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Optimization of Energy Consumption in Cellular Access Networks
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ABSTRACT

The recent electric power shortage has led to the vigorous study for energy conservation in the many different
fields. In this paper, cell zooming technology, which can reduce the energy loss at the base stations controlling
the transmission power of the stations depending on the changing trffic density for reduce energy consumption
that occurs when there is little or no trffic in the service area, is proposed and energy conservation is confirmed

by comparing base stations’ service scenario depending on traffic change.
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Table 1. Power consumption of equipment in LTE base
station

E 2. LTE 71A5 W] AEe] an Ay
Table 2. Power consumption of equipment in LTE base
station

Equipment Description Value(unit) Parameter Description unit
ng The number of sector 3 P Maximurr? energy W(watt)
Nrx The number of antenna 1 consumption of a BS
p Energy consumption of W) pi(t) Traffic density of BS i -
e power amplifier Maximum traffic density
P Energy consumption of 100(W) Prmax allowed by the BS
e transceiver Average traffic arrival rate
; ME;x,y) bps/km2
Energy consumption of at (x,y)
Pasp .. . . 100(W) - - -
digital signal processing Li(t) Service rate of BS i bps
Pt Energy consumption of 100(W) Si Serv%ce area of BS i -
AC-DC converter U Service area of the
p Energy consumption of 384(W) experimental environment
e signal generator SINR(x,y) | SINR at (x,y) -
Pk Er}ergy consymption of 80(W) a(xy) Transmission gain of BS i )
microwave link at (x,y)
Puireon Energy consumption of | 5,y Poise Noise power Wiwatt)
air conditioning
n Efficiency of power 6.67(%) Search(ES)E °]-8-3l3ith
amplifier
Transmission power of
P x:i . . - (W =
e BS(base station) i W) m & o
SINR(x,y) = 3.1 Ay 3
gi(x,y)PI i R =
7 (i=5).  (10) el Alskshs A 1) 7]4e] 449 24
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deployment
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¥ 3. A3
Table 3. Experimental environment
Parameter Urban Suburban Rural
The number of
1
BS o
Distance between
BSs (km) 1.212 2.944 6.000
Transmission gain gi(x,y)=PL'l
pmax 0.7
ow Okm Okm Okm
cen | FOV 0.7km 1.7km 3.5km
power
Range Hich
& 1913km | 4.645km | 9.560km
power

¥ 4. Path-loss =9
Table 4. Path-loss model

Path-loss Model

PL=22.0log,(d)
10m<d<dBP +28.0
+ 20log;o(f.)

Urban PL=40log,,(d) + 7.8
— 18log (k' »)
dBP<d<5,000m .
— 18log;o (A’ 17)
+ 2logy,(f,)

PL, = 20logy, (407 df,
/3)+min (0.03
h'7,10)logy,
(d) — min (0.044
RY14.77) +
0.002log,,(h)d

Environment Distance

10m<d<dBP
Suburban

PL, = PL(dgp) +
40log,o(d/d p)

PL, = 20log,,(407df,
/3)+min(0.03

h*™,10)logy,
10m<d<dBP (d) — min (0.044

Rural RV 14.77) +
0.002log,,(h)d

dBP<d<5,000m

PL,= PL,(dzp) +

dBP<d<10,000m 10log,(d/d )
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Fig. 2. Typical service scenario without applying cell
zooming strategy
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Table 5. Result of experiment in Urban Area

The number of BS
Traffic Enet G
(Kbps/km®) | Off [zoom in 2201“ W) | (%)
ul
0- 15 0 4 11,350 | 80
1,688 ’

1,689-

8.381 14 1 4 14,173 74
Case 1 5380

8,625 10 6 3 25,447 53
8,626-

49356 0 19 0 53,624 0
Cell 1:

Case 2 43,300 14 1 4 14,173 74
Else:
8,300
Cell
1,2,3:

Case 3| 43,300 10 6 3 25,447 53
Else:
8,300

N

K

1

i

© 1 2 3 4 s 6 7 8 9 10 0 1 2 3 4 s 6 7 8 9 10

[S1R-1

2! 3. Urban-Case 12] AH]x Aue]e = d4

(A\: 0-1,688Kbps/km2)
Fig. 3. Selective service scenarios in Urban-Case 1
(A: 0-1,688Kbps/km2)
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F 6. Urban-Case 19] AH]2& AU2]2 P (\: 8,382-8,625Kbps/km’)
Table 6. Service scenario P in Urban-Case 1 (\: 8,382-8,625Kbps/km2)

P P] Pz P3 P4 Ps P6 P7 PS

Py

P | Pu | P | Pi3 Pis P17 | Pis | P

P o| 0| 0| 0| H|]O]|O]|H

0

0 H 0 0 0 0 0 H 0 0
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Fig. B. Selective service scenarios in Urban-Case 1
(\: 8,382-8,625Kbps/km2)
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Table 7. Result of experiment in Suburban Area

Traffic The number of Bli E,.. G
(Kbps/km®) Off [zoom in| Zzit W) (%)
0- 15 0 4 11,486 | 79
245 ’
246-
470 14 1 4 14,307 74
471-
473 10 6 3 25,551 53
474-
Case 1 430 7 10 2 33,971 37
481-
493 4 14 1 42,392 21
494-
495 3 15 1 45,215 17
496-
2.858 0 19 0 53,635 0
Cell 1:
Case 2| 2,400 14 1 4 14,307 74
Else: 470
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1,2,3:
Case 3 2,400 10 6 3 25,551 53
Else: 470
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