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Foreword

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.

1
Scope

 The present document reports how 3GPP OAM specifications can provide support for the assessment of energy efficiency in radio access networks as defined by ETSI ES 203 228 [2], thanks to measuring both network performance and energy consumption. It provides a gap analysis between ETSI ES 203 228 [2] and 3GPP OAM Technical Specifications, and provides recommendations towards ETSI ES 203 228 [2] compliance, including suggestions for further 3GPP specification enhancements. It also provides an analysis of how ETSI ES 202 336-12 [31] architecture, interfaces and information model may fit with the 3GPP management reference model defined in 3GPP TS 32.101 [32] and 3GPP IRPs, identifies potential use cases and requirements and studies potential solutions for interfaces that are in the scope of 3GPP. Finally, it provides recommendations for normative work.
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]
ETSI ES 203 228 V1.1.7 (2016-11): "Environmental Engineering (EE); Assessment of mobile network energy efficiency".
[3]
ETSI TS 125 104: "Universal Mobile Telecommunications System (UMTS); Base Station (BS) radio transmission and reception (FDD)"

[4]
ETSI TS 136 104: "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception"

[5]
ETSI ES 202 706: "Environmental Engineering (EE); Measurement method for power consumption and energy efficiency of wireless access network equipment"

[6]
3GPP TS 28.654: "Telecommunication management; GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements"

[7]
3GPP TS 28.655: "Telecommunication management; GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[8]
3GPP TS 28.656: "Telecommunication management; GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[9]
3GPP TS 28.651: "Telecommunication management; Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements"

[10]
3GPP TS 28.652: "Telecommunication management; Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[11]
3GPP TS 28.653: "Telecommunication management; Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[12]
3GPP TS 28.657: "Telecommunication management; Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements"

[13]
3GPP TS 28.658: "Telecommunication management; Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[14]
3GPP TS 28.659: "Telecommunication management; Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[15]
3GPP TS 28.671: "Telecommunication management; Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements"

[16]
3GPP TS 28.672: "Telecommunication management; Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[17]
3GPP TS 28.673: "Telecommunication management; Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[18]
3GPP TS 28.674: "Telecommunication management; Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements"

[19]
3GPP TS 28.675: "Telecommunication management; Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[20]
3GPP TS 28.676: "Telecommunication management; Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[21]
3GPP TS 28.622: "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)"

[22]
3GPP TS 52.402: "Telecommunication management; Performance Management (PM); Performance measurements – GSM"

[23]
3GPP TS 32.405: "Telecommunication management; Performance Management (PM); Performance measurements; Universal Terrestrial Radio Access Network (UTRAN)"

[24]
3GPP TS 32.425: "Telecommunication management; Performance Management (PM); Performance measurements Evolved Universal Terrestrial Radio Access Network (E-UTRAN)"

[25]
3GPP TS 32.411: "Telecommunication management; Performance Management (PM) Integration Reference Point (IRP): Requirements"

[26]
3GPP TS 32.412: "Telecommunication management; Performance Management (PM) Integration Reference Point (IRP): Information Service (IS)"

[27]
3GPP TS 32.416: "Telecommunication management; Performance Management (PM) Integration Reference Point (IRP); Solution Set (SS) definitions"

[28]
3GPP TS 28.667: "Telecommunication Management; Radio Planning Tool Access (RPTA) Integration Reference Point (IRP); Requirements"

[29]
3GPP TS 28.668: "Telecommunication Management; Radio Planning Tool Access (RPTA) Integration Reference Point (IRP); Information Service (IS)"

[30]
3GPP TS 28.669: "Telecommunication Management; Radio Planning Tool Access (RPTA) Integration Reference Point (IRP); Solution Set (SS) definitions"

[31]
ETSI ES 202 336-12 V1.1.1 (2015-06): "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".

[32]
3GPP TS 32.101: "Telecommunication management; Principles and high level requirements".

[33]
ETSI ES 202 336-1 (V1.1.2) (2008-09): "Environmental Engineering (EE); Monitoring and Control Interface for Infrastructure Equipment (Power, Cooling and Building Environment Systems used in Telecommunication Networks) Part 1: Generic Interface".

3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions 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].

3.2
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].
BS
Base Station

BSC
Base Station Controller

CS
Circuit Switched

EC
Energy Consumption

EE
Energy Efficiency
FAO
Food and Agriculture Organization

MN
Mobile Network

MNO
Mobile Network Operator
PEE
Power, Energy, Environmental

PS
Packet Switched

RC
Radio Controller

REST
Representational State Transfer

RNC
Radio Network Controller
4
Support of ETSI ES 203 228 metrics and methods
4.1
Introduction

Clause 4 provides a gap analysis between ETSI ES 203 228 ("Environmental Engineering (EE); Assessment of mobile network energy efficiency") [2] and OAM capabilities offered by 3GPP SA5 Technical Specifications. 

Based on this gap analysis, it provides a support status of SA5 specifications against ETSI ES 203 228 [2]. For each section of ETSI ES 203 228 [2], the SA5 solution is described when it exists. Otherwise, some action may be considered to address ETSI ES 203 228 [2]. 

Based on that information, a support status is produced which can take the following values: 

- 
Supported, 

- 
Partially Supported, 

- 
Not Supported, 

- 
Not Applicable.
4.2
Network under test definition
4.2.1
Introduction

Table 4.2.1-1: Introduction

	ETSI ES 203 228 [2] Clause 4.1 Introduction

"

The Mobile Radio Access Network (MN) under investigation shall include all the equipment that is necessary to run a

radio access network or sub-network. Equipment to be included in the Mobile Network under investigation:

• Base Stations (see ETSI TS 125 104 [1] and ETSI TS 136 104 [2]):

- Wide area BS.

- Medium range BS.

- Local Area BS.

- Home BS.

NOTE: 
Home BS (and WiFi access points) are not dealt with in the present document, being possibly considered for future versions.

• Site equipment (air conditioners, rectifiers/ batteries, fixed network equipment, etc.).

• Backhaul equipment required to interconnect the BS used in the assessment with the core network.

• Radio Controller (RC).

Power consumption and energy efficiency measurements of individual mobile network elements are described in

several standards (for example ETSI ES 202 706 [i.2] for radio base stations). The present document describes energy

consumption and MN energy efficiency measurements in operational networks.

As a complete and detailed energy consumption measurement of the complete network of a country or MNO is in most cases impossible or economically not viable, the total network is split into a small number of networks with limited size ("sub-networks").

These sub-networks are defined to represent some specific characteristics, for example:

· capacity limited networks representing urban and dense urban networks;

· sub-urban networks with high requirements for coverage and capacity;

· rural networks, which are usually coverage limited.

The size and scale of the sub-networks are defined by topologic, geographic or demographic boundaries. For networks defined by topologic boundaries, a possible example of a network covered by the present document consists of a Radio controller (whenever applicable), its supported access nodes as well as the related network elements. Networks could be defined by geographic boundaries, such as city-wide, national or continental networks and could be defined by demographic boundaries, such as urban or rural networks.

The sub-networks analysed might consist of macro-only base stations or heterogeneous networks or whatever is

actually implemented in real networks.

The tests defined in the present document for sub-networks provide the basis to estimate energy efficiency for large

networks of one MNO or within an entire country, applying the extrapolation methods described in clause 7.
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Figure 1: Network under test definition





" 

	Relevant 3GPP specifications: 

TS 28.654 [6], TS 28.655 [7], TS 28.656 [8], TS 28.651 [9], TS 28.652 [10], TS 28.653 [11], TS 28.657 [12], TS 28.658 [13], TS 28.659 [14], TS 28.671 [15], TS 28.672 [16], TS 28.673 [17], TS 28.674 [18], TS 28.675 [19], TS 28.676 [20]
	Support status

Partially Supported

	Item
	Description
	Action
	Related CR(s)
	Status

	1
	Base Stations, except Home Base Stations (and WiFi access points) are in scope of ETSI ES 203.228 [2].

Base Stations, including Home Base Stations and WLAN Access Points are in scope of 3GPP Technical Specifications.

The following specifications provide Network Resource Model for GSM/EDGE Radio Access Network (GERAN):

- TS 28.654 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.655 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.656 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions

The following specifications provide Network Resource Model for Universal Terrestrial Radio Access Network (UTRAN):

- TS 28.651 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.652 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.653 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions

The following specifications provide Network Resource Model for Evolved Universal Terrestrial Radio Access Network (E-UTRAN):

- TS 28.657 Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.658 Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.659 Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions

The following specifications provide Network Resource Model for Home Node B (HNB) Subsystem (HNS):

- TS 28.671 Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.672 Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.673 Home Node B (HNB) Subsystem (HNS) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions

The following specifications provide Network Resource Model for Home enhanced Node B (HeNB) Subsystem (HeNS):

- TS 28.674 Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.675 Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.676 Home enhanced Node B (HeNB) Subsystem (HeNS) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions
	None
	None
	Closed

	2
	Site equipment (air conditioners, rectifiers/ batteries, fixed network equipment, etc.) are not in the scope of 3GPP Technical Specifications.
	None
	None
	Closed

	3
	Backhaul equipment required to interconnect the BS used in the assessment with the core network, are not in the scope of 3GPP Technical Specifications.
	None
	None
	Closed

	4
	Radio Controller (RC) is in scope of 3GPP Technical Specifications.

For GERAN, the following specifications provide Network Resource Model for BSC:

- TS 28.654 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.655 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.656 GSM/EDGE Radio Access Network (GERAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions

For UTRAN, the following specifications provide Network Resource Model for RNC:

- TS 28.651 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Requirements

- TS 28.652 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)

- TS 28.653 Universal Terrestrial Radio Access Network (UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions.


	None
	None
	Closed


4.2.2
Test parameter categorization

Table 4.2.2-1: Test parameter categorization
	ETSI ES 203 228 [2] Clause 4.2 Test parameter categorization

"

Metrics used for the energy efficiency assessment of mobile networks require the definition and collection of a range of

parameters and variables. These are separated into two categories:

1) Parameters and variables required to calculate the network energy efficiency.

2) Parameters needed to allow network energy efficiency evaluation.

The first category describes a set of network variables as described in clause 5 (energy consumption, delivered bits,

coverage) to be used to calculate the energy efficiency.

The second category includes parameters which are not directly required in the energy efficiency calculation. These

parameters describe the network characteristics, such as geographical conditions, population density, coverage area,

targeted data rates, climate zones, etc. and are used to interpolate from the measured sub-network to a larger network as described in clause 7. These parameters can be used to interpret variations in energy efficiency results of different

networks.

[image: image4.png]Table 1: Test parameter categorization

Climate zones

[As defined in clause 4.3.3
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[As defined in clause 4.3.4

Category Parameter Remarks
1 ECwy [Measured network eneray consumption
1 Capacity |As defined in clause 5.2
1 Coverage area__|[As defined in clause 623
2 Coverage ratio__[As defined in clause 62.3
2 Demograph [Population density as defined in clause 4.3.1
2 Topograph [As defined in clause 4.32
2
2
2

CSIPS data ratio

Describes the fraction of CS traffic vs. PS traffic in the network





" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	The first category of parameters are analysed in clause 4.3 and clause 4.4 of the current document.
	None
	None
	Closed

	2
	The second category of parameters are analysed in clause 4.2.3 of the current document.
	None
	None
	Closed


4.2.3
Network classification

4.2.3.1
Introduction to network classification

Table 4.2.3.1-1: Introduction of network classification

	ETSI ES 203 228 [2] Clause 4.3.0 Introduction of network classification

"

To allow an extrapolation from the measured sub-networks ("partial" networks) to a complete network ("total" or

"overall" networks), the test areas shall be classified into different categories as defined by Network classification.

The environmental classes used for Network classification are: demography, topography and climate classes. These

classes are described in the following clauses.

" 

	Relevant 3GPP specifications: 

TS 28.622 [21]
	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Which environmental classes among demography, topography, climate (or other classes such as penetration and data volume) on the one hand, and how test areas are selected on the other hand, is under the full responsibility of the Operators and is out of scope of 3GPP.
	None
	None
	Closed

	2
	The SubNetwork Information Object Class, as defined in TS 28.622 [21], does not match with the concept of sub-network according to ETSI ES 203 228 [2] for the following reason: in TS 28.622 [21], SubNetwork IOC instances represent distinct sets of managed elements such as e.g. BTSs, NodeBs, eNodeBs, whereas in ETSI ES 203 228 [2], sub-networks can overlap. Sub-networks, as defined in ETSI ES 203 228 [2], are defined by Operator at NM layer only and are therefore out of scope of 3GPP.
	None
	None
	Closed


4.2.3.2
Demography

Table 4.2.3.2-1: Demography

	ETSI ES 203 228 [2] Clause 4.3.1 Demography

"

For the test purpose defined in the present document the mobile network shall be split into domains depending on the

population density. The following population density values per domain categories shall be used, as reported in table 2.

[image: image5.png]Table 2: Sub-network demography classes.

Typical population Population range
Demography Class density opulat g€
(inhabitants/km?) (inhabitants/km)
Dense Urban (DU} 20000 > 10000
Urban (U) 2000 7000 - 10 000
Sub-urban (SU] 300 200-1 000
Rural (RU) 30 20-200
Unpopulated 0 <20





Some references to data bases where the demography distribution classes are reported can be found at:

• European Eurostat Reference to demographical distribution available at:

http://ec.europa.eu/eurostat/web/population-demography-migration-projections/population-data/main-tables.

• UN Reference to demographical distribution available at:

http://unstats.un.org/UNSD/demographic/sconcerns/popsize/size2.htm.

• USA Reference to demographical distribution available at:

http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=DEC_10_VISF_P40&prod

Type=table.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Whether demography is used by Operators as an environmental class for the test purpose defined in ETSI ES 203 228 [2], is under the responsibility of Operators and is out of scope of 3GPP.
	None
	None
	Closed


4.2.3.3
Topography

Table 4.2.3.3-1: Topography

	ETSI ES 203 228 [2] Clause 4.3.2 Topography

"

The following topography classes shall be used, as reported in table 3.

[image: image6.png]Table 3: Dub-network topography classes.

Topography classi

fon

ETSiclass ‘Median Siope Examples
T
Flat 0-5% Denmark, Netherlands
(FAO13)
2
Roling >5-30% France, ltaly
(FAO4:5)
3
Mountainous >30% Norway, Switzerland
(FAOT-5)





Information on the median slope gradient distribution in the world can be found in FAO world median slope

distribution information database at http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonizedworld-soil-database-v12/en/.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Whether topography is used by Operators as an environmental class for the test purpose defined in ETSI ES 203 228 [2], is under the responsibility of Operators and is out of scope of 3GPP.
	None
	None
	Closed


4.2.3.4
Climate zones

Table 4.2.3.4-1: Climate zones

	ETSI ES 203 228 [2] Clause 4.3.3 Climate zones

"

The following climate zones are identified as reported in table 4.

[image: image7.png]Table 4: Sub-network climate classes

Climate Class _| Sub-class Explanation
Temperature of the coldest month > 16 °C
[Af [No dry season, at least 60 mm of rainfall n the driest month
A: Tropical  [Am [Monsoon type, short dry season but sufficient moisture to keep ground wet throughout
lthe year
[Aw [Distinct dry season, one month with precipitation < 60 mm
[Arid regions where annual evaporation exceeds annual precipitation, marked dry season
B:Dry Bs [Steppe climate
Bs [Desert
[Average femperature of the coldest month < 18 °C and > 3 °C, and average femperature of warmest
Imonth > 10 °G
[Cw [Winter dry season, at least 10 times as much precipitation in wettest month of summer
G Temperate as in driest month of winter
Cs [Summer dry season, at least three fimes as much rain in wettest month of winter as in
driest month of summer, the latter having less than 30 mm precipitation
(] [Atleast 30 mm precipitation in the driest month, difference between wefiest month and
Jdriest month less than for Cw and Cs.
[Average femperature of the warmest month > 10 °G and that of coldest month <-3 °C
o [Atleast 30 mm of rain in the driest month, difference between wettest month and driest
D: Gold Imonth less than for Cw and Cs
[Bw [Atleast 10 times as much precipitation in weftest month of summer as in driest month
o winter
|Average femperature of the warmest month <10 G
EPolar  [EC [Tundra, average temperature of warmest month > 0 °C
= [No month with temperature > 10 °C





The above reported climate classification is based on FAO Koeppen classification (FAO Koeppen Climate Zones,

Jürgen Grieser, René Gommes, Stephen Cofield and Michele Bernardi, "Data sources for FAO worldmaps of Koeppen

climatologies and climatic net primary production", 2006) available at:

http://www.fao.org/nr/climpag/globgrids/KC_commondata_en.asp.

The indication based on the five main classes A to E is mandatory; the subclasses are optionally indicated.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Whether climate is used by Operators as an environmental class for the test purpose defined in ETSI ES 203 228 [2], is under the responsibility of Operators and is out of scope of 3GPP.
	None
	None
	Closed


4.2.3.5
Additional classification classes

Table 4.2.3.5-1: Additional classification classes

	ETSI ES 203 228 [2] Clause 4.3.4 Additional classification classes

"

In order to properly select the sub-networks operators penetration ratio and data traffic types could be reported for

information. Table 5 reports the classification based on penetration classes, table 6 the classification based on data

volume classes.

[image: image8.png]Table 5: Sub-network penetration classes

Symbol Operator penetration class Range
DP Dominant Penetration > 30 % penetration
NDP Non-Dominant Penetration <30 % penetration
MP Minor Penetration <10 % penetration





[image: image9.png]Table 6: Sub-network data volume classes

Symbol Traffic Class Specific thresholds
cs CS dominating > 50 % of data volume is CS
PSS PS - small packages dominating >50 % of data volume is PS,
>80 % of packages are small

PSC PS - large packages dominating >50 % of data volume is PS.

<80 % of packages are small





" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Whether penetration is used by Operators as an environmental class for the test purpose defined in ETSI ES 203 228 [2], is under the responsibility of Operators and is out of scope of 3GPP.
	None
	None
	Closed

	2
	Whether data volume is used by Operators as an environmental class for the test purpose defined in ETSI ES 203 228 [2], is under the responsibility of Operators and is out of scope of 3GPP.
	None
	None
	Closed


4.3
Metrics for energy efficiency assessment

4.3.1
Energy Consumption metrics

Table 4.3.1-1: Introduction of clause

	ETSI ES 203 228 [2] Clause 5.0 Introduction of clause
"

The following metrics shall be used to assess the mobile network energy efficiency.

"

ETSI ES 203 228 [2] Clause 5.1 Energy Consumption metrics

"

The Mobile Network Energy Consumption (ECMN) is the sum of the energy consumption of equipment included in the

MN under investigation (see clause 4). The network energy consumption is measured according to the assessment

process defined in clause 6 such that individual metrics are provided per RAT and per MNO.
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where:

   EC is Energy Consumption.

   BS refers to the Base Stations in the MN under measurement.

   BH is the backhauling providing connection to the BSs in the MN under measurement.

   SI is the site infrastructure (Rectifier, battery losses, climate equipment, TMA, tower illumination, etc.).

   RC is the control node(s), including all infrastructure of the RC site.

   i is an index spanning over the number of sites.

   j an index spanning over the number of BH equipment connected to the i sites.

   k is the index spanning over the number of BSs in the i-th site.

   l is the index spanning over the control nodes of the MN.

ECMN shall be measured in Wh over the period of measurement T (see clause 6).

   NOTE 1: If the control node(s) supports a larger MN than that which is assessed, only a proportional share of RC EC is considered, proportional to the RNC share of traffic that belongs to the MN being assessed.

In order to allow a more precise assessment of the energy consumption impact of local factors (like location specific site equipment) it is requested to measure and report into the parameter [image: image12.png]


 the site equipment consumption into two classes:

1.
ICT equipment (equipment directly needed to perform the telecom service)

2.
Support equipment (all equipment installed at the site which are needed to operate the particular site but which are not directly need for the telecom service, like air-conditioning, back-up power, lights, etc.) 

Moreover, it is requested also to classify the site equipment according to operational temperature range.

Based on such a classification the following additional network metric describing the energy consumption of the telecom equipment with reference to the total energy consumption shall be introduced:

SEE = ECBSs / (ECBSs+ECSI)                                                  (1a)
The above metric would give an indication of site efficiency (SEE) in terms of how big fraction of energy is used for actual telecom equipment (see figure 2).
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Figure 2: Layout of a typical site to determine the SEE metric.

NOTE 2: 
Power generation is not part of MN energy efficiency, but reported for information, for use in TCO and GHG analysis.

In currently deployed sites, there is a wide mixture of equipment installed within one room with different cooling requirements. The maximum room temperature is determined by the equipment with the lowest acceptable operating temperature. However, base station equipment is often designed to be operated at much higher temperatures.

The installed site equipment shall be classified in different environmental groups based on their operational temperature range. Such a classification would allow to assess the energy saving potential if the site would be split in areas for equipment which require cooling and others which can operate without.

Table 7: Environmental class categories for site equipment.

Environmental class

Temp. range

IC class

A

0 … 28 °C

IP23

B

-20 … 40 °C

IP45 

C

-40 … 55 °C

IP45

The Energy sources available in the sites (power grid, genset, etc.) shall be reported in the tables of clause 8 based on the typical layout reported in figure 3 (where the notion of "extended telecom site" has been included to include also the on-site electricity generation)..


[image: image14.emf]Utility (Grid)

Power Plant

Non Renewable

Renewable

Extended Telecom Site

Telecom Site*

On-Site 

Electricity Generation

Non Renewable

Renewable

Test point:

Electrical Power 

from grid


Figure 3: Schematic representation of the energy sources for a site (the * refers to the Telecom Site as in Figure 2)
The estimation of the environmental impact from the energy consumption requires additional parameters to be taken into consideration.
EXAMPLE:
Greenhouse gas emissions or impact on the power grid dimensioning). Power consumption and power supply measurements/reports shall include:
-
Total electrical energy consumption of the site 

-
Total electrical energy consumption of the ICT equipment

-
Total electrical energy supplied from the grid

-
Peak power delivered from the grid

-
Total energy supplied in other from than electricity

-
Total amount of energy generated at the site, separated between production type (genset, solar, wind, fuel cell, etc.

-
Total site energy storage capacity

-
Peak shaving features available at the site

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status 

	1
	3GPP has specified neither a methodology nor performance measurements / KPIs to measure the energy consumption of 3GPP networks.

Editor's note: ETSI EE confirmed to 3GPP that "it is reasonable not to have 3GPP Energy Consumption (EC) measurements, even if it could be useful to have counters for EC" (cf. S5-140576).
	None
	None
	Closed


4.3.2
Performance metrics

Table 4.3.2-1: Performance metrics

	ETSI ES 203 228 [2] Clause 5.2 Performance metrics

"

The Mobile Network performance metrics is derived from parameters of the MN under investigation (see clause 4)

relevant for energy efficiency, in particular the total data volume (DVMN) delivered by all its equipment and its global

coverage area (CoAMN).

For packet switched services, DVMN is defined as the data volume delivered by the equipment of the mobile network

under investigation during the time frame T of the energy consumption assessment. The assessment process defined in

clause 6 shall be used.
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where DV, measured in bit, is the performance delivered in terms of data volume in the network over the measurement

period T (see clause 6). i and k are defined in formula (1).

For circuit switched services like voice, DVMN-CS is defined as the data volume delivered by the equipment of the

mobile network under investigation during the time frame T of the energy consumption assessment.

[image: image16.png]Dy s = Lix DVis, s 6]




where DV, measured in bit, is the performance delivered in terms of data volume in the network over the measurement

period T (see clause 6). i and k are like in formula (1).

Note that by "circuit switched", we mean here all voice, interactive services and video services managed by the MNOs,

including CS voice, VoLTE and real-time video services delivered through dedicated bearers. The assessment process

defined in clause 6 shall be used.

The overall data volume is computed as follows:
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DVMN can be derived from standard counters defined in ETSI TS 132 425 [3] and ETSI TS 132 412 [4] for LTE or

equivalent used for 2G and 3G, multiplying by the measurement duration T. The counters (in ETSI TS 132 425 [3] and

ETSI TS 132 412 [4]) account also for QoS being reported in QoS Class Identifier (QCI) basis (see ETSI

TS 123 203 [5]).

   NOTE 1: DVMN includes data volumes for DL and UL.

   NOTE 2: BH supervision and control data volumes are not considered (in order to include only the payload).

DVMN is computed in bit.

Coverage area (CoAMN) is also considered as a mobile network performance metric in the MN designed primarily for

coverage goals (and hence especially in RU environments). The assessment process defined in clause 6 shall be used.

CoA is computed in m2.
" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	For data volume (DVMN), see clause 4.4.3.2 of the current document.
	None
	None
	Closed

	2
	For coverage area (CoAMN), see clause 4.4.3.3 of the current document., 
	None
	None
	Closed


4.3.3 
Mobile Network Energy efficiency metrics

Table 4.3.3-1: Mobile Network Energy Efficiency metrics

	ETSI ES 203 228 [2] Clause 5.3 Mobile Network Energy efficiency metrics

"

Mobile Network data Energy Efficiency (EEMN,DV) is the ratio between the performance indicator (DVMN) and the

energy consumption (ECMN) when assessed during the same time frame.
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where EEMN,DV is expressed in bit/J.

Mobile Network coverage Energy Efficiency (EEMN,CoA) is the ratio between the area covered by the MN under

investigation (see clause 4) and the energy consumption when assessed during one year. EEMN,CoA is mainly used to

complement EEMN,DV for MNs handling low data volumes, in particular in rural or deep rural areas. The area covered

shall be assessed using rules (i.e. derived from geographic data or propagation models) defined in clause 6:
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where EEMN,CoA is expressed in m²/J and ECMN is the yearly energy consumption and [image: image21.png]CoA_desyy



 is the "coverage area" as defined in clause 6.2.3.
 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Calculation of EEMN,DV is out of scope of 3GPP, though 3GPP defines metrics to calculate DVMN (see clause 4.4.3.2).
	None
	None
	Closed

	2
	Calculation of EEMN, CoA is out of scope of 3GPP, though 3GPP defines metrics to calculate coverage area (see clause 4.4.3.3).
	None
	None
	Closed


4.4
Measurement of energy efficiency

4.4.1 
Introduction of clause

Table 4.4.1-1: Introduction of clause

	ETSI ES 203 228 [2] Clause 6.0 Introduction of clause

"

The measurement of the EEMN in the MN under investigation shall be based on the separate measurement of the

performance (in terms of capacity and coverage) and energy, according to the metrics defined in clause 5.

" 

	Relevant 3GPP specifications: 

TS 52.402 [22], TS 32.405 [23], TS 32.425 [24]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Measurement of performance (in terms of capacity and coverage) is the scope of 3GPP, whereas measurement of energy consumption is not. Consequently, measurement methods are de facto separated from each other.
	None
	None
	Closed


4.4.2 
Time duration of the measurement

Table 4.4.2-1: Time duration of the measurement

	ETSI ES 203 228 [2] Clause 6.1 Time duration of the measurement

"

The time duration of the measurement, denoted as T, shall be one of the alternatives:

• Weekly measurement: T equal to 7 days.

• Monthly measurement: T equal to 30 days.

• Yearly measurement: T equal to 365 days.

The minimum duration is therefore one week: monthly and yearly measurements are extensions of the basic week test.

For the CoA metric the Energy Consumption shall be always extrapolated to 1 year time. It is note that T does not correspond to a granularity time or a repetition of the measurements time, that are optional values to be reporter in Clause 8 tables.
" 

	Relevant 3GPP specifications: 

TS 32.411 [25], TS 32.412 [26], TS 32.416 [27]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Time duration of the measurement can be indicated by IRPManager to IRPAgent thanks to PM IRP operation createMeasurementJob input parameters startTime and stopTime.
	None
	None
	Closed

	2
	In case PM IRP is not used, operator shall use DM capabilities to indicate time duration of the measurement when initiating measurement jobs. This is out of scope of 3GPP.
	None
	None
	Closed


4.4.3 
Measurement procedures

4.4.3.1 
Measurement of Energy Consumption

Table 4.4.3.1-1: Measurement of Energy Consumption

	ETSI ES 203 228 [2] Clause 6.2.1 Measurement of Energy Consumption

"

The Energy Consumption of the MN can be measured by means of metering information provided by utility suppliers

or by mobile network integrated measurement systems. Moreover, sensors can be used to measure site and equipment

energy consumption, following the requirements set by ES 202 336/12.

The ECMN is based on site granularity and includes therefore all the equipment that is on the MNO sites (including the

network controllers whenever applicable). The ECMN shall be differentiated per MNO providing service to the MN; in

case of shared infrastructure the ECMN of the shared sites shall be computed per each MNO sharing those sites in a

proportional ratio. In case of separate metering per MNO the respective part of the ECMN shall be assigned to each

MNO.

The ECMN shall be based on a per RAT estimation. If in the site there are BS of different RATs the ECMN shall be

measured per each RAT.

The list of equipment operating in the MN sites under investigation shall be reported in the assessment report, including

cooling, power conversion, etc. For a site with multi RAT equipment the energy consumption of that equipment shall be

split between each RAT proportionally to the configured RF power transmitted by each RAT; further details on the

multi RAT will be issued according to the development of multi RAT measurement in ETSI ES 202 706 [i.2].

The reporting frequency of the ECMN should be aligned with the energy provider settings and mobile network

performance assessment settings. It shall be reported in the assessment report.

NOTE: When a mobile network integrated measurement system according to ETSI ES 202 336-12 [9] is

available, it should be used in addition to the utility provided ECMN, allowing a more precise estimation of

the consumption per RAT and per MNO.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	The measurement of energy consumption of radio access network is currently out of the scope of 3GPP.
	None
	None
	Closed


4.4.3.2 
Measurement of capacity

Table 4.4.3.2-1: Measurement of capacity
	ETSI ES 203 228 [2] Clause 6.2.2 Measurement of capacity

"

The DVMN shall be measured using network counters for data volume related to the aggregated traffic in the set of BS

considered in the MN under test.

For PS traffic, the data volume is considered as the overall amount of data transferred to and from the users present in

the MN under test. Data volume shall be measured in an aggregated way per each RAT present in the MN and shall be

measured referring to counters derived from vendor O&M systems.

" 

	Relevant 3GPP specifications: 

TS 52.402 [22], TS 32.405 [23], TS 32.425 [24]
	Support status

Partially Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	For PS traffic in 2G radio access networks, DVMN-PS can be obtained via OA&M thanks to the following per cell measurements defined in TS 52.402:

# Number of received acknowledged octets of EGPRS block on RLC layer (cf. clause B.2.1.58 of TS 52.402)

# Number of transmitted octets of EGPRS block on RLC layer acknowledged by mobile (cf. clause B.2.1.59 of TS 52.402).

In case of RAN sharing, these measurements cannot be obtained on a per Participating Operator basis.
	None
	None
	Closed

	2
	For PS traffic in 3G radio access networks, there are no measurements defined in TS 32.405 thanks to which DVMN-PS can be obtained.
	None
	None
	Closed

	3
	For PS traffic in LTE radio access networks, DVMN-PS can be obtained via OA&M thanks to the following per cell measurements defined in TS 32.425 [z]:

# Average DL cell PDCP SDU bit-rate (cf. clause 4.4.1.1 of TS 32.425)

# Average UL cell PDCP SDU bit-rate (cf. clause 4.4.1.2 of TS 32.425).

These measurements value (in kb/s) shall be multiplied by the measurement period value (in sec) to obtain data volume in kbits.

In case of RAN sharing, these measurements cannot be obtained on a per Participating Operator basis.
	None
	None
	Closed


Table 4.4.3.2-2: Measurement of capacity
	ETSI ES 203 228 [2] Clause 6.2.2 Measurement of capacity

"

For CS traffic (e.g. CS voice or VoLTE), the data volume is considered as the number of minutes of communications

during the observation period multiplied by the data rate of the corresponding service and the call success rate. The call

success rate is equal to 1 minus the sum of blocking and dropping rates, i.e.:

[image: image22.png]Call Success Rate = (1 — dropping rate) X 100 [%] @]




The dropping includes the intra-cell call failure (rate of dropping calls due to all the causes not related to handover) and the handover failure:
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" 

	Relevant 3GPP specifications: 

TS 52.402 [22], TS 32.405 [23], TS 32.425 [24], TS 32.250, TS 32.298
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	In this table, the analysis of 3GPP support of ETSI ES 203 228 [2] data volume metrics for CS traffic is done for 2G, 3G and LTE. For each RAT, the analysis is done with regard to the following metrics:

1/ number of minutes of communication

2/ data rate of the corresponding service

3/ call success rate, calculated based on dropping rate.


	LS sent to ETSI EE asking for definition of terms used in formulas (7), (8) and (9).

ES 203 228 [2] has been updated.
	None
	Closed

	2
	For CS traffic (e.g. CS voice) in 2G radio access networks, there are no OA&M measurements defined in TS 52.402, regarding:

# the number of minutes of communication;

# the data rate of the corresponding service;

As far as dropping rate is concerned, handover failure rate in 2G networks can be calculated thanks to the following measurements defined in TS 52.402:

# Successful Internal Handovers, intra-CELL (cf. clause B.2.1.30 of TS 52.402)

# Unsuccessful Internal Handovers, intra-CELL (cf. clause B.2.1.31 of TS 52.402)

# Attempted incoming Internal inter CELL Handovers (cf. clause B.2.1.32 of TS 52.402)

# Successful incoming Internal inter CELL Handovers (cf. clause B.2.1.33 of TS 52.402)

# Attempted outgoing Internal inter CELL Handovers (cf. clause B.2.1.34 of TS 52.402)

# Successful outgoing Internal inter CELL Handovers (cf. clause B.2.1.35 of TS 52.402)


	None
	None
	Closed

	3
	For CS traffic (e.g. CS voice) in 3G radio access networks, DVMN-CS can be obtained via OA&M thanks to the following per cell measurements defined in TS 32.405:

# Call duration in UTRAN cell for CS domain (cf. clause 4.23.1 of TS 32.405), for each following data rate of conversational service:



1: AMR rate (12.2 10.2 7.95 7.4 6.7 5.9 5.15 4.75) kbps

 

2: 12.2 kbps

 

3: 28.8 kbps

 

4: 32 kbps

 

5: 64 kbps

The blocking rate can be obtained via OA&M thanks to the following per cell measurements defined in TS 32.405 [y]:

# Attempted RRC connection establishments (cf. clause 4.4.1.1 of TS 32.405)

# Failed RRC connection establishments (cf. clause 4.4.1.2 of TS 32.405)

# Attempted RRC re-establishments (cf. clause 4.5.1 of TS 32.405)

# Failed RRC re-establishments (cf. clause 4.5.2 of TS 32.405)

As far as dropping rate is concerned, handover failure rate in 3G networks can be calculated thanks to the following measurements defined in TS 32.405 TS 32.405:

# Attempted outgoing intra-NodeB hard handovers (cf. clause 4.10.2.1 of TS 32.405)

# Failed outgoing intra-NodeB hard handovers (cf. clause 4.10.2.3 of TS 32.405)
# Attempted outgoing inter-NodeB, intra-RNC hard handovers (cf. clause 4.10.3.1 of TS 32.405)

# Failed outgoing inter-NodeB, intra-RNC hard handovers (cf. clause 4.10.3.3 of TS 32.405)

# Attempted outgoing inter-RNC hard handovers via Iur (cf. clause 4.10.4.1 of TS 32.405)

# Failed outgoing inter-RNC hard handovers via Iur (cf. clause 4.10.4.3 of TS 32.405)

# Attempted outgoing inter-RNC hard handovers switching in the CN (cf. clause 4.10.6.1 of TS 32.405)

# Failed outgoing inter-RNC hard handovers switching in the CN (cf. clause 4.10.6.3 of TS 32.405).


	None
	None
	Closed

	4
	For CS traffic (e.g. VoLTE) in LTE radio access networks, there are no measurements defined in TS 32.425, regarding:

# the number of minutes of communication;

# the data rate of the corresponding service;

The blocking rate can be obtained via OA&M thanks to the following per cell measurements defined in TS 32.425:

# Attempted RRC connection establishments (cf. clause 4.1.1.1 of TS 32.425)

# Failed RRC connection establishments (cf. clause 4.1.1.3 of TS 32.425)

# Attempted RRC connection re-establishments (cf. clause 4.1.2.1 of TS 32.425)

# Failed RRC connection re-establishments (cf. clause 4.1.2.3 of [z])

# Number of initial E-RABs attempted to setup (cf. clause 4.2.1.1 of TS 32.425)
# Number of initial E-RABs failed to setup (cf. clause 4.2.1.3 of TS 32.425)

# Number of additional E-RABs attempted to setup (cf. clause 4.2.1.4 of TS 32.425)
# Number of additional E-RABs failed to setup (cf. clause 4.2.1.6 of TS 32.425)

As far as dropping rate is concerned, handover failure rate in LTE networks can be calculated thanks to the following measurements defined in TS 32.425:

# Attempted outgoing intra-eNB/RN handovers per handover cause (cf. clause 4.3.1.1.1 of TS 32.425)

# Successful outgoing intra-eNB/RN handovers per handover cause (cf. clause 4.3.1.1.2 of TS 32.425)

# Attempted outgoing intra-DeNB handover executions from DeNB cell to RN per handover cause (cf. clause 4.3.1.1.4 of TS 32.425)

# Successful outgoing intra-DeNB handover executions from DeNB cell to RN per handover cause (cf. clause 4.3.1.1.5 of TS 32.425)

# Attempted outgoing inter-eNB handover executions per handover cause (cf. clause 4.3.1.2.2 of TS 32.425)

# Successful outgoing inter-eNB handover executions per handover cause (cf. clause 4.3.1.2.3 of TS 32.425)

# Attempted outgoing handovers per handover cause (cf. clause 4.3.1.3.1 of TS 32.425)

# Successful outgoing handovers per handover cause (cf. clause 4.3.1.3.2 of TS 32.425)

# Attempted outgoing intra-frequency handovers (cf. clause 4.3.1.4.1 of TS 32.425)

# Successful outgoing intra-frequency handovers (cf. clause 4.3.1.4.2 of TS 32.425)

# Attempted outgoing inter-frequency handovers – gap-assisted measurement (cf. clause 4.3.1.4.3 of TS 32.425)

# Successful outgoing inter-frequency handovers – gap-assisted measurement (cf. clause 4.3.1.4.4 of TS 32.425)

# Attempted outgoing inter-frequency handovers – non gap-assisted measurement (cf. clause 4.3.1.4.5 of TS 32.425)

# Successful outgoing inter-frequency handovers – non gap-assisted measurement (cf. clause 4.3.1.4.6 of TS 32.425)

# Attempted outgoing handovers with DRX (cf. clause 4.3.1.5.1 of [z])

# Successful outgoing handovers with DRX (cf. clause 4.3.1.5.2 of TS 32.425)

# Attempted outgoing handovers non-DRX (cf. clause 4.3.1.5.3 of TS 32.425)

# Successful outgoing handovers non-DRX (cf. clause 4.3.1.5.4 of TS 32.425)

# Attempted executions of outgoing handover to the cells outside the RN per handover cause (cf. clause 4.3.1.6.2 of TS 32.425)

# Successful executions of outgoing handover to the cells outside the RN per handover cause (cf. clause 4.3.1.6.3 of TS 32.425)


	None
	None
	Closed


Table 4.4.3.2-3: Measurement of capacity
	ETSI ES 203 228 [2] Clause 6.2.2 Measurement of capacity

"

In order to include reliability in the measurement the aggregated data volume shall be provided together with the 95th
percentile of the cumulative distribution, for each RAT in the MN.

NOTE 1: It is not possible for data services to determine a user related QoS, i.e. to identify for each data connection

if a target throughput has been reached using counters. Such a computation would need the usage of

probes that is out of scope of the present document.

NOTE 2: As soon as the MDT related measurements in [6] are available the data volume may be measured

according to the specification given therein (especially referring to clause 4.1.8 in [6]). In this case, the

per-user information about QoS can be obtained for data services and only connections with good QoS

should be considered.

" 

	Relevant 3GPP specifications: 


	Support status

Partially Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	On Note 1: probes are out of scope of 3GPP as well.
	None
	None
	Closed

	2
	On Note 2, contrary to performance measurements, which are a permanent source of information, MDT is generally activated for a limited period of time for specific analysis purposes. Therefore, MDT may not be appropriate for such purpose.
	None
	None
	Closed


4.4.3.3 
Determination of coverage area

4.4.3.3.1 
Introduction

Table 4.4.3.3.1-1: Introduction

	ETSI ES 203 228 [2] Clause 6.2.3.0 Introduction

"

The Coverage area is subject to network planning and intended services delivered within a certain geographic area.

These parameters vary according to an MNO strategy and might therefore differ from MNO to MNO but also within the

network of one MNO for different geographical area. For the sake of energy efficiency assessment, drive tests and similar additional measurement campaigns are not required.
The coverage area shall be described by the following parameters:

1. The total geographical area of a country (CoA_geo). This includes the total geographical area which falls into the network operators responsibility (total network and/or sub-area under investigation). A network might cover the geographical area only to a certain fraction (often defined by the license agreements, for example area coverage of a complete country or of a region).

2. The designated coverage area (CoA_des). This area defines the area in which a network coverage is provided by the selected sub-network and it's derived by planning models from network design, planned service and geographical data.

3. A coverage quality factor (CoA_Qdes). This factor takes into account measured feedback from user equipment (as described in table 7). This coverage quality factor signifies that networks might experience false coverage issues (e.g. inside buildings), load congestions or high interference issues. 

 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	See next sections.
	None
	None
	Closed


4.4.3.3.2 
Geographic coverage area

Table 4.4.3.3.2-1: Geographic coverage area
	ETSI ES 203 228 [2] Clause 6.2.3.1 Geographic coverage area

"

The geographic network coverage area is the total two dimensional area of a country, region or city were the MNO under test provides its service according to the license agreement. This area might be not completely covered by the network. A license agreement might include geographic coverage area (for example >90% of the country area shall be covered) and an additional population coverage area (for example 98% of the population shall be covered)..

.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	 This is out of scope of 3GPP.
	None
	None
	Closed


4.4.3.3.3 
Designated coverage area

Table 4.4.3.3.3-1: Designated coverage area

	ETSI ES 203 228 [2] Clause 6.2.3.2 Designated coverage area

"

The designated coverage area is the area to be covered based on network planning and presents the actual geographic are where the operator officially promises coverage. This area is defined by the MNO's network service plan where the coverage according to the license agreement or similar is delivered. The area (sometimes referred to as "best server" area), is based on base station power, propagation conditions in the selected area, accepted outage criteria, and considered planning models (and therefore hardly comparable). 

The designated coverage are includes also in-building coverage within this area. The in-building area (for example of multi-story buildings) is only considered as the footprint of the building, not the actual building area.

" 

	Relevant 3GPP specifications: 

TS 28.667 [28], TS 28.668 [29], TS 28.669 [30]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	Radio Planning Tools (RPTs) are generally used by mobile network operators to predict coverage and interference in their radio access networks. RPTs utilize site and antenna (equipment) information, as well as geographic data (e.g. terrain data, type of land usage, building data and road data). TSs 28.667, 28.668 and 28.669 specify a read interface to retrieve such data from RPTs; this data includes (per antenna): antenna pattern label, antenna type, antenna longitude, antenna latitude, antenna altitude, antenna bearing and antenna mechanical offset.

Designated coverage area can be calculated from these data.
	None
	None
	Closed


4.4.3.3.4 
Coverage quality

Table 4.4.3.3.4-1: Coverage quality

	ETSI ES 203 228 [2] Clause 6.2.3.3 Coverage quality

"

The actual coverage area where UEs can be served might differ from the originally designated coverage area (i.e. false coverage zones within the considered area). The coverage quality is a measure to estimate the actually covered fraction of the planned total coverage area. User equipment reports such as failed call attempts (table 8) shall be used to determine how well the users within the coverage area are covered. 
The coverage quality indicator shall be provided for network efficiency result evaluations. It is linked to network quality and has to be defined in relation to the quality of service (QoS) definitions.
A coverage map based on signal quality (SINR) like shown in figure 2 could be used the determine the fraction of the total area were a signal quality above a certain minimum value is achieved. However, such maps require a large amount of measurements and usually drive tests. 


[image: image24]
Figure 1: Typical SINR distribution of a mobile network

For the sake of an energy efficiency assessment it is not required to have the knowledge of the detailed network conditions such as the actual coverage hole locations. From an Energy Efficiency assessment point of view it is important to know how many users/sessions or served users/sessions experienced problems because of lack of sufficient quality in relation to the total number of users/sessions or served users/sessions within the considered area.

This allows a number of simplifications and an indirect determination of a quality factor.

The coverage quality factor for a base station is based on network failure reports of the UE.


The coverage quality factor shall be measured based on coverage failures reported by the appropriate network counters:
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The following indicators shall be used to calculate the coverage failure (details see table 8):

   1)
RRC setup failure ratio (Call setup failure ratio).

   2)
RAB setup failure ratio (UE-BS radio interface failure).

   3)
RAB release failure ratio (UE-BS radio interface failure).

A further factor which can indicate a coverage issue is the handover drop ratio. However, a handover drop can have multiple reasons (cell overload, UE speed, etc.). Furthermore, the handover drop rate depends on the network structure (number of neighbour cells). Its calculation requires several additional network parameters and complicates the data collection and analysis significantly. This factor is therefore omitted.

The coverage quality factor for a site is defined as follows:
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The needed parameters are specified by 3GPP standards and the results can be obtained from the network management and supervision.

The failure ratios are the fraction of failures of the total amount of attempts:

( RRC setup failure ratio = (Σk Failed RRC connection establishmentsk)/(Σk Attempted RRC connection establishmentsk).

( RAB setup failure ratio = (Σk RAB setup failurek)/ (Σk RAB setup attemptedk).

( RAB release failure ratio = (Σk RAB release failurek)/ (Σk RAB release attemptedk).

where k is the index spanning over the number of BSs in the considered site.

" 

	Relevant 3GPP specifications: 

TS 52.402 [22], TS 32.405 [23], TS 32.425 [24]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	All performance measurements required to calculate TTC failure setup ratio, RAB setup failure ratio and RAB release failure ratio, for GERAN (respectively UTRAN and E-UTRAN) are defined in TS 52.402 [22] (resp. TS 32.405 [23] and TS 32.425 [24]).

See below for further information.
	None
	None
	Closed


Table 4.4.3.3.4-2: Coverage quality (cont'd 1)

	ETSI ES 203 228 [2] Clause 6.2.3.3 Coverage quality

"

Table 8: Measurement parameters required for coverage quality calculation

(refer to [7], [8] and [3] for 2G, 3G and 4G definition/source reference respectively)

Measurement for LTE

Parameter

Function

Counter name

RRC connection establishment failures

Radio resource control

RRC.ConnEstabFail.sum
RRC connection establishment attempts

Radio resource control

RRC.ConnEstabAtt.sum
E-RAB setup failures

Initial E-RAB setup

ERAB.EstabInitFailNbr.sum
Additional E-RAB setup

ERAB.EstabAddFailNbr.sum
E-RAB setup attempts

Initial E-RAB setup

ERAB.EstabInitAttNbr.sum
Additional E-RAB setup
ERAB.EstabAddAttNbr.sum
E-RAB release failures

E-RAB release

ERAB.RelFailNbr.sum
E-RAB release attempts

E-RAB release

ERAB.RelAttNbr.sum
" 

	Relevant 3GPP specifications: 

TS 32.425 [24]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	RRC.ConnEstabFail.sum is defined in clause 4.1.1.3 of [24].
	None
	None
	Closed

	2
	RRC.ConnEstabAtt.sum is defined in clause 4.1.1.1 of [24].
	None
	None
	Closed

	3
	ERAB.EstabInitFailNbr.sum and ERAB.EstabAddFailNbr.sum are defined in clause 4.2.1.3 and 4.2.1.6 of [24], respectively.
	None
	None
	Closed

	4
	ERAB.EstabInitAttNbr.sum and ERAB.EstabAddAttNbr.sum are defined in clause 4.2.1.1 and 4.2.1.4 of [24], respectively.
	None
	None
	Closed

	5
	ERAB.RelFailNbr.sum is defined in clause 4.2.2.5 of [24].
	None
	None
	Closed

	6
	ERAB.RelAttNbr.sum is defined in clause 4.2.2.3 of [24].
	None
	None
	Closed


Table 4.4.3.3.4-3: Coverage quality (cont'd 2)

	ETSI ES 203 228 [2] Clause 6.2.3.3 Coverage quality

"

Measurements for UMTS:

Parameter

Function

Counter name

RRC connection establishment failures

Radio resource control

RRC.FailConnEstab.sum
RRC connection establishment attempts

Radio resource control

RRC.AttConnEstab.sum 

RAB setup failures

RAB setup for CS domain

RAB.FailEstabCSNoQueuing.sum,

RAB.FailEstabCSQueuing.sum

RAB setup for PS domain
RAB.FailEstabPSNoQueuing.sum
RAB.FailEstabPSQueuing.sum
RAB setup attempts

RAB setup for CS domain

RAB.AttEstabCS.Conv.<U><D>
RAB.AttEstabCS.Strm
RAB.AttEstabCS.Intact
RAB.AttEstabCS.Bgrd

RAB setup for PS domain
RAB.AttEstabPS.Conv
RAB.AttEstabPS.Strm.<U><D>
RAB.AttEstabPS.Intact
RAB.AttEstabPS.Bgrd

RAB release failures

RAB release for CS domain

RAB.FailRelCS.sum
RAB release for PS domain

RAB.FailRelPS.sum
RAB release attempts

RAB release for CS domain

RAB.AttRelCS.sum
RAB release for PS domain

RAB.AttRelPS.sum
" 

	Relevant 3GPP specifications: 

TS 32.405 [23]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	RRC.FailConnEstab.sum is defined in clause 4.4.1.2 of [23].
	None
	None
	Closed

	2
	RRC.AttConnEstab.sum is defined in clause 4.4.1.1 of [23].
	None
	None
	Closed

	3
	RAB.FailEstabCSNoQueuing.sum, RAB.FailEstabCSQueuing.sum, RAB.FailEstabPSNoQueuing.sum, RAB.FailEstabPSQueuing.sum
are defined in clause 4.1.2.3, 4.1.2.5, 4.1.1.3 and 4.1.3.5 of [23], respectively.
	None
	None
	Closed

	4
	RAB.AttEstabCS.Conv.<U><D>
RAB.AttEstabCS.Strm
RAB.AttEstabCS.Intact
RAB.AttEstabCS.Bgrd are defined in clause 4.1.2.1 of [23].
	None
	None
	Closed

	5
	RAB.AttEstabPS.Conv
RAB.AttEstabPS.Strm.<U><D>
RAB.AttEstabPS.Intact
RAB.AttEstabPS.Bgrd are defined in clause 4.1.3.1 of [23].
	None
	None
	Closed

	6
	RAB.FailRelCS.sum is defined in clause 4.1.6.3 of [23].
	None
	None
	Closed

	7
	RAB.FailRelPS.sum is defined in clause 4.1.7.3 of [23].
	None
	None
	Closed

	8
	RAB.AttRelCS.sum is defined in clause 4.1.6.1 of [23].
	None
	None
	Closed

	9
	RAB.AttRelPS.sum is defined in clause 4.1.7.1 of [23].
	None
	None
	Closed


Table 4.4.3.3.4-4: Coverage quality (cont'd 3)

	ETSI ES 203 228 [2] Clause 6.2.3.3 Coverage quality

"

Measurement from GSM:

Parameter

Function

Counter name

Immediate assignment success

IMMEDIATE ASSIGNMENT

succImmediateAssingProcs

Immediate assignment attempts
IMMEDIATE ASSIGNMENT

attImmediateAssingProcs

" 

	Relevant 3GPP specifications: 

TS 52.402 [22]
	Support status

Supported

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	succImmediateAssingProcs is defined in clause B.2.1.5 of [22].
	None
	None
	Closed

	2
	attImmediateAssingProcs is defined in clause B.2.1.6 of [22].
	None
	None
	Closed


Table 4.4.3.3.4-5: Coverage quality (cont'd 4)

	ETSI ES 203 228 [2] Clause 6.2.3.3 Coverage quality

"

The following averaging procedure is then used to obtain an average coverage quality factor of the partial network under test:


[image: image27.png]CoA_Qdesyy = X, CoA_Qdes; DCA;, /CoA desyy an




where:

   •
S refers to the sites in the MN under measurement;

   •
i is an index spanning over the number of sites.

To avoid overcounting,  the sites designed coverage areas should be defined as the area where the signals from the cells of the site are stronger (Best Server). It holds true that:
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where:

   •
S refers to the sites in the MN under measurement;

   •
i is an index spanning over the number of sites.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	The calculation of CoA_QdesMN is to be done at the NM layer is and therefore out of scope of 3GPP.

The calculation of CoA_desMN is to be done at the NM layer is and therefore out of scope of 3GPP.
	None
	None
	Closed


4.5
Extrapolation to overall networks

4.5.1
Extrapolation approach

Table 4.5.1-1: Extrapolation approach
	ETSI ES 203 228 [2] Clause 7.0 Extrapolation approach

"

The EE measured according to clauses 5 and 6 can be used to extrapolate to larger networks. When such an

extrapolation is made, it shall be performed following the method presented in this clause.

The sub-network data shall be extrapolated to overall/total networks according to demography, topography and climate

classifications, as described in clause 4.

The extrapolation shall be done according to statistical information that indicates how recurrent is the sub-network

within the total network to be addressed.

[image: image29.png]Figure 3: Extrapolation from one sub-network to 3 set of sub-networks (*otal” network)




 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.2
Extrapolation method

4.5.2.1
Introduction of extrapolation method

Table 4.5.2.1-1: Introduction of extrapolation method

	ETSI ES 203 228 [2]Clause 7.1.0 Introduction of extrapolation method

"

In case the overall/total network to be addressed is not completely known in terms of demographical, topographical or

climatological composition, or if the measurements of clause 5 and 6 are executed only in some and not all the

sub-networks constituting the total network, then the results shall be presented according to the tables in clause 8.

In such a case it shall be indicated for each sub-network what is its perceptual recurrence with respect to the global one,

in terms of demographical, topographical and climatological composition. Otherwise, if the exact composition of the

total network is completely known, then the extrapolation shall be made to achieve the information valid for the whole

total network.

• The extrapolation procedure shall be based on the demography information classes as reported in table 2. It is

optional to make extrapolation also based on topography classes (table 3) or on climate classes (table 4) or on

a combination of demography, topography and climate zones.

• The extrapolation shall be based on a demography number of classes sufficient to represent at least the 75 % of

the entire total network area demographical distribution.

Next clauses show how to obtain data on the statistical distribution of demography, topography and climate zones

classes in the networks under test at total level. This information is given to be used as a reference for every network

area where the present specification will be used.

 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.2.2
Statistical information about Demography

Table 4.5.2.2-1: Statistical information about Demography

	ETSI ES 203 228 [2] Clause 7.1.1 Statistical information about Demography

"

An example of demographical information for Europe can be found in ETSI TS 132 425 [3], to classify the sub-network

under test under a demography class as in table 2.

Another example referring to UN information is in ETSI TS 132 412 [4]. Still another example for USA can be found in

ETSI TS 123 203 [5].

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.2.3
Statistical information about Topography

Table 4.5.2.3-1: Statistical information about Topography

	ETSI ES 203 228 [2] Clause 7.1.2 Statistical information about Topography

"

An example of topography information can be found at the FAO world median slope distribution information, to

classify the sub-network under test under a demography class as in table 3.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.2.4
Statistical information about Climate zones

Table 4.5.2.4-1: Statistical information about Climate zones

	ETSI ES 203 228 [2] Clause 7.1.3 Statistical information about Climate zones

"

An example of topography information can be found in FAO Koeppen classification, to classify the sub-network under

test under a demography class as in table 4.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.3
Extrapolation reporting tables

4.5.3.1
Introduction of extrapolation reporting tables

Table 4.5.3.1-1: Introduction of extrapolation reporting tables

	ETSI ES 203 228 [2] Clause 7.2.0 Introduction of extrapolation reporting tables

"

Table 9 indicates how to report the data for extrapolation towards total EE based on demography only. This is the

mandatory approach when extrapolation data are computed. Not all the classes shall be measured, but only those classes that allow to cover at least 75 % of the whole demographical distribution of the total area under measurement.

For all the sub-networks the results of EE are reported according to clause 8 tables and the relative class shall be

indicated. For all the same class measurement an average of EE measurements shall be reported in table 8; this shall be

done both for Data Volume EE and for Coverage Area EE, whichever metric is used.

For each class then an average EE shall be computed as follows: 
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where "class" stands for one of the Demography Classes (DU, U, SU, RU or Unpopulated), k is an index that runs over

the number K of sub-networks per each class.

The Total EE shall 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. These percentages shall be derived from the information according to the examples of clause 7.1.

The Total EE shall be then 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 in (14).

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.3.2
Reporting extrapolation based on Demography

Table 4.5.3.2-1: Reporting extrapolation based on Demography

	ETSI ES 203 228 [2] Clause 7.2.1 Reporting extrapolation based on Demography

"

The reporting extrapolation method based on demography is summarized in table 9. 

Table 9: Reporting extrapolation Table based on Demography
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Demography table is the mandatory extrapolation representation. In case also the Topography and Climate Zone

classification is available for the sub-networks measured according to clause 8 also table 10 and table 11 are to be

reported.

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.5.3.3
Reporting extrapolation based on Topography

Table 4.5.3.3-1: Reporting extrapolation based on Topography

	ETSI ES 203 228 [2] Clause 7.2.2 Reporting extrapolation based on Topography

"

The reporting extrapolation method based on topography is summarized in table 9. 

Table 10: Reporting extrapolation Table based on Topography
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 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	No ne
	Closed


4.5.3.4
Reporting extrapolation based on Climate zones

Table 4.5.3.4-1: Reporting extrapolation based on Climate zones
	ETSI ES 203 228 [2] Clause 7.2.3 Reporting extrapolation based on Climate zones

"

The reporting extrapolation method based on climate zones is summarized in table 10. 

Table 11: Reporting extrapolation Table based on Climate zones
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 " 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	What Operators do with EE KPIs collected on "sub-networks", including extrapolation, is out of scope of 3GPP.
	None
	None
	Closed


4.6
Assessment report

4.6.1
Introduction of assessment report

Table 4.6.1-1: Introduction of assessment report

	ETSI ES 203 228 [2] Clause 8.0 Introduction of assessment report

"

The results of the assessments shall be reported accurately, clearly, unambiguously and objectively, and in accordance

with any specific instructions in the required method(s).

The report shall include tables defined in clauses 8.1 to 8.3. Items in italics can be considered optional.

Further guidelines on the test report can be found in clause 5.10 of ISO/IEC 17025 [10].

" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	This is out of scope of 3GPP.
	None
	None
	Closed


4.6.2
Report of Network Area under test

Table 4.6.2-1: Report of Network Area under test

	ETSI ES 203 228 [2] Clause 8.1 Report of Network Area under test

"

Table 11 reports the details of the Network Area under test, representing a sub-network where the measurements are

conducted. The Network Area is the area encompassing all the sites under measurement; the CoA_desMN  is

instead computed starting from the area covered by each site (as per clause 6) and aggregating for all the sites in the Network Area under test.

For each site reported in table 11 the details shall be included in table 3. Table 4 reports the measurements results for

each site.

Table 12: Report of Network Area under test
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" 

	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	This is out of scope of 3GPP.
	None
	None
	Closed


4.6.3
Report of sites under test

Table 4.6.3-1: Report of sites under test

	ETSI ES 203 228 [2] Clause 8.2 Report of sites under test

"

Table 13: Report of sites under test
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	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	This is out of scope of 3GPP.
	None
	None
	Closed


4.6.4
Report of Site measurement

Table 4.6.4-1: Report of Site measurement

	ETSI ES 203 228 V1.1.1 Clause 8.3 Report of Site measurement

"

Table 14: Report of Site measurement
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	Relevant 3GPP specifications: 


	Support status

Not Applicable

	Item
	Description
	Action
	Related CR(s)
	Status



	1
	This is out of scope of 3GPP.
	None
	None
	Closed


4.7
Conclusion

ETSI ES 203 228 [2] defines methods and measurements for assessing the energy efficiency of radio access networks. The following table summarizes the 3GPP support status for main aspects of ETSI ES 203 228 [2].

Table 4.7-1. Summary of 3GPP support status wrt. ETSI ES 203 228

	ETSI 203 228 [2]


	3GPP support status
	Comments
	Recommended action



	Network under test definition
	Partially Supported
	Base Stations and controllers are in scope of 3GPP. Home Base Stations are not dealt with in ETSI ES 203 228 [2]. Site equipment and backhaul equipment are out of scope of 3GPP.
	None.

	Network classification
	Not Applicable
	In the context of mobile access networks, ETSI ES 203 228 [2] sub-networks are sets of base stations and radio controllers, defined by the Operator, according to Operator's choice, e.g. demography, topography, climate zones, etc. 3GPP SubNetwork IOC, as defined in TS 28.622 [21], do not correspond to ETSI ES 203 228 sub-networks. Operator may define its own sub-networks (acc. to ETSI ES 203 228 [2]) at the NM layer only. Such sub-networks are then not known by DM and communication between DM and NM for the assessment of energy efficiency is based on a per base station / radio controller basis.
	None.

	Energy consumption metrics
	See clause 5.6 of the present document.
	How to control and monitor energy consumption metrics is defined in ETSI ES 202 336-12 [31].
	N/A.

	Mobile network energy efficiency metrics
	Not Applicable
	The calculation of mobile network energy efficiency metrics is not in scope of 3GPP.

Operator may need a NM layer application for such a purpose, based on collected performance metrics and energy consumption metrics.
	None.

	Data Volume metrics
	Partially Supported
	For PS traffic in 3G, there are no measurements defined in TS 32.405 [23].
	New measurements could be defined in TS 32.405 [23]. This could be addressed in a future Work Item.

	Extrapolation method
	Not Applicable
	What Operator does with EE KPIs collected on sub-networks (acc. to ETSI ES 203 228 [2]), including extrapolation, is out of scope of 3GPP.
	None.


5
Support of ETSI ES 202 336-12

5.1
Introduction

ETSI ES 202 336-12 [31] specifies an architecture and information model for monitoring any type of ICT equipment power, energy and environmental parameters.

Clause 5 of the present document provides, for mobile access networks, an analysis of how ETSI ES 202 336-12 [31] architecture, interfaces and information model may fit into the 3GPP management reference model defined in 3GPP TS 32.101 [32] and 3GPP IRPs, identifies potential use cases and requirements and studies potential solutions for interfaces that are in the scope of 3GPP.
5.2
Principle of the monitoring of mobile access network equipment power, energy and environmental parameters

In ETSI ES 202 336-12 [31], the basic principles of power, energy and environment parameters measurements of ICT equipment and their transfer to the Network Management Systems (NMS) are depicted – cf. Figure 5.2-1 below.
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Figure 5.2-1: Principle of the monitoring of ICT equipment power, energy and environment parameters (Figure 1 of ETSI ES 202 336-12 [31])
Note: 
The rest of clause 5.2 provides an analysis of ETSI ES 202 336-12 and, in particular, of its figure 1, as in version v1.1.1 (2016-05). 

Editor's note: In clause 5.3, potential use cases are described, amongst which some of them propose some enhancements compared to Figure 1 of ETSI ES 202 336-12 V1.1.1 (2016-05) [31], including splitting the RMS into DM-level RMS and NM layer RMS (the exact terminology is FFS).

Terms and concepts used in ETSI ES 202 336-12 [31] may correspond to 3GPP terms and concepts as follows:

Table 5.2-1: Mapping between ETSI ES 202 336-12 and 3GPP terms
	Terms and concepts used in ETSI ES 202 336-12 [31] – Figure 1 
	Corresponding 3GPP terms and concepts – cf. TS 32.101 [32]
	Comments



	Telecom / ICT equipment
	# In the context of the present TR (see clause 1 – Scope), it refers to GERAN / UTRAN / E-UTRAN base station

# NE in 3GPP Management Reference Architecture
	

	Network Management System (NMS)
	Can be either:

- 3GPP DM only (Option #1), or

- DM + NM (Option #2)
	ETSI have "used NMS appellation as a generic function that can be made of several sub-equipment such as DM, NM, etc… as seen on the 3GPP reference model.". Option #1 is to be taken as the working assumption in the rest of the present document.

A third option, in which the NMS would correspond to 3GPP NM only (without DM) leading to having base stations with no DM, is not taken as a valid working assumption in the present document.

	Remote Management Server (RMS)
	Can be either:

- a NM application inside the mobile network operator's domain or

- a server outside the mobile network operator's domain

depending on the use case
	

	TMN protocol
	Can correspond either to:

- Option A: the OA&M interface between 3GPP NEs and DM (cf. Type-1 interface in TS 32.101 [32]) in case "NMS" corresponds to 3GPP DM, or

- Option B: two OA&M interfaces (in case "NMS" englobes both 3GPP DM and NM):


- the OA&M interface between 3GPP NEs and either their DM (cf. Type-1 interface in TS 32.101 [32]), and


- the OA&M interface between DM and NM (cf. Type-2 interface in TS 32.101 [32])).


	Option A maps to Option #1 above (cf. "Network Management System (NMS)").

Option B maps to Option #2 above (cf. "Network Management System (NMS)").



	Monitoring (green uni-directional arrow from XCU/DGU to NMS)
	No direct correspondence in TS 32.101 [32] since XCU/DGU is not a 3GPP NE
	Though XCU/DGU is not a 3GPP NE, this monitoring interface may exist between XCU/DGU and a NM application in the mobile network operator's OSS.

	Control-monitoring (green bi-directional arrow between XCU/DGU and RMS)
	No direct correspondence in TS 32.101 [32] since XCU/DGU is not a 3GPP NE
	Though XCU/DGU is not a 3GPP NE, this monitoring interface may exist between XCU/DGU and a NM application in the mobile network operator's OSS. In case RMS is outside the mobile network operator's domain, this control-monitoring interface is out of scope of 3GPP.

	Data export (green uni-directional arrow from NMS to RMS)
	Could be either:
- a Type-2 interface between a 3GPP DM and a NM layer RMS, or
- a Type-4 interface between NM applications inside the mobile network operator's domain, or

- a Type-5 interface between a NM application inside the mobile network operator's domain and a server outside the mobile network operator's domain

depending on the use case
	

	Power plants XCU/DGU

Cooling systems XCU/DGU

Building controls XCU/DGU
	No correspondence in TS 32.101 [32].
	As power plants, cooling systems and building controls can be shared between radio access networks and e.g. fixed access networks, they are considered as out of scope of the present document.

	PEE XCU/DGU
	No correspondence in TS 32.101 [32].
	Entity that collects Power, Energy and Environmental parameters for base stations having external sensors.


In the context of mobile access networks, the following types of interactions can be identified between entities in Figure 5.2-1:

1/ monitoring of PEE parameters. Such monitoring interaction may happen at various interfaces:

# from XCU/DGU to RMS (see green arrow)

# from XCU/DGU to NMS (see green arrow)

# from base stations to NMS (see blue arrow "TMN protocol")

# from NMS to RMS (see green arrow "Data export")

2/ events, i.e. configuration change notifications

# from XCU/DGU to RMS (see green arrow)

# from XCU/DGU to NMS (see green arrow)

# from base stations to NMS (see blue arrow "TMN protocol")

# from NMS to RMS (see green arrow "Data export")

3/ alarms

# from XCU/DGU to RMS (see green arrow)

# from XCU/DGU to NMS (see green arrow)

# from base stations to NMS (see blue arrow "TMN protocol")

# from NMS to RMS (see green arrow "Data export")

4/ control

# from RMS to XCU/DGU (see green arrow)

# from RMS to NMS (see blue dotted arrow "Control (not specified in ES 202 336-12)")

# from NMS to base stations (see blue arrow "TMN protocol").

Table 5.2-2: Types of interactions

	
	
	PEE parameters

(See Note #1)
	Events

(See Note #2)
	Alarms

(See Note #3)
	Control

(See Note #4)

	Upstream interactions
	from XCU/DGU to RMS (see green arrow in Figure 5.2-1)
	Periodic collection via REST / XML
	Real-time via REST / XML
	Real-time via REST / XML
	N/A

	
	from XCU/DGU to NMS (see green arrow in Figure 5.2-1)
	Not in scope of standardization
	Not in scope of standardization
	Not in scope of standardization
	N/A

	
	from base stations to NMS (see blue arrow "TMN protocol" in Figure 5.2-1)
	Not in scope of standardization
	Not in scope of standardization
	Not in scope of standardization
	N/A

	
	from NMS to RMS (see green arrow "Data export" in Figure 5.2-1)
	Periodic collection via REST / XML
	Real-time via REST / XML
	Real-time via REST / XML
	N/A

	Downstream interactions
	from RMS to XCU/DGU (see green arrow in Figure 5.2-1)
	N/A
	N/A
	N/A
	REST / XML

	
	from NMS to base stations (see blue arrow "TMN protocol" in Figure 5.2-1)
	N/A
	N/A
	N/A
	Not in scope of standardization

	
	from RMS to NMS (see green arrow "Data export" in Figure 5.2-1)
	N/A
	N/A
	N/A
	Not in scope of ETSI ES 202 336-12 [31].

Potentially in scope of 3GPP.




Note 1: 
Annex A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the list of mandatory (resp. optional) PEE parameters for ICT equipment. See Annex A of the present document.

Note 2: 
Annex A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the list of mandatory (resp. optional) information related to events for ICT equipment. See Annex A of the present document.

Note 3: 
Annex A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the list of mandatory (resp. optional) information related to alarms for ICT equipment. See Annex A of the present document.

Note 4:
 Annex A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the list of mandatory (resp. optional) information for control of ICT equipment. See Annex A of the present document.
5.3
Potential use cases

5.3.1
Introduction

ETSI (see [31]) focuses on use cases in which RMS (Remote Management Server) resides within the Operator's domain. For sake of alignment with [31], potential use cases described in clause 5.3 rely on the same working assumption and therefore exclude scenarios in which RMS resides outside the Operator's domain.

The potential use cases described here below are based on Option #1 (see Table 5.2-1) in which the NMS of ETSI ES 202 336-12 [31] – Figure 1 corresponds to 3GPP reference management model DM.

5.3.2
UC#1: Base stations with built-in Type-1 sensors 

5.3.2.1
High level use case description

This use case addresses base stations embedding built-in Type-1 sensors (cf. Figure 5.3.2.1-1). In this use case, the interface between base stations and OAM systems (DM and RMS) for the control and monitoring of PEE parameters is done via 3GPP Type-1 and Type-2 interfaces. The RMS, as a NM layer application, is responsible for the control and monitoring of PEE parameters.


Figure 5.3.2.1-1: 3GPP management architecture for use case #1
5.3.2.2
Implications on network management

The following are the use case related network management interactions:

- 
RMS, via 3GPP Type-2 interface (cf. blue dashed arrow from RMS to DM in Figure 5.3.2.1-1):

# triggers the monitoring of PEE parameters of selected base stations, 

# may set control parameters for monitoring alarm/event/test/command parameters (time-out, counter, thresholds, etc.) via 3GPP Type-2 interface;

- 
DM, via 3GPP Type-2 interface (cf. green solid arrow from DM to RMS in Figure 5.3.2.1-1):

# periodically provides PEE parameter values to the RMS, via 3GPP Type-2 interface,

# may inform RMS in case of alarms raised on base stations, depending on control parameter settings for alarms,

# may inform RMS in case of events on base stations, depending on control parameter settings for e.g. state changes.

5.3.2.3
Use case analysis

In use case #1:

- 
The control interface from RMS to DM enabling RMS to control the monitoring of energy, power and environment parameters of selected base stations via DM is not in the scope of ETSI ES 202 336-12 [31]. In the context of mobile access networks, the three following options can be envisaged:

- 
Option 1: 3GPP specifies the control interface between RMS and DM, using already existing 3GPP solution sets (i.e. CORBA IDL and SOAP/XML), or

- 
Option 2: 3GPP specifies the control interface between RMS and DM, by defining a REST / XML interface (see clause 4.4.1 of [31] and Annex A of [33]), or

- 
Option 3: 3GPP does not specify the control interface between RMS and DM, meaning that this interface will not be standardized. The control of PEE parameters of selected base stations should therefore be done directly from the human machine interface of DM.

- 
The data export interface from DM to RMS is in the scope of ETSI ES 202 336-12 [31]. Annex A (respectively B) of [31] provides a description of mandatory (resp. non-mandatory) information exported over this interface. Annex C of [31] gives a high-level XML-based structure of such information. Clause 9 of [33] provides information elements on the data structure format and syntax which can be used for the data export interface from DM to RMS. In order to ensure interoperability between DM and RMS, a complete XML specification would be required.

5.3.3
UC#2: Base stations with external Type-2 sensors

5.3.3.1
High level use case description

This use case addresses base stations with external Type-2 sensors (cf. Figure 5.3.3.1-1). In this use case, the interactions between PEE XCU/DGU and RMS for the control and monitoring of PEE parameters are provided by PEE XCU/DGU. The RMS, which acts as a NM layer application, is responsible for the control and monitoring of PEE parameters for selected base stations. In this use case, DM is not involved in the control and monitoring of PEE parameters of the base stations.


Figure 5.3.3.1-1: 3GPP management architecture for use case #2
5.3.3.2
Implications on network management

The following are the use case related interactions:

- 
RMS, via interface standardized according to ETSI ES 202 336-12 [31] (cf. green strong arrow from RMS to PEE XCU/DGU in Figure 5.3.3.1-1):

# triggers the monitoring of PEE parameters of selected base stations

# may set control parameters for monitoring alarm/event/test/command parameters (time-out, counter, thresholds, etc.);

- 
PEE XCU/DGUs from selected base stations, via interface standardized according to ETSI ES 202 336-12 [31] (cf. green strong arrow from PEE XCU/DGU to RMS in Figure 5.3.3.1-1):

# periodically provide PEE monitoring parameter values to the RMS,

# may inform RMS in case of alarms, depending on control parameter settings for alarms,

# may inform RMS in case of events, depending on control parameter settings for e.g. state changes.

5.3.3.3
Use case analysis

In use case #2, both control interface (from RMS to PEE XCU/DGU) and data export interface (from PEE XCU/DGU to RMS) are in the scope of ETSI ES 202 336-12 [31]. Annex A (respectively B) of [31] provides a description of mandatory (resp. non-mandatory) information exported over this interface. Annex C of [31] gives a high-level XML-based structure of such information. Clause 9 of [33] provides information elements on the data structure format and syntax which can be used for the interface between PEE XCU/DGU and RMS.

5.3.4
UC#3: Base stations with external Type-2 sensors and vendor-specific RMS (Variant to UC#2)

5.3.4.1
High level use case description

This use case addresses base stations with external Type-2 sensors (cf. Figure 5.3.4.1-1) with vendor-specific RMS. In this use case, the interactions between PEE XCU/DGU and vendor-specific RMS for the control and monitoring of PEE parameters are provided by PEE XCU/DGU and are vendor-specific. The interface between the vendor-specific RMS and the NM layer umbrella RMS for the control and monitoring of PEE parameters for selected base stations is as described in ETSI ES 202 336-12 [31]. In this use case, DM is not involved in the control and monitoring of PEE parameters of the base stations.

Note: 
This potential use case introduces two levels of RMS, namely Vendor-specific RMS and NM-layer RMS. 

Editor's note: the relevance of this use case should be validated by ETSI EE.


Figure 5.3.4.1-1: 3GPP management architecture for use case #3
5.3.4.2
Implications on network management

The following are the use case related interactions:

- 
NM-layer umbrella RMS, via standardized interface (cf. green strong arrow from NM-layer umbrella RMS to Vendor-specific RMS in Figure 5.3.4.1-1):

# triggers the monitoring of PEE parameters of selected base stations

# may set control parameters for monitoring alarm/event/test/command parameters (time-out, counter, thresholds, etc.);

- 
Vendor-specific RMS, via possibly non standardized interface (cf. green dashed arrow from Vendor-specific RMS to PEE XCU/DGU in Figure 5.3.4.1-1):

# triggers the monitoring of PEE parameters of selected base stations

# may set control parameters for monitoring alarm/event/test/command parameters (time-out, counter, thresholds, etc.);

- 
PEE XCU/DGUs from selected base stations, via possibly non standardized interface (cf. green dashed arrow from PEE XCU/DGU to Vendor-specific RMS in Figure 5.3.4.1-1):

# periodically provide PEE monitoring parameter values to the Vendor-specific RMS,

# may inform Vendor-specific RMS in case of alarms, depending on control parameter settings for alarms,

# may inform Vendor-specific RMS in case of events, depending on control parameter settings for e.g. state changes;

- 
Vendor-specific RMS, via standardized interface (cf. green strong arrow from Vendor-specific RMS to NM-layer umbrella RMS in Figure 5.3.4.1-1):

# periodically provide PEE monitoring parameter values to the NM-layer umbrella RMS,

# may inform NM-layer umbrella RMS in case of alarms, depending on control parameter settings for alarms,

# may inform NM-layer umbrella RMS in case of events, depending on control parameter settings for e.g. state changes.

5.3.4.3
Use case analysis

In use case #3, both control interface (from NM-layer umbrella RMS to Vendor-specific RMS) and data export interface (from Vendor-specific RMS to NM-layer umbrella RMS) are in the scope of ETSI ES 202 336612 [31]. Annex A (respectively B) of [31] provides a description of mandatory (resp. non-mandatory) information exported over this interface. Annex C of [31] gives a high-level XML-based structure of such information. Clause 9 of [33] provides information elements on the data structure format and syntax which can be used for the interface between PEE XCU/DGU and RMS.

5.3.5
UC#4: Mixed mobile access network

5.3.5.1
High level use case description

This use case addresses a mixed mobile access network, in which a/ base stations with built-in Type 1 sensors (see UC#1), b/ base stations with external Type-2 sensors (see UC #2) and c/ base stations with external Type-2 sensors and vendor-specific RMS (see UC#3) co-exist (cf. Figure 5.3.5.1-1).

For the first ones, the interface between base stations and OAM systems (DM and NM-layer umbrella RMS) for the control and monitoring of PEE parameters is done via 3GPP Type-1 and Type-2 interfaces.

For the second ones, the interface between base stations and NM-layer umbrella RMS for the control and monitoring of PEE parameters is provided by PEE XCU/DGU and is standardized according to ETSI ES 202 336-12 [31] and ES 202 336-1 [33].

For the latter ones, the interface between base stations and Vendor-specific RMS for the control and monitoring of PEE parameters is provided by PEE XCU/DGU and is possibly not standardized whereas the interface between the Vendor-specific RMS and the NM-layer umbrella RMS for the control and monitoring of PEE parameters is standardized according to ETSI ES 202 336-12 [31] and ES 202 336-1 [33].
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Figure 5.3.5.1-1: 3GPP management architecture for use case #4
5.3.5.2
Implications on network management

See clauses 5.3.2.2 for base stations with built-in Type 1 sensors, 5.3.3.2 for base stations with external Type 2 sensors and 5.3.4.2 for base stations with external Type 2 sensors and vendor-specific RMS.

5.3.5.3
Use case analysis

See clauses 5.3.2.3 for base stations with built-in Type 1 sensors, 5.3.3.3 for base stations with external Type 2 sensors and 5.3.4.3 for base stations with external Type 2 sensors and vendor-specific RMS.

5.4
Potential requirements

Proposed business level requirements:

REQ-EEA-CON-01
The Operator should be able to monitor power, energy and environmental parameters on selected base stations with embedded (Type-1) sensors and PEE XCUs/DGUs. 

REQ-EEA-CON-02
The Operator should be able to control power, energy and environmental parameters on selected base stations with embedded (Type-1) sensors and PEE XCUs/DGUs. 

REQ-EEA-CON-03
The Operator should be able to set threshold values to power, energy and environmental measurements on selected base stations with embedded (Type-1) sensors and PEE XCUs/DGUs.

REQ-EEA-CON-04
The Operator should be able to receive alarm notifications (e.g. in case of sensor failure or when threshold values to power, energy and environmental measurements are reached / crossed) from selected base stations with embedded (Type-1) sensors and from selected PEE XCUs/DGUs.

REQ-EEA-CON-05
The Operator should be able to receive event notifications (e.g. in case of configuration changes) from selected base stations with embedded (Type-1) sensors and from selected XCUs/DGUs.

REQ-EEA-CON-06 For sake of costs optimization and consistency with regard to how other network elements, from other network domains, power, energy and environmental parameters are controlled and monitored, it is recommended that all aforementioned interactions use REST / XML.
5.5
Potential solutions

Figure 5.5.1 gives the potential overall architecture for the control and monitoring of the energy consumption of radio access networks.
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Figure 5.5-1: Potential overall architecture for the control and monitoring of the energy consumption of radio access networks

The Umbrella RMS is a Network Management layer Remote Management Server in charge of controlling and monitoring Power, Energy and Environmental parameters of base stations.

The Vendor-specific RMS is an Element Management layer Remote Management Server in charge of controlling and monitoring Power, Energy and Environmental parameters of base stations. It may have proprietary interfaces with PEE XCU/DGUs.

How energy consumption metrics (ECMN) can potentially be correlated with data volume measurements (DVMN) and/or coverage area data (CoA_desMN) in order to calculate higher level energy efficiency (EEMN) KPI is described in clauses 6.5 and 6.6.

5.5.1
Reference points to be considered by 3GPP SA5

The following reference points of Figure 5.5-1 are in the scope of 3GPP SA5:

- Between PEE XCU/DGU and Umbrella RMS;

- Between Vendor-specific RMS and Umbrella RMS;

- Between 3GPP DM and Umbrella RMS.

For aforementioned reference points, the following aspects need consideration:

- For sake of specification and implementation simplicity, the interface specifications for the reference point between 3GPP DM and Umbrella RMS shall apply to the reference point between PEE XCU/DGU and vendor-specific RMS on the one hand and Umbrella RMS on the other hand. These reference points may correspond to 3GPP Type-2 interface; hence, an IRP specification methodology may be used;

- Umbrella RMS controls PEE parameters and how they are monitored (cf. blue arrows in Figure 5.5.1). The controls are commands to the equipment, alarm acknowledge, configuration and settings (see clause 4 of ES 202 336-1 [34]);

- Monitoring be can either real-time (e.g. for alarms) or not (e.g.  for averaged power values) (cf. green arrows in Figure 5.5.1). Monitored information are alarms, events, measurements, data recordings and events logs (see clause 4 of ES 202 336-1 [34]);

- In order that the Umbrella RMS can have a uniform control and monitoring interface to PEE XCU/DGU, Vendor-specific RMS and 3GPP DM, and to meet ETSI TC EE expectations, only an Http-based REST / XML solution set is required;

- As the interface between PEE XCU/DGU and Umbrella RMS may be out of band (e.g. based on a wireless connection – see green arrows of Figure 5.2-1 of the present document), all messages should be acknowledged by the receiving party.
5.6
Conclusion

ETSI ES 202 336-12 [31] specifies an architecture and information model for monitoring any type of ICT equipment power, energy and environmental parameters.

Clause 5 of the present document provides, for mobile access networks, an analysis of how ETSI ES 202 336-12 [31] architecture, interfaces and information model may fit into the 3GPP management reference model defined in 3GPP TS 32.101 [32] and 3GPP IRPs, identifies potential use cases and requirements and studies potential solutions for interfaces that are in the scope of 3GPP.

Clause 5.5 identifies the reference points to be considered by 3GPP SA5. 

The group recommends to start normative work and to define a new set of specifications supporting these reference points, in order to support the potential use cases described in clause 5.3.

6
Overall conclusion and recommendations

6.1
Introduction

The present document aims at identifying how 3GPP Technical Specifications can meet requirements expressed by ETSI TC EE for assessing the energy efficiency of radio access networks.

Clause 4 of the present document provides a gap analysis between ETSI ES 203 228 [2] and 3GPP Technical Specifications. 

In ETSI ES 203 228 [2], one (out of the two) high-level KPI for the assessment of energy efficiency is:
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3GPP defined performance measurements provide means to calculate DVMN. The 3GPP management architecture fits perfectly for the collection of DVMN measurements, as depicted in Clause 6.2, though a gap resides in the lack of 3GPP defined performance measurements for UTRAN (see Table 4.4.3.2-1).

Clauses 6.3 (respectively clause 6.4) describes a potential OA&M architecture for the control and monitoring of PEE parameters, so as to be able to calculate ECMN, when base stations are equipped with embedded sensors (resp. when base stations are equipped with external sensors).

Clause 6.5 provides a potential overall OA&M architecture for collecting data volume measurements and energy consumption metrics into a single application / database at the network management layer. In addition to data volume measurements, mainly used for dense urban and urban areas, design coverage area data may also be collected from the radio planning tool for base stations in rural areas.

Clause 6.6 is a variant of the previous architecture, in which vendor-specific RMS are deployed.

Clause 6.7 gives recommendations with regard to potential normative work to be initiated.

6.2
3GPP architecture for the collection of Data Volume measurements

Figure 6.2-1 provides a high-level description of the OA&M architecture for collecting data volume measurements. See clause 4.4.3.2 for the list of RAN-related data volume measurements that can be collected using 3GPP management reference model and TSs.
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Figure 6.2-1: OA&M architecture for collecting data volume measurements (all types of base stations)
6.3
Potential architecture for the control / monitoring of PEE parameters (base stations with embedded sensors)
Figure 6.3-1 provides a high-level description of the OA&M architecture for the control / monitoring of PEE parameters, in the case of base stations with embedded sensors. See clause 5.3.2 of the present document for a description of a potential use case requiring this OA&M architecture.
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Figure 6.3-1: Potential architecture for controlling / monitoring PEE parameters (base stations with embedded sensors)
6.4
Potential architecture for the control / monitoring of PEE parameters (base stations with external sensors)
Figure 6.4-1 provides a high-level description of the OA&M architecture for the control / monitoring of PEE parameters, in the case of base stations with external sensors. See clause 5.3.3 of the present document for a description of a potential use case requiring this OA&M architecture.
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Figure 6.4-1: Potential architecture for controlling / monitoring PEE parameters (base stations with external sensors)
6.5
Potential overall architecture (all types of base stations, data volume measurements and energy consumption metrics)
Figure 6.5-1 provides a high-level description of the global OA&M architecture for a/ the collection of data volume measurements and b/ the control / monitoring of PEE parameters, in the case of both base stations with embedded sensors and base stations with external sensors.
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Figure 6.5-1: Potential overall architecture for the assessment of the energy efficiency of radio access network (all types of base stations)

In addition to data volume measurements, mainly used for dense urban and urban areas, design coverage area data may also be collected from the radio planning tool for base stations in rural areas.

A Correlation function may collect data volume measurements (DVMN) and energy consumption metrics (ECMN) and correlate them so as to calculate the higher level energy efficiency (EEMN) KPI.

Also, e.g. for rural areas, the Correlation function may collect design coverage area data (CoA_desMN) and energy consumption metrics (ECMN) and correlate them so as to calculate the higher level energy efficiency (EEMN) KPI.

6.6
Potential overall architecture (all types of base stations, data volume measurements and energy consumption metrics), with vendor-specific RMS

Figure 6.6-1 provides a high-level description of the global OA&M architecture for a/ the collection of data volume measurements and b/ the control / monitoring of PEE parameters, in the case of both base stations with embedded sensors and base stations with external sensors being deployed. This architecture is a variant of the architecture depicted in clause 6.5, illustrating the case when the operator deploys external sensors with their vendor-specific RMS (connected via vendor-specific interface). As several vendor-specific RMSs can potentially be deployed within an operator’s network, an “umbrella RMS” (non vendor-specific) is deployed.
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Figure 6.6-1: Potential overall architecture for the assessment of the energy efficiency of radio access network (all types of base stations), with vendor-specific RMS
6.7
Recommendations

Based on the proposed potential overall architecture for the assessment of the energy efficiency of radio access network for all types of base stations described in clause 6.6, the group recommends to start normative work and to define a new set of specifications supporting the interfaces between Umbrella RMS on the one hand and Vendor-specific RMS and/or base station PEE XCU/DGUs and/or 3GPP DM on the other hand. Key points to be addressed in the normative work are identified in clause 5.5.1.
Annex A: 
Mandatory / optional parameters
Clause A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the following list of mandatory (resp. optional) PEE parameters for ICT equipment.

- Mandatory:

# Min, max, average power

# Energy consumption over a period of time

# Temperature of the equipment

- Optional:

# Voltage

# Current

# Power at board level

# Temperature at board level

# Humidity

Clause A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the following list of mandatory (resp. optional) information related to events for ICT equipment.

- Mandatory:

# Information of any configuration and/or parameters change

# Alarm set and clear

- Optional:

# Details of any change of configuration

Clause A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the following list of mandatory (resp. optional) information related to alarms for ICT equipment.

- Mandatory:

# Sensors failure (current, voltage, temperature or power meter)

# Partial network failure (high error rate, XCU or DGU link fault to the sensors, etc.)

- Optional:

# Power consumption out of range after time-out

# Temperature sensor measurement out of range

# Too instable measurement

# Power capacity management

Clause A.1 (respectively B.1) of ES 202 336-12 [31] provides, amongst others, the following list of mandatory (resp. optional) information for control of ICT equipment.

- Mandatory:

# For external XCU, alarm / event / test / command parameters (time-out, counter, thresholds, etc.) if any

# For external XCU, program download with default to previous release

- Optional:

# Parameters setting: alarm current, voltage, power, temperature thresholds (low, high)

# Parameters setting: energy counters

# Parameters setting: voltage loss time-out.
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