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ABSTRACT

A Study on system performance improvement technique through
HetNet configuration and Al based system in Next-generation

mobile communication system

Kim YoonHwan
Advisor : Prof. Bae Sanghyun, Ph.D.
Department of Computer Science and
Statistics,
Graduate School of Chosun University

Mobile traffic has been increasing exponentially recently as mobile
communication terminals and users' usage patterns have shifted from text data,
pictures, and voice to video-oriented streaming services. Sth generation mobile
communication technology, which is named IMT-2020 in ITU, is a technology
that meets 1000 times data traffic capacity, low latency, high energy efficiency,
and cost compared to 4th generation LTE systems.

It may be difficult to provide services compared to existing 4G LTE systems
due to very high path loss due to high frequency area use. Various technologies
are being studied to overcome these shortcomings. In this paper, we introduce
Small-Cell and D2D technologies and Al technologies as technologies for
improving system performance of 5-generation mobile communication systems. In
this thesis analyze the performance by comparing the results of the application of
each technique and the application of the proposed algorithm.

The analysis results show that using Small-Cells and D2D in 5th generation
mobile communication systems can significantly reduce the problem of shading

area improvement and path loss, which is a disadvantage of 5G. However, since

Collection @ chosun



Macrocells and Small-Cells use limited frequencies, interference problems occur,
especially terminals on the cell boundary are heavily affected by interference
from neighboring cells, and interference problems between Macrocells can occur
within cells. In this thesis, we propose algorithm applications for Small-Cell and
D2D technologies and hybrid algorithms of both technologies to improve the
performance of cellular communication, and further introduce algorithms such as
support vector machines, logistic regression, and decision tree.

Simulations show that the performance improvement portion of the proposed
Small-Cell algorithm compared to the general application of Small-Cells, and the
proposed algorithm to control the amount of Small -Cell interference can be
observed 2.86x performance improvement over conventional macro systems. D2D
communication also showed higher performance compared to macro-systems in
application, and eventually applied Small-Cell, D2D hybrid algorithms to produce
better results. Furthermore, we applied the learned AI algorithm based on data
from the Small-Cell position, user position, SINR, and capacity of the system,
and it was shown that the dual training algorithm of the proposed SVM
algorithm has 98.1% accuracy and high system performance compared to the
previous 92.8%.

Configuration of HetNet such as Small-Cells and D2D communication is
considered essential for Next-generation mobile communication, and it was
observed that AI technology actively improves system performance along with
reducing variables in the actual environment.

Keywords: 5G, LTE, Small-Cell, D2D, Mobile Communication
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I Traffic growth towards 2030

10,000

I=]
=]
o

Relative growth
2

compone

10 Up to 1000x traffic

growth may be met
through LTE-A evolution

1

5G will see up to 10000x
traffic growth and require
disruptive technology

nts

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year
Traffic volume per subscriber Traffic subscriber base Mobile broadband penetration
+50% PEr YEar — +10% per year reaching 100% by 2020
+25% per year
[D2 1-1] 2030M X EeHE SOt ol & 1]

Ol2fst CIOIE E2HBiol 3248t SOt S50 S4 MHIA AFRRE &
e N Fo42 0l20 s ZAEZ Al J|I=02 56 =S &8
3t 3t ULCH.[6]

S5HItH OlsS4l AIAE2 4K OlsS4al AIAE Tl 1000842 TIOIE E
T =21 o1 CH0IAY +8 A2, HAY, &2 UK 58, HIES
EX06t= JI=0ICH.[7] 08 1-20ld 2= A0t 20| 56 AIAES 32 = U
SAAS 32 SK(3.6~3.7GHz, 28.1~28.9GHz) , KT(3.5~3.6GHz,

26.5~27.3GHz), LGU+(3.42~3.5GHz, 27.3~28.1GHz)E B
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Ol AUACt= AHOICH. 3GHz =E OtLlet &= At
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? o [ 1
1 108 | 3
874 884 B34 ; 9593
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KT SKT SKT KT
Y. T p
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| L 10 1 R ] = m om
e - 1 » - »m 190
| | 108 j T “0 @ P 120
Aok Rl L “a 100
1810 1830 1860 1870 ann 100 bl L] amo
iLTE) (LTE) . w00 - wony 2400
SKT KT ' CEEL] 108 e20 1000 2080
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22 MAl g % A= J=0IC. [11-19]

ASHE2 3GPP Release. 100IA E=sHIF MU H HAWHUNAL =
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K& Z=0|Ct. D2D JI=& 3GPP Release 120K EFE3IE RISHGIACH [21]
= 3= HAZ2I|X=2D A4 2ZHEAHN HBHEIX EES D
st =Wl st oHR[22-23], SHolUHG/HIHBUE  ALE[24-30],

SON(Self Organizing Network)[31-33], A =S4 HiXI[34-35], 5G AS4 HE
f3AE St Precision planning 2 (€ &3 S0/ I8 1-30lA E=

£
Hret 201 AT&T= AS4 BIXI0 Haldd g€1hels
0| Ot HABeIXI=ICHat 2 HIES = &3stct= &ot

S H8ot zigds2
=2
=

o132 =0|C}.[36]

Manual design (185 sites) Automated desagn (111 sites)

[O& 1-3] CHGHEFAl ATRT AS4 RS0l

£t SON(Self Organizing Network) =& 2N2|S0 s HRE HAHA
Sl Jlers AR[37]2 LEZA AUZIQUAM BICI2 AECY MHIAEZ
?I8t D20 S S22 01715 UESIA L0ll CHSH SINHF[38] S H2 ARt
X S0l ACH =2 =W 7= A= 20lA 020 SA0IE0 st ol
A ZHSAR[39]24 LEH RS HIERKIAE <6 020 S4l MRHEE
of CHeh HR[40]S EES ARIt OIRUHXNL UM ZASEEHCl HUM 56
JIgre] AS Aol 0|21 020012 SE0 s ARE &EH S0IC. [41] &
sS4 I 56 ZEHUM= 08 140lM 2= B2t 201 A=4 Dl g 2
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RRM/SON JHEZS HMIetotd UM 2020F REH HHME 0115 AAMA sS4

Jl=t 20212 H AZoIXE HAHEIIEE SON J|I=IHE S 2023E DEX JH
8ol= 2122 Metet UCH. [42]
) T )
6P I i i
ﬂ&ii | e e T 156G ]
- \ mmWave YE% RF FEM & transceiver 7|2 % 56 K53 188 RF 7l -
- 5G BYE0] 71% (sMBBSIF) > 56 HAH, 2617 715 >
(mmWave, massive MIMO, 223 Yzg, wia)) (5G Phase 2)
5G NR SW 5G standalone RAN SW

(Qos & 0|, Multi-Connectivity, AHEX HUTEE (Zero-latency Handover, 5G RAN Slicing)

Service-aware 5G RAN Y 3
‘ (Sarvice-Awars MAC Scheduler, RRM, ZHIFI0) ool >
HHE 01713 YA AHETY 7I$> YR oM7Y SON 715
. : 5G NR Functional Spiit
G NA NSA=SA~Functiona! St ) (rynctionl Spit, CPLUP Spit. RAN Softwarizton

HHE, 3230 M2 7S

LTE 7|8 6G Al@ 3| 715

)

%Y SYNC, 5G NR 2882 715

5G Small Cell A BHI2IS
(5G Core Emulator, CHE UE 0iE2{0/E)

[O& 1-4] 56 A24 Iz WY 2EW[42]
M2&E o 2=

2 3= 0l24st XMU OlsSAl AIAECS dsgas 2ot A=4 D
=1} D20 D=2 =250 HBHEDX SIYCH F JI==2 A= AlAH
Ol 228 BEotHLE ol0lEclE &HAlE =0l ds=242 o2l 2=
XNsIis0l DaldlgEs ASH YERD AAHN =I5 AlSd oA
StEES FAEot] 2 Haleld 20280 e as=40 oY Jl=2 8HE
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Stat 222 2AMWE DX S
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N2&E &8 D=

ME olss4o 2™ s

=)

H OlsSalel A AIEE 1984 Otg=2=2 AI&E 1M 01SS4(16)
2 84 d3 MHlAZ dEE5S 9.6~14.4Kbps, 2MITH 0SS 41(2G)2 COMA
Jgtel sd1 2X NHIAZ BEST 14.4Kbps~64Kbps= AMBIAE oFRA
ZIO 2.4Mbps2l & XEL=2

.[43] 2006 BAMICH(3G) OlsSSE4 RHE
StarmBte LEIOICIO 2XAE0l JHSOHACH [44] 2011 4MICH LTE OIS
S4 SHREE EO 16bpsS WE HEO NVOR DY S AHIA

Jb OtsoiB 2B 20203 2H MMAHNAM ==Z =0 4EMBIAIL AIE
= SN0 Ol=s&S¢elE =0 20GbpsE K &Aot= =1 REAMEIASE MBS0t
ULH. [45]

H2& 4M0 Ol=S34l
1. LTE S
ANITH OlSSAAIAE Sl SHEHA
1220l &&= 3GPP Rel .80 |

1280 Ol&tel WE =2 S

e

LTE(Long Term Evolution)S &2 2008
UM 3MIU OlsS4Al AIAEH Yl oH

g 2 QICH LTESAIS #a)|&2 X

5t

rc
ol
kJ

mio

1
0

wEIt=+2 & CHS(0FOM; Orthogonal Frequency Division Multiplexing) 3t Ch
ZOHHILE(MIMO; Multiple Input Multiple Output)E ALEot0 2 B U
ALD W20 Jgtez SHAIAH Il 2 HHeF U/UCH. [46]

AGRH SHAS Mg EYote M3DI8 SAl0l SIHX LD RSP

2 HICDUCH 4G-LTE 0OlsS Jl=d2 Jl=H8e U0y dss5c =0t
|. g

OtLIgt 10TIIDIE #+85t= Yetol HE UL, [47]

Jt. OFDM

A =04 2 UsYAS2 08 2-10M =6t 201 0 A8
Mol A= AtoI2l 2EE(ISI; Inter Symbol Interference)Ol 8l F=Ib=~
HIdEi™Ol ChE Br&E I (Multiple Carrier Frequencies)E 0I236t04 CIO0IE

FA

£ =2g d506t0 SAM 1522 OI0IEE d&ote JI=010 289 H

Ji=0ICt. R4y 20H0M= 802.11a, 802.11g, 802.160IM% E St
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Ct. [48]

Transmitter Receiver :

1 x
|
: PS>
| —\>
] x,
[0 2-1] OFDM SAltAl [49]
Lk, MIMO
SHEXNS 2SS =0|J] K CHtHIL JIs=2 JIX=20 S0l o2 JHe
OIHILIE AIEotd A== OHHILISIE dESE2 =0l= JI=0I0
MIMO(Multiple Input Multiple OQutput)= GIOIEl =240 4 JHel 22+
L D& SHCH. [30]

SS AlE205l0d 22+ CHOIB AIEI (Spatial Diversity)E’J
C

Ed H50] Jtsotlt MIMOE OIEotH Ocd JHSl CHH
L2 8 B0l O JHel 2t AEE M&E0| JtsotH 012 8ot J[E

2. LTE-A Sl

LTE-A(LTE-Advanced) = IMT-Advanced 4GR FAt&tES SZFote Jl&=2 2011
= 32 3GPP Rel.102 JlEtez =2tdE J|I=0ICH LTE-AS #HAD|I=2 JIE&
LTE MHES S M 0l& BHISIH =HEE SIHAIII= =t 2=
(CA:Carrier Aggregation)Ol RUCt. 3GPP= LTE-Advanced JI=S O ZHAIA
8 2-20lA 2=8t2t 201 3GPP Rel. 131t Rel.140ll LTE-Advanced ProE &

O 32D 0l= JIE LTE-Advancedll HIGIH H &2 LTE ME2 &2
HHSHE &= 4X4 MIMO(Multiple Input Multiple Qutput), 256

N
i
]
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QAM(Quadrature Amplitute Modulation)S2l Jls=sS &Z2056t0 =0 J1JI=22
HEETE PSS JI=2 4.562t 0 HHSHCH. [51]
Rel.® Rel9 Rel10 Re:11 Rel12 Rel.13 Rel.14 Rel.15 Rel.1&
?
56
2 M D 56 >
Lte Lte
LTE D LTEA > LTE-APro >
LTE LTE-A LTE-A Pro
QAM | 640aM | 256 0am | 256 aaM
MiMO up to 4Tx up to 8Tx upto 16 Tx, 30-MIMO
up to 5 carriers, up to 32 carriers,
CcA up to 100 MHz of BW up to 540 MHz of BW
' [ Lan, Lwa
LAA: Licansead Assisted Access
LWA: LTE-WLAN Aggregatian
[O& 2-2] 4G-LTE Dl E =3t & [51]
b, =l 2
FIb4 ZEH(CA: Carrier Aggregation)2 1 2-30A E=HEF 20|
20~100MHz=Z 2| LTEFI==E =IO 5IHNK Z&atH atUel FM=XHE AIS
ot= JI=0ICH. BtEl Z2E2e REcz 2 Y W o1E BrsI 280l
USM HIHESA SrET 20l JUCH. £ OfE Y 28 B SE BrST)
Z& =2 otJIE StCt. LTE-AlIME =0t Z8J|=2 3GPP Rel .102H & ¥
g0 FIEez Jid =& ZIUACH. 3GPP Rel . 100IM = 512 =W+E Z&
ot =IO 100MHz & & (HE=E X20HA 20 3GPP Rel . 18U A= 32IH2] JH
2 BISOE Z&ot =0 640MHz M HE == XN&oALH. 2 2-12 =
Ot~ Z2&0 2 4ol =2 UEHHH ==+ ZEe2 0 =2 885
CE LIEtHE HE 2 = ULt [52]
-7 -
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Ha/Ro

LTE-Advanced

RESRS

max 5 CC, maﬂi 100 MHz
f ]

Component Carrier, CC tn—’f'm fo
——

CCBW: 1.4, 3,5, 10, 15, 20 MHz

. M

Same DL and UL allocoation. Different DL and UL allocoation.
[ 2-3] =0t 28 [52]

[E 2-1] 0= Z-0l & OIoIe SX[53]

Rukp AY dolg & wel S
15MHz 100Mbps LTE Cat.3
20MHz 150Mbps LTE Cat.4
40MHz 300Mbps LTE Cat.6/7
60MHz 450Mbps LTE Cat.9/10
80MHz 600Mbps LTE Cat.11/12

s
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HI3Z 5AIH OISl

4G-LTE S4 ST0IZF RESLDID] 0I8tse O Zetd Hollg 0ls
Sl Jl=2 J82-50lMe 201 RFE2 2 A2 000 AE2Y MHIA
o Eci® BIESJt2 3G S0l Blotdd &M CIoIH S& Eciy =5ot0

4G-LTE J|l=2= 0l2fst FPAMES = £ Sll= =0l et 20169 2
Bl 5GO st RPAIEES &2t 5G J|=AHRIE AIEEUCH. 56 #AA2
LTE-Advanced Pro(4.5G)J1=S JIBte=Z JHLEASH 2018 60 3GPP
Release-150l Al ZIZ2 56 = HIEZF0| LEZUCH. [56]

In 2013, video
accounts for ~35%
of mobile data traffic

In 2019, video will
account for >50%
of mobile data traffic

Segment

@ File sharing

@ Video

@ Audic

@ Web browsing

o Social netwarking

. Software download and update
@ Other ancryptad

@ Other

Social networking
accounts for —
in 2013 and 2019

Web browsing
accounts for /
~10% in 2013

[Og 2-5] 26t CIOIH EcHEol 4% L 22 ol& [57]

3GPP Release-150l Al= 3GPP Release-140lA Z&XAI2] LTE-Advanced Pro
Jl=% HEetTl( Release-150lM LI2 56 HES 5G Phase 122 YHHGIJU
Ct.[568-59] JI&E LTE Y9 =0t FE2=Z QIGtH JIEQ 0lsS4
=Jt Ozl 3.5GHz CHE Dt 28CHz CHE = EE&6te
NR(New Radio) &= IMT-20202% &2l SHCEH. [60]

56 SAIYS] MAMHFOC FEE 462 FAMGHLE JI&E 46 2t HS0

Ol

0 M
A=

Olssal AlIAE

ot

or
ro

A

NSA(Non Standalone)2t 56 2 S ©= AlEZ06t= SA(Standalone) gAl10] QUL

_’IO_
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NSASl B AtEX OI0IE= 5621K=2 AtEct) LAl CIOIHE 4G S4
ads 22U, M Uh=2 0SS M= 56 2= FA=ot)| fIg ¥
2 SXH g4 o=z OI5HH 4620l JI18t & 562S =5t UCH [61]

INT-20202] &N Zefgh X 20l
BIAE ZHIot= A0IA2LL =01 2 Dl

| St=20A KMIAH ===2 56 &S AHHIA Al

-

—

ITUE 5GOIME CHest 202l MHIASS 2ot 0l AHIASS SES
Z40t0f = ZHS AUIA(eMBB; enhanced Mobile Broadband), =MXIHS
AI(URLLC; Ultra Reliable & Low Latency Communications), CHZF&Z (mMTC:
Machine-Type Communication)2l 3JtX| MHIAZ AO|&HC. [62-63]

8 2-62 56 A2 WEXQ Al JtXl MUIAG e dolg Jdefime=z
LIEtH 222 HICI2 DICINS 22RE MHIA S92 HO0IH DEANS Jis
As3t SHUAMS X

= H
AMHIA, CH2E JIDISS HE86ls HgHZES H-6tk= JI1=0IC. [62]

Enhanced Mobile Broadband

Gigabytes in a second =

Jn\nﬁan UHD sereens
Vork and play in the cloud

Smart Home/Bullding
£Augmemud reality

Industry automation

Mission eritical application

Sell Daiving Car
Future IMT !

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

[O& 2-6] IMT-2020 AtE AlLt2l2 [62]

Voico

_’I’I_
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1. =& 209 MdlA

= ZUYAHI A (eMBB; enhanced Mobile Broadband)= HE2 M&0| 22
gt JHIAE 2ZEol)] ot O 2 F=0H W=D Massive MIMO(Multiple

Input Multiple Output)SS AF=20l0 AFZ2XE 100MbpsUl A =ICH 20Gbps )t
A 2N WE OO0l A8 M2 sEZ otlh. 560HA FIHAM JIs

2U2|0IE =I==(28GHz)E 0182 22 400MHzSl CHE== 0120t JI2

J

4G-LTE AIAES CHHI <F 8HHSl e == 5 XIREHC. [62]

2. ZNXA Sl

56 OlSSA0NA =MXA SA(URLLC; Ultra Reliable Low Latency
Communication)= &2-70HA 2= Hiet 201 DA21&(99.999%)2F XXl
S& JIsS 208t 560IMe P X HAIZEE ImsOlot2 JIE 46-LTE &
A XIS AIZERL 10msOfl HioH 1082 JHA& S UACH. [64]

URLLC Jls2 dsUia B2 SUHENAl Saotd MEE D S4XH0|
I &2 MEIAD RADE FHAZAHIA, 2 HOH S0l AASE L

I8t JI=0l FIHE 7R A28 Z2&ES

_?_
MM FIIEOZ MEC(Mobile Edge Computing)S
(@]

i Peak
Enhanced mobile data rate
broadband

H‘\g_h imp Oltanc, User experienced
data rate

Spectrum
efficiency

Areatraffic
capacity

Network
energy efficiency

Massive machine
type communications

Connection density Latency

[O8 2-7] Gt AL AlL2IQ0IA 56 OlsS4lel =2 JIs2 sS4

_’|2_
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(64]

ITU-RS| 22Xt WPEDEISl0lA = 1msOlotel 2AFMESXAHO RRAEAHOZ2 A
AE RS0 METIS(Mobile and wireless communications Enablers for the
=2 5GEE M= 1ms2
=2

H=Z B&HCt. [66]

ol

Twenty—twenty Information Society) A= 5ms,

HEXNAS HMAIGHH XISAZE FA3 ot XS

[

Wy

@
e

2o

2FHA 2 (mMTC; Machine-Type Communication)2 loT(Internet of Things)
L

DL +82 2AS JIJIS0l HAE MHIAS HBoHI| B X2 Tk
OIMG {BHOPHol A S XI&ol= 240l SHECH [60]
User experienced
Peak data rate data.rate
(Ghit/s) (Mbit/s)
Area traffic Spgc_trum
capacity efficiency
(Mbits/s/m?)
Network Mobility
(km/h)

energy efficiency

Latency

Connection density (ms)

(devices/km?)

[OE 2-8] INT-2020 85 2+ A&H[60]

_13_
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182-82 4G 0l=S 4! AIAE UHHl 56 OlsS4&l2l MElA Fl0 et M2

4. 2|0l

22/0l8 = 10GHz~300GHzOlGt2l ==Mt==0ICt. 18 2-90lA 2=0t2 &

Ol 22I0IHIts ALz B2 LES ME2Z2 =4 eHHILIS &
== &

8 30 &0 @2 UE=s2 AS0 Te
[m]

-

mmWave aperture

A
Tx 4

Rx g

microwave aperture

(a) Smaller wavelength

mmWave noise bandwidth

microwave noise bandwidth

(b) Larger bandwidih
[OE 2-9] 2|0l B2&4 R01[56]
Ol TH2Wl J1& 4G LTEESA OHHl 56 JI2Xo=z2 2F JIX=0A AdlA
& £ Q= BRI SCH. Ol3d AI&tS Dot 4G DI K= iyl #2204 &2

56 JIXI=2 Sd= 0l80t¢ JIX=5 =cle Y80l =20ttt

_14_
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S48 2 D2J=2 JIE 4G-LTE AIAEUAMNT HBH2IX & & =M= T
Ol2S 0188 AIAE 5= &4 Ues Jl==2 56 L2l0IHIS At

28, 39, 73GHz (" Brick, cement

Windows
7 = 20-50dB
500 5G AP Location Options
o * Indoor - Attic (soft materials) ]
» Else - External antenna
% 200 » Directional, LoS (min foliage)
200
Softer materials <15dB ;
10.0 |
| I |
o el bttt LREIR i
P N R R R R g g R g
gﬁdﬁfw“ff::w‘:’eﬁ’ ‘;@‘i“ & ;»f‘\i@";y“ ‘;ﬁ(;ﬁi‘ "Jp‘ 6"» e"‘y& “‘Q&fi@" ..\i & 6.._\@&‘ & o g g
P P FLlFE T A &
& * T b e &

& =28GH: ®39GHz W 73GH:z

MNote: +5dB if not 80 degrees
--Mote: 3GPP SIG channel model for 6-100GHz urban done

[0 2-10] L2IDIHIIS HE N TE ASZ[67]

*f ArR?
=AIOHHILE OIS0l RE S==4101 AtOI<]
Heloltt, Z2#=4 gt2 2.8GHz Y1 28CHzE HIWotHESH 242 -
41.4d8, -61.4dB2 LU=It (¥ S AMEsSt= S F=2&4 0l e 2 A
S 2 I} QUCH. [69-70]

56 AIAEIZ2 36Hz2l M=Ibe FEDF 28GHzS It UE S ALSSHL.
3GHzel =IO THE =& 50/100/200MHzOI 04, 28GHz= 200/400MHzOICH. 4G LTE
Ol= FOD(Frequency Division Duplex) &aloz H=2E 9l U=

_15_
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CH b= A
HAl= ©&EO0l
M= TOD(Time D
A &40 MF

=
9= L

=

=
—

2 =2 COutolAe o

fo
1o
0x
o

ANEDHI] 20 2+ 0
THSHCE. o
ivision Ouplex)
| =I==Y =2

24
=

2 8

o

=[¥u

—

=

|>

=
20

!
>
£9 o

_|

-—

20MHz

\_ 4G-LTE(FDD)

50~200MHz(3GHz)
200~400MHz(28GHz)

5G (TDD)

H4E A=4

J\E/\-IIL.“E _lj

10W= Olote

2-12%t &
AAAEUA o

Collection @ chosun

2 FdAl

[O& 2-11] FOD ARt TODEAIS] HlW

HER3

L4

i

0F0 3 2 44 (38dBm) 2
ol Bk REHIZ0I %2 210t
12t &0l ROIBHH HE
REOl UCH 2 loT L SHA

o o o
Jlzo 82 W<

W H

o

AN==W5 1
—_—=c=

OH=2ZJIXI= LHOI BHXI

ol
w
&Y
ﬂH>
o

A1

x

A2 Mo
— ==

=

[

=
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IT

0l
A

0

A
oo

0
e
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o
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A2 SES 2% Rote &0l AN AS4 J|l=2 562 StHE ==0ot
=0 JAAH =28+ J|=0IC.
e Cell-range
; 4 * 4 +  Smallcel
;’K T *  User
Z Vs * +4 . 3
i * + #* \\
k /{H‘* + % + - N
%
+ LY
7 +i ¥ + * N
i 4 * g I
N MBS *
"-.\ '-h'—-*— ¥ + K_.-'f
i E ® /
, R* . * i
'\.\ + ;{.I'
F \M T * #* #- {/'f

=
A AMAES dseasS ot U2 & AS4 JI=2 Home eNB2

=
g2tz g4 [HOeH EdiE oz2t=2 HO2IEH W 3GPP Rel. 100IM
SIPTO(Selected IP Traffic Offload)2t LIPA(Local IP Access)2 HZESIE
KISHSIRALCH. [54] CHSIUANAML SHHdsSEAS <ot 3GPP Rel. 102t
3GPP Rel. 1MOIA AS4 D=2 HOHO SAES &N NEEHS U

P
& 2 Q= J|&8 NMOIGRUCH. [74]

=
TUZX HERZ(UWN; Ultra Dense Network)= AZ4 JIXK=2S =0HE
=2 HiXIote 2HEHOIH 2HIL DD OH2Z A AFOI2) AH2lJt
5SS Il & 4= QUCH. NS 22Ol HI0IE EcHZ 0ol Ao}

e o

_’|7_

Collection @ chosun



a0l B8 g = AW =g E2EE JtAC. UNS Jl=H Ol
e REESII=, AEMN, & 25 2, 2240 A=49 SMEY
o B2 o 2ag)IX=s 8dgotel JANKMS tiHXeES =017 gt
LHES0l Ded=l00FEHCE. [75]

O8 2-132 =2 HUERIN st D822 TAl Wil 22 =2 As4
o = 24 2t” & S& 2-H0l ot = = UCH

UDN indoor deployment "
(exemplary on building floor) v ”

‘ Macro radio node

Small cell radio node, e.g
micro, (ultra-Jpico, femto

Aggregation & Core
Network

«—> Wireless access

<—= Wireless backhaul

— Wired backhaul
Internet access

[O& 2-13] Ultra Dense Network [75]

_18_
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HI5&E D20 S
1. D20 S& &2

D2D0(Device-to-Device) Sl JI=2E Ecls S22t RFEAES 0|SS
SISO NFSAO2 HOIE EHY QERCSE S50 20 UWEHIO)
SEE AR & 4 00 LS YWEYIS JIHOR X Ho, H&A
2 oE, FDa Y SO 0/F0 Us 2 ARS s SA PO

D2D Pair
g
Small Cell

UE Relay

‘ - 0
V2V Communication Cellulabuser @

] .
T~ R -0 f
Cellular 3

Offloading

+——+ Direct D2D Link

= = =" Cellular Link
Device Relaying

[
A BS ~ Base Station

SCA ~ Small Cell Acess Point

@ D2D Pair
0

Relay

Vehicle, capable of
direct communication

Content
Distribution

S22tol D120t JtE R D2SAEE Sof ZHUERIAE HIAIK =1
Ctd2t AE S4ls oAl & ZHUES S 0
= = UL Fh==2 MHAZES
3 UM 22 QEZE0IL

0
HEEYES LEWD A= OE0ITH JIX=229 Fof SHUAM 2 € X

_19_
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[H 2-2]. D202+ WLAN

Feature Considered

Pairing

Quality of Service (QoS)

al

=

BLUETOOTH

Require manual pairing

No hard QoS guarantee

| Require

EREA9 HW[76]

WLAN

defined

settings for access points

user

No hard QoS guarantee

Spectrum Unlicensed Unlicensed
Standardization Bluctooth SI1G | IEEE 802.11
Maximum Data rate | 25Mb/s | 54Mb/s
Modulation Technique | GFSK | DSSS
Max.Transmission Distance | 10-100 m [32m

Forward Error Correction
Max Transmit Power

Pricing

| ARQ. FEC (MAC)

4dBm

Free of cost

| ARQ. FEC (PHY)

15dBm

| Free of cost

3. D20 S&lo| #EXt

DID COMMUNICATION

Base station assisted or device assisted

Provides hard QoS guarantees

Licensed, Unlicensed

IGPP Release 12

5-10 Gb/s

SC-FDMA (Downlink), OFDMA (Uplink)

Up to 500 m

Low Density Parity Check codes (LDPC)
24dBm

Operator decides the cost

020 S4l2 EXts 15 S EAM, 2CH 34y, 38H 0ol &858
S NI &AHZ OIF O &AL

b, && 84

CHUE A= 2F D20 SAIEZ0l O &2 FH0l A= 020 S4I0] Jis
st 282 HUsSsS EMots HHOIT. = HHNA SMHES2 HS2
20t g2 A8 Zalotd % SAl0l GE S0l Sdlots dsSE
OISR H S0 Jisset UE SAHEZ S0l 82 Wil UAsSS 3
MSHCH, 2 S22 K0l e @25 M3BotH M2 A8E = JUALCSE &
Ch. Gt M HAMM=E SHY EM Al ALZot=E AlZtD MESE0] S0t
Ct. D324 UWERAZ JIEte D20 Sl d2 & 84 AL 8BIS2E
g0 =EXHQ 020 SAIS0l HIiohA EMAIZLY M558 HUHA O U2
dss 2882z UEHUHD., SYESE 020 Sal2 3« HEEMAl 2 o
2=0| BMots ©HE HAK @1 JIX=S Sot¢ ofld H2=2 H20t
=L 020 HE S B=/otW O s8¢0 UWERZA 40l Jtsotlh. bl
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00
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12101 Ol
X 0ICt. [88]

JJ
T9)

n0

ol

n

Ju
9]

o
&0
Ko

ol

wo

-

all
o

9]

nO

ol
00

oHa=2 20 U
=24 A0

o
Al

b

0l

all
oJ

Uk

Ju
o

_Ih_
s
0
<+
0
fal

&)

0l
i

TH Al D2D

=
—

80

o3

<+
ioll

ol

180

Ct. [89]

Discovering Discovering
UE UE

=

Beacon sequence

Subsequent message

>

Discoverable
UE

Semi-static resource

>

reservation

Request for
resource grant

<l
-

-

Resource allocation

eNB

[O& 2-15] D20 E44 X [89]
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—
—

}

A=
S0

Macro

(66%)

(25%)

Macro

(66%)

D2D

(33%)

Macro

(509%)

D2D

(50%)

Macro

3:1

1:1

Shared

resource

[89]

Power control
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72 OlsS4 AIARNA HetNet 74 A7 S&
OIDIZUIES A(HetNet)O  JI&QI ASHI 02D S

Release. 111l Release. 120l £

g SO0ILH. 2 ZBllds AE =220 OE =W - <
HetNet *0il CHEt =2 A7 S0 ot CHRIZ A ettt

AZ24o AH0 Ot WR = AR2 LHXA =0 222 A0 O
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st A= WOl EXId A=42 d5 40 Ut A0 AW 3xHE 2=
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g 2-212 20| R0 A=4= X ER dgctele] 240l et H+
& A#S0ICH [91]
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1/S ?
0/s  hyy AW Vi
A A H
-1/8
-M/S o

— Desired Signal ~= Interference ABS O UE
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1 2 3 5
@ ]
Control 10 m 116 m T
Panel | 70 67 m 253m  203m
6&— 76m 103 m 12
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200 m®
2 275 m
BT T

To—
W —_— 5=25 mnj]2
234m 9 — S=4mm’
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[O8 2-21] AS4 BIXIO S 212 M8 24 A7 [91]
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CE 07 2-221 20| AZH R0 HHE S0IS0 Wet Al S22 0l
S8 BT W SHAAYES PES Gt YO £t AREUCH [92]

/ — psc psc
Layer 1 / / J/ﬁ“u-___‘_ ‘_,;$ E :::_’_—-,Vl - s mm ]lem ((‘ : ’))
/ F - -..H A — . ::_‘:i‘_w”’ Hierarchical architecture Bs =

/

¢ / - \ | +
L I ==\ / I \ \
Layer 2 ’
v /| \,\ ,ln’ Y \ /| \
Ve ™y \ / | JFuncational Area
/| I \
\ -\ /]
,/"'i'_'"""\c e _l;-"'{ /"""'-.\
/ ’ "] \ ’ ’ \’ f’ I. I. High Priority

UE (HP-UE)

Medium Priority
I l UE (MP-UE)

=N !
e vl b W
Mesh Network Representation of Drones
[O& 2-22] WL AlL2lQ0 2 =282 0|88 A28 UERZA AlAE
74[92]

MAl =825 0l18et A=d UHERD Fd0 =0 Mea&0A D20
X

= ot MHSd LS A4S0 =2 d12= O 2-230M 2
= Hiet 20 E2= 0188 ZEIE ZEHAE HERHIA 5 M0 U
Ct. [93]
\A,/ A Drone @ Active D2D user
\\j/,_// ® D2D user @ Inactive D2D user
'R
|
(a) First time slot Tp: Drone broadcasting. (b) Second time slot onwards T,,n = 1,2,3 - - - : D2D multicas-

ting.

[0 2-23] T AILI2IQ0N EES 0128 D20 WIER A +5[93]
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PEOZ Y= A0 ofed 39 25kt s s & 24+t ¢
A0l ECh Ol4st WES AMEE S (pre-training)Oletl SHCEH. AFEE SO0
PF 2ZEF: A 2 UERKIAN Oioh TtelEY (fine-tuning)E2&2 &
SHSHCE., OI2S0f DBN(Deep Belief Network)AMALUAN 2 52 2E 5HLES
S=0 HaoItt. & 2 UERIZ= HHIM2 RBMOI Z2&01 20 20UH&
Ao 2tx6HCH. HIXIE dIOI-2A401X E& Al B H B 5= =dol
1 Ol =& =2 RBM 220l CHeH 2d010 LetAQl RBMES ek E & AlIZ2!
Ct. o B AN 2&0] 22 249 LEE & Bl 529 28 &2 2
05 B S0 et A 23S MASCH Ol 2 S0l tist ArtdEdA
0 22 = X FHIO eSS ot = UER A0 CHol mel
S8 XS [107]

3. OlsS4 ANAEUA 2E8Xs £12ls 28 U2 A3+

=Sk
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Ol CHet Ecdil QLEZYE HAlE=S AIEE 0 Hold sHZ2E = Hetol=
A USH oY dRM= A8 2-260 &0l ASAW D20,
V2V(Vehicle-to-Vehicle)S2l 40 CHst &0l CHatod AJHGHD QU
Ct.[108]
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&AM g8 2EXs Jls Haldd JI8e XNEss 2uelss 018
st Ol=s=S4DI=0ll CHotd &2 A0t &d S0l UCH 22 H72= Hal
ce 2oz ANE ZE et UK JtEES W=otd = &St ol=
SH[109] UWNSZUAM SHFO2 HSZEL0H st SON(Self
Organizing Network) ZXIAE 3|4 20| st AF=[110] SAIS30NAM &
&4 S22 MIMO CHHEILE HE80ll CHOLO Sy nelsel HE[111-112]
S0l ULCH.

SBS — e 3 .
Transmitted y rinc:ﬂ’mg Wireless - Re::]\'ed
M@ e B C
UE
Detected I!er.'u‘h et Fixed
\Sif:glﬂ f— ?;::;:‘ Step_;S\ze

Method

(a) The traditional method.

[ L R — Hgg 7777777777777777777777777777 Noise
= i | Veetor
T d CoMP [ ‘ i
r—u“'“‘““‘T o !
CoMP i Received
Transmitted o = Wireless z " :
I Pre-codin Signal
Sigmal [ oo Channel ~t o
Veetorx |1 VPR H, I 2

UE

+
Tterative |
T e e
Method - |
L
Machine
Learning
,Mfdmdi
(b) The proposed method.
[O8 2-27] AS4 SSHES(CoMP)0l e Dald E2g A& 0ll[113]
elEXs JEsE esddd olse Hg1S0l ULH 22 HASlH=e =
e A=4d HEADNAM 25285 ?Ie ASEH0N ot 18 2-27
20l JEYYM ASAMFYS FIIcle YHOZ AAH Hds8aS o
= Yol UCH [113]
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N3&. HetNet Jlz= HES S8 AMAEH dsgral D
¢ ol
H1&E AIAE Y
1. AIAES metolH
[E 3-1]. AIAE TH2tolE
Parameter Value
Cell radius 1km
eNB Power 20W [114]
Device Power 200mW [114-115]
Small Cell Power 10W [116]
UE Device 10~100
Distance between D2D 20m
Distribution Device Uniform Distribution
Simulation count 500
eNB : 15.3+37.6logD [117]
Pathloss SBS : 38.46+20logD [117]
D2D : 148+40logD  [118]
Noise density -174dBm/Hz
eNB 25m
Simulation Program Matlab 2018a
H 3-12 AMSdiold 30l tish W0l S LEH AFOITH JIXI=2l
g2 tkm & 8ot JIX=, A=sd, 2ol WA= 200, 10W, 200mWV=
col =Xt= 10JH0IA 1000H2 SIHAIZIHH ASHS == 10002 XIHE
stht. AlZdiold S ddiol =22t S4& Hele 18 3-8 3-4, 1l
3-59] Jdei=Z ZH0AMRt &0 ASHD 020 S4I2 @A SHES JedotH
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h 4
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| User deployment |

| Small Cell deployment |

| SINR calculation |
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Macro Cell SINR=16dB

}

| Search Small-cells around |

MacroCell connection

|

SINR calculation

Small Cell SINR>40dB

Power off Small-Cell with

poor service

SINR calculation

MacroCell
connection
—

Macro-SINR=Small Cell SINR

Small-Cell connection
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| User deployment |

I

| Small Cell deployment |

| SINR calculation |

Macro Cell SINR>16dB

Search Small-cells and
D2D-Tx around

SINR calculation

Small-Cell SINR>D2D SINR

Small-Cell SINR>40dB

No

Power off Small-Cell with
poor service

|

SINR calculation

Macro-SINR>Small Cell SINR

Yes Mo
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Macro SINR=D2D SINR
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D2D connection
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a‘ Small-Cell connection Small-Cell connection
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H4Z Al D= BE AAEH s &4 J|™
H1&E AIAE Y
1. AI2E Tiet0ol
[H 4-1]. AIAE Ttet0l™

Parameter Value
Cell radius 1km
eNB Power 20W [114]

Small Cell Power 10W[116]
UE Device 10~100
Small-Cell 100

Distribution Device Random

Simulation count 500

Machine Learning algorithm

Support Vector Machine
Decision Tree
Logistic regression
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Train Data 40,000
Test Data 10,000
eNB : 15.3+37.6logD
L SBS : 38.46+20logD
Ol CHet AIAE S0 CHst metole OICH & Bt




N2 A=d HAldd ZielS

Algorithm : Small Cell Machine Leaning Algorithm
User Number : N

Input Data : SBS;,, MBS,, User;,, SINR, capacity
Data generate, Labeling

begin(Data, Label, Data Set)

Model = Creating Model

Train(Model, Data, Label)

Result = Predict

Small Cell Connection(Result)

end while

11 end
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2. ZXNAE A L1285 =8 W=
ASH HAHY LN2E XS Al 2AAE 22S0 st M2 A
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H3E A=4 HAdd 2128 d5 =4 &H
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TP(True Positive) : & Xl Positivell @t= Positivectd OGI=dt= &t
TN(True Negative) : & Ml Negative@l Zt= NegativeZ 0l =0ol

FP(False Positive) @ &Kl Negative@! &= Positivect] OIZotl=
FN(False Negative) : &I Xl Positive@! gt= Negativectl] OI=ot= 8t
HEET= A(1) Dt 200 20t 2l &AM o= A0M F3gS dE A
O HIEO0ICt. 2tk @dio] AX OIOIE 0l Negative BIE0| =2 Z=2

O gt0l H&totH L XIot 22822 0l Al(3)2 MEE(Recall)

3

n 4

0z

=
M oo Jor
o

Ct. MeEE2 &Mz EFE0l True 2 HE SO0A Truez 0OI=st HIZ0|
Ct.[119]
B TP+ TN )
Aceuracy = p N T P TN (4-1)
TP )
Precision= TP+ FP (4-2)
Recall = TPT N (4-3)

Fl— score = 2 % Precz.szlon X recall (4-4)
Precision+ recall

[E 4-2] Confusion matrix

Predicted
Positive Negative
Positive TP(True positive) FN(False negative)
Actual
Negative FP(False positive) TN(True negative)
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