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[bookmark: foreword][bookmark: _Toc107474400][bookmark: _Toc107563499]
Foreword
[bookmark: spectype3]This Technical Specification 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: scope][bookmark: _Toc107474401][bookmark: _Toc107563500]1	Scope
[bookmark: references]The present document investigates the opportunities for defining new Energy Efficiency (EE) KPIs and new Energy Saving (ES) solutions for 5G. It identifies and documents key issues related to energy efficiency and energy saving, documents and evaluates potential solutions, and provides recommendations for the normative work.
[bookmark: _Toc107474402][bookmark: _Toc107563501]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 GS NFV-IFA 027 V4.2.2 (2021-07): "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Performance Measurements Specification".
[4]	ETSI ES 202 336-12 V1.2.1 (2019-02): "Environmental Engineering (EE); Monitoring and control interface for infrastructure equipment (power, cooling and building environment systems used in telecommunication networks); Part 12: ICT equipment power, energy and environmental parameters monitoring information model".
[5]	ETSI GS NFV-EVE 004 V1.1.1 (2016-03): "Network Functions Virtualisation (NFV); Virtualisation Technologies; Report on the application of Different Virtualisation Technologies in the NFV Framework".
[6]	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"".
[7]	3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".
[8]	3GPP TS 38.401: "NG-RAN; Architecture description".
[9]	The Greenhouse Gas Protocol - https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf



[bookmark: definitions][bookmark: _Toc107474403][bookmark: _Toc107563502]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc107474404][bookmark: _Toc107563503]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].
<defined term>: <definition>.
[bookmark: _Toc107474405][bookmark: _Toc107563504]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc107474406][bookmark: _Toc107563505]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].
<ABBREVIATION>	<Expansion>


[bookmark: _Toc107474407][bookmark: _Toc107563506]4	Key Issues and potential solutions
[bookmark: _Toc107474408][bookmark: _Toc107563507]4.1	Key Issue #1: Considering additional virtual resources usage to estimate VNF energy consumption 
[bookmark: _Toc107474409][bookmark: _Toc107563508]4.1.1	Description
In Release 17 (see [2] clause 6.7.3.1), the Energy Consumption (EC) of VNFs is obtained by summing up the estimated energy consumption of its constituent Virtualized Network Function Components (VNFC), where the estimated energy consumption of a VNFC is obtained by taking the estimated energy consumption of the virtual compute resource instance on which the VNFC runs. The energy consumption of a virtual compute resource instance X is estimated as a proportion of the energy consumption of the NFVI node on which the virtual compute resource instance X runs. This proportion is obtained by dividing the vCPU mean usage of the virtual compute resource instance X, by the sum of the vCPU mean usage of all virtual compute resource instances running on the same NFVI Node as X, during the same observation period.
This key issue investigates how additional performance measurements of virtual compute resources, also provided by NFV MANO, can be considered in the estimation of the energy consumption of VNFCs, and consequently of VNFs.
[bookmark: _Toc107474410][bookmark: _Toc107563509]4.1.2	Potential solutions
[bookmark: _Toc107474411][bookmark: _Toc107563510]4.1.2.1	Potential solution #1: Consideration of mean disk usage 
[bookmark: _Toc107474412][bookmark: _Toc107563511]4.1.2.1.1	Introduction
In this potential solution #1, it is proposed to consider the mean virtual disk usage of the virtualised compute resource instance, in addition to the mean vCPU usage, to estimate the energy consumed by the virtual compute resource instance. Thus, the definition of the estimated energy consumption of a virtual compute resource instance combines both virtual CPU mean usage and virtual disk mean usage.
[bookmark: _Toc107474413][bookmark: _Toc107563512]4.1.2.1.2	Description
In this potential solution #1, the energy consumption of a virtual compute resource instance X is estimated as a proportion of the energy consumption of the NFVI node on which the virtual compute resource runs. This proportion is obtained by adding weighted relative mean virtual CPU usage and virtual disk usage of the virtual compute resource instance X. The relative mean virtual CPU usage of the virtual compute resource instance X is obtained by dividing the vCPU mean usage of the virtual compute resource instance X, by the sum of the vCPU mean usage of all virtual compute resource instances running on the same NFVI Node as X, The relative mean virtual disk usage of the virtual compute resource instance X is obtained by dividing the vDisk mean usage of the virtual compute resource instance X, by the sum of the vDisk mean usage of all virtual compute resource instances running on the same NFVI Node as X. This is defined by the equation below: 

[image: ]
, where:
- VCpuUsageMean is the mean virtual CPU usage of the virtual compute resource instance during the observation period, provided by NFV MANO,
- [image: ] is the sum of the mean virtual CPU 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 [3],
- VDiskUsageMean is the mean virtual disk usage of the virtual compute resource instance during the observation period, provided by NFV MANO,
- [image: ]is the sum of the mean virtual disk 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 7.1.6 of [3],
- ECNFVINode,measured is the measured energy consumption of the NFVI node on which the virtual compute resource instance runs, during the same observation period, as per ETSI ES 202 336-12 [4],
- w1 and w2 are the weights assigned by the Operator to VCpuUsageMean and VDiskUsageMean respectively. How the Operator assigns values to w1 and w2 is not subject to standardization. However, it should be noted that:
[image: ]
, or, stated differently:
[image: ]

[bookmark: _Toc107474417][bookmark: _Toc107563513]4.1.2.i	Potential solution #<i>: <Potential Solution i Title> 
[bookmark: _Toc107474418][bookmark: _Toc107563514]4.1.2.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
[bookmark: _Toc107474419][bookmark: _Toc107563515]4.1.2.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.

[bookmark: _Toc107474420][bookmark: _Toc107563516]4.2	Key Issue #2: Energy Consumption of containerized VNF/VNFCs
[bookmark: _Toc107474421][bookmark: _Toc107563517]4.2.1	Description
The Rel-17 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).
ETSI ISG NFV started considering that VNF/VNFCs can be implemented using OS container technology (see e.g. [5] and [6]).
In the context of this key issue, a VNF (respectively VNFC) running using OS container technology is called a ‘containerized VNF’ (resp. ‘containerized VNFC’), as per ETSI GR NFV-IFA 029 [6] clause 5.3.1.
This key issue aims at investigating on potential definition(s) of EC for containerized VNF/VNFCs.
[bookmark: _Toc107474422][bookmark: _Toc107563518]4.2.2	Potential solutions
[bookmark: _Toc107474423][bookmark: _Toc107563519]4.2.2.i	Potential solution #<i>: <Potential Solution i Title> 
[bookmark: _Toc107474424][bookmark: _Toc107563520]4.2.2.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
[bookmark: _Toc107474425][bookmark: _Toc107563521]4.2.2.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.

[bookmark: _Toc107474426][bookmark: _Toc107563522]4.3	Key Issue #3: Energy Consumption of RAN nodes 
[bookmark: _Toc107474427][bookmark: _Toc107563523]4.3.1	Description
In TS 28.554 [2] clause 6.7.3.4.2, the Energy Consumption (EC) of a gNB is defined as the sum of the Energy Consumption of all the Network Functions (NF) that constitute the gNB, with no definition of what these NFs can be. Therefore, the definition of the EC of a gNB, as specified in TS 28.554 [2] clause 6.7.3.4.2, can lead to different interpretations, especially in case of gNB split architecture.
This key issue investigates how to apply the definition of the EC of a gNB as specified in TS 28.554 [2] clause 6.7.3.4.2 to various gNB split architectures. The case of non-split gNB is already covered by the existing definition in TS 28.554 [2] clause 6.7.3.4.2.
[bookmark: _Toc107474428][bookmark: _Toc107563524]4.3.2	Potential solutions
[bookmark: _Toc107474429][bookmark: _Toc107563525]4.3.2.1	Potential solution #1: Consider that ‘one logical node = one Network Function’
[bookmark: _Toc107474430][bookmark: _Toc107563526]4.3.2.1.1	Introduction
In this potential solution #1, it is proposed to consider every single ‘logical node’ (cf. TS 38.401 [8] clause 3.1) within gNBs as a Network Function (NF) and that, therefore, the EC of the gNB is the sum of the EC of all its contained logical nodes / NFs, as per TS 28.554 [2] clause 6.7.3.4.2.
[bookmark: _Toc107474431][bookmark: _Toc107563527]4.3.2.1.2	Description
In TS 38.300 [7] clause 3.2, a gNB is defined as a ‘node’ providing NR user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
In TS 38.401 [8] clause 3.1, gNB-CU, gNB-DU, gNB-CU-CP and gNB-CU-UP are defined as ‘logical nodes’ within the gNB.
In this potential solution #1, considering every single ‘logical node’ (cf. TS 38.401 [8] clause 3.1) within split-gNBs as a Network Function (NF), the EC of a split-gNB is equal to the sum of the EC of all contained gNB-CU(s), gNB-DU(s), gNB-CU-CP(s) (if any), gNB-CU-UP(s) (if any). As any other NFs, gNB-CU(s), gNB-DU(s), gNB-CU-CP(s) and gNB-CU-UP(s) can be composed of PNFs and/or VNFs.
[bookmark: _Toc107474432][bookmark: _Toc107563528]4.4	Key Issue #4: EE KPI for V2X network slice
[bookmark: _Toc107474433][bookmark: _Toc107563529]4.4.1	Description
TS 28.554 [2] – clause 6.7.2 provides definitions of EE KPIs for networks slices of the following types: eMBB, URLLC and MIoT. There is no EE KPI definition for V2X network slices.
This key issue aims at investigating on potential definition(s) of the EE of V2X network slices.
As stated in TS 28.554 [2] clause 6.7.2.1, the generic network slice EE KPI is defined by the ‘Performance of the network slice’ (Pns) divided by the ‘Energy Consumption of the network slice’ (ECns). Potential solutions in the following sub-clause(s) have to concentrate on definition(s) of Pns for V2X network slices.
[bookmark: _Toc107474434][bookmark: _Toc107563530]4.4.2	Potential solutions
[bookmark: _Toc107474435][bookmark: _Toc107563531]4.4.2.i	Potential solution #<i>: <Potential Solution i Title> 
[bookmark: _Toc107474436][bookmark: _Toc107563532]4.4.2.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
[bookmark: _Toc107474437][bookmark: _Toc107563533]4.4.2.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.
[bookmark: _GoBack]
[bookmark: _Toc107474438][bookmark: _Toc107563534]4.5	Key Issue #5: Customer accepts QoS degradation to save energy
[bookmark: _Toc107474439][bookmark: _Toc107563535]4.5.1	Description
Nowadays, most companies are expecting to reduce their Greenhouse Gas (GHG) emissions. GHG emissions are categorized into Scope 1, Scope 2 and Scope 3 emissions (see [9]). In a nutshell:
# Scope 1 - Direct GHG emissions, i.e. direct GHG emissions occurring from sources that are owned or controlled by the company; for example, emissions produced by the company’s own facilities and vehicles
# Scope 2 - Electricity indirect GHG emissions, i.e. GHG emissions from the generation of purchased electricity consumed by the company
# Scope 3 - Other indirect GHG emissions, i.e. emissions which are a consequence of the activities of the company, but occur from sources not owned or controlled by the company.
Some companies, like e.g. large IT or consulting companies, have relatively little Scope 1 and Scope 2 emissions. Most of their emissions would come from Scope 3. Part of their Scope 3 emissions could come from the telecommunication services they use.
Sometimes, under the pressure of their stakeholders, these companies (playing, in the context of this key issue, the role of NSC) may be willing to cooperate with their providers (in general) to reduce their Scope 3 emissions. In the context of the network slice(s) they get from their Network Slice Provider(s) (NSP), they could decide to accept some limited QoS degradation from their NSP(s), provided:
a) they can specify which QoS limitation they are ready to accept
b) related energy savings can be measured and reported to them.
Optionally, price reductions may also be negotiated between NSCs and NSPs, corresponding to the commonly agreed limited QoS degradation. This is out of scope of SA5.
In TS 28.541, the ServiceProfile data type contains the attribute ‘energyEfficiency’, enabling the NSC to express his requirement with respect to the energy efficiency level of the network slice being ordered. However, there is no means for the NSC to mention that he would accept some limited QoS degradation. Limited QoS degradation could be expressed according to various dimensions:
# The ‘what’: the NSC may be capable and willing to express that he accepts e.g. degraded bandwidth and/or latency and/or number of simultaneously connected UEs, etc.;
# The ‘how much’: the NSC may be capable and willing to express that he accepts e.g. a 10% QoS degradation, a 50% QoS degradation, etc;
# The ‘when’: the NSC may be willing to express when he accepts some time-limited QoS degradation, e.g. dates, time slots, punctual (e.g. on identified labour days) / recurrent (e.g. all Saturdays and Sundays of the year), etc.
# The ‘where’: the NSC may be willing to express where he accepts some space-limited QoS degradation, e.g. in country X, in city Y, etc.
This key issue aims at investigating how NSCs could express their requirements for acceptable QoS degradation, for sake of reduction of their Scope 3 emissions via network energy savings.
In return, such NSCs should be able to receive, from their NSPs, information about actual Energy Consumption (EC) savings attributable to their decision to accept limited QoS degradation.
[bookmark: _Toc107474440][bookmark: _Toc107563536]4.5.2	Potential solutions
[bookmark: _Toc107474441][bookmark: _Toc107563537]4.5.2.i	Potential solution #<i>: <Potential Solution i Title> 
[bookmark: _Toc107474442][bookmark: _Toc107563538]4.5.2.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
[bookmark: _Toc107474443][bookmark: _Toc107563539]4.5.2.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.


[bookmark: _Toc16839376][bookmark: _Toc21087538][bookmark: _Toc107474444][bookmark: _Toc107563540]4.X	Key Issue #<A>: <Key Issue Title> 
[bookmark: _Toc500949092][bookmark: _Toc16839377][bookmark: _Toc21087539][bookmark: _Toc107474445][bookmark: _Hlk500943653][bookmark: _Toc107563541]4.X.1	Description
Editor’s note: This clause provides a description of the key issue.
[bookmark: _Toc16839381][bookmark: _Toc21087540][bookmark: _Toc107474446][bookmark: _Toc107563542]4.X.2	Potential solutions
[bookmark: _Toc16839382][bookmark: _Toc21087541][bookmark: _Toc107474447][bookmark: _Toc107563543]4.X.2.i	Potential solution #<i>: <Potential Solution i Title> 
[bookmark: _Toc16839383][bookmark: _Toc21087542][bookmark: _Toc107474448][bookmark: _Toc107563544]4.X.2.i.1	Introduction
Editor's Note:	This clause describes briefly the potential solution at a high-level.
[bookmark: _Toc16839384][bookmark: _Toc21087543][bookmark: _Toc107474449][bookmark: _Toc107563545]4.X.2.i.2	Description
Editor's Note:	This clause further details the potential solution and any assumptions made.
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