS A&7 wjEol dut
Al »sz+al $AbsF(Scalar Quantization: SQ, o]k “SQ” 2 Al b HAFE vE A2
constellations AAs]oF g},

=, A3 ALEZL correlatione] A& FAIEHA] e AE A&, phase difference®] X7} 7 U3}
o] dubHel TCQ Al AF&HE constellations TR AR Aol sbesiy, aOF ALEER
correlation®] WA 2 AU Ao dukael TCQ Aol A AHE=E constellationd U2 AME3hE
ARTE 7] A3 AEE correlatione] EAlshE Ad 4o AgsiAl 4FH, AMEE constellations

Agste Aol whgrasit, 016}, 49el Aol 1Y AYED correlations] EAse Y Bae -

2 o7l & 6a B 6bs FEste] el o Aol mE Massive MIMO AlZFiellA DICQ E4fel
el drstr] 2 g

T 6a @ = 6b E o]l A AAdo] whE Massive MIMO A]2ElollA DTCQ WS 7gFd oz =A3 EHo)
=

T 6a E & 6boll EAHo] ¢lE HleF Zo], E wbgol A AAde] wE DICQ WAle 9" HYEZF phase
difference® & 3to] AUREAQA TCQ W2lollA AHg¥+ constellations ItiE ARE3EA] €3l correlation
channelol] #g3tA &5 3htt.

a8 o)A, B A gl utE correlation channelell #1383} constellations ¢F3F= W2l
gaia Amslziz sk, o)), Adwel WA DICQ WHAolA AMgEE, 94E% constellations  “DTCQ
constellation” o]} 372 i},

oL
1o
o

HA, 7] DICQ constellation A4 W42 th&3 o] IA Al 7kA] W25, = #l1 DTCQ constellation A3
g A3 A2 DICQ constellation 234 213, A3 DTCQ constellation A4 WAooz Fi=E 4 9y, o
714, 2471 Al DICQ constellation A4 W21z, A2 DICQ constellation A4 W21z, A3 DICQ
constellation A4 W2 Z¢zto| disiy Al o} 2},

A HAZ, A7) A1 DICQ constellation BA W22 917 Y5719 phase difference?] EF HXES #HE
star, 7] A AT AXNE A58 FAIEE BAS YERd

o]}  “Gaussian” B H37IZ Fr})o=  EALS}(approximation)dtil, o]F FEo| uweEl A
Zpgkshe AS e

A HAZ . A7) A3 DICQ constellation A WAL o]z —%UH <12 (Lloyd max algorithm, ©]3} “
Lloyd max algorithm” 2 7|2 dth) & 7|wto g she grbsl w4l Jepdtt,

T A=, A7] A2 DTCQ constellation A ‘%}"%‘% o1 AMEET phase differenced] EXLEE 7F9-Al¢H
(Gaussian, 3+

(e}
Gaussiang <

B ool o AAdo| A=, A7) Al DICQ constellation 84 ¥213} A2 DTCQ constellation A w23}
A3 DICQ constellation 4 "2l = A7) Lloyd max algorithmE AFg3ts xt3sl =521l A3 DICQ
constellation A4 W2le] 7V £ FAst ds5s veERAT.

a2l o]7)A, A7) Al DICQ constellation A W13} 2 DICQ constellation A4 ¥23, A3 DICQ
constellation XA W2 Z+zbe) dsa] B} A Qo z MAysid & o),

A HAZ, 7] Al DICQ constellation A4 W2lell tisx A3t vl 2},

N

WA, & 5bx A Alg(correlation factor, ©]8F “correlation factor” €F X372 3tho] wE E5F #H

Ao fhe EAISAL ATk A7A, Y] AR AgeeE OF AYED Y AEE YeEe AFE Jepdg. A
. I T _

7] correlation factorel] W& X AX} o2 H (% 5b2 A5 0)CZHE HaHo= rEe] =)

=

olE zt=rhE 9nE Yehdth. o7]1A, ] A AYE7E phase difference® 4ol 409 HFUE BEX
(uniform distribution, ©]8} “uniform distribution” 2} Aat7|= bk 7Hgdsbd, & 7o) vebdl uist
e IR WAo] FaAlEe slo] shssltt.

o] A Ao wE Massive MIMO Al2=¥loA EF HALE o] &3te] Ad HEHE F53A b

e 1wy e
shahs PHS AFHoR BAG mrolt),

- T
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[0119]

[0120]

[0121]

[0122]
[0123]

[0124]

[0125]

[0126]

[0127]
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[0129]

[0130]

[0131]
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= 7& AdWsr]el 24, = 5boll= correlation factoro] wWE ¥F WX o Fho]l E=AIHO] low | A

+

correlation factoro] W& EF AR} oL HA (%= 5hpe AS 0)o2HE HFHo= _Gﬁ”&%QI 2}o]

2 zte=teE 9uE Uehdg, wgbaA A7l <l AEEZF phase difference® Zo]l 409 uniform

distribution® 7FA3IH, £ 7] veRd nie} Zo] Ad WEHE #538HA FAseteE Aol 71sdtA "t
HA 2, 7] A2 DTCQ constellation A Aol s AHsid g3 2o,

=

WA, = saodleE 9% AYEZF phase difference?] ¥, & ¢4 # ¥ (phase distribution, ©]3} “phase
distribution” g H3I712 h) 7} ZA|Eo] 9lom, o] phase distribution HFE]E Gaussian JEIZ 714
3} constellation® A = v}, 7] AdF ALEZF phase difference?] H g 00]al, ¥+ HA}F o
%2 correlation factor® 7|WFe= HEE 4 glomz2 A7) A3 AEEZY phase distribution® 3s}7]

814 53} o] 2AlEhE 4 3k,

<84 5>
2
1 A

f(A)= ﬁexp[— F]
o

/3'7] k] 5olA . f(A)E Ad W3 FES Yeldt. 971A, A+ AF AEEZ phase differences U

22 S O B A B R UrEWJ u}-<} 7%—3— o1 ANYEZ phase distributione = 83 Zo] vehd &= ).
3} PN 2Blol A Gaussian ARSE WAE AbRgshE kst WS

7IHko 2 3= o AMEE 71} phase distribution®] w3t & THZE T=A3 THo|T},

L 8o EAFO] = Gaussian AR WAS ARESR GRS WAS VINEe R Sk Q1A AYE 3F phase

distributiondl w3t & Zef2= A7) F=3H4] 5ol yEbd wpeh 2 14 AEEZY phase distributionol] o

g SES 2P 2R e Flolt

£ 8o =AH] e Gaussian AR WAE ARgEE GRS WA S 7o r de A AHEE 3 phase
distributiondl w3t =& TZoA 7 @He FF Fho] #5EA BEHE F, 1 F7b Fho] g gez
ARGETH = 8o LmAlHo] Sl Gaussian TAFSE WAE AREShE GRbst WS TINtew ke 3 AEE

)
7F phase distributiono] W3t FEH TPz E 2HEE(4 £3) o
oAl £ ¥ 2 3 300.25)% FASt gho] AEE A9 Gaussian TAFSE A
FAS 7|dte = = A AdE 7 phase distributiond] thgk &E 1=z o|t).

=
, %371 A3 DTCQ constellation A4 wW2lo] dis|A dystd oSz 2},

£ 0.25 &=
Agste P45

WA A7) A3 DTCQ constellation A W18 Lloyd max algorithms 7]Wro & &= Fxps) whalolw | Ab7)
Lloyd max algorithme 49| #}3} F3H(quantization set) #t= ¥HE(iteration, ©]8F “iteration” 2 &
7|2 gl FAS FEl AEsE WAeltk. =, A7) Lloyd max algorithme %7] ka}?ﬁr 3 #Es "HEE

(default) o2 U=z HAslar, o|F UA3}=E phase differenceE?2] M (sample)ES H|LE o] WA
A71aL, 7] AEES AMESte] At H3bs A48 5 Q.

7)o A= 7] AL DICQ constellation 84 213, A2 DICQ constellation A4 #2137, A3 DICQ
constellation A4 B2 Z}zbo) tjafx] AHeg o, thgom T 98 Fxsle] B Wy 2 A dd wE
Massive MIMO A]2=ElollA #]|3 DTCQ constellation A4 W& 7|HFO & constellatione A4

A dgstd vhey E.

T 9e B oame] o Ao wE Massive MIMO Al=BlollA] #|3 DICQ constellation A W& 7wto g
constellationS A= FAHS /MeEFdor =A% THolt).

= 9o LA]Eo] 9lE A3 DICQ constellation A =H21&

7|¥ko 2 constellations AAsE AL
correlation ¥ iteration 340 W& constellationd A s ¥4 o)

o}

= 99 =AjEO] Qe mbeb o], dukx el TCQ WAldl wE constellation A Ao A= iteration 3|47}

oﬁ L
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[0140]
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“0" o2 u#HEFAW(iteration = 0), A7l A3 DICQ constellation A HWE& 7Htew &
constellation XA HAHolM & iteration FFE 7IWFeZ XA HE constellation®] WslsiAl do}. &, =
8ol Ao 9li= uke} o] correlation factor®}t iteration 3|45 7|WFSZ constellation®] W3HS <&
4 duv. = 99 correlation factor p 7} 0.5(correlation factor p = 0.5)°]al, iteration 3|7}
10(iteration = 10)¥ 792 constellation¥}, correlation factor p 7} 0.9(correlation factor p = 0.9)
o]al, iteration 347} 10(iteration = 10)¥ <] constellation®] Z=A]E o] A

g, & odtgo] o AA Ao = A AMEEZ phase differences 7|¥Fo2 AA Ad HEHE HYsi= U2
= AFEE7] Wil HlaF Ze ol2l(error)7t A FAEC] HlwA Z oyrt HAEE odE dI(error
propagation, ©]3} “error propagation” & #3}7]2 ¥t}l) &Ato] LAE Fx Qi)

w2}A], o]¥ error propagation @/4S dAsH7] flF B wEe] A AAdA= 8] 482 60l UERA vl
9} o] EdE A Y=Y (trellis decoding) 212l WEH (metric, ©l3F “metric” 2} 3712 Ith S A
ste] ARRE 4 Ut

o4 6>

arg m1n| £ h | =1/, —l_zm |

nm

A7) e oA, M o constellation ¢ $4H(phase) #tS WERHW, ne constellation $1¥]2
(constellation index)E& YERNH, me <tely o4l »(antenna index)E YEFATE 7] 482 62 E#dx
gzy s2to] #dd w 77k ~Ho|X|(stage, ©]3F “stage” B HSIE dh)ollA] metric Algte] HHA
o2 FPFEE o] ofyel, o)A stageol| 3t A= W EZ(path metric, ©]3} “path metric” &} A=
gith) gtEel B agEthE AS e

argmin | A, —h, |=argmin | K A,, —h, | A
A oz, stagele] " fa2 AR 22g suw a4
arg min | h —h, |_argmm |thH h,|= arg min |I;1A2’2Al3 —h |

A

A
HA)qk, stage29] > e

2 ol AW AuelA Tl 3 gro] mEy] wEe] X whye] o AAlele] wE DICQ metricol
= S o

AgE A 1E T o MAFE ¢ k. ol3, A

CQ metrice] AREE -0 Hls] 2 A5 FSHNA ]
o AL, Aol At nlel 2 DTCQ W2lolA AMEE & metrics  “DTCQ metric” o2k AH37|=2 o},

TS, ool 9 ArddAE 7] DICQ metricel et Aes F7HEoR 3717 f8 OF AEED
phase differenceZ HA3IA 7= Ao| olyel, A7] ¢1F AL ETF phase differenced] e HAHE FHosA
71 metrice AH T FE o, ol 7] 82 7o el uie} T,
<8 7>
argrnax\h | |Al ”

Alm =2
ShA, A7l A] A g vkl o] error propagation 4SS A7) flEiA B ”‘391 d AA A=, A
7] g8kl GollA Adrt uie} T2 WS JNio g FhE JEW whalS ARSSIAY, S NSTF VAo R A
d AYHES AYXE v HAAHY e AA Frvig $AE = Q. ofF), *é“é«] HYA 7l 43H4]

error propagation &4 A HR2]” o]gl AH3J

6= 7|HFo. 2 &} error propagation &
” g Ao 9= A F=y|uit A= error

PAR
& S, TN IAFOR AY ALHEs] ARAE v

= =
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propagation @A ZFA WS “A|2 error propagation @A FrA WH2” o)z} AHslv]®E Fr).

a8 7A = 10S FFEte] B owtgol A AAde] wE Massive MIMO A]2~8loll A error propagation &%+

T 108 B ol o Aol wlE Massive MIMO A]2®lo| A error propagation @4S ZAA7]E= A4S 7
FHoE EAG Tt}

% 10& #=x3shd, All error propagation #4 A WAlo] AREE A9, MS(= 109 HER EAEA] &8)E
Ad AYHESY Az, S5 Ad LdYHUEY A3 @, 4 A= 1S AT (E 100 HER EAHA )
oF F2FE & & Ark. ol%kE <, A2 error propagation @ FA Wlo] AREE A, V] NSE W

g wgmel e w2, @ @z D2 o KDy gy ausa awas 00 a9
BeRES Aulghs, Z AW AWES A8 g5, A A2 03, (3, Lok, e SAFS & 5 A

w2kA, 7] Al error propagation @A 7HA WA 2 A2 error propagation A A WA BEE U|E
TCQ WH&oll H]&] error propagation TS ZAAIZA & Aths AL & & At

3, MSE 2% AEEZF phase differenced] T3 AHE ¥e3l+= Il ARE VA goz2 g=dlgol 3+
. 714, A7) NSTE A7) VA e R IEdsofd JE AR HE £ 7] ¢ 8o YEhd ulel 7
2> 271E wEIor s,

B, =(B-1)M,

21 8ol A, B 7] MS7F 7] 7IAm o R FAlehe F Fow AR HEEY JgE UEal, BE

gk A AUET FA3} RESY JiFE e

7] 8k 8o UER ulel e AL U el ARE = olf&, trellis T+&2&

WA o 1/2, 2/3, 3/4 T3 o] Y HIEES Jget Y HEES g Aolrt 12 HAAET] wEolt).
, GRbd o= trellis FZHe dEEE d8 HMEEY 57t 2013, A7) trellis @A S8 H

=9 HEES 7 39 A9 “2/3 trellis A=H” gt AHABRE, trellis F&27F 1/2, 2/3, 3/44

o

$ A7 S vhsl o] e mESe] s & mESS Gt 12 H4E o 4 Ak A
1N, 7] Qag MEEY AZst Hmg MEEY A% Aolvt 2 ool sns AW Fr YA, ol
trellis 71W 29 P48t 45 Azsl dsA717] e 2 owwe) o AdeE Amd vEge
Agsh Blmg wESY A% AolE 12 mgF L o=, vl tE Ay AWM= P45 vEE
A% B7h 20l3(B=2), FEILFES] A% M7t 8 AF(=8), 37 U7 A7) AAFoR e F e 4
HEE] F)5t go] ik,
@A, I 2EE vk ol ANE FH9 B, - 8 @A A4 AW 0F 9Y 0F FYFull

Dimension-Multiple Input Multiple Output: FD-MIMO, ©]&} “FD-MIMO” =} H3d}7]& 3tt}) A 2EloA] Alg=
Aoz o= Aol Ad(control channel) oA APt Hol FJ=u AR HE 420 13S 2H43HA

M,>13

F=|mk oA} B =2 o] A<l A9 13U E o|Ate] mEm FH H|ESo] Fed 5 A ).
weba], dolE Ad(data channel) GH9E ALgste] Fuwl ARE sjuwdr 5 oy, A Ij=m AR )
EFE WEA 13 vvte g A oF st Alghe dAE 4 AT, UREHOR Tl AlAHA e gn

UERE IS AL MRAA gt 5SS GhE A8 el ol Aol Auolnz, 4
s e S0 aw eSS A% e 471 B4 1280 A9 B84 A0 5 A, sl
A ofw ol fRE VEw An MEFE FAAE A A g2 & A

N

g o7 B ool o Aajoo] wE Massive MIMO Al&®lolA] wj=wl AR HESLES ZaA7]E W
el FAH o Ayt vt g,
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WA, ®ouwe] o Axde] BE Nassive MINO AZHAA FE An E £8 Falsle P4 24 T
A WAE, F 1A% Adshs dEbES e Agslel gt 44 ASH ehH 1HOoR s,
T agsE EtES R Jbg crEtE Rk BAS Agse vsw gu uE £ g g, ]

Aol AQshs e QEaEe vie dgEe] i ghikd 4B (uming)shel AT el <ld o) )
Gahs Qrelel oi@ AW AelREe] maMT st B4 FAse Woy g aE S ogh wHom
FRE # Avh s, Mwel BelY ATl AYst AebES 1FSFe] 1 aFs dHbES
SPEIVR 2hsthe WAS TIHke = # 2= A

Al o 7]11]»0; sl *]run xéi H] _",: A ﬂo]—/K]Q_ “Zﬂl _\1]51:&'4 xéi H]__ 7}~ v}
Sl

I 7M7) Al Il=EW JH HE £ A A0 A2 gEw AW BE ¢ 74 ] Zh ol fidlA
TFAAoE AHIA v At

A HAZR, T 1las FFste] B dwyo] A AAldo] wE Massive MINO A]28lol A A1 F= HH HE S
A 2o gisiA dgetd ved 2o

la¥ 3 g o Ao mE Massive MIMO Al=FlollA] Al = AR HE 4 A a8 sfgFd o

L 1laE xS, MS(E 1lad] HERZ A Ho] A &)= 7IAFTAA Adste tealdES g A4
A= AR g dRE OE 5}0:] 71 tHUES AT 5 k. =, & 1ladl E=AEHo] & nke} o] MS
= Z1AFA A AYshE FEHUES 2719 ¢HHUE @92 2538t M tHUES AdsT. d d=2, A
7] 71A =] 8719 QtHUYES ]°J3}j 27 ElUE @9 R AHUES 58T A5, T 9 7HE <t
Eol AAdE F Ak, wEbA, MSE 2719 ElVES U] 7Hd QtElUR Hste] 1 7 qtEluEe o)
3k 91" AYEZ phase differenceE DICQ WS 7|Hte g <Fxislstar, 7] ¥xksld A3E Yells d=
W ARE 7] VAT oR deug

mE

Howygo] o AAlde] wE Massive MIMO A| =Bl A A1 Ij=a Aw HE 4= 74 =520 t)s)
A Adrsiglon, gd&oz T 11bE #Fse] A7) A2 =9 Jr uE 5 a4 WA g

1b 2 o] o AAejo] mhe Massive MIMO Alz=®ell A #l2 sl=wl AR vE 5 3t B4 g o

L 11bE e, MS(= 11bel HER ZAHO YA &5)E 7IA=e] Xddts dHUE Brol digh Qg
AdAEEZ sl ¥ 522 Fd3t= Aol ofvEr, HE AF(jumping factor, ©|dF “jumping factor
Y2 AR dhth) trE "ozl ¢ QElAEe] 3|EdetE ¢tElUEo] W3t phase difference®tS DTCQ

A

WS 7o s gt $24S FRcke Aotk ofd, FAs sxto] FHHA B dHUEN HF FA
st gk A7) FAE sHte] FAHA dEUES] ey Yk wiE o 52 7] A Sxko] F3HA
etelubEe] QrelyF e wiw ojxe] QtHu ¥ AaE 7HA= SteHluEed el A FAst g sdsA
ARE g . &, FAs Bl FAE <tHUEd WE vew Jue FARst Frto] FREA G <L)
el tig F=w gr el FAskA AA4E 5 9l

= 1lbol A= B de] o AAlde] W Massive MINO Alz=glol A A2 =) Fu WE F 4 ] og)
A Adrskion, D}%Ei = 12% Fxope] 2 el A AAjdol] whE Massive MINO AlAg)e] s=wf Q.

% 128 xS, A7) Massive MINO Al=®12 7125 (1210) 7 MS(1220) & EFHgct
471 NS(1220)+&= Z47] 71A=(1210) 2.2 33 ATE $28E AE 843 geda £ 84 WAAE

M 5
*szh:}(lznwﬂ 27 AR a Ase o AseES £FY F jden, VM= I AT AHE A

A7) MS(1220)ZF-E o33 $4 23 wARAE FA% 7[A= (12100 EPgs ANE A A A (Trellis
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Constellation Indicator: TCI, °]aF “ICI” & A2 thE AAIT(12132A4) . A71A, 7] 71A 5
(1210) 2 FA o2 AaEEs Ad @40 v ARE AP35 53 =4 4= 907] Wi, correlation #
d AR 94 vy #BES 5 ok E=3, A7) TCIE A7) Z1X=(1210)0] AF7] MS(1220)00 Al DTCQ 41 ol A4
AF8E constellations UEME AAREA, A7) TCI7F 9 d& BER FEE ¢ Aot 7F-std A7)
TCIE= 3171 & 19049 7o correlations 7]WFCO = constellations Aot 4 v},

<% 1>

Correlati
?;:teoz:(;;n Codebook(rad) (quantization bit B=3)

1 0.5 -2.63631 |-1.70477  -0.93896 | -0.30996 | 0.30996 0.93896 1.70477 | 2.63631

3 0.7 -2.53874|-1.50523  -0.76112 |-0.22592 | 0.22592 0.76112 1.50523 | 2.53874

5 0.85 -243648 | -1.33595 | -0.6361 |-0.18822| 0.18822 0.6361  1.33595 | 243648

7 0.95 -2.33799 |-1.09575  -0.44718 |-0.12152 | 0.12152 0.44718 1.09575 | 2.33799

A71 % 10 veERd wpe} Zo] | TCI= TCI 21929}, correlation factor$}, TEHo] mjFEHE Fejz Ho=
T den, % ldE A3 sEESS] ¢ B 3¢ B9 TCI7F @ s o] .

7N (1210)8 TCIS AAR3 F A7) MS(1220)2 RS, 9 a2 3= (pilot) AFZZ FA8}aL, HE3F o
o A7) MS(1220)& 7] AAF TCIS HAFTH(12158H7) . o714, A7) IClE 4 42 54 wAA
S FAA H2E = dew, oo dig FAAQ AY-e sy R St

1A =(1210) 228 A7) I

7] MS(1220) Apale] ALEE F=5

9 52e FaAT(12179A).

MS(1220) & A7) =413k TC
Axsta, 47 AAg EEE% AHg3te] DICQ Wals 7

r“ il
o

N
"
o o
fr
o o

f

7] 12179 A A A7) MS(1220)+= 7] DICQ A& 7IWe 2 &b Yayg 235 e &, 4 1 DTCQ I
S 7bto g 3= Uay 52 43 Ax, 9 dZ A9 AE] X A]AH(Channel Status Indicator: CSI, o3}
CSI” 2t A37I= sthE Femaeh(121997). 9714, 7] (Sl 9 A= 54 mAA 5& %—aw g
g dom, od digk FAA A A2 i)

7] NS(1220) ZF-E (SIS 4418 A7) 7] A 3(1210)L 7] 4418 (SIS 7|wtoz | &3 dlolgo] o3
DICQ A& 7IWre R &t 13d T2 FIFo N thedd AsE AATrH(12219A4) . 218 vA, A
7] 714 5(1210) 47] AAS A AEE 7] MS(1220) 2 FA18TH(1223%HA]) .

-b

=1
g, = 127F B we] oA AAdo] w2 Massive MIMO Al=Ele] dj=w AW F/58 S TASAL 9l
] 1=

2 o

P, @ wgsel © 120 da o] Fold 4 9ge BEelth A A, ® 120 A%H BAEe] ®

AHo] YA, E 124 APF WAL oMPE £ U, JUR WA 5 A3, GE £HZ YT 5
AY, Ee v w w5 e Trold

% 120 qE B el o AAde] W2 Massive MINO Alx®e] Fmu) g /54 we] dela dwes

ouf, thgoz W e

= =

% 13% FEste] X wgel I ANdle] w2 Massive NINO Al=glel A 7]45e)
=

13¢ B we] o Axdo] W Massive MINO Al=Hol A 7A %o U T2 AgHor LA o]

= 18g FEshd, 71A=(1300)2 $A7](1311)9F, Alo)71(1313)¢F, 4171(1315)%}, A +R(1817)& *&

_29_



[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

ZIHEd 10-2015-0099117

3},

A7 Ae)71(1313)= 7] 71A=0(1300) 2] AdbAQl S2he Aojshy, 53] 7] 71A=(1300)°] Ad #H A
HE F/F2ste 580 #dd 4% FAES Aot 9714, 7] 71A5(1300)¢] T8k Ad @
H ARE F/5se B2 BEE 54 = 6 UK = 12014 AW uie} 5, mElA or|AE o
FAE e Akl 2 gt

A71 2711310 = 47] Ao71(1313) 9] Aejdll w) o2 AHEER 4% 23 E 9 vAXES $A8T
wgk, 47 17]1(1315) & 7] Ale]71(1313)Y Ao we} & dHEEZREH 24F 2sEs 2 dAAES
BT}

w3 47 A S9(1817)L A7) 71AF(1300)0] = 6 A & 1204 A vie} e Ad AW ARE
E/5AEE BAES , 6 WA = 120014 dg3t

Fasy] A% 24F ZeaPsEn, delgEe A, 4] =
9 AL Fasts Fo WA delHES Aga.

g, & 134 A7) 7]1RF(1300)0] A7l £A171(1311) 9, Al]71(1313)¢F, FA171(1315)9F, A 4
(1317)¢] M= FREZ FdE 497 BAH] Qo 7] 71A=(1300)2 37 $4171(1311) 9, Alo}7]
(1313)9} F271(1315)¢F, A F9(1317) 7 Hojx vyt T34 FH= 7dE F= 52 2o

T 1304 B oago] o AAjdo] w2 Massive MIMO AlZ<Blol A 71A]=ke] Uy -0 thalx] At en,

So® L 142 Fxsle] B wyol o Axdo] wE Massive MIMO A]2=Elol Al NS WF- F-%ol el A
a7 =2

ot
&

T 14E B we] o Axjod w2 Massive MIMO Al 2=Bo A MSe] i F2E oz =A% EHo|t},
T 45 FERIE, NS(1400)0F=  FA71(141D)¢F,  A)71(1413)%F,  FAI71(1415)9F, A FH(1417) S
e

A7) Ao71(1413) = A7) MS(1400)2] Auk el F2+S Aojsiy, 53] A7) MS(1400)7F Ad ddH HRE &/
FAsHE 2] #AEE 523 FHINEF Ao}, o7, Ar] MS(1400)7F 3EE QY BE ARE F/
FAEE 5o #EE 55 © 6 UA & 12004 A9 vle} Fdsy, wEld oM o A A
A2 g,

0%
N

| $A71(1411) %= 7371 Ae)7]1(1413) 9] Alojol wel e dHEER 24F s 3 mrAEs $A%.

weh, A7) $271(1415) 8 7] Ae171(1413) 9] Alold] wet tE EEERFE A4F A5E 2 AAES
GGk}

E, A7) A R 1417) A7) MS(1400)7F = 6 WA = 12004 g vpel 22 fd B JRE F/F
Aete S2E FAs] A 4F Z2afEd, doldEs Adeta, A7 = 6 WA = 12004 A vpet
2o vho] A H2E Fdske Fol A dolHES A3,

3 1401 A7) NS(1400)7F 7] $2171(1411)¢F, Ao17]1(1413) ¢k, 2171(1415)¢F, A F41(1417)©]

j
Mo §RER Y A7F A glour, A7) MS(1400)E A7) $4171(1411) 94, Alo)7](1413) 2}, =4
A FR(1417) F Ho® syt BfE FeHE TdE R JSe BEoY

2 o] 54 SHEL T3 AFH = 7 715 wiAl(computer readable recording medium)oll Al FFFE]
= 7he -_%(computer readable code)ZA F8E 4 AUrt. AFH = 715 712 wjAE AFE A 2H)
o g=d F dv HolEHE AT = Adve 499 dHojE A% fufelxolt). A HFH HE UM VH
o] o &L F= &Y wWEZ (Read-Only Memory: ROM)®}, WR-7< =& 2] (Random-Access Memory: RAM) S},
CD-ROME ¥, vlzulg o] E(magnetic tape)E¥, =23 tJ2FA(floppy disk)E3, 3 dlo]¥ A& tjnjo]x
=, 2 ] dolB(carrier wave)E (7] JAHNS Bt tlolE] FAald 22)S 238 & vk, A7) AT
H & 7ks 715 viAls B3 vELA d4¥ AFFH A2RES T SAbE 5 dx, webA A7l A5H
5

3
Y= e ZoE B4 We A 9 AgEc, F3, B uwe AFHE] A% 7ed Z2aRE, 3E,
=

sl
I
u
8|
&
=)
{rt
2
1o
i
>
%
—]-I.t
it
ey

2 FE AI2HE(segment) S H whgo] HEEE Hopoa £H
At}
g 2 ool o Ao wE Massive MINO Al2=®lollA Ad B ARE F/FAse G 2 PHS o=
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Constellation (B=3)

A
010
011 001
100 ] 000
101 111
110

h=|alel®, If 6=42.5>6=45" (001)

EH2
o 0] o 251 |
| | | |
[ Egx |1 [ #A¥ERE |
h—> e ! \ T
| | | |
i I i i EE: i
I | Constellation || 'l Constellation [H—f
s —— ] e —— 3
MS 7|x|=
{ {
200 250
EH3
777 .
. State
Input b z
— > >
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State

Input/output
0/0 1/4 2/2 3/6

0/1 1/5 2/3 3/7
0/4 1/0 2/6 3/2
0/5 1/1 2/7 3/3
0/2 1/6 2/0 3/4
0/3 1/7 2/1 3/5
0/6 1/2 2/4 3/0
0/7 1/3 2/5 3/1

o ° o

[} o o

Binary input : [01, 00]
Binary output : [100, 001]

k1
n
N

Output: 000 100 111 001

oO———=0 o o o

000
100 ° &C\ ° °
010 ° A °
5 . T .
P
. . o\ .
101 \

0f 1 \&47

111 ° ° o

00 01 11 11

Stage 1| Stage 2 | Stage 3 | Stage 4
Pate metric:

EH5,

0.18
0.161
0.14r
0.12¢

0.1y
0.08f
0.061
0.04r
0.02r

0
—-200 -150 -100 -50 0 50 100 150 200

phase difference (deg)

prob. Distribution
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—8—Phase difference variation

90
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50

40
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|
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\

Standard deviation (o) [degree]

I

02 03 04

0.5 0.6

0.7

Correlation factor

08 09 1

7|Z constellation

/'
N

2ZE constellation
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1A Ay

)

@ [f1A2 0504

(7
\

gH
HH
Y

Al I E
—=1

(=2

=)

A At
AF8Al 3

i

o

b

=]

Saturated
1r 1r +
0.8F 0.8F
0.61 0.61
0.4F 0.4F
0.21 0.21
or o
. _ -0.21 -0.21
Ilteration = 0 od o
=0.6[ -0.6[
1+ +
-0.8f -0.8f
0.8r b kb 5
0.6 " n
0.4F -1 -0.8-06-0.4-0.2 0 0.2 0.4 06 08 1 -1 -0.8-0.6-04-02 C 0.2 0.4 06 0.8 1
0.2F " . . . =
o Constellation factor p = 0.5 & I}, interationoll 2 constellation 2
02 Iteration = 10 Saturated
0.4F
-0.67 N . / 1t 1t N
-0.81 0.8 + + 0.8
-1t + +
0.6 0.6 N
-1 -08-06-04-02 0 02 0.4 06 08 1 0.4F + 0.4F
~ ) 0.2 0.2 .
7|Z constellation o + il
0.2 ' 0.2 +
-0.4F -0.4F
-0.6F ’ -0.6 . -
-0.8- -0.8-
+ +
L gl
N 1-08-06-04-02 0 0204 06 08 1 1-08-06-04-02 C 02 04 06 08 1

2]

i Constellation factor p = 0.9 & i, interationdl| 2 constellation ¥ 3}

]

L

M1 error propagation 344
i
[ |

M 2 error propagation $14

i

EH10
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01 2% L1213
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=S8 AH DICQCEY (1217
CSl 5= "
ez NS MN (22
283 As -
EH13
1300
,,,,,,,,,,, Qo
%% B
1311 1313 1315 |
) i ! ‘
SA17]| Hoi7| A7 ‘
HE FH ~1317 ‘
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_38_



	문서
	서지사항
	요 약
	대 표 도
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1a
	도면1b
	도면2
	도면3a
	도면3b
	도면4
	도면5a
	도면5b
	도면6a
	도면6b
	도면7
	도면8
	도면9
	도면10
	도면11a
	도면11b
	도면12
	도면13
	도면14




문서
서지사항 1
요 약 1
대 표 도 1
 기 술 분 야 15
 배 경 기 술 15
 발명의 내용 19
  해결하려는 과제 20
  과제의 해결 수단 20
  발명의 효과 20
 도면의 간단한 설명 21
 발명을 실시하기 위한 구체적인 내용 21
도면 21
 도면1a 31
 도면1b 32
 도면2 32
 도면3a 32
 도면3b 33
 도면4 33
 도면5a 33
 도면5b 34
 도면6a 34
 도면6b 34
 도면7 35
 도면8 35
 도면9 36
 도면10 36
 도면11a 37
 도면11b 37
 도면12 38
 도면13 38
 도면14 38
