hEERE FERE 20164 468 1] 22-32 ¢ CTIERFEY ekt
SCIENTIA SINICA Informationis 7~ SCIENCE CHINA PRESS

5G BRIBEET] - BX

Frap R R s LBV /N A RBE T R

WA, EHY, FHRY, RIERY

@ V4222800 K 5 HAE 4B, PH% 710049
@ FEBIERA AR, JtaT 100053
* (5 1E# . BE-mail: fanjc0114@gmail.com

W H: 2015-05-01; #2352 H: 2015-06-18; W% HiR H: 2015-09-09

T ER BB SRS (e 2013346) . E K B ARG ('S 61302066). A #E L A R4S (HHES: 20130201120-
021). BEPU4E EARBHEFERBT TR (S 2014JQ8303, 2014IM2-6124) E K ML ERl 34 (#HlHES: 2014M560780, 201-
5T81031) kPG4 M+ f5 Rl 3L & E BT H

B AN RMERT NP E /PR E FAE, AR T —MRAMR TR/ DEREN LA E
BRat M E R R ZHARERT ARBZWAREM, URARRTEEN BEF, AFARBER
BREMNNEHERR AN RTHRN. GREREA, FRTZAEELRLETHERTHFEH
Fik, FEANTRAEN DR ENER TR, AXRBNKEHNTEEALR T RAEK

KR RHM NIEHE K BEE EAHWL

][l

1 3

AR, MBI EIEFE R AR O AT 1 AR AN A RIRRELE, FFAREK 5G REHIK
R L2 PRI G RAE M REFEN AL TT LAE Bl L3R 1 RERESL bR B V& 5 B REFEMIHE
1T 90%, T 2um i AN 5 TR BEFERT 10% oA, AT L, Gn el R B AR AR I 255 38 20 () REFE S & AR SR S
LR IS R RSB AE. T 0 AR SR IEAS RGN il 2 | RIS ZE R & B 7 ZI 2K, L 4 %
AR T3 ) 24 L 48 AN B 56 A 2 A SRIE S I R R 75 5K, DRI S A e 8 ) 2t st R ds i A 1), AR O st
TEAE 28 77 6 55 ) 4% A 30 38 B 104 53 23 (micro base station, micro BS). il & 2L 45 (pico base
station, pico BS). il 55 Ful (femto base station, femto BS) 252 F/Nufi, SKEFARIE G A1 F 7 18]
(RRE S, AT BRIl IR A S DI 26 IR T R . R T I, AR SO0 e 1) X e B PR /N i 518 8
FHATHAL.

FEMTTTH, HATOA V255 M 7 RERE T, Hoiz O 322 @k Al i 25 H iy /i A He sl ik
(1) HAA TR A B R e KA X 288 BEAK, AN SCHR [5~8] 3572 M 2% B A5 1) A1 FEAIE F0 1 3l iU B 0 e )
IR X % R R s . FE SR (5] KNk AN IR, AR 1 AR NN IR BRI A B AR A
2 AR AR IR L R AL B AR A IR BRI AR B R AN 28 BE 2K, SCHR [6] BHAE 1 22 Tl S A o 2% v
DX 2% R 85 /DN il 4 AT 55 B B /DN il 5 9 3y A 5 B LU AR TR) (1) 9% 3R SCHR [7) JUIFE AR A X 285 e s i i v

SIAME: W, 5, PHR, & RAMNDRARILKNEBET R hEBZ [FER%, 2016, 46: 22-32, doi:
10.1360/N112015-00094

© 2015 ((':F‘ﬂ—i >> %,:L',:J‘i www.scichina.com info.scichina.com



hEFRE: FEREE 465 1M

()

B \ g

Macro BS/ /Small BS

(D)

Small BS

B 1 AEFMEIEE

Figure 1 Two-tier heterogeneous network model
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Bk 1 S BBAEE
Initialization: Pm = gm) p™) 4 p™  p@) = g&) pl 4 pi™ NG = N p®) = p®
Determine A and X based on (15) and (18), respectively.
Step 1 N Iteration with given Pt(s)
If EE(N®), P) < BE(N® + Ay, PY) & NO + Ay <min (3O, X)) 7 (dg?;‘;”)Q
While EE(N®), P®)) < EE(N®) + A (), P¥)
NG = NG + A
End
Else if EE(N®), P®)) > BE(N®) + A (), PP) & N = Ay < min (3,3 ) (dg,";?ﬁ)z
While EE(N®), P®) < EE(N®) — A ), P)
NG = NG Z A
End
End
Step 2 Pt(s) Iteration with given N
If EE(N®, P®) < EE(N®, P + A )
t

N(s)

N(s)

While EE(N®), P®) < EE(N®), P& + A ()
t

Pt(s) = Pt(s) + Apt(s)
End
Else
While EE(N®), P¥) < EE(N®), P — A )
t
Pt(s> = Pt(S) + AP(S)
0
End
End
Step 3 Judging optimality of N() and Pt(s)
If EE(N®), P&) < EE(N®) + A o), P) or EE(N®), P®) < EE(N®) — A (), P)

Go to Step 1
Else
Optimization completed and return (N(S)7 Pt(s)) as (Nopt, Popt)
End
®1 (hESH P
Table 1 Simulation parameters [9,12]
Parameter types Macro BS Small BS
Threshold of SINR ym) =1 y&) =1
Outage probability em =0.1 e®) =01
Pathloss factor a=3."71 a=3."71
Radius of cell 500 m 70~130 m
Carrier frequency fo =2.0 GHz fo=2.0 GHz
Bandwidth 10 MHz 10 MHz
Number of available subcarriers 600 600
Noise density —174 dBm/Hz —174 dBm/Hz
Transmit power of BS Pt<m) =20 W Pt<s)
Power consumption model Bm) =21 45, Pc(m) =354.44 W B6) =17.84, Pc(s) =71.50 W
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AN R DI AL G, A SCR R AN LI R SERERL EE ¥IK TG 075X NI BE {8, &40 RERk0E
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s AN IR ), FEE R, AR OL T, REREAC AR /N, JF HIL RS0 %E sk AR
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ARSTEE SR e K e 5 1 o PR /0N S T, B T — MR BE R /Nl R U R %07 RN
ANl R Bk D2 PN R L H R, BB 28 FE I T A DRI 3R] O 28 RE KIS, JRAE R GU o VA RR AT T
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Figure 3 Searching path of iterative algorithm Figure 4 Comparison between proposed algorithm and
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High-energy efficient deployment scheme of small base stations
for heterogeneous network
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Abstract For small-cell deployment in heterogeneous cellular networks, we investigate the impact of the number
of small base stations (BSs) and the transmit powers on network energy efficiency and propose a joint optimization
deployment scheme. In this scheme, we first consider the constraints of network coverage and then use an iterative
scheme to maximize the network EE (energy efficiency). Simulation results show that there exists an optimal
number of small BSs and transmit power that can not only maximize network EE but also satisfy the constraints.
Further, the proposed scheme is more effective than exhaustive searching with respect to the complexity of the
algorithm, and the network EE of our scheme has significant gains compared with the traditional scheme when
considering only the optimization for the number of small BSs.
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