
 

NGMN e. V.  

Großer Hasenpfad 30 ɍ 60598 Frankfurt ɍ Germany 

Phone +49 69/9 07 49 98 -0 ɍ office@ngmn.org   

Green  Future Networks 

Metering for Sustainable Networks 

 

by NGMN Alliance 

 

Version: 1.0 

Date:   25.01.2022 

Document Type: Final Deliverable (approved) 

Confidentiality Class: P - Public 

 

Project: Green Future Networks 

Editor / Submitter: Ousmane Kikhounga-NôGot (Deutsche Telekom), Paolo 

Gemma (Huawei), Saima Ansari (Deutsche Telekom), Ana 

Maria Galindo Serrano (Orange) 

Contributors: Orange (Patrick Cartron, Jean-Michel Cornily, Ana Galindo-

Serrano), DT (Norbert Entstrasser, Karl W. Heise, Paul Pfundt, 

Saima Ansari), TNO (Joruseski Ljupco, Gabriel Alexandre), 

Ericsson (Ove Persson, Daniel Dianat,), Nokia (Christophe 

Grangeat, Gilbert Buty), HPE (Marie-Paule Odini), Intel (Gary Li, 

Bill Redmond, Emma Collins, John Browne) 

Approved by / Date: NGMN Board, 10 th  January 2022  

 

 

 

 

 

 

 

 

 

 

 

mailto:office@ngmn.org


 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 2 (60) 

  

© 2022 Next Generation Mobile Networks e.V.  All rights reserved. No part of this document may be 

reproduced or transmitted in any form or by any means without prior written permission from NGMN e.V.  

The information contained in this document represents the current view held by NGMN e.V. on the issues 

discussed as of the date of publication. This document is provided Ɉas isɉ with no warranties whatsoever 

including any warranty of merchantability, non -infringement, or fitness for any particular purpose. All liability 

(including liability for infringement of any property rights) relating to the use of information in this document 

is disclaimed. No license, express or implied, to any intellectual property rights are granted herein. This 

document is distributed for informational purposes only and is subject to change without notice. Readers 

should not design products based on this document.  



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 3 (60) 

Table of Content 

Executive Summary  ................................................................................................................................. 5 

1 Introduction  ....................................................................................................................................... 8 

2 Mobile Network Considered Metering  ........................................................................................ 10 

3 Use Cases ......................................................................................................................................... 13 

3.1 Use Case 1: Smart Support Equipment Facility  ................................................................. 13 

3.2 Use Case 2: Intelligent Renewable Energies Management Providing Most Cost -

efficient Power to BS Sites  ................................................................................................................ 14 

3.3 Use Case 3: Emergence of New Operating Models  .......................................................... 17 

3.4 Use Case 4: Towards Disaggregated and Virtualized Networks  ..................................... 20 

3.4.1 Aggregated Radio Access Network  ................................................................................ 20 

3.4.2 Disaggregated RAN ........................................................................................................... 21 

3.4.3 Network Virtualization ...................................................................................................... 23 

4 Requirements for Metering  .......................................................................................................... 24 

4.1 General Requirements for Metering and the Collection of Data .................................... 24 

4.2 Metering for Facilities / Site Equipment  .............................................................................. 25 

4.3 Support for Power Metering in Virtualized Environment.  ............................................... 28 

5 Architectures and Protocols Recommendations for Metering Solutions  .............................. 31 

5.1 Existing Standardized Solutions  ........................................................................................... 31 

5.2 Recommendations for Potential new Solutions  ................................................................ 32 

5.2.1 Data Collection Unified Architecture  .............................................................................. 32 

5.2.2 Site Internal Communication Architecture  ................................................................... 33 

5.2.3 Communication with Network Management System(s)  ............................................. 35 

5.2.4 Common API  ...................................................................................................................... 38 

5.2.5 Common Protocol  ............................................................................................................. 39 

6 Conclusion  ....................................................................................................................................... 41 

List of Abbreviations  ............................................................................................................................. 43 

References .............................................................................................................................................. 46 

Annex A: Energy Architecture Used in BS Sites  ................................................................................. 48 

A.1 Architecture Scenario No. 1: On -site Grid, Good Grid  ........................................................ 48 

A.2 Architecture Scenario No.2: On -site Grid, Bad Grid  ............................................................ 48 

A.3 Architecture Scenario No.3: Off -grid Site: Pure Solar  ......................................................... 49 

A.4 Architecture Scenario No 4: On -grid Site + Solar  ................................................................ 50 

A.5 Architecture Scenario No.5: Off -grid Site: Solar + Genset .................................................. 51 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 4 (60) 

A.6 Architecture Scenario No.6: Off -grid Site: Hybrid Diesel Generator or Other Type of 

Generator, Fuel Cells and Energy Storage Solutions (HGB)  ..................................................... 51 

Annex B. Sensor Requirement  ............................................................................................................ 53 

Annex C. DetailED ON Board Solution for Facilities Equipment  .................................................... 57 

C.1 Site Controller  ........................................................................................................................... 57 

C.2 Branch Measurement  ............................................................................................................. 57 

C.3 O&M Service Management  .................................................................................................... 57 

C.3.1 Site Fault Locating and Risk Management  ........................................................................ 57 

C.3.2 Site Capacity Expansion Analysis ........................................................................................ 58 

C.3.3 Precise Backup for Active Equipment  ................................................................................ 58 

C.3.4 Asset Management  ............................................................................................................... 59 

C.3.5 Site Security Management  .................................................................................................. 59 

 

  



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 5 (60) 

EXECUTIVE SUMMARY 

The number of Mobile Network Operators (MNO) committing to net-zero emission targets by 2050 

or before has significantly increased in the past couple of years. Reduction of power consumption 

is an essential key for MNOs to achieve those targets and reduce their operational expenses as 

well. To optimize the energy consumption, it is important for MNOs to have detailed understanding 

about where and when energy is consumed, and which factors are influencing this consumption. 

Therefore, an accurate metering system is a prerequisite to make sure that energy consumption 

can be properly monitored, measured, and optimized. It will allow all the actors involved in mobile 

network deployment and operation i.e. MNOs and Tower Companies, to develop precise 

optimization processes, predict maintenance, and control the network remotely, thereby reducing 

manual interventions as well. In simple terms, an interface should be established between both 

MNOs and network equipment suppliers including manufacturers and vendors. This interface 

should include valuable functions and mechanisms for the secured transfer of measured data to 

the MNOsô sites, to enable them to analyse the data and derive affordable measures or solutions 

for improvements, which could be implemented by the MNOs themselves or in cooperation with 

manufacturers and/or vendors. Although this White Paper focusses foremost on base station (BS) 

sites, identified as the most energy consuming part of mobile networks, its insights and 

recommendations are applicable to the rest of the mobile network including backhaul, core and 

Network Function Virtualization (NFV) as well. 

 

The term ñmeteringò is used in a generic way in this White Paper to identify not only the sensing 

but also the necessary infrastructure to collect, transmit and use the information obtained for a 

better management and improvement of the network. This includes a methodology on how to 

transfer the information from the measurement site to a central point using different communication 

channels, protocols, and interfaces to be able to perform an action or distribute information on the 

network status. With this information, it would be possible to plan the evolution of the network in a 

way to reduce the energy consumption and improve the efficiency of the network. This White 

Paper describes the aim of metering in different parts of mobile networks and the advantage that 

can be realized with the help of several use cases such as smart facilities, renewable energy use 

and management, new operation models, disaggregated and virtualized networks. An analysis of 

the requirements for metering is performed, considering the aspects which need to be monitored 

including energy consumption, environmental aspects, site security, etc. and how this could be 

implemented in the BS, site facilities, core network and in the virtual environment as well. 

 

The most important quantity to be measured for energy saving are energy consumption, current, 

and voltage. Every BS equipment as well as technical site-equipment (BS site) should be enabled 

to measure these parameters by metering. Since various equipment with different scales of energy 

consumption are interworking at a BS site, the accuracy classes of power meters should be 

identified and harmonized. Therefore, it is recommended to follow the principles of measurement 

as well as the accuracy of the measurements according to the established international standards. 
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Furthermore, it is also important to evaluate the energy efficiency of the entire site based on Direct 

Current (DC) metering and energy consumption indicators at the first energy distribution layer and 

even at its sub-distribution layers. Once this energy consumption data is sent to the network 

management centre, the energy optimized running policy can be delivered to the sites.  

 

Virtualization of network functions has become a trend in mobile networks, leveraging Commercial 

Off-The-Shelf (COTS) hardware, such as General-Purpose Processors (GPP) and standard 

Ethernet Network Interface Cards (NICs), enabling agile feature development, and service 

deployment. Open interfaces and methods are already available to collect resource usage for 

Central Process Unit (CPU), memory, storage, network interface and power, Virtual Machine (VM) 

status, resource utilization and to publish telemetry from the virtualized computing platform. The 

power and resource utilization telemetry can be used to build recommendation policies that can be 

subsequently applied to optimize power according to the workload demand. 

 

The proposed recommendations for metering solutions cover a unified architecture of metering 

system and data collection at internal site level; different topologies of sites including site owned by 

one operator, site sharing scenario between different MNOs, Tower Companies and RAN sharing 

scenarios. For these scenarios, a possible site communication architecture is described, 

establishing the principles of information flow between site Network Management System (NMS) 

and the different actors involved. The target would be to collect the information from the equipment 

present on the site as well as from the whole environment i.e. power system, cooling system, 

energy storage system, etc. to create transparency for the MNOs about where energy is being 

consumed. 

 

The technical site equipment, site control unit(s), or power unit(s) may come from different vendors 

and support different levels of capabilities and versions of protocols for the control and monitoring 

of their power consumption data. Hence, it is recommended to equip them with the Next 

Generation Control Unit (NG-CU) or Next Generation Data Gathering Unit (NG-DGU) which 

includes a higher level of intelligence. The technical site should further include an entry point which 

is responsible for the control and monitoring of power units, cooling systems, and building controls 

via their NG-CU/NG-DGU. 

 

Common Application Programming Interfaces (APIs) are essential to permit a better and simple 

integration of different solutions. The standardization of a common API for the different scenarios 

described above is expected to enable the controlling and monitoring of Power, Energy and 

Environmental (PEE) data from site equipment, power unit, building control units and BSs. The 

intention of the recommendations set up in this White Paper is to work together with the Standard 

Development Organizations (SDOs) to create a uniform and more sustainable metering solution 

for mobile networks by updating existing standards or developing new standards for the missing 

parts.  

 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 7 (60) 

The solutions presented in this White Paper shall be discussed in standardization bodies such as 

European Telecommunications Standards Institute (ETSI), 3rd Generation Partnership Project 

(3GPP), International Telecommunication Union (ITU), and others to form the basis of future work 

on standardizing the measured parameters, data collection methods, interfaces, and 

communication protocols. 
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1 INTRODUCTION 

In this White Paper the ómeteringô terminology is used in a generic way to identify solutions 

implemented in a mobile network to measure physical parameters like: 

¶ Electrical: voltage, current, energy, power. 

¶ Environmental: temperature, humidity, wind, solar radiation. 

¶ Other: fuel level, battery shelter temperature. 
 

Metering not only includes the sensing but also all the necessary ñinfrastructureò to collect, transmit 

and use the measured information. This includes the methodology to transmit the information from 

the measured site to a central point using different communication channels, protocols and 

interfaces, as well as the Network Management System (NMS) and the application platform to 

display or distribute the information. Sensors are integrated in different network equipment e.g. 

Radio Access Network (RAN), backhaul equipment, and in the equipment support e.g. site 

environmental sensor, power unit, cooling, solar unit, etc. 

 

The motivation for extensively using metering is that it allows to better identify and understand the 

behaviour of energy intensive or underutilized parts of the network to optimize and manage them in 

a more energy efficient way. The objective is to reduce network associated Green House Gas 

(GHG) emissions for current and future mobile networks. 

 

Metering solutions are standardized in 3GPP and ETSI for all type of network equipment, but 

standardization does not exist for other parts of the network such as core, Network Function 

Virtualization (NFV), data centre or the support equipment. Furthermore, actual solutions do not 

consider new types of deployments such as smart facilities, renewable energies, Tower 

Companies and virtualized networks, as illustrated in Section 3. It is important to have standards 

covering metering for support equipment as reported in the Sections 4 and 5. 

 

Energy measurements will enable MNOs to know the status of their network energy consumption. 

This helps to lower operational expenditures and to derive migration plans for future network 

design. More precisely, having metering information from the network and support equipment will 

give telco actors, including MNOs, Tower Companies, vendors the option to: 

¶ Include requirements for Energy Efficiency (EE) of telecommunication equipment and 

related site equipment as part of procurement decisions. 

¶ Validate the promised energy efficiencies requested in Requests for Quotation (RFQ) by 
actual network performance measurements instead of tests. 

¶ Leverage emerging renewable energy power units for MNOs having higher contribution of 
ñrenewable energyò for their networks. Metering provides necessary insights to optimize 
usage of renewable power. 

¶ Save costs by optimizing the fluctuation of renewable energy prices on the energy stock 
exchanges. An efficient energy management will enable the parties to benefit from metering. 

¶ Increase the contribution of locally produced renewable energy. The return of investment of 
on-site installations (Photovoltaic (PV) panels, windmills, etc.) can be shortened with a more 
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efficient on-site energy management. To do so, it is needed to forecast the siteôs specific 
energy demand according to the usage of radio network equipment. 
 

To exploit the information gathered from equipment, the data needs to be processed and 

transmitted to the NMS and/or operation management centre. This White Paper presents solutions 

in this sense and considers different solutions for data collection and exchange.  

 

Please notice that methodologies for measuring, collecting and managing energy consumption of 

user equipment (fixed and mobile) are not part of the scope of this White Paper. 
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2 MOBILE NETWORK CONSIDERED METERING 

This section provides a description of a mobile network when considering the need for metering. 

Figure 1, from standard ETSI ES 203 228 [1] and ITU-T L.1331 [2], gives an overview of a generic 

mobile network. In this figure, the mobile network is divided from an architectural point of view into 

Base Station (BS) site, backhaul, cloud (both central and local) and NMS. 

 
Figure 1. Mobile Network Diagram. [2]  

 

A BS site can be represented as reported in Figure 2, in which it is easy to see the difference 

between site equipment, BS equipment and backhaul equipment. BS is also a generic term used 

for a network component which serves one or more cells and interfaces the user terminal (through 

the air interface) and a radio access network infrastructure as defined in [1] and [2]. 
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Figure 2. Schematic Overview of a Base Station Site [2]. 

 

Based on Figure 2, when considering metering needs in a BS site, the equipment to measure can 

be classified in three separate sections: 

¶ The BS equipment itself in which it is necessary to perform measurements according to its 

intended use (e.g. traffic volume, traffic quality, energy consumption, etc.). In past years 

MNOs and industry have spent lots of efforts to evaluate and improve the quality of 

networks. Standardization bodies like 3GPP and ETSI established a widely used 

framework for the definition, processing and collection of these parameters.  

¶ The BS site equipment (support equipment) creates the adequate conditions for the BS 

equipment to work. It includes air condition systems, power supply units, sensors, locks, 

camera, etc. Some of this equipment is passive and might not be equipped with any kind of 

data interface to transmit measurement values. ETSI Technical Committee on 

Environmental Engineering, working on power utilities and air condition systems has 

partially standardized the monitoring and data collection for this type of equipment [3]. The 

minimum parameters to be collected for this equipment are power, energy consumption, 

temperature and humidity. 

¶ The backhaul is composed of transmission systems of different technologies such as 

microwave, fibre connection, router, etc. The metering of these types of equipment need to 

provide information related to their energy consumption - as the other equipment present in 

mobile network - to have a complete overview of mobile network energy consumption. 

Furthermore, the metering of these product types is covered by ETSI standard [3]. 

 

Based on Figure 1, the other part of the network that needs to be considered in order to have a 

global view of the energy consumption of a mobile network is the cloud, with central and local 
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(edge), which needs to have metering capabilities as well to provide data regarding its energy 

consumption and environmental conditions. 

 

Finally, the NMS is the part dedicated to the supervision and control of the network that collects 

and manages all the information provided by metering units present in the network. 
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3 USE CASES 

This section describes four use cases, selected to illustrate the use of metering in mobile networks 

and to emphasize the requirements when implementing metering. 

3.1 Use Case 1: Smart Support Equipment Facility 

On one hand, the network densification is accelerating on a continuous basis and on the other 

hand, electricity prices are increasing as well. This makes measurement and transparency a 

prerequisite for energy saving. However, measuring equipment at a large number of BS sites is still 

invisible, let alone unmanageable. In addition, knowledge on the accuracy of meters and 

measurements, especially in case of interaction i.e. triggering actions, with various equipment ï is 

very important. Figure 3 shows the considered position where metering needs to be deployed in 

the present use case. 

 

 
Figure 3. Smart Support Equipment Facility Use Case. (Derived from [2] and modified) 

 

To have a smart facility, the traditional approach is to install external and independent meters at 

each active equipment. This could be realized by a central or a decentralized metering solution, in 

which, for different active equipment, different metering precision levels will be defined. In a 

centralized solution it will be hard to ensure an adequate accuracy for each measured active 

equipment, as the collection of measurements is concentrated at a single point. In a decentralized 

solution, each active equipment is accurately measured, but the data collection will require a 

complex architecture.  

 

In both cases additional investment and space for meters, cables and data collection hardware is 

required. Nevertheless, adding external meters may introduce inaccurate data, therefore having a 

maintenance process to guarantee accurate measures is important. Equipment with on-board 

metering (integrated sensors) will reduce the need for additional investment and might overcome 

the disadvantages of external meters, as this will be linked to the life span of the active equipment. 

 

Data interfaces with various data logging, configuration and functionality to trigger equipment 

specific activities (e.g. disconnecting active equipment, etc.) are implemented into an ever-
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increasing number of support equipment. To move from traditional facilities to smart facilities, the 

capabilities mentioned above should be used to manage equipment and not only to measure it. A 

traditional and centralized metering solution does not have intelligent management functions such 

as remote disconnection. 

 

Furthermore, as the focus is on energy efficiency and active equipment measurements, other data 

like environmental conditions, storage conditions (i.e. battery State of Health, State of Charge, etc.) 

are necessary to implement an advanced management of facilities present in the network. 

 

Energy Management System (EMS) in smart facilities aim to increase the efficiency of networks by 

measuring the varying active equipment consumption, detecting and directly addressing the most 

relevant abnormalities. This information could be exploited for predictive maintenance. Moreover, 

using and managing different energy sources such as renewable energy storage solutions can 

accelerate the reduction of at least part of the energy originating from fossil sources used on the 

site, along with the GHG emissions of the site. This is expanded in use case 2, in Section 3.2. 

 

In summary, better verification of site functionality also enables precise Operations & Maintenance 

(O&M), resulting in fewer site visits, which are also a source of GHG emissions, and can help 

extend the lifespan of support equipment. 

3.2 Use Case 2: Intelligent Renewable Energies Management 

Providing Most Cost-efficient Power to BS Sites 

Following the United Nations Sustainable Development Goals (UN SDGs) and Net-Zero initiatives, 

national governments and companies are increasing the usage and production of renewable 

energies. During the last years, MNOs have been deploying renewable energy solutions and this 

trend is expected to continue in the coming years. Nevertheless, from a global point of view, the 

availability of this kind of energy as well as its prices are subject to major fluctuations.  

 

Figure 4Figure 4 illustrates that the renewable energy availability has been strongly impacting 

prices at energy markets since 2019. When these fluctuating prices are mapped into energy supply 

contracts the MNOs can start to monetize it. This is done by buying energy only in off-peak price 

periods and buffer it in storage systems e.g. batteries, that will then be discharged during the high-

price periods. 
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Figure 4. Fluctuation of Energy Production and Whole Sales Prices [4] 

 
MNOs will increasingly also use their site for the on-site production of renewable energy 

(photovoltaic, wind generators, hydrogen fuel cells, etc.), in order to reduce the overall use of grid 

energy and the dependencies on increasing energy prices. 

 
To this end MNOs will have to handle the fluctuating prices of grid power, the availability of 
renewable energies, the storage capacity systems and the cyclic energy demand for the BS-
equipment. Metering appears as the foundation for local power optimization. Figure 4 shows the 
metering position considered in this use case. 

 
Figure 5. Intelligent Renewable Energies Management Use Case (Derived from [2] and modified) 

 
Until now, the on-site renewable energy production is provided to the power distribution system 
and instantly consumed to reduce the grid power share. The batteries, when existing, are only 
discharged in case of power outages and immediately re-charged once the power is available 
again. 
 
In the future, a smart BS site will predict, thanks to metering, its energy demand and production for 
the upcoming 24/48 hours as well. 

 
As illustrated in Figure 6, an intelligent Energy Management System (EMS), based on site energy 

consumption monitoring and energy locally produced by renewable sources, will optimize the 
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energy storage capacities. In particular, the battery will be charged when grid power prices are low 

and the battery will be discharged when grid power reaches the peak price level. 

 

The key parameters to consider developing an intelligent EMS are: 

Cyclic energy demand: 
The energy efficiency of each equipment will be optimized for an overall reduction of energy 
consumption. This will be done either on a long term basis by considering the life cycle 
management based on the energy efficiency when exchanging equipment or on a short term 
by implementing features to save energy (e.g. switching off capacity boosters when the traffic 
demand is low, and re-activating them on a need basis - see [5], etc.). 
Energy saving features will impact the energy consumption of each specific equipment, along 
with cyclic energy consumption. Forecasting the energy demand will be based on actual 
power metering data and AI-applications considering site specific features. 

 
Availability of renewable energies: 

Renewable energies produced by photovoltaic systems and wind turbines are strongly 
depending on local seasons and weather. Fuel cells (e.g. powered by ñgreenò hydrogen) are 
limited by the availability of combustible material e.g. filling the tank. Forecasting the 
renewable energy production will also be based on actual metering data and AI-applications 
considering the implemented site-specific capabilities for production including filling levels and 
the local weather forecast. 

 
Renewable energy storage: 

Handling renewable energies implies the awareness of having periods where the production 
can be higher than the demand and periods where the production does not cover the demand 
(i.e. energy gap). To overcome this situation energy buffering capacities with sensors to 
measure the actual capacity (quantity of energy available in the energy storage unit) need to 
be installed at the sites. 

 
Fluctuating prices of grid power: 

The assurance of electrical energy supplies is assured by the regulations. They forecast the 
amount of energy produced by various sources (e.g. water, coal, gas, photovoltaic, etc.) and 
the related cost per MWh 
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Figure 6. Intelligent Energy Mmanagement 

3.3 Use Case 3: Emergence of New Operating Models  

The mobile infrastructure market is growing rapidly. More and more MNOs are carving out their 

site infrastructure to so-called Tower Companies. Experts in [6]] explain these trends in terms of 

site ownership. This trend increases the information exchanges, leading to a change of paradigm 

in the nature of site information flow. In some regions, the split of responsibilities becomes even 

more granular as óEnergy Service Companiesô (ESCOôs) are taking over the power management 

at mobile sites. As shown in Figure 7, in the present case of emergent new operation models, 

metering systems are positioned on the BS site, especially on BS equipment. 
 

 
Figure 7. Emergence of new Operation Models Use Case (Derived from [2] and modified) 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 18 (60) 

As many of the sites are shared between several MNOs, the interaction between site facilities and 

the BS equipment of the MNOs will reach a higher level of complexity. The exchange of 

information i.e. measurements, warnings & alarms, inventory & configuration data, will become key 

for an efficient and highly automated cooperation of different equipment at the BS site. This 

exchange of information may occur on various architectural levels on-site or at even higher 

architectural layers between the NMS, as presented in Figure 8. 

 

 
Figure 8. Site Sharing: Interaction of Site Facilities and BS-equipment on Various Architectural 

Levels 

 

Additionally, a fair and transparent energy cost invoicing, origin of used energy, etc., based on 

measurements, will become of vital interest for all parties involved. The global year-to-year growth 

of mobile network data traffic is around 45% [7]]. To cope with this growth rate MNOs need to 

continuously improve the overall (radio, transmission and site equipment) joule/byte ratio in order 

to keep the curve of energy costs flat. ITU-T defines for BS site an indicator called Site Energy 

Efficiency (SEE) that measures the efficiency of sites and that can be used to control site status. 

[8], [9]. In this context, Figure 9Fehler! Verweisquelle konnte nicht gefunden werden. illustrates 

different types of site sharing and the role of Tower Companies. 
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Figure 9. Sharing Scenarios Between MNOs and Business Relationships Indicated by Simplified Key 

Performance Indicators (KPIs) 

 

The detailed understanding of the energy consumption of each component at a site enables 

MNOs, Tower Company & ESCOôs to focus on individual energy efficiency priorities including 

renewable energy production and to directly benefit from these activities. 

 

In future, the complexity of BS site tends to increase since on top of the telecommunications 

equipment, the energy production system is also installed as shown in Figure 10. 
 

 
Figure 10. Passive Site Sharing: Metering Supports Inter-working Between MNOs, Tower Company 

and ESCO at a Grid and/or Multiple Powered Site 
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3.4 Use Case 4: Towards Disaggregated and Virtualized Networks  

This use case describes how aggregated RAN, disaggregated RAN and virtualized network 
architectures impact energy consumption. 

3.4.1 Aggregated Radio Access Network 

Wireless mobile networks have experienced a rapid increase in the number of users and data 
traffic, mainly driven by new data services like online gaming and high definition video streaming. 
 
As a result of the introduction of new spectrum bands, which are used by existing Long Term 

Evolution (LTE) and emerging 5G technologies, and the related architectural diversity, the demand 

for electrical power will continue to increase. Indeed, a benchmarking study from GSMA pointed 

out that energy cost in radio access networks are up to 20% - 40% of the annual OPEX [10]]. 

Hence, one of the main challenges for MNOs is decreasing their operational expenditures and 

becoming greener. 

 

To this end, MNOs will need accurate data to be able to decide on optimal migration paths towards 

suitable architectures for BS sites. Standardized power metering, with well-defined accuracies, and 

the re-use of existing telecommunication management systems for energy measurements will 

enable MNOs to define the status of the network energy consumption and to derive insights for 

future network design and plan and reconfiguration of current networks. 

 

In aggregated RAN or ñcurrent cellular systemsò the BS constitutes both base band processing and 

radio front-end, which are located at the BS site. The following Figure 11a indicates where the 

energy consumption should be measured at the BS site, namely at site and BS equipment level. 

 

As the BS equipment is the main energy consumer at a BS site (i.e. rule of thumb around 70% 

related to the mobile traffic and hardware components) suppliers of BS equipment have 

implemented power meters into their systems during the last decade. In 2020 3GPP explicitly took 

over the ETSI requirements into their standardization environment called ñPower, Energy and 

Environmental (PEE)ò parameters [11]. In a consequent step approaches and functionalities to 

save energy and to increase energy efficiency are defined. With this specification, MNOs can track 

the energy consumption of their systems and optimize it. 

 

MNOs will focus on the conformity of the PEE-meters and measurements to international 

standards (see Section 4 about requirement for metering). Figure 11 (a) shows the metering 

position considered in this case. 

 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 21 (60) 

 
Figure 11 (a). Overview of an Aggregated 

RAN with Measuring Equipment at BS 

Site According to ITU-T 1331 [2]] 

 Figure 11 (b). Overview of a 

ñDisaggregated RANò With Measuring 

Equipment not Only BS Site but also at 

Backhaul Site According to ITU-T 1331 [2] 

 

 

The big variety of hardware configurations across an operatorôs network and their different traffic 

profiles make it difficult to manually configure energy saving parameters. Therefore, MNOs are 

evaluating fully automated solutions and their impact on quality and Customer eXperience (Cx). 

The control over the activation and parameter settings of these features will be automated as much 

as possible. The Introduction of AI and automation based solutions, that leverage energy 

reductions up to 15%, are already available [12]. 

3.4.2 Disaggregated RAN 

Looking on Distributed RAN (DRAN) network elements and embedded, proprietary hardware and 

software components i.e. Baseband Units (BBU), Remote Radio Unit (RRU), there are, normally, 

several hardware equipment generations in use. 

 

Due to advances in software-defined radios that enable efficient and scalable implementation of 

RAN functionality on programmable platforms, it is possible to split the BS into a radio front-end 

and a back-end software implementation of base-band processing. This results in a pool of 

software-defined radio engines and BBUs, running on a cloud computing platform, that provides 

base-band processing services to radio front-ends and Remote Radio Heads (RRHs), which are 

deployed in the BS site. 

 

Cloud-RAN has to cope not only with processing latency in servers but also with latency and 

throughput on fronthaul interfaces. A fronthaul link - an interface between RRH and BBU - is a new 

element that does not exist in traditional BS systems. 

 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 22 (60) 

Figure 11 (b) illustrates how the energy consumption can be measured in a Disaggregated RAN. 

More details relating to different Disaggregated RAN solutions can be found in Figure 12. 

 

 
Figure 12. Overview of Disaggregated RAN, Centralized RAN and Centralized RAN with Virtualization. 

 

A RRU for example could consist of several modules serving dedicated frequency bands, Radio 

Access Technology (RAT) combination(s) or looking on new Ultra-Wideband modules (UWB). In 

addition, a BBU consists of several hardware units. In recent RAN hardware developments like 

UWB, on-board metering capabilities are limited (i.e. as defined by ETSI ES 202 336-12 [3]). 

Compared to single RAN modules, UWB modules support several frequency bands and RAT 

combination(s) per module. Resulting energy consumption per UWB includes different RAT, 

whereof energy consumption per single RAT is not natively given, when applying ETSI ES 202 

336-12 [3].  

 

To gain a better understanding of energy consumption at a more granular level than at equipment 

unit level, it is important that energy consumption measurements are provided also at a board/card 

level of an equipment unit. This is beneficial for several reasons: for instance in DRAN 

architectures, energy consumption measurements can be determined per RAT across respective 

RRU and BBU together. These energy consumption measurements approach will help to provide 

transparency across deployed RAT also in Cloud RAN (CRAN) architectures. 

 

MNO may request energy consumption per RAT to understand respective consumption per 

service. To achieve this, new methods/models are needed to obtain energy consumption not only 



 

Metering for Sustainable Networks  

Version 1.0, 25-January-2022 Page 23 (60) 

at the lowest level per hardware component, but also for functions provided by new hardware 

solutions and for all Virtualized RAN approaches (e.g. Virtualized RAN (V-RAN), Open RAN (O-

RAN, etc.). 

 

Previous paragraphs show that a combination of metering and intelligent features is needed to 

understand energy consumption at lowest component level to gain maximum EE benefits from 

networks.  

3.4.3 Network Virtualization 

With the advent of 5G, network virtualization may now apply to the whole network (RAN, core). 5G 

network functions will be deployed as software running on off-the-shelf servers in central, regional 

or edge data centres. This may lead to new situations such as e.g.: 

¶ 5G network functions running on multiple servers, 

¶ Multiple 5G network functions running on the same server, 

¶ 5G network functions running on servers in a data centre owned and operated, or not, 
by the MNO, 

¶ 5G network functions dynamically migrated from central cloud to edge cloud and vice 
versa, based on MNOôs policy, 

 

The decoupling between 5G network functions and the hardware on which they run brings a new 

dimension regarding definition and measurement of the actual energy consumption of network 

functions in live networks. 

 

Measuring the energy consumed by 5G network functions requires measuring the energy 

consumption at a more granular level than at the server, as a server may host several network 

functions, potentially down to the micro-service level. 

 

Furthermore, with 5G slicing, it may happen that a customer orders a network slice from a mobile 

network operator and, to assess its environmental footprint, requests the MNO to provide its 

network slice energy consumption, based on measurements from each network function 

constituting the customers network slice. 

 

Customer may need to know the energy consumed by its network slice per type of energy source. 

As MNOs may share 5G network functions between network slices offered to various customers, it 

is needed to distinguish the part of the 5G network functions energy consumption attributed to 

each customerôs network slice. 
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4 REQUIREMENTS FOR METERING  

As already mentioned in the previous section, energy consumption constitutes between 20 ï 40% 

of mobile access network OPEX [10] which makes energy saving by intelligent methods an 

important target for MNOs. The ever-increasing traffic as well as the increasing prices of energy 

makes the knowledge about energy consumption and efficiency a key success factor impacting the 

migration towards green networks. For instance, major driving factors could be: 

¶ Energy efficiency of telecommunication equipment and related site equipment will become 
part of procurement decisions as recurring energy consumption strongly impacts the overall 
network sustainability. MNOs will permanently validate the promised energy efficiencies 
requested in RFQs by daily network wide performance measurements as opposed to the 
latest static laboratory environment KPI. 

¶ Emerging renewable power units will enable MNOs to have higher contribution of renewable 
energy for their networks. Nevertheless, the varying availability of the renewable energy from 
the grid requires accurate measurements to have an efficient energy management.  

¶ The contribution of locally produced renewable energy will also increase. The Return-On-
Investment (ROI) of the on-site installations (PV panels, windmills, etc.) can be shortened 
with a more efficient on-site energy management. It is essential to have forecasts of the siteôs 
energy demand according to the usage of radio network equipment. 

 

Use of metering will provide necessary insights regarding the behaviour of energy-intensive parts 

of the network. This will lead to an optimization and intelligent management of the networksô 

energy efficiency. On top of this, customer and investor demands on sustainability will continue to 

increase as well as regulations request for KPIs based on those metrics. 

4.1 General Requirements for Metering and the Collection of Data 

Current, voltage and energy consumption are the most important values to be measured for 

energy saving activities. Therefore, every equipment on the network i.e. BS equipment, site 

equipment and others, shall be capable to measure these parameters. Furthermore, giving that 

every equipment has an intended usage, their specific performance indicators shall be monitored 

too i.e. traffic, active carriers, etc. 

 

All measurements should be accurate and comparable. As various equipment with different scales 

of energy consumption are interworking at a BS site, the accuracy classes of power meters need 

to be known and harmonized. These ideas should also apply to all kind of intended use 

parameters like data throughput, filling level of tanks (kg, m³ or %), capacity of batteries (State of 

Charge (SoC), State of Health (SoH) in %), etc. The principles of measuring as well as the 

accuracy of the measurements should follow international standards with specified accuracy 

classes. For BS equipment ETSI and 3GPP are significant standardization bodies. For site 

equipment additional international standardization bodies like IEC, EN, IEEE, JIS, etc. play a more 

dominant role.  
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Measurement data are collected at various sites in the network (BS sites, Access Aggregation 

Sites, etc.) and transmitted to one or several NMSs of MNOs, Tower Companies and ESCOs (see 

3.1 and 3.3). International standards for the interfaces between the NMSs and the operational 

handling of them will support the unobstructed exchange of measurement data for advanced AI-

based optimization models. This will enable to improve energy efficiency not only at site level, but 

also at network level and generate considerable energy savings as well. 

4.2 Metering for Facilities / Site Equipment  

This section describes metering and networking for facilities equipment e.g. energy equipment, 

cooling equipment, site environmental control and monitoring for MNO and Tower Company 

considering use cases reported in Section 3. 

 

In this context, Figure 13 illustrates a traditional solution used to measure the energy consumption 

in site sharing / Tower Company scenarios with external Alternate Current (AC) power meters #1 

and #2 dedicated to any MNO (carrier) present on the site. Here, the site energy distribution is 

neither monitored nor remotely controlled and adding further equipment to this facility will increase 

the complexity. Furthermore, it involves visiting the site in case any problem arises. 

 

Also in some sites, as no detailed monitoring is available, unauthorized (e.g. connection of active 

equipment unauthorized by MNOs) or incorrectly (e.g. not connected to the right distribution frame) 

connected devices affect site reliability and security, making site management more complex. 

 

 
Figure 13. Traditional Site Facilities Metering 

 






































































