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Abstract 

Wireless communication is indispensable in 

meeting the escalating demands for data, 

speed, and voice from users. To address these 

requirements, communication systems have 

been upgraded to 5G networks, which offer 

high data rates, capacity, and quality of service 

(QoS). However, as the demand for resources 

increases, there is a pressing need to develop 

energy-efficient communication techniques and 

establish efficient networks to minimize the 

impact on health and the environment. This 

paper focuses on the challenges and issues 

associated with designing low-energy 

communication techniques within the 

framework of green communication for 5G 

networks. The goal is to strike a balance 

between meeting the demands of users and 

maintaining ecological equilibrium. Various 

parameters of 5G communication are 

considered, including carbon dioxide emissions, 

energy consumption, and techniques for 

mitigating these problems. The paper discusses 

several key topics, incorporating massive 

MIMO (multiple input, multiple output), 

device-to-device (D2D) 

communication, heterogeneous networks, and 

green IoT, spectrum sharing, energy 

harvesting, and the challenges associated with 

implementing these techniques. The 

overarching theme is to achieve green 

communication by reducing energy 

consumption and promoting sustainability in 

the field of wireless communication. 

Overall, this paper provides a thorough 

introduction of the idea of green 

communication and addresses   

 

the technical aspects and challenges involved in 

achieving energy efficiency and environmental 

sustainability in 5G networks. 

Keywords: MIMO, D2D, 5G, green 

communication, and green IOT. 

I. Introduction 

Cellular networks play a significant role in our 

daily lives, as they enable the control of various 

real-world tasks through computers and machines. 

This has been made feasible by ongoing 

developments in communication and information 

technology. With each passing day, the data rate in 

wireless communication is increasing rapidly, 

thanks to the constant improvements and 

developments in the field of communication and 

electronics. As a result of these system 

enhancements, there is a subsequent increase in 

data traffic [1]. The present generation of mobile 

communications, 4G, has problems with reduced 

data rates, interference, bandwidth shortages, 

congestion, and capacity restrictions [2]. 

 

The optimal solution to address these challenges 

is the adoption of 5G technology, which is 
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available in India from October 1, 2022. 5G is 

renowned for its significantly increased capacity 

and bandwidth, offering hundreds of times more 

capacity compared to 4G. Moreover, it has the 

ability to provide services to a vast number of 

devices simultaneously [3]. 

In recent years, there has been a notable surge in 

the number of connected devices. By leveraging 

the capabilities of 5G technology, it becomes 

possible to effectively manage the potential traffic 

issues associated with this increase in device 

connectivity. For the average individual, the 

primary expectations from devices focus on 

boosting data rates and accelerating internet 

speeds [4]. Meeting these demands requires 

substantial transmit power, leading to significant 

energy consumption. Unfortunately, this energy 

consumption contributes to greenhouse gas 

emissions. Notably, Burning fossil fuels, primarily 

coal and natural gas, produces around 75% of our 

electricity [5]. As a consequence, connected 

devices are projected to contribute significantly to 

carbon dioxide emissions in the future, with 

estimates indicating a potential increase of several 

million ton [6]. The rate of CO2 emissions should 

be regarded as an extremely concerning issue in 

the context of global warming, as addressing it is 

crucial for securing a better future [7]. While the 

telecommunication industry currently contributes 

only 2% of CO2 emissions to the environment, it 

is crucial to take proactive measures to prevent a 

significant increase in the future. The emissions 

from network operations, as well as the 

environmental impact of radio fields, have already 

had a substantial effect on human health [8]. 

Therefore, it is essential to address these issues 

promptly and effectively. In order to prioritize 

user safety from electromagnetic (EM) radiation,

 the FCC (Federal communications 

commission) has established limits for harmful 

radiations on the surface and has imposed 

restrictions on transmitting power for everyday 

gadgets. A statistic used to assess the degree of 

radio signal exposure to human tissue is called the 

SAR Value (Specific Absorption Rate). A higher 

SAR Value indicates a greater Possibility of 

endangering both human health and the 

environment [9]. 

Green Communication principles emphasize the 

crucial role of the Energy Efficiency Factor in 

promoting extended battery life for radio gadgets. 

With the increasing number of mobile 

subscription users, it is crucial for these devices to 

optimize energy consumption for everyday usage. 

Extensive tests, surveys, and research are being 

conducted to advance battery technology and 

explore innovative solutions for both electric 

vehicles and cell phones [10]-[11]. These 

endeavours are focused on enhancing energy 

efficiency and promoting sustainability in the 

realm of communication technology [12]. The 

ability to control remote devices using harvested 

energy such as solar power, necessitates the use of 

hardware equipment to convert energy from the 

surrounding sources [13]. As a result, there is 

growing need for environmentally friendly 

communication methods that can handle the 

increasing volume of data and communication 

advancements. To find the most practical answers 

and strategies for green communication, 

researchers and businesses are exerting enormous 

effort. This article provides a comprehensive 

review of four primary strategies employed in the 

realm of 5G communication.  

In this paper, a comprehensive audit of four 

fundamental approaches are used in the field of 

5G communication. The subsequent sections are 

structured as follows: 

The first section provides a brief introduction to 

green communication. 

The second section delves into the utilization of 

D2D (Device-to-Device)communication,

 HetNets (Heterogeneous Networks), green 

IoT (Internet of Things), and Massive MIMO 

(Multiple-Input Multiple-Output) in the context of 

green communication. 

In the third section, various challenges pertaining 

to these strategies are discussed. 

Finally, the fourth section presents the conclusion 

of the paper. 

 

II. Techniques 

The evolution of 5G technology has had a notable 

influence on fostering green communication. 

Below are several techniques employed in 5G to 

enable eco-friendly communication: 
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1.Massive MIMO: This technique is currently 

highly sought-after due to its numerous 

advantages, leading to its increasing demand. It 

involves using a large number of antennas at the 

base station, allowing it to serve a significant 

number of devices simultaneously with a single-

antenna equipment. By utilizing a multiplexing 

technique, all the devices can benefit from the 

antenna’s gain. Massive MIMO has the capability 

to accommodate 10-12 times more antenna slots 

in comparison to conventional MIMO techniques 

[14]. This technique offers several advantages, 

including improved energy consumption, 

expanded network coverage, enhanced 

throughput, reduced latency, and increased 

capacity gain [15]. There are three integration 

methods for this technique: System Massive 

MIMO, Single Massive MIMO, and Distributed 

Massive MIMO. The selection of these integration 

methods is based on the network's specific 

requirements, particularly in terms of energy and 

power consumption. In massive MIMO multicell 

scenarios, the transmitted power is regulated by 

considering constraints on power at both the base 

station and the receiver end. Additionally, spectral 

efficiency constraints are taken into account to 

optimize the system performance. The scaling 

rules of energy and pilot signal interference are 

used in multicell massive MIMO systems 

employing the maximum ratio transmission and 

zero forcing techniques. To the fullest extent 

possible, power is allocated to pilot signals, which 

are crucial for improving spectral efficiency. 

  

 

Figure: - MIMO system 

The choice of antennas is important for this 

strategy, emphasizing the importance of energy-

efficient antennas to minimize power 

consumption. Simplifying the overall system 

architecture is another approach to cut back on 

energy use. An effective solution in this area is 

provided by reconfigurable antennas. 

Additionally, antenna muting [16] is a different 

method that has been used, allowing for power 

savings of up to 50% by disabling or reducing the 

load on certain antennas. In instances of low or 

zero load, one port is activated while all others are 

deactivated, multiple ports can be utilized in the 

antenna [17]. This approach ensures that the 

system's overall performance remains unaffected 

while maximizing energy savings. 

2. Device-to-Device Communication: D2D 

(Device-to-Device) technology allows devices to 

exchange data directly when they are in close 

proximity to each other. This ensures that traffic is 

minimized within the network infrastructure. In 

5G cellular systems, D2D (Device-to-Device) 

communication is a key technique employed for 

enhancing energy efficiency. The spectral and 

energy efficiency of this method are both 

enhanced, leading to reduced latency and reliable 

data transmission through direct communication. 

When D2D technology is used by mobile users to 

directly connect with one another in close 

proximity, data offloading takes place. This 

enables the base station to go into sleep mode and 

conserve a large amount of power. This leads to 

lower energy consumption and subsequently 

reduces CO2 emissions. The concept of energy 

efficiency applies to both wireless and wired 

systems in this context [18]. 

When end devices in wireless networks are 

situated at a cell's corners, the base station 

consumes a substantial amount of energy to 

transmit high power. In these circumstances, 

where conserving energy is of utmost importance, 

D2D communication is an advantageous option.  

This technique operates in three modes: cellular, 

reuse, and dedicated. Selecting the appropriate 

mode can significantly enhance the overall system 

efficiency. There are various integration 

approaches for incorporating this technique into 

cellular networks, which can be categorized into 

two types based on their spectrum resources. 

These integration types are as follows: 

When D2D users are included into the same 

licensed spectrum as cellular user equipment 
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(CUEs), it is referred to as "in band 

communication." Overlay and underlay 

transmissions are two subcategories of this 

categorization. D2D users in the overlay 

technique make use of the time and frequency 

slots that are open for their applications. 

Contrarily, the underlay method enables D2D 

users to recycle the resources of various CUEs 

located within the cell. The decision between 

these methods depends on the particular 

requirements of the application. 

Out band communication involves the 

utilization of unlicensed spectrum by D2D users, 

they use ISM (Industrial, Scientific, and Medical) 

bands for their transmissions. By using this 

approach, potential interference to and from other 

communications can be minimized, resulting in 

improved overall performance. 

 

 

Figure: Device-to-Device communication 

scenario 

The conceptual image up top shows how D2D 

users can utilize the spectrum designated for 

cellular customers. D2D communications are 

classified into two groups in terms of network 

control: 

Network-assisted communication refers to a 

scenario where the central hub, typically the base 

station (BS), assists in managing the radio 

resources for device-to-device (D2D) 

communication. This assistance includes 

establishing D2D links, allocating channels, 

ensuring portability, and addressing security 

concerns. 

When device-to-device (D2D) communication is 

unmanaged by the base station (BS), this is 

referred to as autonomous communication, 

similar to ad-hoc networks. In this mode, D2D 

communications are self-controlled and can be 

employed in situations where the base station is 

non-functional or during emergencies that render 

the base station inoperable. 

 

3. Heterogeneous Networks: Macrocells and 

countless small cells, including microcells, 

picocells, and femtocells, make up heterogeneous 

networks. Through wired, wireless, or hybrid 

architectures, these cells are linked to the central 

network, forming a backhaul network.  In [19] the 

study of green communication in 5G, particular 

attention is given to heterogeneous networks.  

 

Figure: Architecture of 5G HetNet 

These networks consist of numerous small power 

cells, enabling the network to be closer to the end 

users, thereby increasing the Signal Interference 

to Noise Ratio (SINR). This approach leads to 

improved Quality of Service (QoS) and robust 

links. Additionally, frequency reuse is employed 

to mitigate bandwidth concerns within the 

network. One can switch the smaller cells to sleep 

mode using this technique to reduce power 

consumption when there is no load or a low load 

[20]. Analytical techniques are employed to 

increase the overall network's efficiency and 

manage the power in the backhaul and access 

networks. 

 

4. Green IOT: - The diagram below illustrates the 

integration of multiple platforms with the 

objective of implementing green communication 

for 5G networks. 
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Figure: Green IOT 

By employing energy-efficient procedures, a 

significant contribution is made towards reducing 

the greenhouse effect in the context of green IOT. 

The internet of things (IOT) relies heavily on 

wireless sensor networks (WSNs). 

Enabling the operation of Wireless Sensor 

Networks (WSNs) while implementing controlled 

power consumption techniques is a challenging 

endeavor. A method for energy conservation is 

introduced, which involves exchanging 

information with nearby nodes at a slower pace 

while obtaining information from distant nodes 

more quickly. This approach leads to 

approximately 19% energy savings. The 

procedure employs a rest mode strategy wherein 

unnecessary and superfluous nodes are put into 

sleep mode, improving IoT energy efficiency. 

Energy efficiency enhancement techniques play a 

crucial role in optimizing 5G IOT communication. 

One such technique involves the combined 

utilization of cellular partition zooming and pre-

caching mechanisms, which greatly improve 

energy efficiency. This strategy benefits both 

wired and wireless systems. Additionally, to 

increase the efficiency of wireless sensor 

networks and save a significant amount of 

electricity, the PSO (Particle Swarm 

Optimization) algorithm is presented. Leveraging 

different energy-saving mechanisms related to 

Device-to-Device (D2D) communication, the IOT 

technique proves to be consistently reliable and 

dependable, ultimately facilitating a more efficient 

deployment of 5G networks. 

 

III. Challenges 

The efficient utilization of green communication 

offers numerous benefits. The development of this 

technology is, however, being hampered by a 

number of problems. These difficulties consist of: 

Cost: cost is significant challenge in 

implementing green communication solutions. 

Even though it is often believed that green 

communications use less energy and cost less, the 

introduction of new infrastructure, Costs are 

frequently higher than those of conventional 

systems, especially in heterogeneous networks. 

Additionally, energy-efficient methods being used 

in electronics can sometimes lead to higher power 

consumption, thereby increasing overall cost. 

Spectrum efficiency: Analysis is necessary for 

effective spectrum use, which affects system 

throughput. According to Shannon's formula for 

capacity, data transmission rate is directly related 

to available power and bandwidth. However, 

limiting electricity transmission can affect data 

rate when aiming for green communication. 

Therefore, balancing hardware limitations and 

energy-saving techniques is necessary to achieve 

productive spectrum efficiency. We can cohabit 

with energy needs and cost considerations while 

maximizing resource use by finding this 

equilibrium. 

Bandwidth: Data transfer speed is another 

restriction for green communication. Given a 

fixed level of transmit power, Shannon's capacity 

formula establishes a direct correlation between 

bandwidth and transmission rate. When the 

bandwidth is increased for a particular 

information transfer rate, energy utilization can be 

reduced. The need for additional alterations in 

terms of incorporating new systems into the 

current network is not required by the increase in 

bandwidth. For green communication to be 

implemented successfully, this viewpoint needs to 

be thoroughly examined. 

These difficulties have been somewhat addressed 

by several green communication strategies that 

have been developed. The creation of novel 

crossover mechanisms and further research into 

these problems are still needed. Additionally, each 

of the surveyed green communication approaches 

has flaws that need to be fixed. The deployment 

and efficacy of these green technology initiatives 

would not be possible without finding a solution 

to these obstacles. Higher energy efficiency can 

be attained by the use of two base station 

operating modes, namely sleep mode and active 
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mode. It is important to carefully determine how 

long the base station will be in the active mode, 

when data flow is often higher. It is important to 

note that there is some energy consumption during 

the transition process between these modes. 

However, with the incorporation of IOT, It gets 

even harder to develop and use sleep mode in 

machine-to-machine communication. 

One of the most effective methods for 5G cell 

energy optimization is massive MIMO. This 

technique involves the utilization of a large 

number of devices, which in turn leads to 

increased energy consumption. Therefore, the 

selection of devices become a highly challenging 

task in the context of Massive MIMO due to 

increased energy consumption. Moreover, the 

deployment of Massive MIMO necessitates 

complex design due to the significant energy 

consumption involved in Multiplexing and 

Demultiplexing devices. The overall network cost 

is further increased by this complexity. Energy 

harvesting techniques are used to improve the 

energy efficiency of cellular networks, although 

they are not always trustworthy in real-world 

situations. Cloudy weather conditions pose a 

challenge for generating power through solar 

energy, as the required energy cannot be 

harnessed effectively. Moreover, the inability to 

encode energy leads to vulnerability in the 

resource condition of a cell network, making it 

susceptible to security attacks. Addressing these 

challenges becomes crucial for scientists and 

researchers in the field. 

Results: - 

LTE (Long-term evolution): - 

 

Fig: - LTE Downlink & Uplink RMC 

In Long-Term Evolution (LTE) networks, there are 

specific reference channels used for measurement 

purpose in both the uplink and downlink directions. 

These channels are essential for performing radio 

measurements, estimating the quality of the radio link, 

and making decision related to handover and other 

network optimizations. 

 

Fig: - LTE Test models 

Long-Term Evolution, also known as 4G, is a wireless 

broadband communication technology. In the context 

of LTE, “test models” generally refer to different types 

of test scenarios used to evaluate the performance and 

functionality of LTE networks and devices. These test 

models can be used for various purposes, including: 

Network testing, Device testing, Protocol testing, 

Performance evaluation and Deployment planning. 

These test models are designed to replicate real-world 

conditions and scenarios to ensure that LTE networks 

and devices operate effectively and deliver seamless 

experience. They are an essential part of the 

development and testing process for LTE technology. 

NR (New Radio) 5G : - 

 

Fig :- 5G NR test models 

5G NR is designed to support a wide range of 

services and use cases, including enhanced mobile 

broadband (eMBB), ultra reliable low-latency 

communications (URLLC), and massive machine-

type communications (mMTC). To achieve these 

goals, 5G NR uses various waveforms and test 

models to access and optimise its performance 

under different scenarios.  
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Fig :- 5G uplink & downlink waveforms 

SC-FDMA, also known as Single Carrier Frequency 

Division Multiple Access, is the foundation of the 5G 

uplink waveform. SC-FDMA is the chosen uplink 

waveform in 5G New Radio (NR) due to its 

advantages in power efficiency and low peak-to-

average power ratio (PAPR), which are crucial 

considerations for mobile devices with limited battery 

life and transmit power capabilities. 

The 5G downlink waveform is based on a 

technology called orthogonal frequency division 

multiplexing (OFDM). The use of OFDM in the 

5G enables several benefits such as, High data 

rates, flexibility, robustness and interference 

mitigation.  

 

Fig:- 5G downlink & uplink FRC 

5G New Radio (NR) uses several fixed reference 

channels to facilitate various functions in the uplink 

and downlink. These reference channels play a critical 

role in enabling synchronization, system information 

decoding, and channel estimation for user devices. 

Here are some of the key fixed reference channels in 

5G:  Downlink Reference Signal (DMRS), Physical 

Broadcast Channel (PBCH), the Physical Uplink 

Shared Channel (PUSCH), the Primary Uplink Control 

Channel (PUCCH), the Secondary Synchronization 

Signal (SSS), the Demodulation Reference Signal 

(DMRS), and the Sounding Reference Signal (SRS). 

 

The below tabular forms shows the LTE and 5G NR 

simulated values: - 

LTE Simulated values: - 

parameter LTE Test 

models 

LTE 

Downlink 

RMC 

LTE 

Uplink 

RMC 

VBW 20.9802 

HZ 

41.9605 

HZ 

335.684 

HZ 

RBW 1.87500 

KHZ 

3.75000 

KHZ 

30.000 

KHZ 

Sample 

Rate 

1.92000 

MHZ 

3.84000 

MHZ 

30.7200 

MHZ 

Frames 100 100 100 

T 0.00999948 0.00999974 0.00999997 

 

 

 

 

5G NR Simulated values: - 

param

eter 

5G 

Uplink 

5G 

Downl

ink 

5G 

NR 

Test 

model

s 

5G 

Down

link 

FRC 

5G 

Uplink 

FRC 

VBW 671.36

7 HZ 

671.36

7 HZ 

671.3

67 HZ 

83.92

09 HZ 

671.36

7 HZ 

RBW 60.000

0 KHZ 

60.000 

KHZ 

60.00

00 

KHZ 

7.500

0 

KHZ 

60.000

0 KHZ 

Sampl

e Rate 

61.440

0 MHZ 

61.440

0 MHZ 

61.44

00 

MHZ 

7.680

00 

MHZ 

61.440 

MHZ 

Frame

s 

100 100 100 100 100 

T 0.0099

9943 

0.0099

9935 

0.014

8576 

0.007

9957 

0.0099

9455 

 

Conclusion: In line with improvements in 

data and bandwidth capacities, there is a rising 

demand for green communication technologies. 

Green communication not only uses less energy 

but also makes base station offloading easier, 

which lowers CO2 emissions. This reduction is 

crucial for preserving environmental conditions 

and ensuring human well-being. This paper 

provides a detailed overview and comparative 

analysis of the various green communication 

solutions for 5G mobile networks. The paper 

highlights the advantages and disadvantages of 

these strategies while considering various innate 

difficulties. It is believed that integrating IOT with 

Device-to-Device (D2D) communication may be 

a more effective strategy for meeting 5G 

networks' energy efficiency standards. Despite the 

fact that the current studies have made 

considerable strides in tackling problems and 
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obstacles linked to network establishment costs, 

spectrum efficiency, and data transmission 

capacity requirements, there are still bottlenecks 

that need to be dealt with. To adequately address 

these unresolved concerns, more research is 

required. Additionally, the development of green 

communication should continue while taking 

system security and maintaining a secure 

environment into account. 
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