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ABSTRACT 

 
Over the years, the world of mobile communications system has brought about the rapid development 

experienced globally. Mobile communications technology has gone from 1G to 2G to 3G to 4G and now 

heading to 5G. In this paper, a review of architectures, protocols and technologies that underpin green 

migration from 4G to 5G has been presented. As the world is moving to green solutions, it is important to 

have the same solutions for our communication systems. The current systems have an undeniable amount 

of power consumption and dissipation as presented by figures in this paper, therefore there is a need for 

the communications system to be greener. In 5G when billions of devices will become connected to the 

internet then a question of the amount of energy these devices will consume and dissipate will arise. As a 

result, standards set by governing bodies that derive these systems to become greener have been presented. 

Finally, the technologies that will underpin the green migration from 4G to 5G will be discussed as well 

as challenges for the migration from 4G to 5G will be highlighted as well. 
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1. INTRODUCTION 

The advancements in technology over the past 

decades is great. In the modern world, technology 

has played a major role in the advancements 

experienced. One of the most astonishing 

technologies is the Information and 

Communication Technology (ICT). The 

advancement in the field of mobile computing as 

well as the internet can be regarded as the major 

prime mover of the current modern world. The 

mobile devices technology metamorphosed 

through many stages starting from first generation 

(1G), second generation (2G), third generation 

(3G) and currently fourth generation (4G) long 

term evaluation (LTE).  

The world populace has embraced the 

advancements as billions of mobile devices are 

being sold per year with millions of ICT 

components and devices also on the sale. Many 

internet and mobile device services are being 

offered. This tremendous increase in the number of 

users keeps on increasing the traffic experienced in 

the networks. As predicted based on the rapid 

development and advancement of the ICT field, the 

data traffic volume by 2020 will be in a multiple of 

a thousand of the current data traffic volume. 

Therefore new technologies have to emerge in 

order to support these services and users (W. Ying, 

2014). 

If we consider the current technology i.e. 4G LTE, 

we can see that it focus more on backward support 

to attain flawless incorporation of the 1G, 2G and 

3G systems (G. Asvin, 2013). With the motion of 

internet of things (IOT) it can be seen that the 4G 

will not be able to carter for the requirements of the 

services in the near future. Therefore a need for a 

better technology is inevitable. The next generation 

technology is referred to 5G.  

It should be noted that the technology of 

information and communication systems has 

played a great role in the creative systems 

developed which facilitate high efficiencies to be 

attained in various systems such as electronic 
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systems, control systems and so on. This results to 

increase in efficiency that helped to minimise the 

amount of energy consumed by these systems (R. 

Bolla, 2011).  

Table 1 below shows a table of the amount of 

energy internet components consumed in the U.S 

by 2000 with the data tabulated depending on the 

network device type. The energy drawn in the table 

is approximately 0.07% of the total energy 

expenditure in U.S in 2000 (M. Gupta, 2003). 

 

Table 1: Table showing the amount of energy 

consumed by internet devices in the US for the year 

2000 [T. Talwar, 2014, pp- 1]. 

 

Device Approximate Number 

Deployed (x103) 

Total 

(TW-h) 

Hubs 93,500 1.6  

LAN 

Switch 

95 3.2 

WAN 

Switch 

50 0.15 

Router 3.257 1.1 

Total  6.05 

 

Analysing the breakdown, looking at the data from 

the cost perspective, 6 TW-h costs about $1 billion 

in a year (@ 17cents cents per kW-h). Considering 

internet accessibility based on the standards of U.S, 

we will need an approximate total of 144 TW-h (M. 

Gupta, 2003). Energy wise, as the population 

increase, the energy will increase as old and slower 

equipment are being replaced with faster and newer 

equipment (M. Gupta, 2003). 

Therefore if these reasons are considered it can be 

deduced that due to the increase in the number of 

internet customers and the increase in energy price, 

it has become mandatory to consider the aspect of 

energy consumption as an issue of high priority. 

Also when 5G is deployed, billions of devices will 

become connected, new services will be introduced 

which will result to spontaneous increase in the 

volume of data traffic (R. Bolla, 2011). 

This paper is organized as follows; in section 2 a 

review of the concept of 5G will be discussed. 

Section 3 will discuss the possible architectures and 

technologies to be used for 5G. In Section 4 we will 

discuss the major energy consumption 

contributors. Section 5 will highlight energy 

consumption in communications networks. Section 

6 will discuss the expected energy to be consumed 

by future high-capacity nodes. Section 7 will 

elaborate on the technologies for efficient energy 

usage. Section 8 will elaborate on the challenges to 

be encountered in migration from 4G to 5G. Finally 

in section 8, a broad conclusion of the paper will be 

presented.

2. REVIEW OF THE CONCEPT OF 5G TECHNOLOGY 

 

The migration from 4G to 5G has yet to be 

standardized. 5G technologies have not yet been 

decided and consensus is still yet to be achieved 

by the academic and industrial entities on how to 

collaborate the proposed technologies for 5G 

technology. There are various proposed 

technologies which have been put forward which 

aim at providing improved data rates, perfect user 

experience and green communication (W. Ying, 

2014). In this section a general concept of 5G 

technology and protocols is highlighted under the 

following subheadings. 

i. Physical layer and MAC layer 

The physical layer is the first layer of the 

OSI model i.e. the layer that describes the 

type of medium used in data transmission 

and all the physical components used. 

Medium access control layer (MAC) is 

the second layer of the OSI and defines 

how the type of access method used for a 

particular technology. For the 5G 

technologies, the physical and MAC layer 

are perceived to be based on the concept 

of open wireless architecture (OWA) (G. 

Asvin, 2013). 

ii. Network layer 

The third layer of the OSI layer is the 

network layer which corresponds to the 

internet layer of the TCP/IP. The network 

layer for the 5G technology will be an IP 

due to lack of alternatives. The major 

perceived change in this layer is that the 

IPv6 which remedied the shortcomings of 

IPv4 has also an issue with mobility. 
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Therefore mobile networks will adopt 

mobile IP as well as fixed IP. The network 

layer will be thus divided into upper, 

middle and lower layers. The middle layer 

provides the function of IP translation, the 

upper layer is the mobile terminal i.e. IPv6 

and the lower layer defines the type of 

network interface adopted (G. Asvin, 

2013). 

iii. Transport layer 

The transport layer of the OSI is the fourth 

layer and corresponds to the TCP/IP 

transport layer. This layer provides the 

function of congestion and flow control. 

The proposed 5G transport protocol is the 

open transport protocol (OTA) in which 

the mobile devices can download and 

install the suitable version of the transport 

protocol for a particular base station (G. 

Asvin, 2013). 

 

 

iv. Application layer 

Application layer is the top most layer in 

both the OSI and TCP/IP model. The main 

goal in 5G application layer is to have a 

smart quality of service (QoS) 

management in which the mobile devices 

will be intelligently deciding the wireless 

connection with best connectivity using 

network information stored in a mobile 

terminal. Therefore a mobile unit should 

have a database that can store QoS data 

such as path loss, jitter, bandwidth, 

reliability and delay. These parameters are 

to be made available to the mobile unit for 

the decision taken. This will eliminate the 

issue of users having to connect to 

networks manually and blindly (G. Asvin, 

2013). 

3. POSSIBLE ARCHITECTURES AND TECHNOLOGIES FOR 5G SYSTEMS 

 

5G architectures and technologies have to be 

robust and able to provide features such as; high 

resolution, advanced billing interfaces, subscriber 

supervision tools, high QoS, high data rates, 

information on traffic statistics, remote 

management, remote diagnostic, virtual private 

network, and so on (G. Asvin, 2013). Therefore 

possible architectures and technologies has been 

proposed. These are discussed in the following 

subheadings. 

i. Possible architectures 

In order to accommodate the numerous 

users and accommodate high data demand 

in the future, many architectures have 

been put forward regarding the 5G 

system. Therefore we need to modify the 

current architecture in which the BS are 

mostly outdoors whereas users use the 

wireless networks mostly indoors. Having 

the BS located outdoors leads to high 

attenuation of signals in indoors due to 

penetration losses. For 5G systems, one 

way to remedy this issue of BS located 

outdoors is to have distinct BSs for indoor 

and outdoor usage to eliminate the effects 

of penetration loss (W. C. Xiang, 2014). 

Also the architecture of  Multilayer 

architecture is one of the perceived 

architectures for 5G systems in which the 

macro layer makes provision for users 

moving with high velocity, also for secure 

control channels. The lower layer 

however provides high data rate to 

network nodes with smaller capabilities 

(T. Talwar, 2014). 

ii. Possible technologies 

There are many proposed technologies 

that have been put forward for 

deployment in the 5G systems. The most 

common and possible technologies to be 

used for 5G technology are briefly 

discussed in the headings below. 

a. Millimetre (mm) wave signals: Cell 

capacity in 5G systems should be 

significantly improved to be able to 

carter for the explosive growth in the 

volume of data traffic. The frequency 

range for mm-wave is 30 to 300GHz 

which provides a massive 

improvement in terms of available 

bandwidth compared to the current 4G 

system. Operating at this frequency 
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range means operating with a wave 

that has a wavelength in millimetres. 

This short wavelengths gives the 

advantage of having smaller antennas 

which allow multiple antennas to be 

housed in a small area. Therefore high 

or increased bandwidth put together 

with spatial multiplexing gains 

obtained from multiple antennas will 

provide huge capacity that will be able 

to accommodate the rapid growth in 

the data traffic volume (T. Talwar, 

2014).  

b. Massive MIMO: MIMO stands for 

“multiple input multiple output”. As 

indicated in the above heading, mm-

wave have short wavelengths which 

makes transmission susceptible to 

high path losses and high shadowing 

losses. But the advantage presented by 

mm-wave for small size antennas 

makes provision for having many 

antennas in the order of hundreds 

packed in a small area. Hence this 

large number of antennas will provide 

compensation for the losses 

experienced (W. V Frederick, 2014). 

Massive MIMO system can also 

improve spectral efficiency and 

energy efficiency. Furthermore, the 

MAC design for massive MIMO can 

be implemented using simple 

scheduling algorithms (W. Ying, 

2014).  

c. Denser Multi-RAT HetNet: 

Currently, the 4G LTE system has 

already started deploying more dense 

cells. In 5G systems, denser cells are 

anticipated. Also the possibility of 

equipping small LTE base stations 

with Wi-Fi technology is perceived. 

Other RAT systems such as ZigBee, 

Bluetooth used for short range 

transmissions can be coordinated with 

LTE to operate in parallel. The 

coordination has to be able to support 

seamless handover that is fast (T. 

Talwar, 2014).  

d. Device to Device (D2D): Star 

topology forms the basic mobile 

topology due to its simplicity and 

centralised nature which helps in 

providing (QoS). In 5G star topology 

is not suitable due to insufficient 

robustness for access networks which 

is inefficient for social networking 

services as well as machine-to-

machine access. Hence an 

optimisation in the form of device to 

device (D2D) is perceived to play a 

major role in the deployment of 5G 

systems (C. Shanzhi, 2014). In D2D 

communications, the exchange of data 

traffic is done directly between 

individual user equipment (UE) 

without necessary communicating to 

the BS or core network. Therefore a 

cluster of devices is set up and 

cooperate with one another to provide 

high capacities (T. Talwar, 2014).  

e. Full Duplex (FD) radio: Achieving 

full duplex (FD) radio network could 

tremendously increase the spectrum 

utilization which will lead to higher 

capacities (W. Ying, 2014). FD can 

help to attain a system capacity that is 

double the current capacity by 

utilising both the transmitting and 

receiving channels to transmit data 

simultaneously. In a contention based 

networks, FD can increase network 

efficiency when spectral efficiency is 

doubled for a point-to-point 

communication scenarios (T. Talwar, 

2014). Hence due to the stated 

advantages deploying FD radio will 

invariably help to accommodate the 

explosive growth rate in the next 5g 

systems. 

Hence due to the nature of anticipated traffic 

volume growth in the future, a single technology 

will not be sufficient for the 5G system. Therefore 

a heterogeneous system of technologies have to 

be deployed. Figure 1 below depicts the 

heterogeneous nature of the 5G system. 
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Fig 1: A perceived heterogeneous technologies for 5G system 

 

4. MAJOR ENERGY CONSUMPTION CONTRIBUTORS 

 

Some few years back, the statistics of network 

energy requirements around the world was 

reported by some group of internet service 

providers (ISPs), telecommunication companies 

(telcos) and public organisations together with the 

statistics of related carbon footprint which was 

alarming in terms of how fast it grows (R. Bolla, 

2011). The major overall energy consumers of the 

internet are briefly discussed below: 

 

i. Network Equipment 

Overall network equipment play the 

major role regarding the amount of 

power consumed by the internet and it 

comprises of all the physical 

equipment in the network. These 

comprises of access technologies such 

as fibre, copper, wireless and so on, 

the metro network, the core network 

(CN), cooling equipment and several 

others (K. Hinton, 2011). 

ii.  Capacity Planning 

Additional provisions made by 

telecommunication network owners to 

carter for different situations, such as 

traffic peaks, future growth and so on 

invariably lead to the increase in 

power consumption (K. Hinton, 

2011). 

iii. Services and Cloud Facilities 

Most of the services and cloud 

facilities use machines to provide 

online services and resources to 

customers and these machines are 

usually connected using LANs or 

WANs which are also energy 

consumers (K. Hinton, 2011). 

Different service scenarios such as 

shared services, dedicated services, 

real-time services is also among the 

major contributors of the energy 

consumption of internet (K. Hinton, 

2011). 

iv. Demographics 

Physical distance between two 

population centres as well as the 

population density in some centres 

contributes to the overall energy 

consumption of networks (K. Hinton, 

2011). 

5. ENERGY CONSUMPTION IN COMMUNICATIONS NETWORK 

 

With the network infrastructure being the most 

energy consuming component of the internet as 

discussed in the heading above, therefore under 

this heading more emphasis will be given to it. 

The architecture of communication network 

logically compose of three main parts namely; 

access network (ACN), metropolitan and edge 

network, and CN (J. Baliga, 2009) as shown in 

fig. 1 below.  

Optical communication systems used in the ACN 

and CN is the most energy-efficient internet 

platform. In order to continue to realize this 
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energy-efficiency of the optical network, 

scalability and energy-efficient network has to be 

continuously realizable. It should be noted that, 

fibre capacity limits are rapidly approached in 

optical channels and if capacity is continuously 

increased, subsequently there will be need for 

more bandwidth. Optical networks will spread 

geographically as optical access becomes the 

most prominent access technology (D. Kilper, 

2012).  

 
Fig. 2: Schematic of network architecture [J. Baliga, 2009, pp- 2] 

 

The amount of power consumed by routers 

increase with increase in access rate but is low 

compared to the power consumption of the ACN 

for access rates below a few Mb/s. The concept of 

total energy per bit i.e. the energy required to 

convey a single bit of data through that part of a 

network, is used in order to determine the energy 

consumed by each part of the network (R. S. 

Tucker, 2009). 

From fig. 2 above, it can be seen that there are 

various types of wired and wireless access 

technologies available today with more under 

research. The energy consumption of ACN 

compose of three parts i.e. the energy customer 

premises equipment consumed, the energy 

consumed by the base station (BS) or remote node 

and the energy consumed by the terminal unit (J. 

Baliga, 2011). To evaluate the per-customer 

power consumption Pa of the access technologies 

in fig. 1, the following expression was used (J. 

Baliga, 2011): 

𝑃𝑎 =  𝑃𝐶𝑃𝐸
𝑃𝑅𝑁

𝑁𝑅𝑁
+  

1.5𝑃𝑇𝑈

𝑁𝑇𝑈
           (1) 

Where:  

PCPE = Power consumed by the customer premises 

equipment, 

PRN = Power consumed by the remote node or BS, 

and  

PTU = Power consumed by the terminal unit  

The additional factor of 1.5 is the provision for 

the extra power supplies, electricity distribution 

losses and cooling requirements (J. Baliga, 2011). 

Table 2 below depicts typical values of ACN 

parameters for the indicated standard. 

 

Table 2: Values of ACN parameters [J. Baliga, 2011, pp- 3] 

 PTU 

(kW) 

NTU PRN(W) NRN PCEP(W) Technology 

limit(Mb/s) 

Per-user 

capacity(Mb/s) 

ADSL 1.7 1008 N/A N/A 5 15 2 

HFC 0.62 480 571 120 6.5 100 0.3 

PON 1.34 1024 0 32 5 2400 16 

FTTN 0.47 1792 47 16 10 50 2 
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PtP 0.47 110 N/A N/A 4 1000 55 

WiMAX 0.47 24400 1330 420 5 22 0.25 

UMTS 0.47 15300 1500 264 2 20 0.25 

 

Wired technologies having being the means of 

networking having analysed in the above 

paragraphs and the typical power consumption 

for ACN have been shown in table 2 above. 

Therefore it is important to as well consider the 

wireless technologies such as WiMAX, UMTS 

and so on. WiMAX being a wireless access 

technology operating at high speed was designed 

originally to offer fixed-to point or metropolitan 

wireless access network whose standards were 

continuously amended to support high mobility. 

In WiMAX, power consumption of equipment 

rapidly increase at higher traffic volume and this 

is due to the fact that at higher average per-user 

traffic levels, only a limited number of customers 

could be properly served by a BS sector which 

will consequently result to either an increase in 

the number of BSs or increase in the number of 

sectors (J. Baliga, 2011). 

Now considering cellular networks such as 

UMTS which is a cellular mobile system that can 

also provide high-speed broadband access, radio 

access is the means of data and voice 

transmission. Here, the BS uses fibre or point-to-

point wireless backhaul to connect to the 

controller when they are at a distance apart. Users 

connect to BSs through mobile phone, USB 

modem or standalone modem. A typical user 

modem consumes less than 2 W where as a 

typical outdoor BS consumes about 1.5kW and 

supports three sectors (J. Baliga, 2011). 

Table 3 below gives the breakdown of power 

consumption by the corresponding type of 

technology analysed (J. Baliga, 2011) 

 

 

Table 3: Breakdown of power consumption [J. Baliga, 2011, pp-7] 

 Electronics (%) Optical 

Interfaces (%) 

Power 

amplifires (%) 

Power 

conversion (%) 

Modem 

(DSL/HFC) 

70 0 10 20 

RF amplifiers 0 0 80 20 

Node (HFC) 0 20 60 20 

BNP 20 60 0 20 

ONU 70 10 0 20 

OMC 50 30 0 20 

Modem 

(WiMAX/UMTS) 

60 0 40 0 

BTS (WiMAX) 69 0 11 20 

BTS (UMTS) 53 0 27 20 

6. EXPECTED ENERGY TO BE CONSUMED BY FUTURE HIGH-CAPACITY NODES 

 

As the demand in high-speed and bandwidth 

increase, future-generation switching and routing 

elements must be able to keep pace with these 

demands so as to provide high throughput under 

varying conditions. Since most of the high-

performance routers currently developed are 

multi rack systems instead of a single rack, 

scalability tends to be an issue when considering 

how critical increasing the number of line cards, 

switching chips and racks is. Another issue apart 

from scalability is the issue of power 

consumption as network component and device 

manufacturers and operators supply and expend 
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more than 10kW for every rack of equipment (S. 

Aleksic, 2009). 

For switches or routers currently developed 

which are based on all-optical technology, 

scalability is not a major issue but still power 

consumption is. Predicting the type of technology 

and architecture that will be dominant in future 

network elements is hard, but the most noticeable 

technologies are high-speed electronic, optical 

burst switching and optical packet switching as 

they tend to provide high bandwidth utilization 

especially when dealing with IP traffic. (S. 

Aleksic, 2009) Whichever switching technology 

is used, a generic architecture of the future high-

speed network node will compose of a high port-

count switching fabric, a large number of input 

and output interfaces, a switch control module 

and transmission subsystems as shown in figure 3 

below; 

 
Fig. 3: Generic architecture of a high-capacity switching node [S. Aleksic, 2009, pp- 2] 

 

As envisioned, since in the future capacities will 

be in the order of several hundreds of terabits, the 

size and power consumption should decrease 

significantly as predicted by ITRS. Using the 

expectations of ITRS, an electronic packet-

switched of 100 Tbit/s node would consume a 

maximum of 45 kW, whereas a circuit-switched 

node that has the same capacity shouldn’t 

consume more than 26 kW. Also a packet-

switched 1 Pbit/s router will be consuming 

approximately 440 kW and a corresponding 

circuit-switched an approximate of 250 kW 

which indicates that 1 Pbit/s packet routers could 

be produced and manufacture using electronics 

and current approaches (S. Aleksic, 2009). As 

mentioned in earlier headings, the power 

consumed by power suppliers and cooling 

equipment has to also be taken into account. 

7. TECHNOLOGIES FOR EFFICIENT ENERGY USAGE 

 

As indicated under the above headings, the major 

energy consuming contributors are two i.e. the 

ACNs and CN routers. Therefore all efforts 

should be made to arrest these two issues. The 

headings below are used to describe methods and 

technologies currently employed and under 

research for efficient energy usage. 

 

i. Network Protocols  

The European Union (EU) developed a 

strategy to improve the energy efficiency of 

all broad band home equipment sold within 

EU which address the challenges of the 

ACN (K. Hinton, 2011). These strategies 

include: 

a. Putting devices in a low power state 

namely “sleep” or “ideal” mode when 

not in use. This tend to reduce the 
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energy consumption of the devices 

with the disadvantage of being 

unavailable during the period of sleep 

(K. Hinton, 2011).  

b. Rate adaptation in which the 

processing rate of the devices is 

reduced when they are not heavily 

loaded which ultimately improve the 

energy efficiency as electronic 

devices tend to consume more energy 

when operating at high speeds (K. 

Hinton, 2011). 

c. Modifying and improving the signal 

processing technology used by routers 

and or changing its function so as to 

improve the energy efficiency of CN 

routers (K. Hinton, 2011). 

 

ii. Power amplifier perspective  

In Wireless ACNs, to overcome losses due 

to fading, interferences and so on a 

considerable amount of energy is used by 

the transmitter. A major power consumer in 

the wireless networks is the power amplifier 

(PA) (J. Joung, 2000). Various technologies 

have been used to improve the energy 

efficiency of the PAs and these include: 

a. Relieving the nonlinearity and 

inefficiency issues of the power by 

using special architectures to perform 

amplification. Some of these special 

architectures comprise of; linear 

architecture, corporate architecture, 

stage bypassing and gate switching, 

Khan Technique, envelope tracking 

architecture and so on (J. Joung, 2000). 

b. Improving the PA linearity using signal 

processing techniques such as; input 

back off methods, PAPR reduction 

methods, linearization, and so on (J. 

Joung, 2000).

8. CHALLENGES IN MIGRATION FROM 4G TO 5G 

 

As with every system transition, the transition 

from 4G to 5G has also many challenges. The 

most prominent challenges are highlighted as 

follows: 

i. In order to achieve the goal set for 5G, 

metrics optimisation proved to be a 

challenge. This is true as trade-offs have 

to be made when dealing with metrics 

such as delay, spectral efficiency, 

reliability, energy efficiency, QoS, 

complexity of implementation, energy 

efficiency and so-on. Therefore this will 

result in a challenge to device an 

optimization algorithm that will be 

inevitably highly complex (W. C. Xiang, 

2014). 

ii. Another major challenge is the 

complexity of signal processing in the 

deployment of massive MIMO. The 

challenge will be when making channel 

estimation (W. C. Xiang, 2014). This is 

due to the fact that when using large arrays 

of antenna the channel behaviour is totally 

different to when small arrays are used as 

large scale fading is experienced over 

large array (W. Ying, 2014). 

iii. Realization of channel models for 5G 

systems is another challenge as the 

complexity of 3D massive MIMO models 

prove to be hard to realise in practice (W. 

C. Xiang, 2014). 

iv. It is to be noted that some of the prominent 

challenges might be in the application 

processes such as making choice of the 

best wireless system, providing security 

against criminal attacks like jamming and 

spoofing, billing customers due to the 

heterogeneous nature of the system, and 

so on (G. Asvin, 2013).
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9. CONCLUSION 

In this paper, the concept of 5G systems that 

might be deployed in the future have been 

discussed. The need for 5G systems is enormous 

due to the tremendous increase in the volume of 

data traffic. Enabling technologies such as mm-

wave, massive MIMO, hybrid networks have 

been discussed and it was noted that in order to 

achieve high capacity requirements of the 5G 

system a heterogeneous network has to be 

deployed. It was also seen that energy 

consumption is ultimately an issue in the global 

internet system. With increase in the data traffic 

volume due to increase in the number of internet 

users and services offered, there is need to devise 

a means of minimising energy expenditure. A 

solution to this is green network which is the trend 

in the internet world. As the internet is composed 

of wired and wireless system each of which is 

made up of different and various kinds of 

components the approach to minimise the energy 

efficiency differs depending on the type of system 

and all these were discussed in this report. The 

energy expected to be expended in future nodes 

was highlighted as well as the technologies for 

efficient energy use. Finally the challenges that 

will hinder or delay the migration from 4G to 5G 

systems have been highlighted.
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