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Abstract The demand for wireless resource is increasing rapidly nowadays. The expectation for wireless networks with
high energy efficiency is also increasing. This paper presents a small cell base station ON/OFF switching algorithm for
reducing energy consumption in heterogeneous networks (HetNet), which has a big cell with some small cell base stations . In
this algorithm, each base station decides independently its action (ON or OFF) with the aim of balancing traffic load and
energy consumption. A non-cooperative game theoretic approach is used, in which each player decides its action without
negotiating with others. This paper also investigates the effect of user’s mobility and switching on the total system
performance.
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Parameter Value
Network

Noise variance N -174dBm/Hz

Arrival rate g (z)-v,(z) 180kbps
MBS

Maximum transmission power 46dBm

Preferred traffic load pPr 0.5
SBS

Maximum transmission power 30dBm

Preferred traffic load o™ 0.5
User

Number of users 60

Maximum transmission power 23dBm

Path loss (d:distance of BS and user (m)) [1]

(unit: dB)
MBS - User 15.3+37.6l0g9 14 (d)
SBS - User 27.9+37.6l0g 10 (d)
Learning
Boltzmann temperature 10
Impact on cost of energy 10, 5
consumption and traffic load
a,, b,
Learning rate exponents q 0.6, 0.7, 0.8
for ¢,d,e

500
—&— ON-OFF algolithm (3SBSs)
—4— ON-OFF algolithm (7SBSs
S 50 | g ( )
? ==--- Always ON (3SBSs)
2 ==X=-Always ON (7SBSs)
w400
§  [y==--- A-==== AR LR SR N===== A
B
E 350 |
&
o
°
£ 300 Gt Nttt d B LD DLl B E L Ll Ly (O====- C
|_
250

—h—

0 20 40 60 80 100
Users' speeds[km/h]
Fig.5: MIZEOBEHE -~y b Xy P EEKETO
4 % )

200

1.6

—&— ON-OFF algolithm (3SBSs)
14 r —4— ON-OFF algolithm (7SBSs)
===- Always ON (3SBSs)
-=X=--Always ON (7SBSs)

Traffic load

0 20 40 60 80 100
Users' speeds[km/h]

Fig6: FIHF OB HE-LHH 1 >H¥ 720 D
B RT e y T AT

BRI NO)

~y bRy NNTHHEZIBEH LEZLGITBT

HihenEMBOA AT T AT XA EDTE
BEHDEF Iy ZJAMIIOVWTHELEZ., £7,
FrAT7 TN T AL EHNWDLZ LI Lo TR
EERTOEBNHEELZHW T2 nTEDZ &
EorLiz. £72, ~y by MNO/hEALVEHF %
ZLBETHE, FIRABERBH LR VWSSO NHE
®BE)), Moy IrAMEIIRELS LD, —FH, ~
v bRy PNICEET /M VEM R DR &
I, FIAERBEH L2WEA0 N HEEN,
Foby ZAMBIZNELIRD.



X R

[1] Sumudu Samarakoon, Mehdi Bennis, Walid Saad and
Matti Latva-aho,”Opportunistic Sleep ModeStrategi-
es in Wireless Small Cell Networks”, accepted for
IEEE International Conference on Communications
2014 - Mobile and Wireless Networking Symposium
(ICC'14-MWS), Sydney, Australia, 10-14 Jun. 2014.

[2] Kazi Mohammed Saidul Hug, Shahid Mumtaz,
Muhammad Alam, Jonathan Rodriguez and Rui L,
“Frequency Allocation for HetNet CoMP: Energy
Efficiency Analysis”, Wireless Communication
Systems (ISWCS 2013), Proceedings of the Tenth
International Symposium, Ilmenau, Germany,Aug.
2013

[3] S. Zhou, A. J. Goldsmith, and Z. Niu, “On optimal
relay placement and sleep control to improve energy
efficiency in cellular networks,” IEEE International
Conference on Communications , pp.1-6, 2011

[4] Haijun Zhang, Chunxiao Jiang, Norman C. Beaulieu,
Xiaoli Chu, Xiangming Wen, and Meixia Tao, "Reso-
urce Allocation in Spectrum-Sharing OFDMA Femto-
cells With Heterogeneous Services”, Communicatio-
ns, IEEE Transactions on (Molume:62,Issue:7), 2014

[5]1 FIH="7— 2 83”, AZEM, R, 1996

[6] Hongseok Kim,Gustavo de Veciana, Xiangying Yang,
Muthaish Venkatachalam, "Distributed « -Optimal
User Association and Cell Load Balancing in

Wireless  Networks",  Networking, |IEEE/ACM
Transactions, pp.177-190,2012



	米谷　凜太郎P†P   Abolfazl MehbodniyaP†P   安達　文幸P‡
	†‡東北大学大学院工学研究科通信工学専攻
	〒980-8579 宮城県仙台市青葉区荒巻字青葉6-6-05
	E-mail:  †{yoneya,mehbod｝@mobile.ecei.tohoku.ac.jp,  ‡adachi@ecei.tohoku.ac.jp
	あらまし  近年，無線資源に対する需要が急速に増大している．そこで，エネルギー利用効率に優れた無線ネットワークへの期待が高まっている．本稿では，大セル内に多数の小セル基地局を配置するヘットネットにおける消費エネルギーの削減を目指した小セル基地局のオンオフアルゴリズムを提案している．本アルゴリズムでは，各小セル基地局が自律してトラヒック負荷と消費エネルギーのバランスを取りながら，その動作をオンオフする．また，意思決定主体が他者と交渉せずに自身の行動を決定する非協力ゲーム理論を活用している．ヘットネッ...
	キーワード　　ヘットネット，ゲーム理論，基地局オンオフアルゴリズム，エネルギー利用効率
	Highly Energy-Efficient Base Station ON/OFF Switching Algorithm for HetNet
	Rintaro YONEYAP†P Abolfazl MehbodniyaP†P and Fumiyuki ADACHIP‡
	†‡Dept. of Communications Engineering, Graduate School of Engineering, Tohoku University
	6-6-05, Aza-Aoba, Aramaki, Aoba-ku, Sendai, Miyagi, 980-8579, Japan
	E-mail:  †{yoneya,mehbod｝@mobile.ecei.tohoku.ac.jp,  ‡adachi@ecei.tohoku.ac.jp
	1. まえがき
	2. システムモデル
	3. アルゴリズム
	4. 計算機シミュレーション結果
	5. むすび

