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ABSTRACT

In the case of millimeter wave, because the frequency band is high, the attenuation is severe so
communication is possible only in a small area. Small cell technology is to install several small base stations
by dividing them into small areas due to the increase in wireless communication devices. This small cell
technology is known as an essential technology for supporting the millimeter wave band in a 5G network.
However, small cells have a narrow range of communication areas and are difficult to handle a large number
of requests. In particular, when communication explosively increases in a small cell, there is a problem that a
offloading needs to be made to a nearby small cell base station or a macro cell base station. In this paper, to

optimize the offloading, we propose the offloading algorithm through machine learning among each cell.
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Fig. 2. Structure and example of Decision Tree
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Table 1. Data Offloading Algorithm between Base
stations with Machine Learning

Algorithm 1 : Data offloading between Base stations
with Machine Learning

1 User Number : /V
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3 Data, Label = Labeling()
4 begin(Data, Label, New User Data Set) :
5 Model = CreatingModel()
6 Train(Model, Data, Label)
7 while Not the end of User do
8 Result = Predict(New User Data Set)
9 Data Offloading(Result)
10 end while
11 end
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Table 2. Learning models and parameters
Model Parameter
Max_depths
Decision Tree Max_features
(CART) Min_samples_leaf
Criterion

N_estimators

Max_features

Max_depth

Random Forest —
Criterion

Min_samples_leaf

bootstrap

Num_iterations

Learning_rate

XGBoost Early_stopping_round

Max_depth

Boosting

Nrounds
Eta
Max_depth

LightGBM

Loss

Booster

Ensemble 7]%el] B3] wHolxl: A%S molth
7151_0

Random Forest 73-%, Decision Tree Bagging
ensemble & 7|22 ©kd Decision Treeol| B]&l &
8k A58 Holal gle] Bagging Ensemble 7|Ho]
o] wdnc) s £ AHIFEE Yrl= A o
Sleh
Boosting Ensemble 7|52+ XGBoost <}
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LightGBMe°] ¥ A5S ek LightGBMO|
XGBoostol| B3] £ A5S Holx= 7S XGBoost
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E 3. AEde]Ad AE
Table 3. Simulation setting

Parameter Setting
N 50
M 3
Qi [2,8]
R . 0.9257
T; 354
SBS Distance [0,500]
MBS Distance [0,1000]
SBS Centre Frequency 28GHz
MBS Centre Frequency 5GHz

S wjé] ZAjelck

I3 125 7 71l o’ A AR Viepdck
Optimal-> 41 7o tigh & HRE Udv 9l
uf dlele] ez 7]Fel wE AEHee]d AFe]
o} 7]E2] Agldl] ulE dlele] ex2y] AHYL ~F
A 7)Aol A o] HE[sle] 2~ A 7|A]Fex =
Helere] o) wj=mE Al FAFes M7} A
2] o] FIX|A] ka5 & T Urk 1ol wlE] £ =
ol Akt 72 UHELE A SR Fo 7 we
HEo] xR Fo] ~E A 7|R]=e] s} El%
AL WxE 5= glom wimg Adx nig zz)sk
=AM 84S =R o] Aghemy
moﬂ F o 2 AHEE Bolch

o 132 7} 7]Hell digk A PRB ARH8<ro|c)
715‘—4 7ol M= 2 A 7R Fe] gi-e] 84
< Azsle] 28 A 71X =ol|4] PRBE Wol A1%3}
o, 322 A 7)Aol x = A anshs As 1l
g 4= olek ol Bls) Agkel 7ol 8 A 7]

o
e .

L

IJ rlo
>

1.0 A

f1 score

XGB LGBM CART RF Ensemble

a2 10, 22 W HAE A g ex2y ZAA Fl
score
Fig. 10. F1 score of each model by test dataset

82

1a A (

0.8

0.4

True Positive Rate

0.2 A

0.0 — LGBMClassifier (AUC = 1.00)

oo 02 04 06 08 10
False Positive Rate

a2l 11. ROC curve?} AUCES %31 =9l 97}
Fig. 11. Model evaluation through ROC curve and
AUC

1200

. B

Optimal Inter-RAT Handover Scheme Proposed Scheme

=]
=
&

=
&
=

B
=1
&

Total Throughput{Mbps)
@
&
=

mTotsl m5BS m MBS

O 12. 7 714e A=
Fig. 12. Throughput of each scheme

Optimal Inter-RAT Handover Scheme Proposed Scheme

600

a=
=]
=

e
S]
=

Physical Resource Block
=
=

o
3

0

mTotal mSBS mMBS

13 13, 4 7149 PRB AHE- 5
Fig. 13. The number of PRBs used by each scheme

Z|=2] PRB £RE &
uel A8 Al 7RSS
7]

ol AL #eldt 4= qlrt ol
o1l si== A 7RIS elA] 2
sl ALt 84S 2ol
2] 7R} el Al

= xnoﬂ exgYS
|4 shlck. g,

www.dbpia.co.kr



=56 2B WESZAM J]A T o] 83 741 3 Sy 9 ez Y
Qkgl 7|Hell4] A PRB 4% 47} AL 718 8kalst References
ok gle} ke A3 AsE £ Akt 7o)
‘] T

2 A 7eS HevE oS Al Hd
g 71Eo At F2 W ele] FAlew s w8
< Aefsrlells st wAZE ARlvks 23S 7
A3 Qlek

B =i vEYaE A8 A A3} w=
2 A 7AEeR vhe F 2E A 7ASelA Al
zhe] IHEeE A sl Sls) vias A A=
oAl 717 g o]-83te] AREARE dlold] exw
9 ke daelEs AAR vlolE] exey] 7|E
Lg= ARgAREI 7 A 7R =] AE], Al RIAks,
24 7l =271 o] AA Al AE vl 2
= o83 shgste] viaw A A= Al AE

]

il

e 7R P AR ARAES viaE A
A=o R deolg] Sz sl A A& =Y
Ues Hieh
=3k, LightGBM REis &-83le] ]2 wjale]yd
tarelgel nlEl A2 g ARkt Al AR 7R
. 718 2aze]gellA A8k XGBoost2] 747
Ab BAFE7) O(#data x #feature) © AR} LightGBM 9]
¥ O(#data x #bundle) & SAE ol X v] AL
b Bales silch w3l aejwHiE o Ak
7 s 4% 5 sddlen 7Ee ARk 28
she daze|Fel vlsl =2 s 2 U
Fells o w2 741 el ik AEol w2
ARgAbell iR S f18le] AlS SkE(Deep
Learning)& &-83h= 2l o] &sld Zlow o
SEic) w3k vias A e 28 A 7R
% ozt 28 A SRS 2 A 7141 7, 7))
S} WicEi 2] chepak B4 2] k] lole] o
28 Agor s A5e ke o Ak, w
W, 2reisl ah o skt v
ol A7) 2 A 4 9]

NS

2
)
ol
st
il
fo ¢

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(91

[10]

(11]

H. Park, M. Kang, and S.-W. Jeon, “5G/6G
channel characteristics and channel model
analysis,” in Proc. Symp. KICS, pp. 529-530,
2020.

F. B. Mismar and B. L. Evans, “Partially
blind handovers for mmWave new radio aided
by sub-6 GHz LTE signaling,” 2018 IEEE
ICC Wkshps., pp. 1-5, Kansas City, MO, 2018.
3GPP, Study on channel model for frequencies
fiom 0.5 to 100 GHz TS 38.901 V16.1.0,
System Architecture for the 5G System
(Release 16, 2019), Retrieved Jul. 30, 2020,
from https://portal.3gpp.org/desktopmodules/Sp
ecifications/SpecificationDetails.aspx?specificat
ionld=3173

J. R. Quinlan, “Induction of decision trees,”
Mach. Learn., vol. 1, pp. 81-106, 1986.

L. Breiman, “Random Forests,” Mach. Learn.,
vol. 45, pp. 5-32, 2001.

T. Chen and C. Guestrin, “XGBoost: A
scalable tree boosting system,” in Proc. 22nd
ACM SIGKDD’16, San Francisco, CA, USA,
Aug. 2016.

G. Ke, et al., “Lightgbm: A highly efficient
gradient boosting decision tree,” NIPS 2017,
pp- 3146-3154, Dec. 2017.

3GPP, NR; User Equipment (UE) radio access
capapbilities, TS 38306 V16.2.0, System
Architecture for the 5G System(Release 16,
2020), Retrieved Jul. 31, 2020, from https://
portal.3gpp.org/desktopmodules/Specifications/
SpecificationDetails.aspx?specificationld=3193
J. A. Hanley and B. J. McNeil, “The meaning
and use of the area under a receiver operating
characteristic (ROC) curve,” Radiology, vol.
143, pp. 29-36, 1982.

Y. Sasaki, “The truth of the F-measure,”
Teach. Tutor. Mater., Oct. 2007.

P. Bithlmann, Bagging, Boosting and Ensemble
Methods, Handbook of Computational Statistics,
2012.

83

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-01 Vol.46 No.01

OF Ab & (Sanghyeon An)
20194 29 : FF=Iiska 5
a 3 &4
e 2019y 3L~ : A7 s A
- Frelgatat Aa) A

l I <zL ol Al EAl Al g

2 = 2 (Jongwon Kim)

20194 244 : Eﬂulﬂwﬁi A
HEAIT &4

20199 3L~ A7 S
ZA5elgsa) Aah 24

<ol Al E4L mAl

ol

84

M 2 M (Woosun Chon)

20191 24 = gRAlTHEhaL A HE
Algh} &4

2019 3Y~&A) : A7SEw
H5H 14‘&4 AAF 7

A B4l WAl =

2 A 8l (Jungmin So)

2006%d 8 : University of Illinois
at Urbana-Champaign HHA}
20063 99~20101d 24 : AbA

A} Ae)ed ]

20114 39~2018d 8: dHv)
sk et Fag
2018 9U~&A : A7t

ZA5rEs st e
AV ES] =, MAaled

<ol
[ORCID:0000-0001-5486-9068]

www.dbpia.co.kr



	5G 스몰셀 네트워크에서 기계 학습을 이용한 무선 환경 학습 및 오프로딩 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실험
	Ⅳ. 결론
	References


