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a b s t r a c t

In this paper we study base station sleep modes that, by reducing power consumption in
periods of low traffic, improve the energy efficiency of cellular access networks. We assume
that when some base stations enter sleep mode, radio coverage and service provisioning
are provided by the base stations that remain active, so as to guarantee that service is avail-
able over the whole area at all times. This may be an optimistic assumption in the case of
the sparse base station layouts typical of rural areas, but is, on the contrary, a realistic
hypothesis for the dense layouts of urban areas, which consume most of the network
energy.

We consider the possibility of either just one sleep mode scheme per day (bringing the
network from a high-power, fully-operational configuration, to a low-power reduced con-
figuration), or several sleep mode schemes per day, with progressively fewer active base
stations. For both contexts, we develop a simple analytical framework to identify optimal
base station sleep times as a function of the daily traffic pattern.

We start by considering homogeneous networks, in which all cells carry the same
amount of traffic and cover areas of equal size. Considering both synthetic traffic patterns
and real traffic traces, collected from cells of an operational network, we show that the
energy saving achieved with base station sleep modes can be quite significant, the actual
value strongly depending on the traffic pattern. Our results also show that most of the
energy saving is already achieved with one sleep mode scheme per day. Some additional
saving can be achieved with multiple sleep mode schemes, at the price of a significant
increase in complexity.

We then consider heterogeneous networks in which cells with different coverage areas
and different amounts of traffic coexist. In particular, we focus on the common case in
which some micro-cells provide additional capacity in a region covered by an umbrella
macro-cell, and we prove that the optimal scheduling of micro-cell sleep times is in
increasing order of load, from the least loaded to the most loaded. This provides a valuable
guideline for the scheduling of sleep modes (i.e., of low-power configurations) in complex
heterogeneous networks.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Eskimos are said to use many words for snow, because
snow pervades their environment. On the contrary, in the
early days of networking, the term power was used to
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identify the ratio of throughput over delay [3,4], because
energy issues did not belong in the networking landscape.
Then, cellular networks and battery-operated terminals
(most notably mobile phones) came along, and power con-
trol (now real power, measured in J/s) became an issue, in
order to extend both the distance from the base station at
which a terminal could be used, and the battery charge
duration (in the early 1990s, heavy users carried a spare
charged battery in their pocket, to avoid being cut off
around noon). Next, sensor networks brought with them
the question of power minimization to increase the net-
work lifetime. Still, before the turn of the century, power
consumption was not an element of the wired network de-
sign space. The first paper that addressed energy issues in
fixed networks was [5], where Gupta and Singh investi-
gated the energy consumption of Internet devices, and
discussed the impact of sleep modes on network protocols.
Since then, the interest in energy-efficient networking has
been steadily rising, and the energy issue is now addressed
in many conferences and research projects, among which
we wish to mention TREND (Towards Real Energy-efficient
Network Design) [6], the Network of Excellence funded by
the European Commission within its 7th Framework Pro-
gramme, which supported the work reported in this paper.

The directions that are presently pursued to achieve
energy efficiency in networking can be grouped in two
classes: (1) development of new technologies that reduce
energy consumption and (2) identification of approaches
that make the network energy consumption proportional
to traffic. The rationale for the second direction derives
from the observation that today network equipment
exhibits power consumption which is practically indepen-
dent of load. For example, a base station of a cellular net-
work consumes at zero load about 60–80% of the energy
consumption at full load [7].

Approaches that aim at improving the proportionality
between the network energy consumption and the net-
work load can be further divided in 2 sub-classes: (2a)
development of equipment exhibiting better proportional-
ity of energy consumption to load and (2b) identification of
algorithms that allow the reduction of the functionality of
network equipment in periods of low traffic, so as to de-
crease energy consumption in such periods. The algo-
rithms that received most attention in class 2b are often
called speed scaling, and sleep modes. By speed scaling
we normally mean that the equipment can operate at dif-
ferent clock rates, with lower rates corresponding to lower
power (and lower performance). By sleep modes we mean
that in periods of low traffic the network operates with a
subset of its equipment, the rest being switched off to save
energy.

In the case of cellular networks, the critical equipment
for power consumption is the base station (BS), whose typ-
ical consumption ranges between 0.5 kW and 2 kW [8,9],
including power amplifiers, digital signal processors, feed-
ers, and cooling system. Moreover, according to [10], all to-
gether, the BSs make up for about 80% of the total energy
consumption of the cellular network.

In this paper we consider sleep modes for BSs in cellular
networks, with reference to 3G technology, and we inves-
tigate the benefits that can be achieved by putting to sleep,

i.e., bringing to a low-power-idle (LPI) state, a BS during
periods of low traffic. This means that, in the future, the
cellular access network planning should allow the selec-
tion of different operational layers corresponding to net-
work configurations that specify the set of active BSs to
serve different levels of traffic. These configurations can
be activated according to predefined schedules, that are
derived based on a combination of traffic forecasts and logs
of traffic measurements. We compute the maximum
amount of energy that can be saved with this approach,
and we study the impact of the number of configurations,
considering different types of network topologies with ide-
alized cell structures. We then consider a real BS layout in a
urban environment and a realistic coverage map, and show
that significant savings can be achieved also in this
scenario.

We assume that when some BSs are in sleep mode,
radio coverage and service provisioning are taken care of
by the base stations that remain active, so as to guarantee
that service is available over the whole area at all times.
This may be an optimistic assumption in the case of sparse
base station layouts in rural areas (where network plan-
ning usually aims at coverage using large cells), but is on
the contrary a realistic hypothesis for the dense layouts
of urban areas (where network planning normally aims
at capacity, with very redundant coverage, based on few
large and many small cells), which consume most of the
network energy. When some BSs enter the LPI state, the
base stations that remain active may need to increase their
transmission power, so as to cover also the area that was
covered by the sleeping BSs. However, in our previous
study [18] we showed that this increment in power con-
sumption is usually negligible.

The main contributions of this paper are the following.
We develop an analytical framework to identify the opti-
mal scheduling of low-power network configurations
(including how many BSs should be put into sleep mode
and when) as a function of the daily traffic pattern, in the
cases in which either just one low-power configuration
per day is possible (bringing the network from a high-
power, fully-operational configuration, to a low-power re-
duced-capacity configuration), or several low-power con-
figurations per day are permitted (progressively reducing
the number of active base stations, the network capacity,
and the network power). We then compute the achievable
energy savings in several cases: (i) assuming that any frac-
tion of base stations can be put to sleep, (ii) accounting for
the constraints resulting from typical regular base station
layouts, and (iii) considering the case of a realistic network
deployment in the city center of Munich. Moreover, we
consider heterogeneous networks in which coverage is ob-
tained by the superposition of macro-cells, that act as um-
brella cells, and micro-cells, that provide additional
capacity in specific areas. We prove that the optimal sched-
uling according to which micro-cells should be put to sleep
is in order of increasing load. We show that, in a realistic
heterogeneous network with real traffic profiles, large sav-
ings can be achieved by putting BSs to sleep, starting from
the least loaded to the most loaded.

The rest of the paper is organized as follows. Section 2
reviews the related literature. Optimal energy savings

M. Ajmone Marsan et al. / Computer Networks 57 (2013) 3276–3290 3277



Download English Version:

https://daneshyari.com/en/article/10339084

Download Persian Version:

https://daneshyari.com/article/10339084

Daneshyari.com

https://daneshyari.com/en/article/10339084
https://daneshyari.com/article/10339084
https://daneshyari.com

