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Adaptive BS Control Scheme Based on User Density for
Improving Energy Efficiency in Ultra Dense Networks
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ABSTRACT

In 5G networks, the number of base stations (BSs) and user equipments (UEs) will rapidly increase.
Therefore, efficient energy utilization is one of the most important issues in the 5G networks. In this paper, we
propose an algorithm to adaptively control the awake/sleep mode of the BS according to the user density in
order to minimize the unnecessary energy consumptions in the ultra-dense network environments. By using the
stochastic geometry, UEs and BSs are basically generated by the Poisson point process (PPP). Also, we consider
the simulation environments where the users are concentrated on the specific region to consider the dense
network situations. Because the proposed adaptive thinning (AT) algorithm determines the thinning radius
considering the active user density, the status of the BSs within the thinning radius is changed into the sleep
mode to improve the network energy efficiency. Through the simulation results with respect to the area
throughput and energy efficiency, we demonstrate that our proposed AT algorithm outperforms conventional
algorithms.
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Fig. 1. Examples of network deployments of BS and users
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Table 1. User density per area
Area Scenario 1 Scenario 2
1 2XNJ0.5 km? 1XNJ0.5 km?
2 4XNJ0.5 km? 1XNJ0.5 km?
3 8XNJ0.5 km? 1XNJ0.5 km?
4 16X NJ0.5 km? 15X NJ0.5 km?
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3 AR WA EE e R AHSHOR J|AHE
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800 70 800 0

a2 2. N=1000 =, AUl 1o 3 vEY = wal
Fig. 2. Network model for scenario 1
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12l 3. N=1000% d, Av}e]L 26 thEk vlEY = 2dl
Fig. 3. Network model for scenario 2

E 2. Aol sietrle

Table 2. Simulation parameters

Parameter Value
Network Size 1 km X 1 km
Bandwidth (B) 10 MHz
Thermal Noise Power 120 dBm/H
Spectral Density (1V,) i m/Hz
BS Density () 500 /km2
Path-Loss Exponent () 3.5
BS Transmit Power (F)) 025 W
BS Capacity (Cp) 100
BS.émphﬁcatlon 023
Efficiency (o)
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AA N FdH oz 7|A)= Aol dare|Fe] 2t}
7] witel] 3 W AR} 5 AtsiA wkedsie] 7]
A3 Aol S Fasla] St webd, AA daelE
I} Al U AokE delck o] e, AT
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Fig. 4. Area throughput of scenario 1

06
[ —-—.A;:i.aptive t'l:n'i'n'n.i.ng {AT)
0.5+ | —e— Fixed thinning (FT)
—a— Always awake (AA)

0.4
0.3 ooy
ool /

0.1+

Energy Efficiency (Mbit/J)

0.0 T T T T
0 500 1000 1500 2000

User ratio (N)

92 5. Adele 19 iR as
Fig. b. Energy efficiency of scenario 1




o
M

| Z22A v ES A oA &

Fe A AR EAR JE A8A Z1AS Ao} ik

glo]l AHEAL WA EE vledsted 7)) Alleis)r|
Z Hr}l Yo AA EaE]|Ee) K}
=] & AFE ®elck a3, FT <z
Zo] N=2000% | A-&2} 5= (Vy)7}+ 600007H, B8
2 3= 7R A (VR)7)F 60072 Z 7125
N (V) 5007 Bt whobr] 7125 Ao kare]E
o] Falalx] ¢ki=t} wleba], FT <arz]Z&e] N=2000
ol AellA AA a5l 22 At =&k
19 5¢] AR Bof ARgAP} v] wdEHA| R ¥
FolA] elUA] &8-S SAATI7] SlsiMe <Y
W2 AR WEE wkedsle] 71x|= Ale] darelE
o] F3fo] Jastrhes 7S Eldd & glrk
a5 63 17 72 Auke] L 20 gk A o %
2, olux] 5§ Aas Rl AvE] e 2&
7 % (Area 4)0ll AR8A7} RAlEl o] RER] F0]
tl FT dwe|Ze A U ESF|H TUdsi 4

=

E
=

1000

| —=— Adaptive thinning (AT)
~e— Fixed thinning (FT)
—a— Always awake (AA)

g

g

400

Area throughput (Mbps/km?)
L+
2

- g T - T v T
0 500 1000 1500 2000
User ratio (N)

a2 6. Aele 29l WA o A2l
Fig. 6. Area throughput of scenario 2

06
| —=— Adaptive thinning (AT)
0.5 | —e— Fixed thinning (FT)
g —a— Always awake (AA)
2 ga4-
&
=
8 034
=]
&
w
& 024 el SESReme— ST
0.14 r/
0.0 v T ™ T T T T T,
0 500 1000 1500 2000

User ratio (N)

a2l 7. Adele 29 iR A s
Fig. 7. Energy efficiency of scenario 2

WS ARl ZA L Alelslr] watel] 2E 9
Ao 4] faket i) 7|A =S ARSRIch ohA]
A, AR A ® B4 odd (Area 4)oll M= 714
= AF 4 oWl 7A= &5 (Cp) Rt B2 A
SR} EAlsle] Mujadt 5 glis AP St
A =31 0]9]e] 39 (Area 1, 2, 3)elAE 7R A
% 4 ool 7|1Al= &5 (Cp)Xrt A2 A2}
EAgke) wlebd, 13 69 WA o Az]EF Afol|A
AA ¥3E]Z Hr) FT &aE|Eo] U 23E wal
c}.

Hhdel|, AT dae]Fellis UEN A FdE T4
slod 71A]= Ao darelFe] F2Fsh| white] mE
deellA 7125 A o] ool 71A= &= (Cp)
o] AR EAEHAl Flet wlebd, AA dare]
Z M} =& WA o A AdE Helvk

3] 79 oA &8 AE B 7R Ale] &
12]ES S8 AT €8S FT 48E 25 AA
dae]|Ee] vlel =2 AIE Bolck a8|3, AT &
a9 HE AR HAEE Tlelsle
7R = Aol dare]ge] Fr8e] o] FoA|7] wiie
FT &e]F Hr} =2 A3E Helr) Ay 19
As}el= th2A] N=20003) Aol FT Lde|&e]
AF7E AA daElE Hrh S olfis AR
(N)7F 1800070, B e sh= 7|A52] /H5= (Vp)
7} 18070 F= 71215 75 (V) 5007 B} 2fopa

7125 Al darelge] EHslr] waolw

v.d 2

my

E wrellAe 214 vE A WA T A
2} ATl =l A"l o8] A== o
UA] &L F2A717] S8 71A=2] ol9le|l =&
REeF AR WA EE 7Hke R oddd] met A
o2 Aefsl= adaptive thinning (AT) L1252
Arstodek. AP VB = ofo] MR ApA R
2= Q= IEF LN 3l U EH EExH
o] Sl FHellA AIE 7] wikHEERe] Bl 4
& F3l AlRE Wkt S Feligit Aljtes
AT daE|EL el w2 ARA} A T 2JEs)
o AgAoR BA v (rp& AA 54 v
ool gl i ZA=E €1 RER AAsP] o
ol FdHoR 7A|-E& Alshs FT dxEsat
AA d3E]F Hrl BE AU o4 v EL =S o
Uz afe] T2E & oSS el

i

1837



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

(1]

[2]

(3]

[4]

[5]

[6]

[7]

8]

1838

References

Rec. ITU-R M-2083-0, IMT vision-framework
objectives of the future
development of IMT for 2020 and
beyond(2015), Retrieved Jun., 06, 2018, from
https://www.itu.int/dms_pubrec/itu-r/rec/m/R-R
EC-M.2083-0-201509-1!'PDF-E.pdf.

J. G. Andrews, S. Buzzi, W. Choi, S. V.
Hanly, A. Lozano, A. C. K. Soong, and J. C.
Zhang, “What will 5G be?,” IEEE J. Sel.
Areas Commun., vol. 32, no. 6, pp. 1065-
1082, Jun. 2014.

O. Queseth, D. Aziz, K. Kusume, H. Tullberg,
M. Fallgren, M. Schellmann, M. Uusitalo, and
M. Maternia, ICT-317669-METIS/D8.4 VI ME
TIS fmal project report(2015), Retrieved May,
24, 2018, from http://docplayer.net/10103634-
Deliverable-d8-4-metis-final-project-report.htm
1

J. Kim and H. Lee, “D2D based advertisement

and  overall

dissemination using expectation maximization
clustering,” J. KICS, vol. 42, no. 5, pp. 992-
998, May 2017.

S. Tombaz, M. Usman, and J. Zander,
“Energy efficiency improvements through
heterogeneous networks in diverse traffic

IEEE Int.
Conf. Commun. and Netw. in China
(CHINACOM), pp. 708-713, Harbin, China,
Aug. 2011.

F. Richter, A. J. Fehske, and G. P. Fettweis,

“Energy efficiency aspects of base station

distribution scenarios,” in Proc.
9

deployment strategies for cellular networks,”
in Proc. IEEE VTC Fall 2009, pp. 1-5,
Anchorage, Alaska, Sep. 2009.

D. Lopez-Perez, M. Ding, H. Claussen, and A.
H. Jafari, “Towards 1 Gbps/UE in cellular
systems: Understanding ultra-dense small cell
deployments,” [EEE Commun. Surveys Tuts.,
vol. 17, no. 4, pp. 2078-2101, Jun. 2015.
and V. K.

Bhargava, “Green cellular networks: A survey,

Z. Hasan, H. Boostanimehr,

some research issues and challenges,” IEEE

Commun. Surveys Tuts., vol. 13, no. 4, pp.

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

524-540, Aug. 2011.
G. P. Koudouridis, H. Gao, and P. Legg, “A
centralised on-off

approach to  power

optimisation for heterogeneous networks,”
IEEE VTC Fall 2012, pp. 1-5, Quebec City,
Canada, Sep. 2012.

L. Saker, S. E. Elayoubi, R. Combes, and T.
Chahed,
mechanisms of femtocells in heterogeneous
Networks,” IEEE J. Sel. Areas Commun., vol.
30, no. 3, pp. 664-672, Apr. 2012.

H. Zhang, S. Huang, C. Jiang, K. Long, V. C.

Leung, and H. V. Poor, “Energy efficient user

“Optimal control of wake up

association and  power allocation in
millimeter-wave-based ultra dense networks
with energy harvesting base stations,” IEEE J.
Sel. Areas Commun., vol.
1936-1947, Jun. 2017.

W. Lee, B. C. Jung, and H. Lee, “ACEnet:

Approximate thinning-based judicious network

35, no. 9, pp.

control  for ultra-dense
networks,” MDPI Energies, vol. 11, no. 5,
May 2018.

J. G. Andrews, F. Baccelli, and R. K. Ganti
“A tractable approach to coverage and rate in
cellular networks,” IEEE Trans. Commun.,
vol. 59, no. 11, pp. 3122-3134, Oct. 2011.
B. Matern, Spatial 2nd Ed.,

Springer Lecture Notes in Statistics, 1986.

energy-efficient

Variation,

M. Haenggi, “Mean interference in hard-core
wireless networks,” IEEE Commun. Lett., vol.
15, no. 8, pp. 792-794, Jun. 2011.

H. S. Dhillon, R. K. Ganti, F. Baccelli, and J.
G. Andrews, “Modeling and analysis of k-tier
downlink heterogeneous cellular networks,”
IEEE J. Sel. Areas Commun., vol. 30, no. 3,
pp- 550-560, Mar. 2012.

G. Alfano, M. Garetto, and E. Leonardi, “New
insights into the stochastic geometry analysis
of dense CSMA networks,” in Proc. IEEE Int.
Conf. Comput. Commun., pp. 2642-2650,
Shanghai, China, Apr. 2011.

H. Jia, J. Chen, and X. Ge, “Switch-off
strategy of base stations in HCPP random
cellular networks,” IEEE Int. Conf. Commun.,



w20 AEZ oA &

TS 91 AR BAE ZME A 7R = Alo] Wik

pp. 1-6, Kuala Lumpur, Malaysia, May 2016.

[19] M. Vajapeyam, T. Yoo, O. Song, and D.
Malladi, “A survey on 3GPP heterogeneous
networks,” IEEE Wireless Commun., vol. 18,
no. 3, pp. 10-21, Jun. 2011.

T3 =4
‘,ﬁ,. <Al Fol> 5G F4lL 10T, Ul

Ef=m Z2EeF

g} shat

20093~2010 : KAIST IT &

P72 By AT
2015%1~2016% : =g St IT 3744
20123~3A) : KAIST IT §3td74 HA-us

0| & M (Wonseok Lee)
201691 2% At A=}
‘-—I hv 2018 2% : &Sty A7)
ZApA|oF 8=} At
0| & € (Howon Lee)
20031 24 :KAIST AAA4F
200911 84 :KAIST 7|2
Algstat Wil (AuiaEsh
T4 AdgddTd
20103~2012%1 : KAIST IT %
20124 39~201691 3% : FHEANEw A7) A=}
Alelgsta 2w
20169 44~FA] ISk A7 AR
gz} g
<A Hol 5G mHl UESH =, AMAF FH
%, 3D ¥l B4l 5

A 4t & (Bang Chul Jung)
2002 2% : oSt #HAf
T T =4
2004 8 :KAIST HAPHAH
. stz Aaf
2008% 24 :KAIST A=A
EE RIS
2008+ 349~20091 8 : KAIST

r—
’ﬁ"‘éﬂk A
IT g4 9%

20099 94~2010 29 : KAIST IT §3d+4 o

TRl
20109 39Y~20144 2% : AANRS R A B EAZS)
3} Zu

20149 39~20154 8% : AANHE R AR EAIZS}
3 Fa

20154 94~&A : g Axgsh) Hage

20101 44~3A) : KAIST IT -§3174 AR w

<FAlEol FAFA, BAA AlzAE], HHo|E,

GFAA, o554l Al=H

1839



