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ABSTRACT In the present scenario, an energy efficiency has become a matter of prime importance for
wireless networks. To meet the demands of an increased capacity, an improved data rate, and a better
quality of the service of the next-generation networks, there is a need to adopt energy-efficient architectures.
Along with these requirements, it is also our social responsibility to reduce the carbon footprint by reducing
the power consumption in a wireless network. Hence, a green communication is an urgent need. In this
paper, we have surveyed various techniques for the power optimization of the upcoming 5G networks.
The primary focus is on the use of relays and small cells to improve the energy efficiency of the network.
We have discussed the various scenarios of relaying for the next-generation networks. Along with this, the
importance of simultaneous wireless power and information transfer, massive multiple input multiple output,
and millimeter waves has been analyzed for 5G networks.

INDEX TERMS 5G, C-RAN, energy efficiency, green communication, relay, small cells, SWIPT.

I. INTRODUCTION
With the rapid growth and evolution of information and com-
munication technology, energy consumption is also growing
at a very fast rate. It has also been reported mobile opera-
tors are among the top energy consumers [1]. The energy
consumption is growing even more with the deployment of
4G systems worldwide. Thus, there is an urgent need to
shift from pursuing high capacity and spectral efficiency to
energy efficient design. By reducing power consumption of
wireless networks we can improve their energy efficiency.
The energy efficiency of 5G networks is expected to be
increased 100x times from 1000 mW/Mbps/sec in IMT-2000
to 10 mW/Mbps/sec in IMT-Advance and future IMT [2].

Energy efficiency is becoming a matter of great concern
in the telecommunications community due to a number of
reasons such as huge data rate requirements, increasing price
of energy, ecological impact of carbon, pressure and social
responsibility for fighting climate change [3]. This has led to
joint academic and industrial research for developing energy-
saving techniques like ‘green radio’ project [4], the EARTH
project [5] and so on. Research is also being carried out
on the next-generation wireless networks including the third
generation partnership project’s (3GPP) long term evolution-
advanced (LTE-A) and IEEE 802.16 standard [6] to focus on
relaying techniques between the Base station and the Mobile
stations as a means to reduce the power consumption as

well as to save the operator from incurring the huge cost of
deployment of a new base station.

From the users’ perspective as well, energy efficiency is
the need of the hour. The battery capacity is increasing only
1.5x per decade and has always been a concern for the user.
In the future networks, there will be unbounded access to
information and sharing of data everywhere and every time
with the ever increasing number of energy hungry applica-
tions. So, to satisfy users’ demand of battery life, energy
efficiency in wireless communication is imperative. Another
factor under consideration is the health concern of the user.
High power radiated by handsets while in use tend to harm the
user in close proximity. Hence, shifting towards more energy
efficient techniques becomes all the more important.

The need for adopting green communication has been
realized worldwide. There is a focus on following holistic
approach for power optimization. The next generation archi-
tectures focus on developing new technology, cell deploy-
ment strategies and resource allocation policies to improve
the energy efficiency of a wireless communication network.
The basic architecture which has been used in the past for
decreasing the power consumption of the network consists of
relays as a primary agent of reducing the path loss and hence
improving its energy efficiency. The architecture is shown
in Figure 1 which considers both line of sight and non-line
of sight paths between the source and destination.
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FIGURE 1. Basic Architecture for energy efficiency.

A. CONTRIBUTIONS
This paper addresses various energy issues as well as dis-
cusses various trends in power optimization in the last decade.
It provides a detailed analysis of various techniques which
will be adopted in the 5G networks to improve the energy
efficiency of the network. It also discusses the need of choos-
ing an appropriate energy efficiency metric. In this paper,
we have proposed an architecture using the traditionally
known concept of relays and its integration with the current
5G network comprising of small cells. The concepts of new
technologies such as SWIPT, C-RAN and massive MIMO in
millimetre range communication have also been incorporated
in our architecture. A system model for energy efficient relay
selection has also been discussed. The focus of this paper is
to power optimize the next generation network and promote
the concept of green communication.

Specifically, in section II we have discussed the evolu-
tion of wireless communication with focus on various power
trends till date. In the next section III, we have discussed
the work that has been done in the area of wireless com-
munication to improve energy efficiency in the last decade.
In section IV, we have defined the meaning of energy effi-
ciency as well as the importance of choosing the correct
energy efficiency metric and its need in present scenario.
In section V, we have focused our attention on the following
areas to improve the energy efficiency which include EE
in massive multiple-input multiple-output, EE improvement
by use of millimeter waves with directional beamforming
antennas, EE improvement by use of small cells, EE improve-
ment by using relays and new techniques to harvest energy
from RF signal (SWIPT). We have given our prime atten-
tion to relays and the proposed an architecture integrating

all the techniques for an energy efficient 5G network in
section VI. The importance of power optimization in green
communication along with life cycle assessment of a mobile
phone is discussed in section VII. Section VIII discusses the
various challenges which need to be addressed for energy
efficiency in 5G networks and the final conclusion is drawn
in section IX.

A list of current research projects in the field of energy
efficiency improvement is given in the appendix along with
the standardization activity and a list of all the abbreviations
used in this paper.

II. EVOLUTION OF WIRELESS COMMUNICATION
The first communication device using electricity, i.e., the
telegraph was invented by S. Morse in 1838. It could also
be used to transmit human speech. In the 1850’s, Maxwell
foresaw that energy could be transported wireless which was
later demonstrated by Hertz in 1888. A. G. Bell had already
invented the telephone in 1876. Wireless telegraphy followed
for which the transmitter had to use extremely high power
over the wireless channel to compensate for path loss over
distance. The electron tube amplifier by de Forest in 1915
compensated for this path loss. It enabled radio broadcasting
which was later followed by TV broadcasting. The elec-
tron tube was subsequently replaced by low-power transistor.
Soon after that wireless communication advanced to perva-
sive mobile telephones which has transformed the style in
which our society runs.

A. FIRST GENERATION (1G)
In early 1980’s, analog cellular systems appeared, referred
to as the first-generation (1G) systems, such as the Nordic
Mobile Telephone, the Advance Mobile Phone Service and
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TABLE 1. Power trends from 1G to 5G.

the Total Access Communication System. It had data rate
upto 2.4kbps but had many disadvantages. Since it was first
system to be designed major concern was ensuring wireless
connectivity and coverage and no focus was given to power
optimization of the network.

B. SECOND GENERATION (2G)
After about a decade the early digital cellular systems fol-
lowed, referred to as the second-generation (2G) systems.
The 2G systems were mainly designed for voice along with
power control approaches that provided a fixed data rate of
about 64kbps maintaining certain Quality of Service. It also
provides services like Short Message Service and e-mail.
Main 2G standards were Global System for Mobile
Communications (GSM), IS-95 and IS-136 [7]. The
2G mobile handsets had longer battery life because of low
power radio signals.

Then came 2.5G which used 2G system framework but
it applied packet switching along with circuit switching.
It provided data rate up to 144kbps. The main 2.5G tech-
nologies were General Packet Radio Service, Enhanced
Data Rate for GSM Evolution, and Code Division Multiple
Access 2000 [6]. The power levels were same as 2G.

C. THIRD GENERATION (3G)
In late 2000, 3G systems appeared which provided transmis-
sion rate upto 2Mbps along with improvement in QoS. 3G is
based on wideband CDMA standard, called International
Mobile Telecommunications 2000, specified by the Interna-
tional Telecommunication Union. One such 3G standard is
Universal Mobile Telecommunications System which is a
successor to GSM and standardized by the 3rd Generation
Partnership Project (3GPP) [8]. Other services provided by
3G included global roaming and improved voice quality. The
major disadvantage for 3G mobile handsets was that they
required more power than most 2G models.

D. FOURTH GENERATION (4G)
After another decade ITU Radio Communications
group (ITU-R) specified the IMT-Advanced requirements
for 4G standards. 4G is generally referred to as the descen-
dant of the 3G and 2G standards. 3rd Generation Partner-
ship Project (3GPP) is presently standardizing Long Term
Evolution Advanced (LTE-A) as forthcoming 4G standard.
Services like voice, data and multimedia will be provided
to subscribers on every time and everywhere basis and at
high data rates as compared to earlier generations. Applica-
tions such as Multimedia Messaging Service, Digital Video
Broadcasting, and video chat, High Definition TV content
and mobile TV will also be accessible to users [9].

In the emerging such as the 3GPP LTE-A standard and
the IEEE 802.16j standard, the concept of multi hop in-
band and out-band relays has been introduced which will
help in increasing the coverage area as well as making the
networkmore energy efficient [10]. Themain disadvantage of
4G systems is the use of cell-specific reference signals (CRS)
which decrease the energy efficiency of the network by caus-
ing excessive overhead.

E. FIFTH GENERATION (5G)
The 4G network soon will be replaced by the next generation
5G network to meet the increasing demand for high data rate.
To meet the demand of the subscribers, improvement in the
energy efficiency of the next generation networks is imper-
ative. Green communication will play a major role in this.
5G includes techniques like Massive MIMO, Beam division
multiple access, D2D communication and use of multiple
radio access technologies.

The power requirement of the network increases with the
frequency in use. The prescribed safe RF exposure limit
according to ICNIRP guidelines expressed in terms of power
density (watt per square meter) is f/200 where f is the fre-
quency in MHz [11]. The Table 1 shows the comparison
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of power usage in different generations along with the var-
ious techniques which are used to make the network power
efficient.

To maximize the efficiency upcoming systems, the
scheduling of time and frequency resources needs to be
coordinated with the power optimization techniques [8]. The
future networks providing even more data rate will require
more such power saving techniques.

III. RESEARCH TRENDS IN LAST DECADE
The emphasis on study of energy-efficient communica-
tion started about a decade ago. At present, the rapid
increase in communication technology has led to demand
for high data rate applications making energy efficiency all
the more important [12]. Various research projects such as
EARTH [5], [13], eWIN [14], [15], OPERA-Net [16], [17]
and Green Radio [18] have been launched in the last decade
with the aim of making wireless communication networks
energy efficient. Project EARTH proved to be a great success.
It was committed to the development of a new generation of
energy efficient equipment, deployment strategies and net-
work management solutions. In [19], use of multiple radio
access technologies is proposed by EARTH to overcome the
variation of load. OPERA-Net proposed energy saving by
reducing cell size and implementing sleep modes. From time
to time, sleeping time of the base station, cell size, adaptive
load variation algorithms, relay and cooperative communica-
tion, resource allocation techniques and various radio access
techniques have helped in making wireless communication
energy efficient. A strategy to switch off inactive cells in
low traffic environment using analytical model is proposed
in [20]. The shift in trend to pursue green communication [21]
in next generation wireless network is represented in figure 2.

FIGURE 2. Shift toward green communication.

In the last decade, network deployment strategies have
gained much attention including the focus on optimal cell
size to improve energy efficiency [12], [22], [23]. Using
picocells [24] and femtocells [25]–[27] decrease path loss
and improve energy efficiency of the network. In [28],
a new cellular architecture Green Cellular is proposed to min-
imize radiation from user terminals. Relays and cooperative

communications have also gained much attention in the past
decade for reducing the power consumption. Lin et al. [29]
proposes design routing algorithms to optimally utilize the
available energy in heterogeneous environment.

BS energy saving has also gathered much attention in
recent past. A lot of energy is wasted due to variation in traffic
loads at the base stations. To overcome this, China Mobile
deployed dynamic power save to reduce power consumption
by 27% [30]. In [31], traffic aware base station sleeping
is proposed. Energy aware management of UMTS access
network based on instantaneous traffic intensity is proposed
in [32]. In [33], a scalable BS switching strategy along with
the use cooperative communications and power control to
extend the network coverage to the service areas of switched-
off base stations is proposed.

Adaptive MIMO mode switching based on transmission
distance [34], rate [35], as well as channel state informa-
tion [36] is being used to improve energy efficiency. Cross
layer optimisation is another prominent approach to decrease
energy consumption [37], [38]. Energy efficient resource
allocation in OFDMA system with relays has been a topic of
research. Hence, in the last decade, resource allocation,
heterogeneous network deployment, transmission scheme
optimisation and developing energy efficient algorithms have
attained much attention.

IV. ENERGY EFFICIENCY METRIC
With the evolution of communication technology,
a corresponding requirement for optimization in energy con-
sumption is also growing. According to a survey the mobile
operators are amongst the top energy consumers as well as
their consumption is growing at a very fast rate especially
with the deployment of 4G technology. The base station
consumes a large part of the energy generating a large amount
of electricity bill. Thus, not only from the operator’s but
also from the consumer’s point of view, obtaining energy
efficiency has significant economic benefits. It also has great
ecological benefits and represents social responsibility in
fighting climate change [39]. So, there is an urgent need
to purse energy efficiency along with optimal capacity and
spectral efficiency when designing a wireless networks.

From the user’s point of view as well the energy efficiency
in wireless communication is imperative. The need for energy
efficient transmission originates from energy constrained
networks like ad-hoc networks where wireless devices
are battery powered so energy consumption must be
minimized [40]. Thus, the cellular systems must be energy
efficient, especially with the recent growing demand in
mobile multimedia communication which has made the bat-
tery constraint a major issue. This has motivated optimization
of energy for the use of mobile devices.

With the emergence of 5G technology the importance of
energy efficiency for wireless networks has been realized
even more. The major concern is to improve EEwithout com-
promising on user experience. Deciding the adequate energy
efficiency metric is of prime importance before analysing
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a power optimised network. Energy Efficiency convention-
ally is defined as the measure of number of bits transmitted
per joule of energy consumed [41]. This can be defined as the
system throughput for unit energy consumption [42]–[45].
But all transmitted data is not real information so should not
be included in throughput. EE can be considered from two
point of views [2].
• Network EE: It is defined as the quantity of information
bits transmitted to or received from users per unit of
energy consumption of RAN in bit/Joule.

• Device EE: It is defined as the quantity of information
bits per unit of energy consumption of the communica-
tion module in bit/Joule.

From [46], the energy consumed depends on the type of
the base station and has two parts: static and dynamic. For
a macrocell base station, the static part dominates whereas
for microcell base station, the dynamic part dominates the
energy consumption. The tradeoff between circuit and trans-
mit energy for overall EE is shown in [37]. Traditional power
optimization techniques consider only transmit power but it
only makes sense if transmit power has much larger propor-
tion in total power consumption. This is possible only for
longer transmission distance [34], [47] as well as in case
of high data rate applications [35]. Hence, we gather that a
good EE metric must consider circuit as well as transmission
power and saving in one of them must not be counteracted by
increase in another for obtaining an energy efficient network.
In the current scenario there can be various definitions of
Energy Efficiency depending upon the application area which
are discussed below:-
• Information Theory: EE is minimizing the energy con-
sumed per bit.

• Sensor Networks: EE is prolonging the network lifetime.
• Cellular Networks: EE is prolonging the standby time of
MS and maximising EE under QoS constraint.

In this paper, we concentrate on EE improvement in cellular
networks and for this various techniques have been discussed
in the next section.

V. ENERGY EFFICIENT TECHNIQUES
To make the network energy efficient, we have various ways
like forming energy efficient architectures or using energy
efficient radio technologies or obtaining energy efficiency in
resource management. Some of these techniques have been
listed in the form of a Table 2.

The techniques in the table have been discussed further and
further we concentrate our attention on power optimization
using relays and their integration with 5G network.

A. SIMULTANEOUS WIRELESS INFORMATION AND
POWER TRANSFER (SWIPT)
Recently due to greater demand of energy efficiency in
wireless communication, there is a lot of interest of integrat-
ing energy harvesting technologies in wireless communica-
tion system. The most upcoming technology is WPT where
nodes charge their batteries from electromagnetic radiations.

TABLE 2. Techniques for energy efficiency.

FIGURE 3. Simultaneous wireless information and power transfer.

Strong signals increase power transfer but at the same time
they also increase the amount of interference. This technique
can be most useful in the case of sensor node or for the
upcoming technology of Internet of Things in which the
control signals will be used to charge the access point.
The future networks will overcome its problems of path loss
with the use of MIMO, small cells and mm waves. The
element used for this purpose is a Rectenna which converts
microwave energy to direct current. This is achieved by split-
ting of the received signal to two orthogonal signals. SWIPT
involves modification in the existing communication sys-
tem [48]. There can be three scenarios where we use SWIPT:
• Near field scenario: Power is transferred using inductor
or capacitor coupling and upto tenths of watt can be
transferred with a range of 1 m.

• Far field Scenario: Power is transferred using directive
power beaming with directive antennas upto mW and
range of several meters.

• Far field low power scenario: Power is transferred with
RF power scavenging upto micro Watts with range of
several km.

Simultaneous information and power transfer between
mobile users and a MIMO base station is represented
in figure 3.

Now we concentrate ourselves on the far field sce-
nario. For this the power signal received is split into
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two signals-one for energy harvesting and other used for
information decoding [49]. Several methods are used to
achieve this which are as follows:-

1. Time Switching: This is not a simultaneous processing
technique as in one time slot RF signal is used either
for information or for power transfer. It requires time
synchronization.

2. Power Splitting: In this an RF signal is separated into
two streams of different power levels using a power
splitter. It is more complex and is used for critical
information transfer.

3. Antenna Switching: In this technique an antenna ele-
ment is switched for both decoding and rectifying. This
can be used in MIMO systems. It uses some antennas
with strongest channel paths for energy and rest for
information.

4. Spatial Switching: This technique exploits multiple
degrees of freedom of interference channel. TheMIMO
channel is transformed into parallel eigen value chan-
nels that can be used for either power or information
transfer.

This technique can be used in wireless charging of relay
nodes which are power constrained. In 5G networks, with
the coming of Massive MIMO technology more and more
stray RF signals will be available which can be harnessed
at the relays to harvest power. SWIPT as discussed is more
successful in the near field scenario. So, as 5G networks are
expected to contain Femtocells (discussed in next section)
which will be deployed inside the buildings, they can easily
integrate a setup for wireless power transfer for indoor mobile
devices. The only concern in this regard will be keeping the
emissions below the set standards.

B. MILLIMETER WAVES
Millimeter waves are expected to be one of the most promis-
ing technology of 5G. It is expected to solve the problem
of bandwidth allocation for faster delivery of high quality
video and multimedia content. With the growth of wireless
industry, the demands of the consumer are increasing day
by day which may lead to the problem of congestion of
the network by 2020. To overcome this in 5G, the wireless
signals are being moved to a higher frequency band operat-
ing at millimeter wavelength between 30 and 300 GHz on
the radio spectrum. The data rates are expected to increase
to multi gigabit per second in the future. However, with
the shift towards millimeter range, there will be high path
loss and signal attenuation leading to limited communication
range.

As the millimeter range wavelength is very small, so it will
utilize spatial multiplexing techniques for both transmission
and reception. Massive MIMO will play a major role in the
millimeter range [50]. Appropriate signal processing tech-
niques such as adaptive beamforming will enable the trans-
mitting node to direct signal towards the desired receiver [51].
Hence, steerable array antennas will be used in millimeter
range spectrum to obtain high data rate and capacity.

Using beamforming by focusing the radiation pattern
increases the range of communication as well is expected
to have lower power consumption [52]. The use of antenna
array with directional transmission between the base station
and a mobile reduces signal interference and this accounts for
the reduction in energy. When a direct link is established to
suppress interference, higher data rates for a given transmis-
sion energy level can be obtained. Thus, throughput per unit
energy in this case will increase and hence energy efficiency
is expected to be improved.

C. SMALL CELLS
Small cells is an umbrella term used for operator-controlled,
low-powered and low-cost base stations operating in licensed
spectrum. They can be densely deployed in order to provide
high data rates. Small cells can be of different sizes depending
on which they are classified as:-
• Femto cells (up to 100 m)
• Pico cells (up to 200 m)
• Micro cells (up to 500 m

The graph in figure 4 shows the comparison of different cell
deployments in terms of their coverage area and capacity.

FIGURE 4. Cell capacity vs coverage area.

Small cells can have a centralized base station or remote
radio headswhich can bewired or wireless with core network.
They reduce the distance between the user and BS hence
also reducing the transmit power required to overcome the
pathless especially in the indoor environment hence improv-
ing the Energy Efficiency of both uplink and downlink
communication.

In [53], inter frequency discovery techniques for small cells
were proposed which greatly helped in improving energy
efficiency and hence saving users’ battery. Another technique
involving separation of control and data signals is suggested
in [54] and has been further investigated for LTE-A networks
in [55]. There are three basic access policies as in figure 5
which can be used in each cell. These are described below:-
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FIGURE 5. Types of access policies.

• Closed access: In this scheme only the users present in
a closed subscriber group can connect with each other.

• Open access: In this scheme all users can connect with
each other.

• Hybrid access: In this scheme all users can connect with
each other as well as priority is given to specific users.

Out of these closed access consumes the least amount of
energy.

There is a Small Cell Access point which will be installed
on buildings and will communicate with Base Station. The
Mobile Stations located inside the building will only need
to communicate to the SCA and not to the far located base
station hence decreasing both the load and power require-
ment. Deployment of Small cells requires minimum changes
in the current standard and can save a lot of user’s battery
consumption. The trade-off between traffic offloading and
energy consumption can be implemented through BS sleep-
ing strategy.

D. MASSIVE MIMO
In the 4G systems MIMO is the key technology used to
increase network capacity. It provides both diversity gain by
sending the same signals through different paths between
transmitter and receiver antennas as well as multiplexing
gain by transmitting independent signals in parallel through
spatial channels. Both also help in reducing energy efficiency.
Liu text it et al. [56] studies the impact of both these gains
on energy efficiency using MIMO transmission. In [34], the
relation between transmission distance and energy consump-
tion for SISO, SIMO and MIMO is compared. There is no
doubt that MIMO consumes more circuit power due to more
number of antennas. So it is beneficial for longer transmission
distances. In [35], a tradeoff between circuit and transmission
power to obtain higher energy efficiency in MIMO systems
is discussed. An adaptive MIMO switching strategy based on
channel state information to improve energy efficiency is dis-
cussed in [36]. But practically users are equipped with single
antenna. So to overcome this limitation virtual MIMO also
known as MU-MIMO has been proposed. In [57] and [58], it
has been shown that it is more energy efficient than SISO over
a particular transmission distance. In [59], an algorithm is
proposed for a virtualMIMO system using smart antennas for
energy efficiency improvement. For supporting 8× 8MIMO,
reference signals are used to minimize performance degra-
dation due to errors in channel estimation. LTE employs
constant reference signals for this purpose. However, its main

disadvantage is that it causes too much overhead and leads
to decrease in the energy efficiency of the network [60].
For adaptive multi-antenna transmission, two additional ref-
erence signals have been specified in LTE-A as discussed
in [61] and shown in figure 6.

FIGURE 6. CRS based Vs CSI/DM based precoding.

• Channel state information reference signal (CSI-RS):
It is cell specific and used for estimation of channel
quality similar to CRS only with lesser overhead as it
is transmitted with much less frequency.

• UE-specific demodulation reference signal (DM-RS):
it is used for demodulating data at specific UE and
is precoded similar to data where non-codebook-based
precoding is applied.

Reference signals are considered to be one of the main causes
of decreasing the energy efficiency of the 4G networks due
to large amount of overhead in multi antenna transmission
systems. Koorapaty et al. [62] proposes reduction of refer-
ence signal in frequency as well as time for energy efficient
transmission.

In 5G networks, a variant of MIMO is proposed in
which a very large number of antennas are employed at
the base station called Massive MIMO. Using this technol-
ogy, the base station can communicate with multiple users
simultaneously in the same frequency band hence providing
high multiplexing as well as array gain at the same time.
Massive MIMO technology is not only spectrum efficient
but energy efficient as well [63]. In [64], it is revealed that
transmit power is decreased by the number of antennas at the
base station so as to get same data rate like single antenna
systems considering channel state information is known.
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Besides power scaling law, the ways for improving energy
efficiency in Massive MIMO systems have also received
considerable attention. The energy efficiency decreases with
increase in spectral efficiency with perfect channel state
information has been shown in [65]. Whereas with imperfect
channel state information, the energy efficiency increases
with spectral efficiency in low power region and decreases in
high power region. It is obvious that there are a large number
of antennas in Massive MIMO which consume high circuit
power hence causing considerable reduction in energy effi-
ciency. In [66], technique of switching off some of the base
station antennas is suggested similar toMIMO to improve the
energy efficiency of the system. I et al. [67] suggests use of a
hybrid analog and digital beamforming RF structure in order
to balance the increased circuit power.

By adding more hardware as well, power consumption in
Massive MIMO systems can be considerably decreased, as
the dynamic part is decreased, which results in less propa-
gation losses and improved energy efficiency. Improvement
in energy efficiency can also be achieved by implementing a
network topology combining massive MIMO and small cell
access points installed in areas with active users with little
additional hardware [68]. Many other techniques can also be
used to improve energy efficiencywhich are a scope for future
research.

E. RELAYS
Relays in a wireless system can be considered as an ‘‘agent’’
of base station outside its cell coverage area. These wireless
relays allow the mobile terminals to help in forwarding of
information when they are neither the source nor the destina-
tion of the information involved. The Gaussian relay channel
was introduced in [69] and [70]. It extends high data rate
coverage to the cell edge [71], [72]. Though, it was initially
introduced to increase the coverage area of transmission
only but later it was realized that relaying can be applied
in a wireless communication system to not only increase
the coverage area but also increase the throughput of the
network, system capacity as well as decrease the transmission
power [73].

The basic principle used in relaying is that in a relay
assisted network, the mobile stations can receive signal from
both base station (BS) as well as a Relay Node (RN) depend-
ing on which provides a better signal strength which mainly
depends on the distance between them. This is what differen-
tiates it from a normal wireless network in which each mobile
station (MS) directly communicates with a base station [74].
Relaying splits longer paths into shorter ones by providing
LOS communication and thus reducing the resulting total
path loss. This consequently reduces the power required for
transmission. This also reduces interference due to low trans-
mission power.

Use of relays is a promising way to improve energy effi-
ciency of a wireless network as already discussed. In [37],
the advantages of using relays are discussed considering
both transmission delay and power consumption. It has been

shown that using relays can reduce power consumption in
CDMA cellular networks in [75]. The results show, the higher
the path loss exponent, more is the saving in power. The
tradeoff between energy and data rate using a relay in AWGN
channel is shown in [76]. It also shows the impact of hop
number, location of user and power allocated on Energy
Efficiency.

The relay experiences fading conditions which are
independent of the direct channel between source and the
destination. Hence, this can be exploited for energy saving.
In [77], it is shown that direct communication consumes
less energy than using relays for shorter distances but after
optimizing constellation size for different distances relays
outperform direct communication.

Resource allocation is another challenge in relay networks
for improving energy efficiency of the network. In [78], a sub-
carrier pair based resource allocation for AF relays in OFDM
system is used subject to power constraints for maximizing
the throughput of the system. The problem of joint relay
selection and power allocation is solved in [79] based onmax-
min user rate and total achievable rate. In [80], a dynamic
subcarrier, bit and power allocation scheme involving relay
selection and bandwidth exchange is proposed while main-
taining users’ QoS.

For selection of best relay node as well as optimal alloca-
tion of resources channel state information is indispensable.
But acquiring it requires a lot of energy. So, there exists
a tradeoff between overhead CSI and energy efficiency in
a relay based networks. In [81], optimal power and rate
allocation for an AF relay in AWGN channel assuming per-
fect global CSI is determined. But assuming perfect CSI
is being too optimistic as imperfect CSI leads to degrada-
tion of performance in a wireless system [82]. In [106], the
output signal-to-noise ratio is maximized under individual
as well as aggregate relay power constraints for coherent
and non-coherent amplify-and-forward (AF) relay networks
considering imperfect CSI. The results reveal that ignoring
uncertainties associated with global CSI often leads to poor
performance.

Until now we considered one way relaying. But recently,
techniques based on network coding with two way relaying
have been used.

There exist three main relaying schemes: Decode-and-
Forward, Compress-and-Forward and Amplify-and-Forward.
The DF and AF schemes were first proposed in the pioneer
article by Cover and El-Gamal in [83] and upper and lower
bounds for a general relay channel were found.
• Decode-and-Forward (DF): In this relaying scheme as
shown in figure 7, the relay decodes the source message
in one block and transmits the re-encodedmessage in the
following block instead of forwarding individual pack-
ets. This leads to fewer transmissions hence decreasing
energy consumption [84].

• Amplify-and-Forward (AF): In this relaying scheme as
shown in figure 8, the relay sends an amplified version
of the received signal in the last time-slot.
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FIGURE 7. Decode and forward relay.

FIGURE 8. Amplify and forward relay.

• Compress-and-Forward (CF): In this relaying scheme,
the relay quantizes the received signal in one block and
transmits the encoded version of the quantized received
signal in the following block.

Comparing with DF and CF, AF requires much less delay
as the relay node operates time-slot by time-slot. Also,
AF requires much less computing power as no decoding or
quantizing operation is performed at the relay side. A network
coding based scheme is proposed in [85] in OFDMA based
relay networks called ‘XOR-CD’which can be used to greatly
improve energy efficiency.

Multiple relay systems require complex operations and
consume more energy as well as resources. To overcome
these disadvantages, a relay selection scheme is used which
chooses a single best relay for transmission between relay and
destination based on some criterion. Use of a single best relay
using relay selection strategy and RTS/CTS mechanism and
minimizing energy consumption per data packet can achieve
higher energy efficiency as compared to use of multiple
relays is shown in [86]. The results show that using power
control schemes, single relay selection can outperform direct
communication and prolongs the lifetime of the network.
In [87] and [88] opportunistic Relay Selection (RS) scheme
based on channel gains is proposed. After this several
RS schemes were proposed with different selection criterion.
In [89] and [90] relay node is selected based on least distance,

in [91] relay is selected based on highest transmission rate
and in [92] and [93] based on signal to noise ratio. In [94],
the effect of delay spread along with channel gain is also
considered for RS. It minimizes the relay overhead by using
variable Cyclic Prefix in an OFDM system with AF relay.

In the third generation partnership project’s (3GPP) long
term evolution-advanced (LTE-A) and IEEE 802.16j, relay
standards have been detailed including in-band and out-band
relaying as well as transparent and non-transparent connec-
tivity of relay with users [95], [96]. But various issues like
deployment of full duplex relays, D2D relaying, connectivity
with mobile relays are left for implementation in next gener-
ation networks. The next generation networks are expected to
support various different devices along with different appli-
cations. In [97], various relay selection policies are proposed
for different types of applications. These are as follows:-
• A reduced channel estimation overhead policy is pro-
vided for high mobility scenarios.

• A delay minimization policy is given for delay critical
applications.

• A low power consumption policy for power-efficient
communications.

1) MATHEMATICAL MODEL
Let us consider a mathematical model consisting of a half-
duplex relay with AWGN channel and let a denote the first
time slot. The system model is shown in figure 9. The source
which can either be the base station or a mobile node sends
a signal xs [a]. The received signals at the relay yr [a] and
destination yd [a] are given as

yr [a] =
√
Psgs,rxs [a]+ zr [a] (1)

yd [a] =
√
Psgs,dxs [a]+ zd [a] (2)

FIGURE 9. System mode.
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In the second time slot (a+1), the source keeps silent and
the relay transmits the signal xr [a+ 1] to the destination
yd [a+ 1]. In the above equations, gi,j is the channel coef-
ficient between the transmitter and the receiver and zj is the
noise at the receiver with variance No, where i ∈ {s, r} and
j ∈ {r, d}. Ps represents the source transmission power.
For DF relay the retransmitted signals from the relay can

be represented as

yr [a+ 1] = x̂s [a] (3)

For AF relay the transmitted signal is represented as

yr [a+ 1] = βyr [a] (4)

Here β is the signal gain from the relay station and is given
by

β =

√
Pr√

Ps
∣∣gs,r ∣∣2 + No (5)

where Pr is the relay transmission power. The signal to noise
ratio SNRs for source to relay, source to destination and relay
to destination respectively are as follows:-

SNRs,r =
Ps
∣∣gs,r ∣∣2
No

(6)

SNRs,d =
Ps
∣∣gs,d ∣∣2
No

(7)

SNRr,d =
Pr
∣∣gr,d ∣∣2
No

(8)

The received signal at the destination from relay can be
expressed as

yr,d =

√
Pr√

Ps
∣∣gs,r ∣∣2 + No gr,dyr + zr,d (9)

Substituting equation (1) in above equation,

yr,d =

√
Pr√

Ps
∣∣gs,r ∣∣2 + No

√
Psgr,dgs,rxs + z

′
r,d (10)

Here zr,d is the AWGN with variance No while z′r,d is the
AWGN with variance N ′o given by

N ′o =

(
1+

Pr
∣∣gr,d ∣∣2

Ps
∣∣gs,r ∣∣2 + No

)
No (11)

At the destination, there are two signals one received from the
source and other from the relay. The final signal received is
found using Maximal Ratio Combiner and is given as

y = h1ys,d + h2yr,d (12)

where

h1 =

√
Psg∗s,d
No

(13)

and

h2 =

√
Pr√

Ps|gs,r |
2
+No

√
Psg
∗

s,rg
∗
r,d(

1+ Pr |gr,d |
2

Ps|gs,r |
2
+No

)
No

(14)

Now, let us consider an application as in [97] where reception
is successful when the SNR at the receiver is above a SNR
threshold σ0. So, instantaneous signal to noise ratio from
source S to the relay selected for reception Ri for in-band and
out-band relaying are respectively given by

σSRi =
gSRiPS

gRjRiPRj + No
≥ σo (15)

and

σSRi =
gSRiPS
No

≥ σo (16)

Here gxy represents the channel coefficient between the trans-
mitter x and the receiver y and the noise at the receiver has
the variance No. PS represents the power of the source and
PRj represents the power of the relay where Rj is the relay
selected for transmission. For full-duplex mode i = j.
The instantaneous signal to noise ratio from relay selected

for transmission Rj to the destination D considering no inter-
ference from source is given by

σRjD =
gRjDPRj
No

≥ σo (17)

From [98], the sum of powers in a particular time slot is
considered for relay selection in case of successive relaying.
Power is adjusted to fulfil the SNR threshold σo for a partic-
ular application. The power levels are defined as

PRj =
σoNo
gRjD

(18)

In case of reception with interference at relay, the source
power from (15) is given by

PS =
σo
(
gRjRiPRj + No

)
gSRi

(19)

For full duplex transmission, single best relay selection is
given by

R = argmin
(
P∗S + P

∗
Rj

)
(20)

In case of reception without interference at relay, the power
from source and max-link relay selection is respectively
given by

PS =
σoNo
gSRi

(21)

and

R = argmin min
{
P∗S ,P

∗
Rj

}
(22)

This helps in choosing best possible relay forminimumpower
usage. A list of all the symbols used in the mathematical
model in shown in table 3.
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TABLE 3. Symbols and notations.

In present and future networks, relays are expected to
act as both a source of information as well as a relay
which is different from traditionally used pure relay systems.
So, presently the focus is on exploiting channel state infor-
mation, using relay selection schemes, relay enhanced archi-
tectures which includes deciding where and how may relay
nodes to be placed and OFDMA based resource alloca-
tion in relay based network to save power and make the
network energy efficient. Various algorithms have been
used for improving EE of the network considering differ-
ent parameters. In [80], EE is improved while maintain-
ing QoS whereas in [99] output SNR is maximized and
in [100] tradeoff between EE and fairness is considered.
Both [103] and [104] useDinkelbach’smethod for solving the
problem of EE optimization. Zhou et al. [103] has lower com-
plexity and achieves 99% optimal EE. In [101] to improve EE
q-price is set based on interference level between nodes while
in [102] it is based on fixed network price. Table 4 shows
the summary of various algorithms that have been used for
improving energy efficiency in relay based networks.

The value of energy efficiency in [103] and [104] has been
compared in figure 10.

All the techniques we have discussed help in considerable
energy saving.

From [107], using sleep modes efficiently in small cells
and with the help of core network, EE of the system can be
considerably improved. Zhang et al. [108] shows the energy
efficiency improvement of AF relays in LTE deployment.
Beamforming technique with the use of 4 antennas can cause
great increase in power efficiency [109]. SWIPT improves
energy consumption by 30% [110]. The power required by the
use of C-RAN in a HetNet reduces by 70% [52]. The energy
efficiency impact of each technique has been summarized in
the table 5.

FIGURE 10. Comparison of algorithms.

VI. ENERGY EFFICIENT ARCHITECTURE
In present wireless network architecture, a centrally located
base station is required by a mobile user to communicate
whether present indoor or outdoor. When indoor users com-
municate using the outdoor base station it results in high
penetration loss which leads to low spectral as well as energy
efficiency of the network.

To overcome this challenge, separate outdoor and indoor
setups have come into existence [111]. This idea will be
supported with the help of massive MIMO technology [112]
already discussed in previous section. Next generation archi-
tectures are expected to support various heterogeneous tech-
nologies and networks given in [113]. Each building is
expected to have its own access point which will support
indoor users and will communicate to the outdoor base sta-
tion. Along with providing high connectivity and data rate, it
will also be an energy efficient setup with the only disadvan-
tage of incurring initial infrastructure cost.

The 5G networks as already discussed need an urgent
improvement in Energy Efficiency. This can be achieved by
integrating the conventionally known techniques of power
optimization using relays in the 5G network. The architecture
also includes the concepts of SWIPT, massive MIMO and
cloud RAN for improving EE in the next generation network.
The architecture proposed by us is shown in Figure 11.

The next generation networks are expected to have base
station radius of about 500 meters and small cell radius of
about 40 meters. We have considered four scenarios in our
architecture. Firstly, the Base Station communicates directly
with the MS which are in its coverage area and are located
outdoors and hence suffer with lesser path loss due to good
channel conditions. For Mobile Stations which suffer from
higher path loss and hence require more power of the trans-
mitting base station, we use relays. This brings us to our
second scenario in which base station communicates with a
mobile station through a relay hence consuming lesser power
and making the network energy efficient. The transmitting
power of a relay as well as base station can be minimized by
optimumRelay Selection schemes and algorithms. The Relay
with optimum power for a specific destination is selected and
used for transmission. These scenarios already exist, but in
our architecture, they are used only when the user is located
outdoors. We propose the next two scenarios for next gen-
eration networks to make them energy efficient. The indoor
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TABLE 4. Algorithms for improving energy efficiency using relays.
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FIGURE 11. Proposed architecture for power optimization in 5G network.

TABLE 5. Energy saving by different techniques.

users as discussed do not directly communicate with the base
station. Instead they directly communicate with the small cell
access point located in each building which in turn commu-
nicates with the base station. But there are certain situations
when there is high path loss between the base station and the
SCA as well. So to maintain the required quality of service
and SNR along with satisfying the power constraints to make
the network energy efficient, it is required to introduce a relay
between base station and SCA. So, the last scenario we have
considered is when the base station communicates with the
relay which then sends the data to the specific Small Cell
Access point of the building where Mobile Station is located
indoors. These are the four scenarios which will be present
in 5G network. To enhance the energy efficiency of the entire
system, use of relays along with small cells is indispensable.

The base station in the next generation network is expected
to support massive MIMO and SWIPT technology as shown
in our architecture as well. All the communication will take
place in the millimeter range wavelength.

C-RAN has also been integrated in our architecture
being an eco-friendly infrastructure approach to improve the
EE [114]. The backend connections to the virtual BS pool
can either be provided by optical fiber or a microwave link.
C-RANmainly aims at reducing the BS sites by using central-
ized processing, BS being the highest consumer of power in a
wireless network. It also aims at supporting high coverage by
use of small cells which will be connected to the C-RAN and
reducing the transmission distance which will eventually lead
to lower power consumption and increase UE stand-by time.
It can be easily and selectively turned off to save power during
no load hour. Hence, C-RAN is expected to play a major role
in energy saving.

To represent the various scenarios considered, we have
taken different user equipment represented as clients in our
architecture. C7, C8 and SCA2 directly communicate with
the base station due to line of sight path and good channel
conditions between them. C4, C5 and C6 are located indoors
and hence send signal to SCA2 and not directly to the base
station. SCA2 as located in line of sight path of base station
doesn’t require a relay. But C9, C10 and C11 along with
SCA1 are not in line of sight path of the base station so require
a relay for good reception as well as power optimization. The
relay used can be mobile, fixed or UE relay. C1, C2 and C3 as
shown communicate with SCA1 as they are located indoors.
The SCA1 then communicates with the relay which in turn
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communicates with the base station. The relay node is chosen
according to relay selection policy for power optimization.

In our architecture, we have considered different channel
conditions including both line of sight and non-line of sight
paths as both have different path loss and hence will require
different power from the base station to maintain the required
SNR for a particular application. There can be four channel
conditions which are without relay and without penetration
that is simple line of sight path, without relay and with pene-
tration that is due to various obstacles present in the channel.
Thirdly, there is with relaywithout penetration and last is with
relay with penetration which includes the path with relay as
well as includes effect of refection, refraction and diffraction
through various obstacles present in the atmosphere. Also, in
the indoor communication as well there are expected to be
two paths, i.e., both line of sight and non-line of sight paths
exist indoors as well. This is due to presence of obstacles
inside the building as shown in our architecture. Now we
discuss two cases in detail.

A. CASE 1: BS-SCA-C1
When a client located indoors wants to communicate with
another client, instead of sending signal to the base station, it
sends signals to the small cell access point in its vicinity. The
SCA then sends the signal to the base station to establish the
communication as shown in figure 12. This set upwill be used
in the next generation networks to reduce the path loss and
hence the power consumption caused due to high penetration
loss from the walls of the buildings. The base station nowwill
not directly send signals to the indoor users but will make use
of small cell access point.

FIGURE 12. Transmission without relay.

B. CASE 2: BS-RN-SCA-C1
To further reduce the power consumption as well as improve
the quality of the signal reaching the small cell access points
not located in line of sight of base station, we make use of
relays. As the relays are located in line of sight of the base
station, it leads to lesser path loss and hence lower power
consumption. The base station sends a low power signal to
the relay selected for transmission which in turn sends the
signal to the desired small cell access point in whose vicinity
the client is located as shown if figure 13.

It should also be noted that in the next generation archi-
tecture, relays are expected to be of various types including

FIGURE 13. Transmission with relay.

both power supplied fixed relays as well as mobile battery
dependent user equipment.

So, relay selection will have a major role in next generation
networks to deliver the best possible quality of service as well
as improve the energy efficiency of the network.

VII. GREEN COMMUNICATION
Telecommunication industry has experienced great success
and demand in the recent past. The total number of mobile
subscribers present are more than half of the global pop-
ulation. Presently, the ICT industry is becoming a major
consumer of global energy. This has encouraged researchers
to investigate various approaches for power consumption
reduction. The motivation is twofold. Firstly, the telecommu-
nication network operators are experiencing energy cost as a
significant factor in profit calculations. Secondly, there exists
a social responsibility of environmental protection by reduc-
ing carbon footprint due to information and communications
technology.

Power consumption of a wireless network can be con-
sidered from two different perspectives: power consumed
by base station and power consumed by mobile station.
Although the average mobile phone is getting smaller, its
functions are growing day by day and as a result energy
consumption is also increase to support new applications.
The various stages of the life cycle of a mobile device is
shown in figure 14. It is the component manufacture and
use phase of the lifecycle of a mobile phone which have
the greatest environmental impact. The CO2 emission from
the lifecycle of a typical Ericson mobile was estimated to
be 23.8 kg. The contribution of each stage of its lifecycle is
shown in figure 15.

The power consumption by the base station forms a great
part of the power consumption by the entire network. The
use phase of its cycle is mainly responsible for increasing
the carbon emissions. So, for improving the energy efficiency
of the network and shifting towards green communication,
a holistic approach needs to be adopted [115]. To reduce
the power consumption by the mobile phone the approach
of discontinuous reception can be used both in idle and
connected mode [116] Mobile phone in DRX mode in idle
state doesn’t use any radio resources hence saving power.
However, cDRXwakes up and shuts down the receiver circuit
in a cyclic manner to save energy. A lot of innovation is
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TABLE 6. Current projects in energy efficiency in wireless communication.

required both in terms of network planning and deployment
as well as various green technologies need to be adopted to
save the environment from the impact of CO2 emissions.

There is another perspective to green communication
which involves reducing the power emission levels both at
transmitter as well as receiver end in order to protect humans
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FIGURE 14. Life cycle assessment of mobile phone.

FIGURE 15. Carbon emissions in lifecycle of mobile phone.

from various health hazards. The governments have taken a
step in this regard by enforcing safe exposure limit on the
operators. The challenge on the part of the researchers is to
maintain the desired QoS while adhering to the power limits
for safe exposure.

VIII. FUTURE RESEARCH CHALLENGES
The next generation networks are expected to meet the needs
of the consumers along with providing a solution for green
communication. Use of new techniques such as SWIPT, mas-
sive MIMO, mm wave as well as continued use of small cells
and relays in the next generation networks will impose new
research challenges.

SWIPT is a promising technology for future but has unsat-
isfactory results for longer distances due to high path loss.
Spatial diversity can be used to overcome this path loss.
Thus, use of massive MIMO along with SWIPT need to be
investigated for better results. Also, efficient circuit modules
need to be developed which can reduce the power splitting
loss as well as cost of the hardware.

Energy efficient resource management helps in saving
huge amount of power. The handoff and coverage issues
between neighboring small cells and its impact on EE needs
to be further estimated. The QoS requirement of a particular
application and time varying channel condition and its rela-
tion with EE needs to be developed.

TABLE 7. Relay classification.

TABLE 8. Relay technologies.

The next generation networks are expected to support het-
erogeneous networks. So, interferencemanagement aswell as
handoff between various networks with respect to EE needs
to be studied. The tradeoff between spectral and energy effi-
ciency for heterogeneous networks also needs further inves-
tigation. The selection of relays by combining various relay
selection policies for a particular application and its impact on
EE needs to be estimated. Also, the tradeoff between EE and
acquiring CSI for relay selection needs to be further analyzed.
The EE of massive MIMO network with full duplex relay
channel needs to be studied. The EE of massive MIMO in
multiple cell scenario needs to be investigated to eliminate
the effect of interference. Further research also needs to
be carried out for efficient implementation of base station
sleep modes to save maximum possible power. The power
allocation strategy by base station to small cells and its impact
on the energy efficiency of the network needs investigation.
The power control strategy and efficient algorithm in D2D
communication to minimize interference at the same time
ensuring optimum SNR needs to be developed. The impact of
multiple antennas at base station and joint resource and power
allocation is the possible future work in this regard. The trade-
off between power consumed by hardware and power saving
of the network by using massiveMIMOwith beamforming in
the millimeter range also needs to be investigated along with
the overall energy efficiency of the network.

IX. CONCLUSION
In this paper, we have discussed the growing need for energy
efficiency in the next generation networks. We have ana-
lyzed the trends in the field of wireless communications
in the last decade which indicated a shift towards pursuing
green communication for the next generation network. The
importance of choosing the appropriate EE metric has also
been discussed. Further, we have gone through the various
techniques which can be used in the future for optimizing the
power of the network and the presented a summary of the
work that has already been done to improve energy efficiency
of network using these techniques. A system model for EE
improvement with the use of relay selection has also been
described alongwith a comparison of various algorithms used
for EE in relay based environments.

Based on the survey of the techniques available, an energy
efficient architecture for 5G networks has been proposed
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TABLE 9. List of abbreviations. TABLE 9. (Continued.) List of abbreviations.

using relays as will be present in the next generation along
with small cells in millimeter range wavelength. EE tech-
niques such asMassiveMIMO,C-RAN and SWIPT have also
been incorporated into it the proposed architecture. The main
focus lies on use of relay for the next generation networks
as well as small cells and their role in improving energy
efficiency. The paper also provides the impact of life cycle
analysis of a mobile on carbon footprint with the aim of
pursuing green communication. Various challenges for future
research for improving EE of wireless network have also been
discussed.

APPENDIX
A. CURRENT RESEARCH PROJECTS
A list of current research projects being carried out for
improving energy efficiency in next generation wireless net-
works is given in Table 6.

B. STANDARDIZATION ACTIVITY
Standardization work for the next-generation wireless net-
works is being carried out by the third generation partner-
ship project’s (3GPP) long term evolution-advanced (LTE-A)

VOLUME 4, 2016 1371



A. Abrol, R. K. Jha: Power Optimization in 5G Networks

and IEEE 802.16 standard for achieving high data rate and
high capacity. The present release of LTE-A is Release 12
which includes several features like D2D, MTC, Dual con-
nectivity and Small Cells.

LTE Relaying standards have always achieved attention.
For a LTE relay, the UEs communicates with the relay node,
which in turn communicates with a donor eNB. The various
types of relays specified in release 10 of 3GPP standards in
shown in table 7.

Based on the protocol architecture, Relays have been clas-
sified into L1, L2 and L3 relays. L1 are basically the amplify
and forward relays while L2 are the decode and forward
relays specified in Release 8 of 3GPP standard while the L3
relay was specified in Release 10 of 3GPP standard.

The advantages and disadvantages of each are shown in
Table 8. The specifications for mobile relay nodes were stan-
dardized in Release 12 of 3GPP [117].

There are still many open issues in relays yet to be
overcome. The next Release 13 is expected to come out
in March, 2016 and is expected to support technolo-
gies like Active Antenna Systems, including beamforming,
Multi-Input Multi-Output and Self-Organizing Network
aspects, Coordinated Multi-Point Transmission and Recep-
tion, Carrier Aggregation enhancements and Dual
Connectivity enhancements.

C. LIST OF ABBREVIATIONS
A list of abbreviations used in this paper have been shown in
table 9.
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