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Abstract: The concept of green radio networks as a 

technology, has paved way for energy efficiency. In a 

cellular network, the base station is said to consume 

more power. The main goal of green radio networks 

is to control power consumption in the base station. 

The green radio base stations are designed in such a 

way that it saves energy and reduces power 

consumption by maintaining the quality of service to 

users and coverage area. The next generation 

networking is represented by means of green radio 

cellular networks where services like voice, data, and 

video are transported to meet peoples demand on 

energy. This paper mainly focuses on the problems 

due to increase in consumption of energy and 

methods to overcome it. 

Keywords: Green base station, green cellular 
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1. INTRODUCTION 

       In the recent era, there is a worldwide concern 

about the increase in emission of pollutants and 

energy consumption. In 2007, there is a 25% increase 

in CO2 emission as reported by Information and 

Communication Technologies (ICT) [1]. ICT also 

reports that the usage of more energy is due to mobile 

phones. By 2020, the data traffic of mobile is 

expected to raise 26 fold due to over use of smart 

phones [2].Fig. 1 shows the energy consumption 

composition of a mobile operator. Therefore, there is 

a need to develop a wireless architecture that is 

energy efficient and implement various adaptive 

technologies to meet such demand. Research in green 

radio covers all layers of wireless networks access 

and it is a massive and comprehensive area in 

research. The main goals of green radio networks 

includes improving energy efficiency and network 

intelligence although there is a tradeoff between 

consumption of energy and external factors including 

mobile traffic, network infrastructure integration etc. 

It also aims to provide more services cost efficiently 

and reduce the emissions of carbon dioxide. 

 

 

Fig. 1: Energy consumption composition of a mobile 

operator. 

2. METRICS OF ENERGY EFFICIENCY 

                There are three main categories of energy 

efficiency metrics. 1. Facility level 2.Network level 

3. Equipment level. These metrics are mainly 

involved in improving the performance of system and 

providing the assess information and analyzing the 

energy consumption between various components 

[3]. This paves a way for taking necessary steps to 

reduce the consumption of energy. Fig. 2 illustrates 

the classification of energy saving techniques.  

3. IMPROVEMENT IN POWER AMPLIFIER 

  Various approaches regarding 

improvement in power amplifier are conferred in [4]. 

These approaches mainly focuses in reducing the 

amount of power and energy consumed by cooling 

systems, feeder cables and power amplifiers (PAs) 

among which power amplifiers are said to consume 

power in greater proportion. 65% of the power is 

consumed by base station components. Therefore, 

highly economic power amplifiers are needed for 

reducing the cost of OPEX (Operating Expenses) for 

mobile network operators. When the operating point 

of power amplifier is adjacent to maximum output 
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level (saturation level), then it is said to be most 

efficient.  

              Some of the factors considered while 

designing the power amplifiers are as follows. 

(i) High linearity, to flatter higher-order modulation 

schemes 

(ii) Greater average output power levels 

(iii) Broader operating bandwidths and 

(iv) OPEX reductions achieved by decreasing BS 

(Base Station) energy Consumption. 

 

 

Fig. 2: Classifications of energy-saving techniques. 

 

 

4. TIME DOMAIN ENERGY EFFICIENCY 

During idle condition or low traffic, the control 

signals are reduced. Therefore, power amplifier off 

time determines the extent of energy that can be 

retained during this access. The devaluation in 

control signals owing to the Reference Signals (RSs) 

was investigated by Chen et al. [5]. The use of RSs is 

given by  

i. Channel estimation of UE (User Equipment) 

that includes coherent demodulation of 

downlink transmissions. 

ii. Cell search measurements of UE both for 

neighbor cell measurements for handover 

and for measurements before initial access. 

Advantages- this scheme leads to the significant 

reduction in the amount of energy consumption in the 

case of ideal traffic. For rural areas, this will be the 

appropriate solution. In ADC/DAC devices, DSP 

units and cooling systems, during the switched-off 

periods, the usage of this technique reduces the 

amount of energy consumed by these devices.  

Limitations- During synchronization process the user 

may encounter some problems due to shortage of 

RSs. Thus the user enters into DTX mode that causes 

adverse impact on the battery life of UE. The user 

may also undergo some problems regarding decoding 

of control signals. 

 

5. CELL SWITCH ON/OFF 

A traffic load condition determines cell 

switching. Switching off the components when not in 

use has become one of the widely used techniques in 

reducing the amount of power consumption. In case 

of low traffic data, some cells will be in switch off 

mode where the radio access and coverage is 

provided by the remaining active cells. The area of 

inactive cells is covered by means of active cells in 

terms of transmission power. Since the BS power is 

limited, this leads to lack of coverage. 

6. REDUCTION OF ENERGY CONSUMPTION IN    

    WIRELESS NETWORKS 

The main aim of the green radio network is 

to reduce the energy consumption of a wireless 

network and also to find the desired radio network 

architecture which enables power reduction. The 

power consumption of various elements of the 

network is represented in Fig. 3. From the figure, it is 

clearly seen that the power consumed by the base 

station is approximately three times higher than the 

mobile switching station. Fig. 4 shows the embodied 

energy or the total energy consumed is much larger in 

mobile handset than the base station. The lifetime of 

a base station is decade to half a decade. But the 

lifetime of a mobile station is just two to four years. 

Moreover, the expenses of a base station are shared 

between numerous portable supporters. 

 

Fig. 3: Power consumed by a wireless cellular 

network. 

 

Fig. 4: CO2 emissions per year for the base-station 

and mobile handset, 
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A. Base Station Power Efficiency 

The power consumption of various constituent 

parts in relation to its Radio Frequency (RF) power 

output governs the overall efficiency of the base 

station by including the core radio devices:1. Radio 

Transceivers, 2. Power Amplifiers and Transmit 

Antennas. 

 

Fig. 5: Reference base station architecture for a 

system with three sectors and four transmit antennas 

per sector for MIMO capability. 

     B. Reference Base Station Architecture  

 The LTE system is the target system for the 

base station efficiency with 4 transmit antennas 

which can achieve high data throughputs through 

Multiple Input Multiple Output (MIMO) technique. 

The reference architecture is shown in Fig. 5, which 

represents a macro cellular base station with 3 sectors 

with an Effective Isotropic Radiated Power (EIRP) of 

27dBW per sector. The 4 transmit chains needed for 

the 4 antennas require 12 Power Amplifiers (PA) and 

antennas per base station and only one of the 12 

transmit chains is shown in Fig. 5. More number of 

antennas packed together in very small area leads to 

performance degradation due to mutual coupling. To 

overcome the effect of mutual coupling various 

mutual coupling reduction techniques like Defective 

Ground Structure [9], Decoupling slots [8] etc can be 

used[10]. 

7. BASIC OPERATION OF GREEN RADIO   

    NETWORK 

Reducing energy consumption and CO2 

emission are the basic ideas of the green radio 

network. It proposes various methods to minimize 

power consumption and one of the method proposed 

is based on the number of users in a particular 

coverage area. Here, the base station is made to turn 

ON when the user strength is high and it is made to 

be in IDLE state when the user strength is less. In 

The preexisting configuration (Fig. 6a), all the base 

stations are used which points to the loss of power.  

The proposed configuration (Fig 6b) provides the 

base station usage only to a particular area where 

there are large number of users. 

 

 

Fig. 6a: Preexisting 

configuration. Fig. 6b: 

Proposed configuration, 

Merits- 

 1) The main advantage is the reduction of total 

power consumed by the base transceiver station of 

wireless mobile networks.  

2) This technology improves and also maintains a 

safe ecological background in the society 

3) This technology requires less capital cost as it 

needs less number of generator sets. 

4) As it aims in less CO2 emission, it consumes less 

fossil fuel. 

8. GREEN RADIO COMMUNICATION 

Systems with covered scope can diminish 

their vitality utilization by making a substitute 

turning on and off by the assets as indicated by the 

movement stack condition that adjusts to the 

variances in the activity stack which increments the 

measure of vitality sparing under administration 

quality in an agreeable system administration 

condition. 

While in green radio correspondences, the 

main objective is to lessen the measure of vitality 

utilization by keeping up the nature of administration. 

Two inspirations are behind this plan rule. One is the 

specialist organization's monetary contemplations 

another is versatile specialist co-op's yearly working 

costs. Let these are the vitality costs. While 

contrasting this with the portable correspondence, 

base station expends generally up to 2.7 kWh of 

electrical power with densely conveyed base stations 

that are utilized to cover a wide range scope and high 

vitality is devoured per annum. Such high vitality 

utilization prompts natural effect because of 

CO2emission.Energy saving at the network level: 

There are three techniques which are used to save 

energy at network level. They are renewable energy 

sources, cell sizes and dynamic planning. Here the 

energy saving is achieved without increasing the 

transmission power because it depends on the 

cooperation of different networks which leads to 

energy saving in both large scale as well as small 

scale. Let large scale networks with overlapped 
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coverage alternately switch their base stations to on 

and off mode according to the long-term fluctuations 

in traffic load. In a small scale network, each active 

base stations switches its channels on and off 

according to the short-term fluctuations in the traffic 

load. 

9. MINIMIZATION OF ENERGY UTILIZATION 

Because of a few breaking points on size 

and weight of the sensor hubs, get influenced by 

extremely constrained vitality supply and 

transmission. The essential issue raised here is abuse 

of multi-jump, where the exchange off lies between 

transmission power and impedance (i.e.) diminishing 

of transmission control toward one side and 

increment in flagging with interference. 

Energy efficiency in the multi-hop wireless 

systems includes 

1. Minimum energy-per-bit wireless multi-hop 

networks with natural reuse 

2. Mechanism for green radio 

3. Distance knowledge about intelligent 

clustering protocol for wireless sensor 

networks 

Energy efficient multi-antenna communication 

and channel estimation includes 

1. MIMO techniques for green radio 

2. Channel estimation method using power 

control schemes 

Energy tradeoff in wireless systems includes 

1. Trade-off between throughput maximization 

and energy consumption minimization 

2. Area-power tradeoffs  

The effectiveness in multi-bounce remote 

frameworks tells how to accomplish vitality 

proficient correspondence in transfer arrange. Here 

one of the fundamental viewpoints is reduction of 

transmit control by multi-bounce correspondence.  

Vitality proficient multi-reception apparatus 

correspondence and channel estimation says about 

MIMO strategies and divert estimation in the light 

vitality productivity. MIMO procedures were for the 

most part said to expand the throughput execution of 

remote frameworks, yet they decrease vitality while 

keeping up the QOS. Let for channel estimation, keen 

power control will build the estimation exactness. 

Tradeoff in remote frameworks says in regards to the 

parts of vitality tradeoffs in remote frameworks. Here 

it just evaluates the exchange off between vitality 

utilization and throughput in Wireless IEEE 802.11 

LANs, and the second commitment bargains about 

the light on the connection between vitality 

utilization and chip-territory for the execution of 

adaptable channel channels. 

10. CONCLUSION 

An overview of the problems due to high 

consumption of energy and the methods to overcome 

it is discussed here. The combination of several 

approaches can be used for energy saving in case of 

traffic load. Some of the approaches like cell 

zooming, switching off the devices that are not in use 

are used for reducing the energy consumption in 

green networks. However, the complexity always 

depends upon the network. Therefore, the main 

emphasis should be on designing the circuits that are 

less complex with high channel gain and good energy 

efficiency. 
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