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1
Decision/action requested

The group is asked to discuss and approve the contribution.
2
References
[a]
TR 32.972 v0.0.0: “Telecommunication management; Study on system and functional aspects of energy efficiency in 5G networks”.
3
Rationale

This pCR proposes some input text for clause 5 of draft TR 32.972.
4
Detailed proposal

It is proposed to make the following changes to TR 32.972.
	1st modification


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".
[x]
ETSI ES 202 706 V1.4.0 (2014-10): "Environmental Engineering (EE); Measurement method for power consumption and energy efficiency of wireless access network equipment".
[y]
ETSI GS OEU 001 V2.1.1 (2014-12): "Operational energy Efficiency for Users (OEU); Global KPIs for ICT Sites".
[z]
ETSI ES 203 228 V1.1.7 (2016-11): "Environmental Engineering (EE); Assessment of mobile network energy efficiency".
…
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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].

EE
Energy Efficiency
ICT
Information and Communication Technology
KPI
Key Performance Indicator
MNO
Mobile Network Operator
NFV
Network Functions Virtualization
PUE
Power Usage Effectiveness
SDO
Standards Development Organization
VNF
Virtualized Network Function

VNFC
VNF Component
	Next modification


5
EE KPIs and metrics

5.1
Introduction
Telecommunication networks energy efficiency KPIs are defined by various SDOs / organizations and are of various natures. They can be applied to either:

- whole networks (i.e. end-to-end), or to
- sub-networks (e.g. the radio access network), or to
- single network elements, or to
- telecommunication sites, which contain network elements and site equipment.
NOTE 1: with the advent of NFV (Network Functions Virtualization), the definition of EE KPIs for Network Services (NS), Virtualized Network Functions (VNF) and Virtualized Network Function Components (VNFC) is a new area of investigation.

NOTE 2:  data centers used by network operators are considered in this document as telecommunication sites.
Moreover, EE KPIs can also be categorized according to the operator’s network life cycle phase they may apply to, e.g.:

- during the Buy phase, mobile network operators may be willing to compare network elements from various vendors from an EE standpoint. Some EE KPIs and measurement methods have been specified for this purpose – see clause 5.2;
- during the Design / Build phase, mobile network operators are always faced to several design options, and may be willing to compare them from an EE standpoint. This may happen for the whole network, sub-networks and for telecom sites. For telecom sites, EE KPIs have been specified – see clause 5.3;
- during the Run phase, mobile network operators need to assess the energy efficiency of the live network, as a whole (i.e. end-to-end), or for sub-networks, or for single network elements or telecom sites. Some EE KPIs and measurement methods have also been specified for this purpose – see clause 5.4.
Generally, EE KPIs for network elements are expressed in terms of Data Volume divided by the Energy Consumption of the considered network elements. In the case of radio access networks, an EE KPI variant may also be used, expressed by the Coverage Area divided by the Energy Consumption of the considered network elements.
5.2 Existing EE KPI definitions
5.2.1
EE Buy KPIs
ETSI ES 202 706 [x] defines methods to evaluate the power consumption and energy efficiency of base stations in static and dynamic mode respectively. These methods can be used by:

-  telecom equipment manufacturers in their labs. Measured KPIs are generally captured in product specification datasheets;
- mobile network operators, during their BUY phase. MNOs may use such measurements to compare equipment from different vendors from an EE point of view. They can also make their own measurements in their own labs in order to check if they have the same results.
Under static test conditions, the Base Station (BS) average power consumption is based on measured BS power consumption data when the BS is loaded artifitially in a lab for three different loads (low, medium and busy hour) under given reference configuration. The power consumption of integrated BS equipment in static method is defined for three different load levels as follows: 

- PBH is the power consumption [W] with busy hour load;

- Pmed is the power consumption [W] with medium term load;

- Plow is the power consumption [W] with low load.
With this static method, the average power consumption [W] of BS equipment is defined as:
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in which tBH, tmed and tlow [hour] are durations of the different load levels.

Under dynamic test conditions, the BS capacity is measured under dynamic traffic load provided within a defined coverage area and the corresponding power consumption is measured for given reference configurations. Dynamicity of measurements may be achieved thanks to dynamic load, activation / deactivation of radio network features, various user terminals performance and distribution.
5.2.2
EE Design / Build KPIs

ETSI GS OEU 001[y] defines KPIs in relation to energy management for ICT sites including, but not limited to operator data centres and operator sites. These KPIs allow having a global vision about the technical environment impact on energy efficiency thanks to energy data collection, for any telecom site. ETSI GS OEU 001 addresses the following objectives:
- energy consumption; 
- task efficiency; 
- energy reuse; 
- renewable energy,
and defines: 
- four KPIs addressing these objectives (Objective KPIs);
- one Global KPI which combines the four Objective KPIs. 

The Objective and Global KPIs defined in ETSI GS OEU 001 apply to ICT sites, including operators’ radio access network sites, of any size from initial operation to end of life.
One Objective KPI is “Task Efficiency” (KPITE). KPITE is the ratio of the electricity consumption of all the components, whatever they are (i.e. all equipment downstream of the energy sources including, but not limited to: cooling, lighting, safety, security, power distribution, devices extracting heat for reusing energy, devices used to extract renewable energy), to that of the components that manage data, for calculation, storage or transport purposes (typically base stations).
KPITE is dimensionless and has the following properties:
- KPITE ≥ 1; 
- KPITE = 1 is an ideal value;
- a KPITE of between 2 and 2,5 is frequently reached.
KPITE is very similar to PUE (Power Usage Effectiveness), defined by the Green Grid (https://www.thegreengrid.org/), which has emerged as the recognized standard to measure the energy efficiency of data centers, and is defined as follows:
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5.2.3
EE Run KPIs
5.2.3.1
EE Run KPIs for the Radio Access Network
ETSI ES 203 228 [z] defines energy efficiency metrics and measurement procedures in operational radio access networks. Two high-level EE KPIs are defined:
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, in which Mobile Network data Energy Efficiency (EEMN,DV), expressed in bit/J, is the ratio between the performance indicator (i.e. Data Volume DVMN) and the energy consumption (ECMN), and
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, in which EEMN,CoA, expressed in m²/J, is the ratio between the coverage area (CoA-desMN) and the energy consumption ECMN.
In addition, ETSI ES 203 228 [z] gives a list of existing 3GPP performance measurements and network parameters to be used, per radio access technology (GERAN, UTRAN, E-UTRAN), for the calculation of aforementioned EE Run KPIs.
Finally, ETSI ES 203 228 [z] defines a method to define sub-networks from which these EE KPIs are calculated and to extrapolate them to the operator’s whole radio access network. Various criteria may be used by MNOs to define their sub-networks, including demography, topography, climate zones, etc. For example, if demography is used by a MNO to compose its sub-networks, an averaged EE KPI per demography class can be obtained as follows:
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where "class" stands for one of the Demography Classes (Dense Urban, Urban, Sub-Urban, RUral or Unpopulated), k is an index that runs over the number K of sub-networks per each class.
Finally, the Total EE may be computed as a weighted sum of all the averages available, the weights being the percentage of each demography class versus the sum of the available classes percentages. The total EE KPI for the whole RAN of the MNO can be computed as follows:
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where PofPm is the percentage of presence of the m-th demography class in the network under test, m is an index spanning over the number of classes and EEclass,av,m is the m-th average as computed here above.
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