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Rezumat. Scopul acestui articol este de a prezenta soluții de eficiență energetică pentru rețelele 

de comunicații NGN. După prezentarea caracteristicilor generale pentru NGN sunt enumerate 

câteva soluții principale de eficiență energetică pentru aceste rețele, care includ și soluții 

pentru rețele „verzi” de comunicații mobile 5G. 
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Abstract: This paper is presenting energy efficiency solutions for NGN communications 

networks. After presenting the general features for NGN, some key energy efficiency solutions 

for these networks are listed, including solutions for "green" 5G mobile communications 

networks. 
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1) General features 

 

As defined by the International Telecommunication Union (ITU-T) [1], the Next 

Generation Network (NGN) is a packet-based network that can provide services including 

telecommunication services and can use multiple bandwidth transport technologies enabling 

QoS (Quality of Service). 

 In NGN network the functions related to services are independent of transport 

technologies. The NGN network enables large-scale mobility to ensure consistent and 

ubiquitous provision of services to users. 

 In the ETSI’s vision NGN refers to [2]: 

 All IP-based network; 

 Interoperable domains; 

 Broadband access; 

 Support for mobility and nomadicity; 

 Multiple services; 

 Business model agnostic. 

NGN is characterized by a number of issues from which can be identified: the new 

demand for innovative services users, linked to their needs and location and the explosive 

growth of digital traffic (increasing Internet usage). 

ETSI proposes the following services supported by the NGN network [2]:  
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 PERSON-TO-PERSON: voice call, 

            video call, 

            chat, 

            multimedia sessions. 

 

 CONTENT – TO – DEMAND : 

                                              browsing, 

                                              download, 

                                              streaming, 

                                              broadcast. 

 

  

  

 

  

 

 

 

   MESAJE : e-mail 

       SMS EMS (Enhanced Messaging Service) 

 MMS 

 IM and presence. 

  

 

 

 

 

 

 

 

 

 

 

NGN allows building the rich media services, presented below (figure 1) [2]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) Presentation of the main requirements for 5G mobile communications  

  

 

         

 
Figure 1: Realization of rich media services [2] 
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The use of NGN has allowed in technology of communications networks, switching 

from the traditional network to the packet switching network (Internet Protocol) (Figure 2) [3].  

Specifically for NGN is that any such network can simultaneously carry multiple services. 

 

 

 

 

 

 

 

  

  

 

 

 

The increased complexity of network services leads to the establishment of clear rules 

on network neutrality (non-discrimination of customers) on the one hand and on the efficiency 

of energy consumed on the other. 

In [4]  the European Commission (EC) clearly highlights the fact that energy efficiency 

„is not an end in itself but a means for a goal”. It influences practically all economic and social 

domains, including health, employment, competitiveness, resource efficiency, etc. 

The analyzes already made for the impact of increased energy efficiency on all areas of 

life are presented in the following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Transition from traditional networks to NGN networks [3] 

Figure 3. Schematic illustration of multiple benefits of energy efficiency [4] 
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Table 1 presents the benefits of increasing energy efficiency (referred to in the EC 

documents as non-energy or negative energy) specific to NGNs according to EC analyzes. 

   

Table 1.  Benefits examples of increased energy efficiency [4] 

Category Benefits examples 

Operation and maintenance Reduced maintenance 

Reduced need for engineering controls 

Working environmental Increased worker safety 

Reduced noise 

Improved air quality 

Emissions Reduced emissions (CO,CO2, NOx, SOx) 

Reduced dust emissions 

Other Improved corporates image that use NGN 

Increased sales levels 

 

 

2) Key energy efficiency solutions for NGN networks 

 

Energy efficiency is one of the critical factors in modern communications systems. 

Switching from traditional communications networks to NGN networks has led to significant 

implications for technical architecture and infrastructure but also for energy consumption. 

Based on an analysis of standards and regulations applicable to NGN networks and EU 

documents in this field we present solutions for energy efficiency of NGN networks.  

The choice of technologies and architectures for NGN communications networks must 

be achieved to be as energy-efficient as possible. Energy-efficient solutions for NGN networks 

are required by: 

 Equipment and access techniques used; 

 Network complexity. 

  The choice of network architecture solutions must be made in such a way that they 

comply with the conditions imposed by the increased quality of the offered services and the 

conditions of energy efficiency. Thus, it is desired to obtain [5]: 

 Increasing network capacity (1000 times) and developing services (especially for 

wireless networks); 

 Saving consumption (about 90%) of energy per service provided; 

 Reducing the average time for service delivery. 

In order to increase energy efficiency we can identify areas where energy consumption 

can be reduced, for example: 

 Uninteruptible Power Supply (UPS); 

 Data centers; 

 External power supplies; 

 Broadband equipments; 

 Radio base station (RBS) in wireless networks; 

 Transmissions systems and also those using IP; 

 Multiple power modes for broadband equipment; 

 Switching centres. 

Energy consumption for RBS is a major problem and solutions for reductions of more 

than 50% can be considered in figure 4 [6]. Six solutions can be considered to save energy, 

namely [6]: 

 Optimization of remote radio units; 

 Radio stand-by mode; 
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 Passive cooling; 

 Advanced climate control for air conditioning equipment; 

 DC system for ECO mode; 

 Higher efficiency rectifiers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The system architecture is a fundamental premise for realization of the lowest possible 

energy consumption. An efficient energy system must be effective both for data transmission 

and when no data is transmitted. System architecture, especially in the second situation, affects 

consumption because (explicitly or implicitly) a number of network functionalities are created, 

which must also exist under stand-by conditions. For example, when the network is in the stand-

by mode, it is necessary to improve the distribution of access information, etc. 

In order to do this, it is necessary to make a distinction between the system functions in 

idle and active mode. Such an architecture has been proposed for the first time in the EARTH 

project (figure 5) [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Six energy saving solutions applied to an RBS [6] 

Figure 5. Separation model between inactive mode and active mode proposed 

by the EARTH project [7] 
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From the previous figure we can see that the logical separation between idle mode and 

active mode network functionalities enable very efficient use of DTX and DRX in the network 

nodes as well as very high gain antenna beam-forming to active UEs. 

In the proposed architectural model, cells can be viewed as specific resources for users 

in the data transfer process; cells are dynamically created and configured as required by active 

users. The use of dynamic cells allows efficient use of data transmissions in discontinuously or 

continuously mode in network nodes. Using the model allows the number of access points to 

be dynamically adapted to traffic conditions. 

In communication systems one can speak of the: 

• control plan; 

• user's plan; 

• management plan. 

By separating the network into these plans, it is easy to use the access points. The 

independent development of activities in different plans leads to the energy efficiency of the 

network. 

 Improving energy efficiency through implementation strategies was considered in 

several projects [8], [9]. Implementation strategies use different cell topologies and distributed 

antenna systems. Currently, heterogeneous network topologies are preferred, where small cells 

operate under the cover of an „umbrella” that has a large coverage. 

In order to meet the demands of the permanent increase of the data volume and of the 

large number of devices used, in conditions of minimizing the energy consumption, so called 

ultra-dense implementations can be used (figure 6) [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These architectural implementations are required in areas where data rates are extremely 

high, such as in offices, malls, subway stations, etc. 

The architecture of the NGN network can be based on a mix of technology 

combinations, which are used according to network requirements (such as infrastructure costs, 

spectrum, equipment availability, etc.). In this situation, the energy consumption must be 

considered for architectural evaluation. In this respect, the energy consumption of hybrid 

distribution solutions (backhaul) is evaluated, solutions that can meet the ever-increasing 

requirements imposed on the networks (figure 7) [7]. 

Figure 6. Ultra-dense implementations [7] 
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One of the main issues for the mobile access networks is to reduce power consumption 

and it is very important to reduce power consumption in base station (BS) because they 

consume more than 60% of this total power [10]. 

A key factor for network infrastructure is the need for high energy performance and this 

will be based on two design techniques: 

a) To only be active and transmit when needed; 

b) To only be active and transmit where needed. 

The main technologies used to obtain high energy performance of 5G networks include 

[10]: 

 Ultra-lean design; 

 Advanced beamforming techniques; 

 Separation of user-data and system-control planes on radio interface; 

 Virtualized network functionality and cloud technologies. 

In order to achieve the appropriate energy efficiency, it is necessary to choose the 

architecture for communication networks to respond to: 

 use of the best technical solutions for the base station (the use of appropriate 

equipment); 

 use of solutions to optimize energy at the cell level; 

 optimization of network topology; 

 the use of cloud networks. 

For efficient energy data transmission, the following transmission techniques can be 

exploited [11]: 

 MIMO; 

 Adaptive antennas; 

 Multi-point coordinated transmission mechanisms; 

 Advanced retransmission techniques. 

 

 

Figure 7. Illustration of possible distribution solutions for networks [7] 
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Optical technologies are widely used in communications networks for the basic physical 

infrastructure, in most thanks to their high speed, large capacity and other attractive properties. 

Optical networking technologies have improved significantly in the recent decade. 

The concept of an energy efficient optical network, which has appeared relatively 

recently, is based on the saving potential of information and communication technologies. The 

reduction of power consumption in an optical network addresses four levels: components, 

transmission, network and applications. All optical components, such as buffers, switches and 

wavelength converters, are designed to reduce consumption. The efficiency of an optical switch 

is significantly higher than that of electronic components with the same function (electronic 

boards and connectors). 

 Optical fiber, with low attenuation factor and dispersion factor, substantially improves 

the energy efficiency of optical transmission / reception. At the network level, significant efforts 

are being made to introduce energy-efficient solutions to resource allocation mechanisms, green 

routing and last kilometer access. Connectivity mechanisms, such as Proxying and cloud 

computing, are addressed in perspective to reducing energy consumption. 

 In [12] are analyzed the energy saving methods at the network level in all three areas: 

core, metropolitan and access. 

 

3) Conclusions 

 

Technologies and architectures for NGN communications networks must be chosen to 

be as energy efficient as possible. Energy-efficient solutions for NGN networks are required by 

equipment, access techniques used and network complexity. 

The choice of energy-efficient technologies and architectures for NGN communications 

networks will contribute to reducing cost for various users of the services offered by these 

networks. 

The development of NGN communications networks through the use of energy-efficient 

technologies and architectures will lead to important profits in this domain. 

 

Acronyms  

 

Acronym 

 

 

Signification 

3G 3rd Generation 

4G 4th Generation 

5G 5th Generation 

DC Direct Current 

DRX Discontinuous Reception 

DTX Discontinuous Transmission 

EC European Commission 

ECO Economic 

EMS Enhanced Messaging Service 

ETSI European Telecommunications Standards Institute 

EU European Union 

FTTx Fiber to the x 

HFC Hybrid Fiber-Cable 

IM Instant Messaging 

IP Internet Protocol 

ITU-T International Telecommunications Union – Telecommunications 

MIMO Multiple Input, Multiple Output 
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MMS Multimedia Messaging Service 

NGN Next Generation Network 

OLT Optical Line Terminal 

QoS Quality of Service 

RBS Radio Base Station 

SMS Short Message Service 

UE User Equipment 

UPS Uninteruptible Power Supply 
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