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Abstract :  Pruning energy consumption has gained momentumrecently, mainly due to its impact on the environment and business 

operational costs. In response, researchers have proposed various methodologies, some of which have been adopted by standards 

development organizations (SDOs) to pave the way for sustainable future networks. This paper aims to synergize these 

optimization techniques and enhance their pertinence by leveraging their complementary capabilities. Existing approaches 

are often inhibited by specific components, protocols, layers, or applications. To enhance their utility, these methods could be 

expanded and integrated to enhance the energy efficiency of other components as well. The paper is concluded by highlighting the 

accuracy impact of these optimizations on the network ecosystem,along with future directions for research in this critical area. 

 

IndexTerms - Energy saving and optimization, Green Computing, Resilient Network, 5G, 6G network 

I. INTRODUCTION 

With the ongoing deployment of 5G, researcher and standards have started formulating the requirements and objectives of 6th 

Generation network. As an initiative International Telecommunication Union (ITU) has set six usage requirements along with 

sustainability and security. These requirement are taken as a dawn for standardization in 3rd Generation Partnership Project (3GPP). 

[1]. Sustainability became a focal point due to two major reasons - first is the environmental impacts which is being observed by 

United Nations and the Paris agreement [2], [3], second it the contribution of energy in the operational cost for the network 

deployment. [4], [5] With the extreme requirement and aspirations towards 6G, 10-9 packet error rate, that is 1000 times more 

reliable, peak data rate 1 Tbps which was 20 Gbps in 5G, immersive and seamless data rate of 1000 Gbps which was limited to 

0.1Gbps [6] set very high goals to achieve by 2030. At this point of time if the energy efficacy is not incorporated in the network 

then it would impact our surrounding and health and also the profit figures would decrease for network operators and industry. The 

agenda of 6G is to be more human centric and natively intelligent which involves massive computation. Synchronization would be 

a major player for example for a live concert, haptic communication the synchronization of each sense is required to provide 

immersive experience without motion sickness. Beyond its own optimization, the future network is expected to act as a catalyst for 

sustainable industry 5.0. Furthermore the integration of terrestrial and non-terrestrial/satellite network for seamless connectivity 

even in remote areas would exponentially increase the resilience requirement.If not planned properly, during critical applications 

such as public safety the energy consumption would be huge. This behavior shows a tangential path for 6G usage scenario and 

sustainability. The efforts to make the future generation network energy efficient rooted in the LTE-Advanced. The 5G network 

was designed to consume less energy, but as soon as 5G picked up momentum higher requirements of data rates, exponential 

increase in the number of subscriber overshadow this achievement. [5] The locus of this paper is to synergize sustainability and 

energy efficiency of the network. Before attempting to reinvent the wheel for 6G, it is essential to explore whether existing 

optimization techniques can be integrated to achieve more efficient outcomes. There are various optimization methodologies but the 

fault management or accuracy of these techniques plays a vital role such as error in enabling sleep modes, resource allocation could 

impact the system reliability specifically in time-critical scenarios. Similarly, the service degradation is widely discussed but how to 

substantiate this degradation and the key performance indicators (KPI) tradeoff with energy cannot be generic. The structure of this 

paper could be defined as: Section II provides a review of ongoing work in 5G. Section 3 provides a brief overview of Synergy of 

Energy Optimization Techniques. Section IV concludes the paper by summarizing the work and suggesting future directions. 
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II. ONGOING RESEARCH BY VARIOUS RESEARCHERS AND SDOS 

2.1 Slice-level Energy Optimization 

A network slice is a logical network that provides specific network capabilities and network characteristics, supporting various 

service properties for network slice customers.[7] The 5G uses (ETSI) Network Function Virtualization (NFV) Management and 

Orchestration (MANO) framework[8] for the deployment of Network Slices (NSs). 3GPP has defined Network Slice Selection 

Function (NSSF), Network Slice Admission Control Function (NSACF) and Network Slice-specific and SNPN Authentication and 

Authorization Function (NSSAAF) in [9] to apply and manage network slicing in the 5G Core Network. The optimization through 

Network Slicing majorly focused on  

• Quality of Service (QoS) and Resource Allocation in Mobile Network - RAN, Core and End to End 

• Proper isolation of affected network in case of fault. 

• Integrating Smart Grid/Power System with 5G network[10–12] 

Most of the features of the fifth-generation (5G), such as network slicing, spectrum sharing, and federated learning, rely on a 

centralized authority[13, 14] highlighted the requirement of QoS and resource optimization virtualization Plane or Hypervisor Plane 

(H- Plane) by dynamic Virtualized Network Function sharing over multiple Service Function Chains (SFC), considering the flow 

requests of SFC for individual Network Slice. [15] proposes a 5G network slice resource orchestration and mapping method based 

on power service which covers End-to-End Network with graph theory depth-first search (GDFS) algorithm. [16]propose the 

iterative Joint Radio and Core Resource Allocation (JRCRA) method. For RAN slicing, the sub-channel and power are allocated to 

users of different slices, and in Core Network, processing, and networking resources are allocated to users’ data packets. An AI-

Assisted Network Slicing Framework for 5G-and-Beyond Networks proposed in [17] based on resource allocation schemes to 

enable high-quality selection of radio points of access, Virtual Network Function (VNF) placement and data routing, data 

compression ratios, from the end users to the cloud. 

 

2.2 Micro service based Energy Optimization 

The microservices are decomposition of several inter-dependent services which are loosely coupled into modules.Even though 

microservices have numerous advantages, one of the shortcomings from monolithic architecture is substantial energy demands to 

meet the desired standards of performance and availability. Gabriel el at. In [18] conducted a systematic review of Energy 

Consumption in microservice base architecture based on various criteria, including metrics, evaluation methodologies, and 

architectural typologies, thus uncovering research gaps and emerging trends. Taking that reference as a benchmark we tried to 

uncover the research which is applicable or can be reused for 5G Network. The 5G Core Network is based on Service Based 

Architecture (SBA) [9].The major contributions of energy optimization in micro-services could be categorized as 

• Scaling of Micro-service 

• Fault Detection and Optimization 

• Power Monitoring and simulators for Micro-service to promote R&D 

• Placement of Network Function Components and its impacts 

• Load balancing 

• Inter-service Communication 

For Auto-scaling of micro-services various methodologies proposed by researchers such as Monitor-Analyze-Plan-Execute over a 

shared Knowledge (MAPE-K) [19], workload Prediction in Cloud-Edge Collaboration Environment[20], Geo-Scale [21], Smart-

HPA(Horizontal Pod Autoscaler) [22] etc. A review conducted in [23] which classified existing autoscalers dealing with containers 

in microservice and provided a future roadmap. Resilience is one of the main concerns for sustainability. Faults in the system adds 

an extra header on the energy consumption of the system and hence decreases its efficiency. Various research has been conducted 

on Fault Management of Microservices based architecture which includes but not limited to [24–26].For load balancing [27] 

evaluated the XDP-Monitoring Energy-Adaptive Network Functions(X-MAN) framework for managing the CPU operational states 

(P-states) so as to reduce the power consumption while prioritizing low-latency service. [28] provided a review which covers some 

selected load balancing techniques. Also these microservices need to communicate with each other on a requirement basis including 

synchronization. [29] The primary challenge in Micro-services architecture lies in software performance degradation, specifically in 

terms of response time and throughput, due to inter-service communication over the network.To mitiigate the challenges, which 

uses a request response-based steam Transport Control Protocol (TCP) communication strategy for inter-service communication in 

both on-premise and cloud-native environments. [30] proposed Energy-Aware HTTP Protocol to increase energy efficiency in 

HTTP based communication.L.D.S.B Weerasinghe el at. has taken an experimental methodology in [31] to compare and contrast 

the most trending inter-service communication mechanisms such as Hypertext Transfer Protocol(HTTP), (google Remote 

Procedure Call) gRPC etc and suggested that gRPC protocol performs well in terms of response time and throughput. 

 

2.3 AI based Network Energy Optimization 

The introduction of Network Data Analytics Function (NWDAF), Data Collection Coordination Function(DCCF) and Analytics 

Data Repository Function(ADRF) [9] opens the road map for integration of AI in 5G Core Network. NWDAF supports various 

services for providing insights of the current network and prediction for future to enhance user experience, has potential to foster the 

sustainability. Lot of research activity going in AI to develop a sustainable future network such as [32] highlighted the potential of 

Generative AI for addressing various challenges in network optimization, organization and resource management which includes 

enhancing ML algorithms using Generative AI, predicting user requirement for different resources, Generating synthetic call 

records which can be used as training data for ML algorithms that powers Self Organized Network and adaptability of algorithms to 

changes in network conditions, Network Traffic Analysis etc. [33] highlights the management of Energy Mix using Responsible AI 

and the future challenges in realization in deployment setup. In addition to that [34] proposed ML model is presented, combining 

Multi-layer Perceptron (MLP), and Support Vector Regression (SVR) to predict energy consumption from renewable sources. [35] 

highlights the bottleneck of a common management plane for all Network Slices (NS) – scalability and resilience and proposed 

automated and distributed hierarchical management plane which is easily scalable and secured which also helps vendor and/or 

operators for accountability. [36] suggested recurrent neural network (RNN) controller to realize accurate load balancing for 

efficient utilization of network slices and slice failure conditions. A green business model proposed in [37] promotes behaviors (e.g. 
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consuming resources as-a-Service). [17] proposed an AI assisted slicing framework to enable high-quality selection of radio points 

of access, Virtual Network Function placement and data routing, as well as data compression ratios, from the end users to the cloud. 

[38] proposed Explainable AI (XAI) method to enhance the transparency of the black-box AI decision-making process.[39] 

highlighted the importance of freshness of dataset for Machine Learning based optimization and also coined Age of Information 

(AoI) metric to represent Data Set Freshness. Similarly [40] proposed Green Energy Quotient a metric to measure the greenness 

during different phases of AI life-cycle and generates recommendations for best practice to adopt, ease of adoption etc. [41]. Major 

trends in machine learning approaches that can address the sustainability problem of AI have been reviewed in [42]. Similarly, [43] 

employs mathematical expressions to quantify the environmental benefits of AI integration, including algorithms that optimize 

resource use and reduce carbon footprints and questioned companies view and trust in AI, Power requirement Prediction, Cost 

Prediction, etc 

 

2.4 Placement of Network Component 

While edge has tremendous advantages, the deployment in edge and in-Network devices is costlier than compared to cloud. The 

exponential increase of users accessing wireless networks has gradually highlighted the importance of proper placement of 

microservices.[44] Efficient placement also ensures the reduction of energy consumption. The concept of “Edge Agility” proposed 

in [45] enables the foundation of stateless 5G Network Function (NFs) to accommodate runtime relocation of microservices based 

on events and/or forecasting end-users behavior like mobility, traffic intensity pattern etc. It can be based on external factors such as 

availability of renewable energy, weather forecasting etc. [46] proposed Components-aware microservices placement with focus on 

fault management, database for each microservice etc. Another work proposed in [47] to reduce the deployment cost by co-locating 

the microservices with a shareable common layers. 

 

2.5 Use of Energy Mix 

Energy Mix implies the how we can integrate renewable sources of energy as energy supply for telecommunication network.The 

challenges faced in integrating 5G network with energy mix are mentioned below.  

 To find sustainable alternative to non-renewable energy sources - Photovoltaic (PV), Wind, Biomass [48] 

 To measure efficiency and storage of these energy sources. 

 To integrate with the existing communication protocol such as Stream Control Transport Protocol (SCTP) [49], Next 

Generation Application Protocol (NGAP) etc. 

 To add autonomy to the network to dynamically manage the energy supply with fault management. [50] [51] 

 

2.6 Self Organized Network 

      Features like flexibility, agility and configurablity, leveraged the Software, while the hardware has always played the role of 

physical infrastructure, to make such software executable[52].As we are moving towards autonomous network the concept of Self 

organized network is blooming and evolving towards Self Healing Network [53].[54] proposed a self-sustained RAN slicing 

framework, which integrates the self-management of network resources framework which hierarchically structured, and 

decomposes the RAN slicing control into three levels, i.e.,Network Level, RAN Level and Packet Scheduling level to achieve an 

adaptive control strategy under unplanned network conditions which can be further evaluated to End-to-End Network Slicing. 

Operational and Management (O&M) also collects energy consumption statistics from the network at various levels- per NF Level, 

per UE Level, per QoS level and per slice level. While the former calculates the energy consumption and manage the system 

accordingly.This information could also exposed to Application Function and User for taking informative decisions.This is 

commonly know as Energy as a Service [55][56]. The use of relay for energy consumption and enhanced coverage is another 

dimension in this domain.[57] 

III. SYNERGY OF ENERGY OPTIMIZATION TECHNIQUES 

The eco-optimization methodologies enables the sustainable development. The widely accepted optimization which is 

applicable throughout the network is sleep mode, AI which could be integrated with almost all the other methodologies such as 

energy mix, network placement, relays, Reflective Intelligent Surface, energy harvesting, energy efficient protocols etc. Some of the 

identified applications are listed below 

 

3.1 Sleep/Deactivation and AI  

      In a network density of 107 devices/kilometer2, the likelihood of a network element or function being in an idle state is 

inherently constrained. This can be further optimized through the integration of AI/ML-based mechanisms that predict time-space 

probabilities, enabling location-based, time-based, orhybrid sleep scheduling. Moreover the sleep modes varies based on 

requirement similarly the threshold for these sleep cycles could be dynamic based AI/ML predictions. In addition, the prediction 

process itself could be designed as a scheduled operation, negating the need for continuous activation as shown in Figure 1. AI/ML 

components could similarly operate within defined activation and deactivation cycles. This approach is further justified when 

deviations from predicted outcomes are minimal, or the results consistently align with predictions, reducing the necessity for 

perpetual activity. 

 

Fig 1: Hybrid AI and Sleep Mode 
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3.2 Sleep and Placement of Network Function 

     Network functions or elements that are moderately active—neither highly utilized nor idle—can be placed away from the edge, 

similar work has been proposed in [58] for virtual machines. This relocation aligns them with energysources having the lowest 

carbon emissions. It reduces reliance on fossil fuels at the edge, reserving it for critical, high-performance tasks. 

 

3.3 Sleep/Deactivation and Log Management 

       The sleep or deactivation are scheduled based on a certain threshold, if a network element is not active but not crossing the 

threshold could decrease the log level to reduce the power utilization. The combination of sleep/Deactivation, log management 

can be shown in Figure 2 where T1, T2 , T3 and T4 are threshold for log level disablement, sleep mode, deep sleep and de-

activation. 

 

3.4 AI and Placement of Network Function 

        The network function could be placed in advanced at edge/cloud/fog based on the traffic prediction by AI model. This could 

also helps in network planning. Similarly AI model might not always need to be placed near the edge and could be placed near 

high renewable energy source supply. AI could help in application based network deployment planning also based on UE’s 

data/application consumption pattern analysis. [59] proposed Multi-edge intelligence placement where the access point (AP) 

places the most up-to-date AI program at user devices to enable local computing/task execution at the user side. [60] provide a 

comprehensive review for AI enable resource management in fog computing. 

 

Fig 2: Hybrid Sleep, Log Management and Placement 

 

3.5 Energy Efficient Protocol with all other optimization Mechanisms 

        Energy optimization involves adding an extra header to network elements [61]. To enable signaling for energy efficiency, the 

use of an energy-efficient protocol is essential, further enhancing the optimization process. Similarly, leveraging AI predictions, 

dynamic protocols can be employed, adapting in real-time to meet specific application or user requirements, thereby optimizing 

overall network performance. 

 

3.6 AI, Log Management, Fault Management 

        The AI system can dynamically adjust the log level based on network traffic patterns, optimizing data logging for current  

conditions. Additionally, it can proactively relocate historical log data to a different location as part of network pre-planning. By 

analyzing fault predictions or resilience trends, the AI algorithm ensures log levels adapt in real time to enhance network 

performance and reliability. Upto a certain level of log analysis could be provided by AI/ML itself to speed up the fault 

management process as shown in Figure 3 
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Fig 3: AI enabled - Fault Management and Log Management 

3.7 AI and Energy Mix 

        The scheduling of AI training and inference tasks can be optimized based on the energy supply mix of the network, ensuring 

efficient energy utilization. Furthermore, AI can play a pivotal role in location-specific predictions and the strategic planning of 

energy supply mixes, including the anticipation and management of power outages. Another potential avenue for optimization 

involves leveraging AI’s prediction accuracy to conduct intra-network analyses, thereby enhancing the alignment between energy 

supply and demand within the system. Another issue is planning the most feasible timing for energy source switching to reduce 

the latency impacts on user experience. 

 

3.8 AI/ML and Circular Optimization 

          While significant focus has been placed on energy reduction, other optimization strategies, such as reuse and refurbishment, 

also play a crucial role. AI and machine learning can predict and enhance the effectiveness of these optimizations by determining 

which strategies are most suitable for a given context. This could be applicable for generic context based optimization selection 

based on AI/ML. 

 

3.9 AI, Energy Harvesting and Reflective Intelligent Surface (RIS) 

          [62] proposed a deep reinforcement learning (DRL)-based algorithm is developed to improve the proposed EH-RIS scheme 

for guaranteeing the quality of service (QoS) under dynamic wireless environments. Energy harvested from the environment (e.g., 

RF signals or solar power) can be used to power the RIS elements themselves, ensuring that the system operates with minimal 

external energy inputs. In scenarios like mobile networks, where the network conditions may constantly change, or in remote 

locations where power supply is unreliable, the combination of EH and RIS offers a resilient solution. Energy harvesting can 

ensure continuous operation while RIS adapts to the changing conditions to maintain network performance. 

 

3.10 Relay and Reflective Intelligent Surface (RIS) 

         [63] propose a hybrid relay-reflecting intelligent surface (HR-RIS) architecture, in which a single or few elements serve as 

active relays, while the remaining only reflect the incident signals which could be fixed or dynamic HR-RIS. This was lateutilized 

to enhance the performance of Integrated Sensing and Communication (ISAC) in [64]. Environmental monitoring through ISAC 

could be used as a feedback for the network. 

 

3.11 Relay, RIS, AI and Placement 

      Placement plays a crucial role based on AI the deployment requirements could be predicted and the placement of the relays, 

RIS or hybid could be explored. 

 

3.12 Advanced Materialization with AI and Network Placement 

        Hardware plays a pivitol role energy utilization in the sources of material and availability could be pre-defined. This could be 

enhanced further by futuristic planning of the placement requirement specifically for the installation which could be added with 

environmental awareness using ISAC capabilities. Similarly a hologram could add more clear picture to make a robust system.  

 

3.13 Network Slicing and AI 

         Slicing could help in fault isolation and AI in fault prediction combining these together would enhance the reliability of the 

network and reduce the downtime. 

 

3.14 Network slicing and sleep mode 

        The potential network component before reaching the cut-off threshold for sleep mode could be transferred to a separate slice 

with lower priority and resources. 

 

 

 

http://www.jetir.org/


© 2024 JETIR December 2024, Volume 11, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2412218 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c191 
 

IV. CONCLUSION AND FUTURE WORK 

With advanced research in sustainability and cross-domain applicability it is required to provide the big picture of optimization 

carried out in 5G system before taking next step towards future generation that is 6G. Its a time to re-examine the current 

optimization techniques and to synergies their capabilities to provide multiplied enhancements. This paper examined 14 

combinations at high level and provided a roadmap for further additions to these approaches. The outcome of this study was to 

appreciate the role of Sleep mechanism and Artificial Intelligence which collaborate with almost every domain to increase the 

efficiency of the system as well as energy. This paper would help researcher to visualize a holistic view of how the network 

intelligence would enable sustainability. Going forward each algorithms in these areas could be evaluated. 
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