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[bookmark: foreword][bookmark: _Toc164784847]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc164784848]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc164784849]
1	Scope
The present document …
[bookmark: references][bookmark: _Toc164784850]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 28.554: "Management and orchestration; 5G end to end Key Performance Indicators (KPI)".
[3]	ETSI GR NFV-IFA 029 V3.3.1 (2019-11): "Network Functions Virtualisation (NFV) Release 3; Architecture; Report on the Enhancements of the NFV architecture towards "Cloud-native" and "PaaS"".
[4]	ETSI GS NFV-IFA 040 V4.3.1 (2022-05): "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Requirements for service interfaces and object model for OS container management and orchestration specification".
[5]	ETSI GS NFV-IFA 027 V4.3.1 (2022-06): "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Performance Measurements Specification".
[6]	ETSI GS NFV-IFA 027 V5.1.1 (2024-4): "Network Functions Virtualisation (NFV) Release 5; Management and Orchestration; Performance Measurements Specification". 
[7]		3GPP TS 22.261: Service requirements for the 5G system; Stage 1 
[8]	ETSI GS OEU 020 V1.1.1 (2020-03): "Operational energy Efficiency for Users (OEU); Carbon equivalent Intensity measurement; Operational infrastructures; Global KPIs; Global KPIs for ICT Sites".
[9]	ETSI EN 303 472 V1.0.0 (2018-06): "Environmental Engineering (EE); Energy Efficiency measurement methodology and metrics for RAN equipment".
[10]	ISO/IEC 30134-3:2016: Information technology - Data centres - Key performance indicators - Part 3: Renewable energy factor (REF)
[11]	3GPP TS 28.552: "Management and orchestration; 5G performance measurements".
[12]	3GPP TS 28.310: "Management and orchestration; Energy efficiency of 5G"
 Editor’s note: reference [6] is not published yet, will be published soon
[bookmark: definitions][bookmark: _Toc164784851]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc164784852]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
carbon emission: quantity of equivalent carbon dioxide emitted (e.g. kg of CO2 equivalent).
NOTE 1: this definition is taken from [7].
carbon emission factor: kilograms of equivalent carbon dioxide emitted per kWh (kg of CO2eq/kWh).
NOTE 2: this definition is taken from [8].
NOTE 3: in this document, the carbon emission factor considered is the operational carbon emission factor, which considers only emissions that directly result from the operation of a given type of energy source. Operational carbon emission factor is different from life-cycle carbon emission factor which considers all emissions, including those generated during the construction of power plants, the extraction of fuels, etc.
carbon emission efficiency: ratio between the carbon emission and the performance of a network entity.
NOTE 4: the definition of the performance of a network entity depends on the type of network entity. In this document, network entity represents either a gNB or a 5GC NF. The performance of a network entity can be e.g. data volume.
renewable energy: energy from renewable non-fossil sources.
NOTE 5:	This definition is taken from [9].
NOTE 6: Examples of renewable energy sources include wind, solar, aerothermal, geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas and biogases
NOTE 7: A renewable energy source is an energy source not depleted by extraction as it is naturally replenished at a rate faster than it is extracted [10].
NOTE 8: Criteria to categorize an energy as renewable can differ among jurisdictions, based on local environmental or other reasons [10].
renewable energy factor: ratio of the renewable energy to the total energy.
     NOTE 9: this definition is taken from [10]
[bookmark: _Toc164784853]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc164784854]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
CE	Carbon Emission
CEE	Carbon Emission Efficiency
CEF	Carbon Emission Factor
REF	Renewable Energy Factor

[bookmark: clause4][bookmark: _Toc164784855]4	Concepts and background
Editor’s note: This clause provides a description of concepts and background.
[bookmark: _Toc164784856]5	Use cases
[bookmark: _Toc164784857]5.1	Use case #1:  Estimation of containerized VNF/VNFC energy consumption
[bookmark: _Toc164784858]5.1.1	Description
In Rel-18, in order to be able to estimate the energy consumption of 5GC Network Functions, the 3GPP management system estimates the energy consumption of VNF/VNFCs which compose the 5GC NFs. To achieve this, it collects, from NFV-MANO, metrics such as mean virtual CPU usage, mean virtual disk usage, mean virtual memory usage and I/O traffic for all VNF/VNFCs which compose the 5GC NFs.
The existing definition of the Energy Consumption (EC) of VNF/VNFCs (see TS 28.554 [2] – clauses 6.7.3.1.2 and 6.7.3.1.3) is valid for VM-based VNFs, i.e. when VNF/VNFC(s) are implemented on Virtual Machine(s) (VM).
However, according to ETSI ISG NFV, VNF/VNFCs may also be implemented using OS container technology (see e.g. [3] and [4]).
In the context of this use case, a VNF (respectively VNFC) running using OS container technology is called a 'containerized VNF' (resp. 'containerized VNFC'), and is similar to a ‘containerized workload’ as defined in ETSI GS NFV-IFA 040 [4] clause 3.1.
This use case addresses the situation in which the network operator wants to estimate the energy consumption of 5GC NFs which are based on containerized VNF/VNFCs, using NFV-MANO.
Editor’s note: this use case and the related potential requirements have dependency on the future version of DGS/NFV-IFA027 (see latest available version in [5]) expected end of May 2024, with a first publication version in Release 5 as v5.1.1.
[bookmark: _Toc164784859]5.1.2	Potential requirements
[bookmark: _Hlk161820500]REQ-Energy_Consumption_Containerized-CON-1: The 3GPP management system should be able to estimate the energy consumption of 5GC NFs based on containerized VNF/VNFCs.
REQ-Energy_Consumption_Containerized-CON-2: The 3GPP management system should be able to expose the energy consumption of 5GC NFs based on containerized VNF/VNFCs to authorized consumer(s)

[bookmark: _Toc164784860]5.X.3	Potential solutions
5.X.3.i	Potential solution #<i>: <Potential Solution i Title> 
5.X.3.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
5.X.3.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.
[bookmark: _Toc164784861]5.X.4	Evaluation of potential solutions
Editor's Note:	This clause provides the evaluation of potential solutions.
[bookmark: _Toc16839376][bookmark: _Toc21087538][bookmark: _Toc164784862]5.2	Use case #2: Actual energy consumption of VNF/VNFC 
[bookmark: _Toc500949092][bookmark: _Toc16839377][bookmark: _Toc21087539][bookmark: _Toc164784863][bookmark: _Hlk500943653]5.2.1	Description
For Energy Consumption (EC) of VNF/VNFCs only estimated measurement is supported as defined in clauses 6.7.3.1.2 and 6.7.3.1.3 of TS 28.554 [2]). The way to calculate the estimated VNF/VNFC energy consumption requires obtaining the sum of the vCPU mean usage of all virtual compute resource instances running on the same NFVI Node during the same observation period, all separately provided by NFV MANO (see clause 7.1.2 of ETSI GS NFV-IFA 027 [6]). 
The issue is that there is no easy way to obtain all virtual compute resource instances information running on the same NFVI Node and measure the vCPU mean usage for all of them. The measurement method as described in clause 7.1.2 of ETSI GS NFV-IFA 027 [6] does not support setting the measurement scope on the same NFVI Node. Some other mechanism to know all the virtual compute resource instances information running on the same NFVI Node is required. 
As described in clause 7.1.18 and clause 7.4.12 of ETSI GS NFV-IFA 027 [6], the actual energy consumption of virtual compute and OS container workload is provided. As an enhancement, this use case is to study:
a) potential enhancements to existing Energy Consumption (EC) of VM-based VNF/VNFCs measurement and 
b) potential extension to Energy Consumption (EC) of containerized VNF/VNFCs measurement.
[bookmark: _Toc164784864]5.2.2		Potential Requirements
REQ-ENHANCEMENT-MEAS-01: The 3GPP management system should have a capability to provide the actual energy consumption of VM-based VNF/VNFCs.
REQ-ENHANCEMENT-MEAS-02: The 3GPP management system should have a capability to provide the actual energy consumption of containerized VNF/VNFCs.
[bookmark: _Toc164784865]5.3	Use case #3: Enable renewable energy consumption and carbon emission information reporting
[bookmark: _Toc164784866]5.3.1	Description
In Rel-18, the 3GPP management system is capable to manage the following types of energy related information:
- energy consumption measurements and/or KPIs
- energy saving state.
In Rel-19, new aspects of energy related information are expected to be provided by the 5G system. TS 22.261 [7] clause 6.15a states:
"
Energy consumption and efficiency information and network energy states can be exposed to third parties and energy consumption can be constrained. 
Energy related information can include ratio of renewable energy and carbon emission information when available. Calculation of energy related information as described in the following requirements is done by means of averaging or applying a statistical model. The requirements do not imply that some form of 'real time' monitoring is required.
".
There are different energy sources existing, producing different energy types, e.g., non-renewable, renewable/green energy, carbon-free energy, solar-energy, wind-originated, aerothermal, geothermal, hydrothermal and ocean energy, hydro-power, biomass, landfill gas, sewage treatment plant gas, bio-gases etc. Thus, the equipment and infrastructure of the network could be powered by different types of energy sources and the energy consumption measurements could correspond to such different energy types. 
Due to the highly variable and unpredictable nature of renewable energy sources, the supply of renewable energy varies substantially by time and location. There is a need for the 3GPP management system to report the energy consumption metrics along with the type of consumed energy and carbon emission information, for example:
· Network slice customers may request some minimal amount/ratio for renewable energy to be used for the slice realization, and hence the network slice provider needs to have a means to monitor and report on the energy consumption for different energy types.
· Awareness of energy consumption of different energy types is useful for energy type aware network management, e.g., defining energy saving policies such that the consumption of renewable energy can be favoured. 
In this use case, the 3GPP management system is capable, based on energy related information obtained from various sources, to estimate per 5GC NF and per gNB energy related information, i.e.:
- carbon emission information, i.e.
- carbon emission,
- carbon emission efficiency
- ratio of renewable energy
, and to provide this information to authorized consumers. How this energy related information is exposed to authorized consumers is not addressed by this use case.
[bookmark: _Toc164784867]5.3.2	Potential requirements
REQ-Energy_related_info-CON-1: The 3GPP management system should be able to estimate per 5GC NF and gNB energy related information, i.e. carbon emission information and report it to authorized consumers.
REQ-Energy_related_info-CON-2: The 3GPP management system should be able to estimate per 5GC NF and gNB  energy related information, i.e. renewable energy consumed, non-renewable energy consumed and report it to authorized consumers.
[bookmark: _Toc164784868]5.3.3	Potential solutions
5.3.3.i	Potential solution #<i>: <Potential Solution i Title> 
5.3.3.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
5.3.3.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.
[bookmark: _Toc164784869]5.3.4	Evaluation of potential solutions
Editor's Note:	This clause provides the evaluation of potential solutions.
[bookmark: _Toc164784870]5.4	Use case #4: Exposure of carbon and renewable energy related information 
[bookmark: _Toc164784871]5.4.1	Description
In this use case, authorized consumers collect, from the 3GPP management system, various per 5GC NF and per gNB energy related information, e.g. (non-exhaustive list):
- energy consumption measurements and/or KPIs
- energy saving state
- carbon and renewable energy related information:
- carbon emission information
- carbon emission efficiency
- renewable energy factor.
[bookmark: _Toc164784872]5.4.2	Potential requirements
REQ-Energy_info_exposure-CON-1: The 3GPP management system should enable authorized consumers to collect per 5GC NF information such as e.g. energy consumption measurements and/or KPIs, energy saving state, carbon and renewable energy related information i.e. carbon emission information, carbon emission efficiency and renewable energy factor.
REQ-Energy_info_exposure-CON-2: The 3GPP management system should enable authorized consumers to collect per gNB information such as e.g. energy consumption measurements and/or KPIs, energy saving state, carbon and renewable energy related information i.e. carbon emission information, carbon emission efficiency and renewable energy factor, .
[bookmark: _Toc164784873]5.4.3	Potential solutions
5.4.3.1	Potential solution #1: Based on PerfMetricJob 
5.4.3.1.1	Introduction
In this potential solution, authorized consumers collect, from the 3GPP management system, energy related information by means of performance metrics jobs. In this case, an authorized consumer requests the 3GPP management system to create a PerfMetricJob instance in order to collect per 5GC NF and per gNB energy information.
5.4.3.1.2	Description
The authorized Management Service consumer requests the 3GPP management system (as Management Service producer) to create a PerfMetricJob instance, with the following input parameters:
- performanceMetrics, to indicate the expected performance metrics, i.e. measurements defined in TS 28.552 (e.g. PEE.Energy) and/or KPIs defined in TS 28.554 (e.g. ECNF)
- granularityPeriod, to indicate the granularity period to be applied to produce expected performance metrics
- objectInstances, to indicate (if present) the object instances for which performance metrics are expected (e.g. it may contain a (list of) gNB Distinguished Name(s))
- rootObjectInstances, to indicate (if present) the subtrees whose root objects are identified by this parameter, for which performance metrics are expected (e.g. it may contain a (list of) SubNetwork Distinguished Name(s))
- reportingCtrl, to indicate the method and associated control parameters for reporting the produced measurements to the consumer. Three methods are available:
- file-based reporting with selection of the file location by the 3GPP management system (producer),
- file-based reporting with selection of the file location by the 5GC NF (consumer),
- stream-based reporting.
It should be noted that the creation of PerfMetricJob instances by MnS consumers (e.g. a 5GC NF) is optional; when not supported, PerfMetricJob instances may be created and deleted by the system or be pre-installed.
5.4.3.2	Potential solution #2: Based on ManagementDataCollection 
5.4.3.2.1	Introduction
In this potential solution, authorized consumers collect, from the 3GPP management system, energy related information by means of management data services. In this case, the authorized consumer requests the 3GPP management system to create a ManagementDataCollection instance in order to collect per 5GC NF and per gNB energy information.
5.4.3.2.2	Description
The authorized Management Service consumer requests the 3GPP management system (as Management Service producer) to create a ManagementDataCollection instance, with the following input parameters:
- managementData: to indicate the management data which shall be reported. This may either include a list of data categories (e.g. "ENERGY_EFFICIENCY"), or a list of management data identified with their name (e.g. PEE.Energy or ECNF)
- targetNodeFilter: to indicate the target object instance(s) producing the required management data. As it is likely that the 5GC NF (as consumer) may not have detailed knowledge of the network, it may not be able to identify the exact object instance producing the required management data. In this case, the consumer can request management data produced by certain object instance(s) based on:
- a particular location (e.g. list of TAI, a list of cells (identified either by NG-RAN CGI, E-UTRAN CGI or UTRAN CGI) or by a geographical area), and/or
- the domain of the object instances (e.g. CN or RAN), and/or
- the type of traffic handled by the object instances (CP or UP)
- collectionTimeWindow: to indicate the time window for which the management data should be reported
- reportingCtrl: to indicate the method and associated control parameters for reporting the produced management data to the consumer (i.e. the 5GC NF). Three methods are available:
- file-based reporting with selection of the file location by the 3GPP management system (producer)
- file-based reporting with selection of the file location by the 5GC NF (MnS consumer)
- stream-based reporting
- dataScope: to indicate whether the management data should be reported per S-NSSAI or per 5QI or per PLMN, if applicable.
[bookmark: _Toc164784874]5.4.4	Evaluation of potential solutions
Editor's Note:	This clause provides the evaluation of potential solutions
[bookmark: _Toc164784875]5.5	Use case #5: Estimating averaged gNB energy consumption per UE
[bookmark: _Toc164784876]5.5.1	Description
In this use case, the 3GPP management system measures or estimates averaged gNB energy consumption per UE, and exposes it to authorized consumers, including to the 5G core network.
[bookmark: _Toc164784877]5.5.2	Potential requirements
REQ-Energy_Consumption_gNB_UE-CON-1: The 3GPP management system should be able to measure or estimate the averaged gNB energy consumption per UE.
REQ-Energy_Consumption_gNB_UE-CON-2: The 3GPP management system should be able to expose the averaged gNB energy consumption per UE to authorized consumers.
[bookmark: _Toc164784878]5.5.3	Potential solutions 
[bookmark: _Toc164784879]5.5.4	Evaluation of potential solutions
Editor's Note:	This clause provides the evaluation of potential solutions.
[bookmark: _Toc164784880]5.6	Use case #6: Multi-dimensional network energy efficiency metrics
[bookmark: _Toc164784881]5.6.1	Description
Telecommunication networks energy efficiency (EE) KPIs are defined by various SDOs and are of various natures. They can be applied to either:
-	whole networks (i.e., end-to-end), or to
-	sub-networks (e.g., radio access network), or to
-	single network elements, or to
-	telecommunication sites, which contain network elements and site equipment.
Generally, EE KPIs for network elements are expressed in terms of Data Volume divided by the Energy Consumption of the considered network elements.
[image: ]
3GPP TS 28.310 [12] defines high-level mobile network data EE KPIs and solutions for assessment of mobile network EE. A number of different EE KPIs have been defined in TS 28.554 [2] in previous 3GPP releases:
-	NG-RAN data Energy Efficiency
-	Network slice Energy Efficiency
-	5GC Energy Efficiency
These EE metrics only consider the aspect of  data volume, but not the other network performance aspects. For example, two gNBs may have similar EE evaluation results using the EE KPI nowadays which uses Data Volume (DV) as the traffic volume performance indicator, but the user experienced service quality (such as user throughput or coverage quality) of these two serving gNBs may vary largely.
Performance indicators can be classified into different dimensions. Here are some performance dimensions:
· Network data traffic, usually a measure of the number or amount of network traffic provided. For example, the amount of data transferred as the Data Volume used in EE KPI, the number of connections supported, etc.
· Network quality, which measures the quality of network provided, such as user throughput, coverage quality, or connection quality.
· Network availability, which measures the availability of network. A typical example in wireless networks is the coverage area. 
To enhance the EE KPIs to more comprehensive in different network scenarios, it is needed to consider other performance dimensions than the data volume.
[bookmark: _Toc164784882]5.6.2	Potential requirements
Editor’s note: This clause captures potential requirements.
[bookmark: _Toc164784883]5.6.3	Potential solutions
5.6.3.i	Potential solution #<i>: <Potential Solution i Title> 
5.6.3.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
5.6.3.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.
[bookmark: _Toc164784884]5.6.4	Evaluation of potential solutions
Editor's Note:	This clause provides the evaluation of potential solutions
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