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Energy consumption on 
high-speed downlink packet 
access transmission in the 

Denpasar area in 2014

Ridho Yurham, Linawati, and Gede Sukadarmika

T
he need for cellular telecom-
munication services is 
increasing every year. Cellu-
lar technology is rapidly 
growing in developing coun-

tries because of the lack of wired 
physical networks. This has an impact 
on increasing the energy demand.

This article provides an analysis of 
energy consumption using 29 of the 
3G-enabled base stations (BSs) as 
samples in the West Denpasar area, 
Bali Province, Indonesia.From a cellu-
lar traffic profile analysis, it turns out 
that a sleep mode method could be 
used from 3:00 a.m. until 5:00 a.m. 
every day. This approach could re-
duce the area’s energy consumption.

With the sleep mode methodology, 
the energy consumption can be esti-
mated to be lowered by up to 3,374 kW 
in a year. In March 2014, the ener-
gy consumption rate (ECR) ratio on 
sleep mode hours dropped by 5.96 W/
Gb/s and, in April 2014, decreased by 
around 4.69 W/Gb/s compared to the 
existing conditions. The area power 
consumption (APC) per data rate ( )c
value using sleep mode hours was re-
duced by 0.22 W/km2/Gb/s in March 
and 0.17 W/km2/Gb/s in April com-
pared to the existing values. The APC 
ratio also shows that, in March, the 
use of sleep mode hours could lead to 
reductions around 146.487 W/km2

and, in April, 111.98 W/km2. The cov-
erage reduction of up to 3.1% becomes 

the tradeoff of this methodology; this 
could be covered by the 2G system.

Background

The need for telecommunication 
services—more specifically, cellular 
telecommunications—has rapidly 
developed. The cellular traffic load 
was estimated at 6.3 EB per month 
in 2015 (CISCO, 2015). 

Developing countries have become 
the fastest growing in cellular tele-

communications because of the lack 
of wired telecommunications facili-
ties. This has become a reason why 
BS development has risen in those 
countries, which has an impact on 
energy demand. Many stakeholders 
have commenced the study of green 
cellular technology to face this.

One of those approaches is the 
sleep mode methodology, which uses 
traffic prediction to make the BS go 
into a sleep state during low-traffic 
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conditions. Recent research was 
conducted by Morosi (2013), who 
used the sleep mode and maximum 
power transmission on the BS side 
to reduce energy consumption. The 
results showed that, during off-peak 
times, the energy consumption ratio 
had large differences.

Other research, conducted by Peng 
et al. (2012), proposed a self-organiz-
ing pilot-power adjustment mecha-
nism algorithm. The results show 
that this approach could reduce the 
energy consumption 17% in homog-
enous cell deployment simulations.

Our research investigates an ef-
ficient sleep mode methodology ap-
plied to existing networks in the 
Denpasar area. We used a green 
metric value to compare the existing 
and sleep mode methodologies. 

Literature review

Green cellular network
The demands on information and 
communications technology (ICT) 
facilities are growing and developing 
rapidly across the world. This condi-
tion will result in an energy crisis 

due to facility operational capacity. It 
also triggers greenhouse gases and 
global warming.

Based on that, industrial, gov-
ernment, and academic stakehold-
ers are conducting research to build 
environment-friendly ICT facilities 
known as green cellular networks. 
This technology has a tradeoff be-
tween the energy consumption and 
network performance, like quality 

of service (QoS), throughput, and 
scalability. In addition to reducing 
the energy consumption, this ap-
proach could decrease the electri-
cal bill, which would help cellular 
operators economically (Oh et al., 
2011) (Fig. 1). 

Green metrics
Green metrics are the energy effi-
ciency evaluation metrics in mobile 
communications. There are two 
types of green metrics: equipment- 
and facility-level ones (Wang et al., 
2011). Equipment-level metrics eval-
uate each peripheral in low-level 
consumption. These include the 
ECR, consumer consumption rating 
developed by IXIA and Juniper, tele-
communication energy efficiency 
rating proposed by the Alliance for 
Telecommunication Industry Solu-
tions, and many more. At the facility 
level are the metrics that evaluate 
higher-level consumption from a 
macro perspective. These include 
the power usage effectiveness, data 
center infrastructure efficiency, and 
data center productivity proposed by 
Green Grid.

The ECR is the ratio of the energy 
used per bit of data, which is shown 
mathematically as

W/b s ./C
P  ECR

max

max= ^ h (1)

The APC is a metric that can cal-
culate power usage (P) per area (S) 
and is expressed by

Energy
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FIG1 The energy–performance tradeoff in mobile communications. EE: energy efficiency. 
(Source: Wang et al., 2011; used with permission.) 
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