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St A= S0l thah AMIatA| AsHict Johs Al AE7)7] &2 ol dEES 58
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3= Age YEYD S 72 WAEHA]
k=) o]= 9F 7| A= (Adjacent BS) 2 = EE
£ A7} 3 71 A2 Serving BS) AlSHTt Hx

A A7) 9ok olu] AME @ v¥(Handover) S &
3 5= 71 A= MASHA 2A1EH (Scheduler)7}

EAe Zo]7] wizolth, wEkA =akA 7 A A
7189 A =2 dse AN, AR 7HsRt
A 2 AA7E ol RRElRA|A] gt 2
221 FHAIR] o] EAHZITE,

5, AS1SHS epA A, 2 ojehy 7
wEo] 22 ZHe) Rolol o9/ Hg0] 5%

A a7, 53 ol euelEEe] /A g

ZIAIA 2E EE WeHFEE ke s ol
U s = i B9l 7IAIE s A e W
& Alessoleial FErH (LY 2) =), A|w=st
F< A 2o wet 5] (Regression)?t &+
(Classification)®] A| & 7}4] FF2 Uro] & 5
oIk, B9 S5 dlolelS Fal Fold o]
de £ djZeh WAlolth B7lo] A ol
71%& A% 2] (Linea regression), SVR(Support
Vector Regression), 4173 (Neural networks) 5]
I, 5 2 Amse] el 542 vlzo
WFS Ui Walolth B4R B0 TAIHel 7
© 2= SVM(Support Vector Machines), Naive
Bayes, K—NN(K—Nearest Neighbor), A7 5-2]

( Input Data ’

L

A. [ ]

Output Data

( Algorithm and Processing

0 ALA
o] Training Data

Supervisor Desired Output @
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i )

(12] 2) X|= St (Supervised leaning) S5=
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SAIH ol FEAlY A aaT|E F sl
Massive MIMO(Massive Multi—Input Multi—
Output)& F8s}7] YAl 424 7o 4] =8 7)
7R Q] S IUELS AL&-3ljof 3t} o] EAI AFSF
o Al x| (Detection)t Y 3% (Channel
estimation)& 8}7] ¢J3)] dATZEL AT 4~
o A5 W AP Tefstel T3] B B9
taliA AL Albsio gitt, 7]Eof of=gt A
g 4o digt 2% (Optimal solution)& -3¢
© ol ofn] W2 A7 Holdoh, SRt
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massive MIMOZ 3t 7|& d1e|&E52 2|45
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5 ofth
OJ WMMSE(Weighted Minimum Mean Squared
Error) 115 A2 AHHEEE 3th =5 [11]9]
H FA4E VA ES Fdeke 4 Sl
SRS BAd5k= Aol o] A= tHEA n
convex wAO| 2= 44| A& 1]'7] ot
OPE]]Z:] Sict, o] wizoll #19] #AIE Eofd
A= 2|2ksl7] ffsl] + 7HA T°R—1 Ngol 2
RSPE}. AAZ Bt AF L2 (Mean Squared
Error, MSE)E F43lste= A=
ojlBn 2 a4 7hgslth= Zolil, EX = MMSE
(Minimize Mean Squared Error) 4|2} &5—7
25 (Sum-rate) HHEHMaximize) TA) 2] &o]
Az 2|2k 7Fssiths 2ol wbA] SAIE AlS

13

=

non—

=

i&

convex A

$A1E AT 71] 2po] (MSE)7} 713 ZHobA| =
F e = $24171/4641719] ¥l 9 (Beamforming)
s ;Ls}g F 24| 7+2] 0154 (Duality)& E3ll 7+

3. d.&:%o_ JJEHQ'OI"— H]iul o oﬂk]ﬁl— /\ 01
o}, WMMSEE thofst 41 Y EYAA 715
G258l et HHsfol 77 e HoiF
7] wizoll W ol AaEaL i, E=3h #AY
W2 Ay 715k Mg 71 E WMMSES

Hpgo = ¢t ik,

WMMSE 59 ¥He 41 2]E5-2 odh YES
3 FZ(Network topology)ol| A Bl 2] Lo Bt
TR F2 A5 24T 4 ok o BAYE
Q27 SAASE v QelE e A4 7
= B Bgalalt), TEnE 71E YA 0 Qo
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27} He e Bl olZolych, WMMSES]
AFak 4% A2 712 WMMSE o) He) &
= SHlolA] v EA A5E B,

2 (102 RE Uk gmelESe] o
NAYO R AR 4 9IS SAHOE 3
AZIT, o] FB B0 /158 S5 BE
wE Aol A% A% SIS o] of
d o]y ekelZolclekE Al A7l o
£A12 % ek 2L el o 9 5
2§ dEYaS] AR 43 A5l
WMMSES 81431 238 HolZF1 452 /1%
WMMSES} H] b, A28 mele K| Abg
At 71 73t0] Tl SR THE 4ROR 1

et Q1Y B BR), A2 wee] e

2|52 FCNN(Fully
Connected Neural Network)ol] <tAFsF] A A1 7F

T 7] A5te] Zhe] ARgAfe IEHJ% AL }
7|1 10] ARGAR 191A] Al 35 2
Z-8-5ko] AFEA} (0] vlgkAIg A5 E
A= Agtolct, AJAH mdlg upEko 2 WMMSE
ATEEE HE Al DA Thge hewt
2t AR R 9] A28 18 (System model)
ot 2Hd Arell A B (Channel state information)
71% WMMSEZE 73 S vieho 2 4%
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At SA HEYIolu =t AR #2)7} 7hs Rt
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e SREAIR galElgo|BR o] 2R E
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5t e 71 WMMSEY] 453 2|t
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UE, User Equipment ,/

Ef
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— Optimized
roblem Solution
| Instance I (- 8)

Minimize error by tuning 6
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(Loss function)&*4] (3)1} <=4 (4))
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Desired signal power
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Z
=log, (1 +

User capacity

N
~

o|J

Loss function = =Y User capcity

el

oju

2020 18 55

sheich. ol

[¢)

FC Sigmoid

el 28

A0
H 2

1

°
o/

A&

=

=

Convolution part

e

o

=

Zgie]

3x3 conv

A
hia

Normalized channel matrix 4

hay

hys

|




Holx mdlo] LA So] o oo wat A A4S sk5A17]E L EQIF T (Autoencoder) 7} &
Ao & T e 7L 7hs st ey A ek gy, o] Hojlxl= ol gt HitgE 7hdke]of 4
2ol v o) ARE ol darelEs o B3 AHIIE A7lghc
A Bkgefiof Eths Hat At SAL 4o A%
k5 A4 o] o] Withisto] & shEE daleE 1) D2D S4I A|AHIMf] M Z&st
= AR g7z dele ARte] i e dej= T3 FolRl HlolHES S8l vt A
R = EARITY, = oo g o' He Aol HAol,
darz|EY %"%Er% A 7He-AIQE &7 B
2. H[X|=shs 7[gh Zideta] 7| A RS}, K=+t 8L ek A=, 7FA
oF &% nd (Gausswn Mixture Model, GMM)&
H| A 8k 2| w=ak5a) th=A| oo]Eof] gt of2] 7§9] 7}9-AQk £ (Gaussian distribution)
go]E(Label) &, HAIH R Aol FoiA|A] ¢k £ A% Agste] vhEojdl #EE 014‘13} -3t
|

B R 28150 oA R gt ARS 7HAT Q) A(Hierarchical) 43 AA| Ato] ] AzlE v]
+ dlolEE 25371 83K Clustering), 2] ALK 2Ah=E Bl 7P 7 Aol 24 o}
olH ¢ A& Eol= A F4(Dimension = WSS d3ste] +4E weol AS +
reduction), Z20] g1} -2 gho] Yo =& A FAal k= WAl
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g Eﬂ"]ﬂe K7H«l wHOZ Fujshy] Rt <

L e LR EELEEREE
285t WpAlolet, K-t sl Al kel
ze ge A

o vhaa} 2}, WA, kg 2Rl 4
A g dlolelol ) FA9IR AR 1 kg o
31 K7H—4 z/\]qu‘ 7}7]]-.9_ Z] iﬂ thﬂ—o _?,:J__/J\_%Q

o} ] RS Lro] Kfe] 2E RET o

e ©

—

O}‘jﬂoﬂ M= K-35t 733 D2D 4l Al~
dlof| 2-8-5}0 {}‘ﬂ%xﬂg A 2] gt Abg ol disiA
otolH &1 slc} 7]2&2] D2D(Device—to—device)
719 7% A U9 7] ARgARe 22 Ad Ak
= AHESER (19 T 22 ofg] 1hdo] Ay
off 7hd wAIE ZeRiths Al o] REE, o]
2ek 7] EAlE A T v SRS,
A T 7He) Azt 7k E AlskE e

=i [13]oll A= ol iRt 7] ZAIE K-8+ +

l"

H3FE 5l sidstaL Sl
25| A7} ol A& 7+e] 7Hdo] FAlE 4=
U A=l D2DHES st o= THET
o RIto|| BhgE DIDAEO]| A U A A}

7F

=3
SAS] Fub= AP T 79 TS HAA
7|2 FOHA AU XH*}Q-(FFequenc reuse)

I e T e o s B I =
&317] flsiA A= 7ke] 2+ el A2 E’r*d =
shte] ko FRsteto] Akl ddsha
o|F Fdll 1M Eol= o] sttt ol=Tt
o] 82 o] &1 [13]o] A= 7Hd 7= (Interference
intensity)2} ¥Ha]#|oh= A FRE o83 K-
Bt +HSE F8 D2DEES RSkl
181 o] 2 Ea) +33tE D2D7 8 FE QoS
(Quality of Service)E RHEshH A|AEIS] AL
JMEM— HQ Y eSS AAISHSIT

O

o

)
o

2 2t = 71Ae e
= e 2 Aol gEne S4e 7RIt
oA K-8+t R AP 5 Foto] A=
g A7 A A E 2D e
A o2 A A e Tl e =

D2D Tx1

' \\‘ \

D2D Tx2

:\\ AA
.\A‘/

i L BS "i

’

......... * D2D-to-D2D interference

= Uplink from Cell User (CU) to Base Station (BS)
= - = Cellular-to-D2D interference
= Transmission from D2D Tx (Transmitter) to D2D Rx (Receiver)

= = =* D2D-to-Cellular interference

(g 7) B M D2D A|AE9] HE(F(Uplink) A2HofA] ZHY A&
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Y Fak %om glolge] Aee Zasis

b4 0] A wehd 71sloleh, 2,

d|o|E 9= (Compressing data)S 3F 4-$- A7kt

AR e BEHOE AT £ 9l FHA

’

Hlolele] A9lo] s & A% 45 W

ﬂJ

F_BL

= HolHe 54 2

A o] .ﬁ_xﬂé = E‘rﬂﬂ]/\{_q ?ﬁxﬂ xH
Hglobdl [Hu Hu o

<13‘ 8>— 219 B QHEIL &/ 17 S
i

BAEL= 2P 9] A3 (Curse of dimensionality)
A& 0T ¢ o npAgte R B

ture extraction)S Eaf Z3}o] %

Z(Fea—
2 FFS X

A

o == e
Jo & UEfjolXiTt, ofuf F417]
oA A5 Ao} o)X Aol a-84 AR

2 98 $41719

58

A7) Apolo] HEAR

(Channel State Information, CSD)7} 8531 A}
|2 g A EE 7|AHoR nEdlste
ol dasiet, ojuf 7Hd g gHolA e
O] F/541719} QUL 2SS Hya® AHH
o] wolA|aL A AJH AR HEw] ows=
(Feedback overhead)= Z7}gtct, o]g|gh o)A
A e AEE FEohe A ti-t= 1HdAd

oA thRoj Aok & A F shtolt), webA =
(14} &3l 7= @H3|=7} & massive MIMO
Al &gof A A4 7S AfE A R 9=
o] 2182t Al E A7HieE

71 A= 8] QEEIY 7t MR 845 1]
Tl gfjof sh= Ad AFEFo] S8 i
massive MIMO A|AE9] T =wl O || == I
slA S7FsHA Hot. ol& s dstr] sl =i (6]

o A AHEEE WAl 7S Ak S W49
) F 2 ¢l HHAlel PCA(Principal Component
Analysis) 5 A'd g BE Lol A-gsto] Ty
71014 2 A AfE A A o] W2 &
HOo g HeE| = 59T},

S \\ \
H Mhg 2¥
M;antennas 11\ S 0T N,antennas
i
H \\\\\\\‘\ H. BS, Base Station
AL 21 UE, User Equipment
P B
\\ 3
Ry m. A
Bs2 | _— .| ue2
th.Mz

M,antennas Hz:

N,antennas
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PCAE =2 2Hed9] Ad o] 2 L] &
Y

B4k 3 (Covariance matrix)?] 187 E3)
(Eigenvalue decomposition)S 3} ozl 18
o

= Fol dol"HE Aggitt, o =2 1f4kE
7= AE7F AR 02 HeEl =t o]gA AKX
£ 2 A4S 7P S8 oAX = AR A
GER A= AAE TR AR R] Slek b
shuke] Akl AR ARk F AAShE HlE=
UElY = 7] o % (Contribution rate)gh= 71d&
Agsto] AEE JRE9] 7|09 go] 90%0)
A A0 AE EAL S ghebral sl

o}, webA 71oJm= e gho] 90%0 Ak TS A

71 EA%] Al AL £ tholol 1 (1Y 9)
I} 2o yehfjolxict, ojnf] R TAIE ghie]
Aglsh= Ao] ohdet Z47te] S8t s
Al g HA| A1 Azt FAs)7} obd 4= 9l
th, ol2fgt E5 toloj 1 AQkE Hejd 7|ut
o] H WS B4l end—to—end 2|43} A
2 AT D A ALFE (I 1003} 2ol

2glo® vehfo] A 4= gl off
FAGT} A 415 AT O R FHE| L ALo]
of EAjst= £7F WA 7492 -5 (Additive
White Gaussian Noise, AWGN)Jg-& 7Fehath 1
o]= F(Noise layer) &2 AT}, whebi] F4l
A 2ERE Q1 32 Bl Shgohe As BAoR
SH= Shke] S ERISIE R o] 4= Qi

L EQISY AlAH oA = MAFI ] one—hot—
vectorql U2 AT 57} FAIRS] of 2] St 23}
Z(Normalization layer)& At} oA 2] AgHS 7}
I NAFIS] AT x & AZkE]o] FAIE] AL, 44T

N

B

k =T .
"= =1 p(ylx;0) LLR values
Soft-output
Encoder Modulation Channel detector —> Decoder
{0.1}* = {0,1}" {01} =™ c” l {0,1}" = {0,1}*
R™ — {1)_ I}"
oftm VR Y mm P a k
we{o1)  ec{o} ——» x€C yeR ¢eR ae {01}
Information bits Coded bits Modulated Received Detected Decoded
(=Message) (=Codeword) symbols signals codeword Information bits
. N . mTT l:I+II | mm mm | .|
4 bits o 4 bits
Error

(22 9 MEHRI S AAL B2 rojof2

=S
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(212 10) Autoencoder system
Encoder Int;:ferenlce Decoder
—— anne
Noise
p(ylx)
S —
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