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Intellectual Property Rights

IPRs essential or potentially essential to thegmedocument may have been declared to ETSI. Themation
pertaining to these essential IPRs, if any, is ipljpavailable forETSI membersand non-members, and can be found
in ETSI SR 000 314:Intellectual Property Rights (1PRs); Essential, or potentially Essential, | PRs notified to ETS in
respect of ETS standards’, which is available from the ETSI Secretariat.dshtupdates are available on the ETSI Web

server Jittp://ipr.etsi.org. - { Field Code Changed

Pursuant to the ETSI IPR Policy, no investigationluding IPR searches, has been carried out byl.BN@®Gguarantee
can be given as to the existence of other IPRsafietenced in ETSI SR 000 314 (or the updates efE¥SI Web
server) which are, or may be, or may become, eéssémthe present document.

Foreword
This ETSI Standard (ES) has been produced by E€&hifical Committee Environmental Engineering (EE).

The present document was developed jointly by EIGEE and ITU-T Study Group 5. It will be published
respectively by ITU and ETSI as Recommendation TTU-1330 and ETSI Standard ETSI ES 203 228, whieh a
technically-equivalent.

Moreover the present document has been developaalaboration with 3GPP SA5 and RAN3; GSMA hasai/en
valuable suggestions and contributions.

Modal verbs terminology

In the present documenrdhall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and

"cannot" are to be interpreted as described in clausef2eETSI Drafting RulegVerbal forms for the expression of _ - { Field Code Changed

provisions).

"must" and 'must not" areNOT allowed in ETSI deliverables except when usediiea citation.

Introduction

The present document deals with the definition efrios and methods to measure energy efficiendppeance of
Mobile Radio Access Networks and adopts an apprbaskd on the measurement of such performance alh sm
networks, for feasibility and simplicity purpos&ich simplified approach is proposed for approxineatergy
efficiency evaluations and can not be considerea r@ference for planning evaluation purposes tjfiout the
network operation process.The same approach waslited also in ETSI TR 103 11i71]; the measurements in
testing laboratories of the efficiency of the B&sations is the topic treated in ETSI ES 202 7. [

The measurement of this performance is useful famymeasons, and an implementation guidelines el&sugiven
(clause 9) to help using the present documenteémtbst convenient way.

The present document provides also an extrapolatethod to extend the applicability of the assessgrmokenergy
efficiency to wider networks (clause 7).

The general outcome of the application of the mé#mecified in the present document is based ofbsessment
report" introduced in clause 8. An example of aggilon of the method is given for better readabdind ease of use in
annex A.

ETSI
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1 Scope

The present document is aimed at defining the tapoénd level of analysis to assess the energgi@fiy of mobile
networks. Within the scope of the present docurtfesre is the radio access part of the mobile nétsy@nd namely
there are radio base stations, backhauling systeh®, controllers and other infrastructure radie squipment. The
covered technologies are GSM, UMTS and LTE (inelgdiTE-A). In particular the present document degimetrics
for mobile network energy efficiency and methodsédssessing (and measuring) energy efficiency eraipnal
networks. The purpose of the present documentafiade better comprehension of networks energycifficy.

The present document deals with both a homogeremlifeterogeneous "network” considering a netwdrtise size
and scale could be defined by topologic, geographemographic boundaries. For networks definetbpglogic
boundaries, a possible example of a network covieyetie present document consists of a control ifatienever
applicable), its supported access nodes as willea®lated network elements. Networks could benddfby
geographic boundaries, such as city-wide, nationabntinental networks and could be defined by agnaphic
boundaries, such as urban or rural networks.

The present document applies to the so-calledigianetworks where energy efficiency is measuredtandardized
way. The specification extends the measurememiariial networks to wider so-called "total" netwsmnergy
efficiency estimations (i.e. the network in a gexic area, the network in a whole country, thevoet of a MNO,
etc.).

Terminal (end-user) equipment is outside the sabplke present document and is not considerederetiergy
efficiency measurement.

2 References

2.1 Normative references

References are either specific (identified by ddteublication and/or edition number or version inam) or
non-specific. For specific references, only thedaiversion applies. For non-specific references|atest version of the
reference document (including any amendments) egpli

Referenced documents which are not found to be@ulalvailable in the expected location might barfd at

http://docbox.etsi.org/Reference I { Field Code Changed

NOTE: While any hyperlinks included in this clawsere valid at the time of publication, ETSI cangoarantee
their long term validity.

The following referenced documents are necessarhéapplication of the present document.

[1] ETSI TS 125 104: "Universal Mobile Telecommuations System (UMTS); Base Station (BS)
radio transmission and reception (FDD) (3GPP T3®%)".

[2] ETSI TS 136 104: "LTE; Evolved Universal Terirgsl Radio Access (E-UTRA); Base Station
(BS) radio transmission and reception (3GPP TS®H'1

[3] ETSI TS 132 425 (V12.0.0): "LTE; Telecommunicat management; Performance Management
(PM); Performance measurements Evolved Universak$tial Radio Access Network
(E-UTRAN) (3GPP TS 32.425 version 12.0.0 Releagg 12

[4] ETSI TS 132 412 (V11.1.0): "Digital cellulariteommunications system (Phase 2+); Universal
Mobile Telecommunications System (UMTS); LTE; Teeununication management;
Performance Management (PM) Integration Referendet PIRP): Information Service (1S)
(3GPP TS 32.412 version 11.1.0 Release 11)".

[5] ETSI TS 123 203 (V12.7.0): "Digital cellularileommunications system (Phase 2+); Universal
Mobile Telecommunications System (UMTS); LTE; Pgland charging control architecture
(Release 12)".

[6] ETSI TS 136 314: "LTE; Evolved Universal Terrisl Radio Access Network (E-UTRAN);
Layer 2 - Measurements (3GPP TS 36.314)".

ETSI
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[7] ETSI TS 152 402 (V11.0.0): "Digital cellularileommunications system (Phase 2+);
Telecommunication management; Performance Managg(i®bf); Performance measurements -
GSM (3GPP TS 52.402 version 11.0.0 Release 11)".

[8] ETSI TS 132 405 (V11.1.1): "Digital cellularileommunications system (Phase 2+); Universal
Mobile Telecommunications System (UMTS); LTE; Teleununication management;
Performance Management (PM); Performance measuteniémversal Terrestrial Radio Access
Network (UTRAN) (3GPP TS 32.405 version 11.1.1 Re&el11)".

9] ETSI ES 202 336-12: "Environmental EngineeriMpnitoring and control interface for
infrastructure equipment (power, energy and envivental parameters); Part 12: ICT Equipment
power, energy and environmental parameters monganformation model".

[10] ISO/IEC 17025 (2005): "General requirementstfe competence of testing and calibration
laboratories".

2.2 Informative references

References are either specific (identified by ddifpublication and/or edition number or version finam) or
non-specific. For specific references, only thedaiversion applies. For non-specific references|atest version of the
reference document (including any amendments) egpli

NOTE: While any hyperlinks included in this clawsere valid at the time of publication, ETSI cangoarantee
their long term validity.

The following referenced documents are not necggeathe application of the present document hattassist the
user with regard to a particular subject area.

[i.1] ETSI TR 103 117: "Environmental EngineeririgF); Principles for Mobile Network level energy
efficiency".

[i.2] ETSI ES 202 706: "Environmental EngineeriritE]); Measurement method for power
consumption and energy efficiency of wireless ascetwork equipment".

[i.3] ETSI GS NFV 003: "Network Functions Virtuadison (NFV); Terminology for Main Concepts in
NFV".

3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, thedoitpterms and definitions apply:
backhaul equipment: equipment used to connect base stations to thenetweork, or to other BSs (like X2 in LTE)

Base Station (BS): generic term used for network component whichesnne cell or more cells and interfaces the
user terminal (through air interface) and a radiceas network infrastructure

distributed RBS: BS architecture which contains radio heads (RR&§ecto the antenna element and a central element
connecting BS to network infrastructure

Energy Efficiency (EE): relation between the useful output and energy/p@eesumption

ener gy saving feature: feature which contributes to decreasing the eneogygumption compared to the case when the
feature is not implemented

integrated BS: BS architecture in which all BS elements are ledatiose to each other for example in one or two
cabinets

NOTE: The integrated BS architecture may includeATé/bse to antenna.

M obile Network (MN): set ofequipment from the radio access network or sub-orétthat are relevant for the
assessment of energy efficiency

ETSI
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M obile Networ k Coverage Energy Efficiency: ratio between the area covered by the networkerMhbbile Network
under investigation and the energy consumption

M obile Network Data Ener gy Efficiency: ratio between the performance indicator based da Malume and the
energy consumption when assessed during the semadriame

Mobile Network Energy Consumption: overall energy consumption of equipment includethexMN under
investigation

Mobile Network Energy Efficiency: Energy Efficiency of a Mobile Network
M obile Network Operator (MNO): operator that manages one or more Mobile Networks
M obile Network Operator penetration ratio: percentage of traffic served by an MNO in the avbare it is active

Mobile Network Performance Delivered: performance indicator of the MN under investigatidefined as the data
volume delivered by the mobile network under inigggton during the time frame of the energy constiomp
assessment

power consumption: power consumed by a device to achieve an inteagptication performance

radio access network: telecommunications network in which the accesbémetwork (connection between user
terminal and network) is implemented without the o§wires and that is part of GERAN, UTRAN or E-RA
networks defined by 3GPP

Site Energy Efficiency (SEE): metric used to determine the energy efficiencs tdlecom site. SEE is defined by the
ratio of “IT equipment energy” and "Total site egy', which generally includes rectifiers, cooliregprage, security
and IT equipment. For datacenters, the “Totalesitergy” more globally includes building load, poimgrequipment
(e.g. switchgear, uninterruptible power supply (YRfattery backup), cooling equipment (e.g. chsll@omputer room
air conditioning unit (CRAC)) and IT equipment egperSEE is the inverse of Power Usage EffectivefieEiE),

which is commonly used fbr datacen}teﬂ:sel’ecommunication network: network operated under a license granted by a- {comment [BMR1]: To be revised

national telecommunications authority, which pr@gdelecommunications between Network Terminatioint®
(NTPs)

Virtualized Network Function (VNF): see [i.3] GS NFV 003

3.2 Abbreviations

For the purposes of the present document, thevioitp abbreviations apply:

3GPP 3G (mobile) Partnership Project

BH Backhaul

BS Base Station

CoA Coverage Area

CR Coverage Ratio

CS Circuit Switched

CS/PS Circuit Switched/Packet Switched

DCA Designed Coverage Area

DL DownLink

bk Dominant Penetraton - { Formatted: French (France)
DU Dense Urban

DV Data Volume

DVun Data Volume of the Mobile Network

EC Energy Consumption

ECun Energy Consumption of the Mobile Network
EEun Energy Efficiency of the Mobile Network
E-UTRA Evolved UMTS Terrestrial Radio Access Netlwor
FAO Food and Agriculture Organization

GERAN GSM/EDGE Radio Access Network

GHG GreenHouse Gas

GSM Global System for Mobile communication
GSMA GSM Association

ICT Information Communications Technology
ITU International Telecommunications Union

ETSI
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ITU-T International Telecommunications Union - T@enmunication

LTE Long Term Evolution

MDT Minimization of Drive Tests

MJ MegaJoule

MN Mobile Network

MNO Mobile Network Operator

MP Minor Penetration

NA Not Applicable

NDP Non Dominant Penetration

O&M Operation & Maintenance

PDF Probability Distribution Function

PS Packet Switched

PSL Packet Switched Large packages dominating

PSS Packet Switched Small packages dominating

PUE Power Usage Effectiveness

QClI QoS Class Identifier

QoS Quality of Services

RAB Radio Access Bearer

RAT Radio Access Technology

RC Remote Controller

RF Radio Frequency

RNC Radio Network Controller

RRC Radio Resource Control

RRH Remote Radio Head

RU Rural

SCH Signalling Channel

SEE Site Energy Efficiency

S Site Infrastructure . ________________

SINR Signal to Interference plus Noise Ratio

SuU Sub Urban

TCH Traffic Channel

TCO Total Cost of Ownership

TMA Tower Mounted Amplifier

U Urban

UE User Equipment

UE-BS User Equipment to Base Station

UL UpLink

UMTS Universal Mobile Telecommunication Service

UN United Nations

USA United States of America

UTRAN UMTS Terrestrial Radio Access Network

VNF Virtualized Network Function

X2 Interface allowing to interconnect eNBs with leather
4 Network under test definition
4.1 Introduction

The Mobile Radio Access Network (MN) under inveatign shall include all the equipment that is neaegto run a
radio access network or sub-network. Equipmengetmbluded in the Mobile Network under investigatio

. Base Stations (see ETSI TS 125 104 [1] and ETS1365104 [2]):
- Wide area BS.
- Medium range BS.
- Local Area BS.

ETSI
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- Home BS.

NOTE: Home BS (and WiFi access points) are nottdeh in the present document, being possibly @ered
for future versions.

. Site equipment (air conditioners, rectifiers/ ba¢tg, fixed network equipment, etc.).
. Backhaul equipment required to interconnect theuB&l in the assessment with the core network.
. Radio Controller (RC).

Power consumption and energy efficiency measuresr@rindividual mobile network elements are desstiim
several standards (for example ETSI ES 202 70pfpr radio base stations). The present documesitritees energy
consumption and MN energy efficiency measurementgperational networks.

As a complete and detailed energy consumption meagnt of the complete network of a country or M@ most
cases impossible or economically not viable, th&l toetwork is split into a small number of netwerkith limited size
("sub-networks").

These sub-networks are defined to represent soewifispcharacteristics, for example:
. capacity limited networks representing urban antsdeirban networks;
. sub-urban networks with high requirements for cagerand capacity;
. rural networks, which are usually coverage limited.

The size and scale of the sub-networks are defigedpologic, geographic or demographic boundafes.networks
defined by topologic boundaries, a possible exaropenetwork covered by the present document stmef a Radio
controller (whenever applicable), its supportedeasmodes as well as the related network elemeataorks could be
defined by geographic boundaries, such as city-widgonal or continental networks and could bergef by
demographic boundaries, such as urban or ruralanksy

The sub-networks analyzed might consist of macig-base stations or heterogeneous networks or wéiais
actually implemented in real networks.

The tests defined in the present document for @flvarks provide the basis to estimate energy efiicy for large
networks of one MNO or within an entire countrypbjing the extrapolation methods described in @alis

ETSI
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Figure 1: Network under test definition

4.2 Test parameter categorization

Metrics used for the energy efficiency assessnientabile networks require the definition and collen of a range of
parameters and variables. These are separatevimicategories:

1) Parameters and variables required to calculateghgork energy efficiency.

2) Parameters needed to allow network energy effigievaluation.

The first category describes a set of network Wdemas described in clause 5 (energy consummtiivered bits,
coverage) to be used to calculate the energy effiogi.

The second category includes parameters whichairéirectly required in the energy efficiency cdétion. These
parameters describe the network characteristich, a8l geographical conditions, population densityerage area,
targeted data rates, climate zones, etc. and atktasnterpolate from the measured sub-netwoeklayger network as
described in clause 7. These parameters can beaig#drpret variations in energy efficiency resuf different

networks.

Table 1: Test parameter categorization

Category Parameter Remarks
1 ECwun Measured network energy consumption
1 Capacity As defined in clause 5.2
1 Coverage area As defined in clause 6.2.3
2 Coverage ratio As defined in clause 6.2.3
2 Demography Population density as defined in clause 4.3.1
2 Topography As defined in clause 4.3.2
2 Climate zones As defined in clause 4.3.3
2 Informative classes  |As defined in clause 4.3.4
2 CS/PS data ratio Describes the fraction of CS traffic vs. PS traffic in the network

ETSI
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4.3 Network classification
430

To allow an extrapolation from the measured sulivaeks ("partial" networks) to a complete networtotal" or
"overall" networks), the test areas shall be cfaskinto different categories as defined by Netwdiassification.

Introduction of network classification

The environmental classes used for Network clasgifin are: demography, topography and climateselasThese
classes are described in the following clauses.

43.1 Demography

For the test purpose defined in the present doctithermobile network shall be split into domaingeieding on the
population density. The following population depsialues per domain categories shall be used pastes in table 2.

Table 2: Sub-network demography classes

Typical population .
Demography Class density zr(:r?:{)?::nr:sr/?(rrfg
(inhabitants/km?)
Dense Urban (DU) 20 000 > 10 000
Urban (U) 2 000 1 000 - 10 000
Sub-urban (SU) 300 200 - 1 000
Rural (RU) 30 20 - 200
Unpopulated 0 <20

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

. European Eurostat Reference to demographicallulision available at:
http://ec.europa.eu/eurostat/web/population-de nmigranigration-projections/population-data/main-tzbl

. UN Reference to demographical distribution avadaditt
http://unstats.un.org/UNSD/demographic/sconcermsize/size2.htm

4.3.2

The following topography classes shall be usedepsrted in table 3.

Topography

Table 3: Dub-network topography classes

Topography classification

ETSI class

Median Slope

Examples

1
Flat
(FAO 1-3)

0-5%

Denmark, Netherlands

2
Rolling
(FAO 4-6)

>5-30%

France, Italy

3
Mountainous
(FAO 7-8)

> 30 %

Norway, Switzerland

Information on the median slope gradient distribatin the world can be found in FAO world mediaopsl
distribution information databaseettp:/www fao.org/soils-portal/soil-survey/soil- perand-databases/harmonized-
world-soil-database-v12/en/

ETSI
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4.3.3 Climate zones
The following climate zones are identified as répdiin table 4.

Table 4: Sub-network climate classes

Climate Class Sub-class | Explanation
Temperature of the coldest month: > 18 °C
Af No dry season, at least 60 mm of rainfall in the driest month
A: Tropical Am Monsoon type, short dry season but sufficient moisture to keep ground wet throughout
the 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 temperature of the coldest month < 18 °C and > -3 °C, and average temperature of warmest
month > 10 °C

Cw Winter dry season, at least 10 times as much precipitation in wettest month of summer
C: Temperate as in driest month of winter . _ ' .
Cs Summer dry season, at least three times as much rain in wettest month of winter as in
driest month of summer, the latter having less than 30 mm precipitation
Cf At least 30 mm precipitation in the driest month, difference between wettest month and

driest month less than for Cw and Cs

Average temperature of the warmest month > 10 °C and that of coldest month < -3 °C

Df At least 30 mm of rain in the driest month, difference between wettest month and driest
D: Cold month less than for Cw and Cs
Dw At least 10 times as much precipitation in wettest month of summer as in driest month
of winter
Average temperature of the warmest month < 10 °C
E: Polar Et Tundra, average temperature of warmest month >0 °C
Ef No month with temperature > 10 °C

The above reported climate classification is base&#AO Koeppen classification (FAO Koeppen Climatames,
Jirgen Grieser, René Gommes, Stephen Cofield acleldi Bernardi, "Data sources for FAO worldmapKaéppen
climatologies and climatic net primary productioR006) available at:
http://www.fao.org/nr/climpag/globgrids/KC_commoraaen.asp

The indication based on the five main classes B i® mandatory; the subclasses are optionally aidat

43.4 Additional classification classes

In order to properly select the sub-networks omesapenetration ratio and data traffic types cdaddeported for
information. Table 5 reports the classificationdzhen penetration classes, table 6 the classifitétased on data
volume classes.

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

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
PSL PS - large packages dominating > 50 % of data volume is PS,
< 80 % of packages are small

ETSI
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5 Metrics for energy efficiency assessment

5.0 Introduction of clause

The following metrics shall be used to assess tbiilenetwork energy efficiency.

5.1 Energy Consumption metrics

The Mobile Network Energy Consumption (i@ is the sum of the energy consumption of equiprimesitided in the
MN under investigation (see clause 4). The netveorérgy consumption is measured according to thresasgent
process defined in clause 6 such that individudtioseare provided per RAT and per MNO.

ECyn = Zi(Zk ECgs,, + ECSIL-) +2; ECpy, + Y1 ECre, 1)

where:

EC is Energy Consumption.

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

BH is the backhauling providing connection to thg&sBn the MN under measurement.

Slis the site infrastructure (Rectifier, battevgdes, climate equipment, TMA, tower illuminatietz.).

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

i is an index spanning over the number of sites.

j an index spanning over the number of BH equipmenhected to thesites.

k is the index spanning over the number of BSséi-th site.

| is the index spanning over the control nodesefMN.
ECun shall be measured in Wh over the period of measene T (see clause 6).

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

In order to allow a more precise assessment oéiieegy consumption impact of local factors (likedtion specific site
equipment) it is requested to measure and replartfie parameteiCg,, the site equipment consumption into two
classes:

1. ICT equipment (equipment directly needed toqmenfthe telecom service)

2. Support equipment (all equipment installed atgite which are needed to operate the particitabst which are
not directly need for the telecom service, likeanditioning, back-up power, lights, etc.)

Moreover, it is requested also to classify the stfeipment according to operational temperaturggan

Based on such a classification the following addiil network KPI describing the energy consumptibthe telecom
equipment with reference to the total energy comtion shall be introduced:

EEsite: EQSSS/ (ECBSS+ECSI)

The above KPI gives an indication of site efficigmt terms of how big fraction of energy is useddotual telecom
equipment.

ETSI
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Telecom equipment YJ \
1 nr
electrical energy RF feeder
T
Site Telecom equipment
electrical (Base station)
energy kBase Station j
( )
: Local
E:S(e,jy Security coscljien electricity
(AC/DC) P g generation
. J Site house keeping

NOTE 2: Power generation is not part of MN enerfficiency, but reported for information, for useTi€O and
GHG analysis.

In currently deployed sites, there is a wide migtaf equipment installed within one room with ditfet cooling
requirements. The maximum room temperature is oeted by the equipment with the lowest acceptapkrating
temperature. However, base station equipmenténafesigned to be operated at much higher tempesaflihe
installed site equipment shall be classified ified#nt environmental groups based on their operatie mperature
[rang{e. Such a classification would allow to asies®nergy saving potential if the site would bl gpareas for _ _ - | Comment [BMR2]: Here we should

equipment which require cooling and others whiah operate without. introduce another classification, as well a|
the one on climate in chapter 4. Here we

talk about the operational temperature range

Environmental class Temp. range IC class f -
or equipment
A 0...28deg.C IP23
B -20 ... 40 deg. C IP45
C -40 ... 55deg. C IP45

The Energy sources available in the sites (powidr genset, etc.) shall be reported in the tablesanise 8.

[ Site electrical \

energy

(I

pub - pnodsuel)

- %

Extended telecom site

yodsuel |

The estimation of the environmental impact from¢hergy consumption requires additional paramétecslculate for
example greenhouse gas emissions or impact orothermgrid dimensioning.

Power consumption and power supply measuremeafts shall include:

ETSI
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- Total electrical energy consumption of the site

- Total electrical energy consumption of the ICTipgnent

- Total electrical energy supplied from the grid

- Peak power delivered from the grid

- Total energy supplied in other from than eledlyic

- Total amount of energy generated at the sitearsg¢pd between production type (genset, solar, viired cell, etc.
- Total site energy storage capacity

- Peak shaving features available at the site

5.2 Performance metrics

The Mobile Network performance metrics is derivezhf parameters of the MN under investigation (deese 4)
relevant for energy efficiency, in particular tloéal data volume (D\My) delivered by all its equipment and its global
coverage area (Cof).

For packet switched services, RYis defined as the data volume delivered by thépegent of the mobile network
under investigation during the time frame T of #mergy consumption assessment. The assessmerspdeimed in
clause 6 shall be used.

DVyn_ps = Dixk DVBSivk—PS (2

where DV, measured in bit, is the performance @edid in terms of data volume in the network overrtieasurement
period T (see clause 8)andk are defined in formula (1).

For circuit switched services like voice, R¥cs is defined as the data volume delivered by thépegent of the
mobile network under investigation during the tiframe T of the energy consumption assessment.

DVyn—cs = Zik DVBsi,k—cs 3)

where DV, measured in bit, is the performance @etid in terms of data volume in the network overrtieasurement
period T (see clause 8)andk are like in formula (1).

Note that by "circuit switched", we mean here alice, interactive services and video services maesay the MNOs,
including CS voice, VoLTE and real-time video sees delivered through dedicated bearers. The aseatgrocess
defined in clause 6 shall be used.

The overall data volume is computed as follows:
DVyn = DVyn-ps + DVun—cs 4)

DVun can be derived from standard counters defined BIHB 132 425 [3] and ETSI TS 132 412 [4] for LTE o
equivalent used for 2G and 3G, multiplying by theasurement duration T. The counters (in ETSI TS42¥[3] and
ETSI TS 132 412 [4]) account also for QoS beingreg in QoS Class Identifier (QCI) basis (see ETSI

TS 123 203 [5)).

NOTE 1: DVyy includes data volumes for DL and UL.
NOTE 2: BH supervision and control data volumesrareconsidered (in order to include only the paglo
DVun is computed in bit.

Coverage area (Cqf) is also considered as a mobile network perforraanetric in the MN designed primarily for
coverage goals (and hence especially in RU enviemts). The assessment process defined in clausai®e used.
CoA is computed in A
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5.3 Mobile Network Energy efficiency metrics

Mobile Network data Energy Efficiency (kkopv) is the ratio between the performance indicator (i) and the
energy consumption (Efx) when assessed during the same time frame.

DVumN

EE =
MNDV = Too

()

where ERg py is expressed in bit/J.

Mobile Network coverage Energy Efficiency (fcoa) is the ratio between the area covered by the Méeu
investigation (see clause 4) and the energy consomwhen assessed during one yeangdsa is mainly used to
complement Efy,pv for MNs handling low data volumes, in particularural or deep rural areas. The area covered
shall be assessed using rules (i.e. derived fraygrg@hic data or propagation models) defined ins#e6:

__ CoA_desmn
EEMN,COA - EC
MN

(6)

where Efyn coa is expressed in m2/J and fCis the yearly energy consumption &tuwl_desyyis the “coverage area”
as defined in clause 6.2.3.

6
6.0

Measurement of energy efficiency
Introduction of clause

The measurement of the fgin the MN under investigation shall be based ensparate measurement of the
performance (in terms of capacity and coverage)esmailgy, according to the metrics defined in clduse

6.1 Time duration of the measurement

[The time duration of the measurement, denoted aball 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: mon#ig yearly measurements are extensions of the bask test
For the CoA metric the Energy Consumption shaklweays extrapolated to 1 year time.

6.2
6.2.1

Comment [BMR3]: SA5 understand
“time duration of the measurement” as th
duration between when the measuremen
\ starts and when it ends; it can be either 7|
days, or 30 days, or 365 days. In addition

‘\ this, SA5 PM IRP uses the “granularity

. period”, i.e. the time between the initiation

Measurement Of Energy Consumptlon of two successive gatherings of

Measurement procedures

to

The Energy Consumption of the MN can be measuretidgns of metering information provided by utikiyppliers

\
or by mobile network integrated measurement systéfoseover, sensors can be used to measure sitecagment
energy consumption, following the requirementsbseES 202 336/12.

The EGyy is based on site granularity and includes theee#dirthe equipment that is on the MNO sites (idoig the
network controllers whenever applicable). The/g€hall be differentiated per MNO providing servioghie MN; in

case of shared infrastructure the Jx®f the shared sites shall be computed per each BIN(ing those sites in a
proportional ratio. In case of separate meterimgyieO the respective part of the R shall be assigned to each
MNO.

The EGyy shall be based on a per RAT estimation. If indite there are BS of different RATs the fgGhall be
measured per each RAT.

ETSI

measurement data, and the “reporting
period”, i.e. the time between two
successive reportings of measurement d
SA5 understanding is that, in the context
| 203 228, “time duration of the
measurement” is equal to “granularity
period” and to “reporting period”.

| Has ETSI EE the same understanding?

Comment [BMR4]: The time duration
of the measurement is the actual time
during which measures are collected. It's
long time period (probably much longer
that those mentioned by SA5) in order to
catch all the energy consumptions effect
typical of some days or of some periods i
the weeks. So the time duration is NOT
equal to granularity or reporting periods.
ETSI does not request to specify a
granularity and a reporting period, but the
could be gathered as optional in the
reporting tables

h

ta.
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The list of equipment operating in the MN sites emithvestigation shall be reported in the assessreport, including
cooling, power conversion, etc. For a site with tmRAT equipment the energy consumption of thatigonent shall be
split between each RAT proportionally to the coofigd RF power transmitted by each RAT; further itketan the

multi RAT will be issued according to the developrhef multi RAT measurement in ETSI ES 202 708][

The reporting frequency of the ke should be aligned with the energy provider sestiagd mobile network
performance assessment settings. It shall be egportthe assessment report.

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

available, it should be used in addition to thétutprovided EGyy, allowing a more precise estimation of
the consumption per RAT and per MNO.

6.2.2 Measurement of capacity

The DVyn shall be measured using network counters fordatane related to the aggregated traffic in theo§&S
considered in the MN under test.

For PS traffic, the data volume is considered asotlerall amount of data transferred to and froenubers present in
the MN under test. Data volume shall be measureshiaggregated way per each RAT present in the MNshall be
measured referring to counters derived from vei@®M systems.

[For CS traffic (e.g. CS voice or VOLTE), the datdume is considered as the number of minutes ofrcenications
during the observation period multiplied by theadette of the corresponding service and the caliess rate. The call
success rate is equal to 1 minus the sum of blgckimd dropping rates, i.e.:

[ Call Success Rate = (1 — blocking rate)(1 — dropping rate) x 100 [%] (717 ~___ - - Comment [BMR5]: Is call success rate

j\\ relevant in the calculation of data volume
The blocking rates are computed using the O&M cesfThey are composed of traffic channel (TCH) sigdalling ', for CS traffic? SAS5 thinks that, in case a
channels (SCH) blocking rates: oy call has not been successful, this is alreafdy
reflected in the number of minutes of
1 — blocking rate = (1 — TCH blocking rate)(1 — SCH blocking rate) (8) . \\ ,g?:;?: rgg:rz]iftllronr]l

The dropping includes the intra-cell call failuredethe handover failure: )\ | Comment [BMR6]: Ok, we can remove

v | (1-blocking rate) and keep (1-dropping

_ — _ _ '\ | rate) to indicate that some of these minutes
1 — dropping rate = (1 —lintracell failure rate)) (1 — handover failurerate) © o " | were not “useful” due to dropping of the
. i . Il (bad quality). Call attempts that fail d
In order to include reliability in the measuremte aggregated data volume shall be provided tegetlih the 98 | i Ezt éeiegi‘s'nﬁﬁutjs aemprs et el
percentile of the cumulative distribution, for ed®AT in the MN. bty :
\\‘\ . | Comment [BMR7]: Is “observation
INOTE 1: Itis not possible for data services tcedwine a user related QoS, i.e. to identify forhedata connection N\ n fnee'g’scfjrzz‘:gﬁt? fcf"fggc‘ﬂi‘;’r,ag°f)2‘ the
if a target throughput has been reached using emurffuch a computation would need the usage of '
probes that is out of scope of the present docyment \‘\\\ ' [ comment [BMR8]: yes )

. . Comment [BMR9]: It's the rate of
[NOTE 2: As soon as the MDT related measuremeri@ iare available the data volume may be measured i \\ | dropping calls due to all the causes not

according to the specification given therein (egdBcreferring to clause 4.1.8 in [6]). In thisseg the ' \\\ related to handover

N

per-user information about QoS can be obtaineddta services and only connections with good QoS & [Comment [10]: efinition of “intracell ]
should be considered. [
A \\ Comment [11]: inition of “intracell ]
\
6.2.3  Determination of coverage area | \‘f“mme"t[lzl tion of inracellfalue
{Comment[13] ion of “intracell failure
Note: this section is updated after EEPSA8002r1 Change Request; integration with the other sections will be

impl ()i e el vEr S o \\ {Comment [14]: n of “intracell failure

6.2.3.0 Introduction

{Comment [15]: of “intracell failure ]
{Comment [16]: “intracell failure rate” ]

The Coverage area is subject to network plannmbigtended services delivered within a certainggaphic area.
These parameters vary according to an MNO straedymight therefore differ from MNO to MNO but alaithin the

network of one MNO for different geographical arEar the sake of energy efficiency assessmente deists and
similar additional measurement campaigns are rptired.

The coverage area shall be described by the faligwarameters:

1. The total geographical area of a country (CoA_ge&bjs includes the total geographical area whidls fato
the network operators responsibility (total netwarkd/or sub-area under investigation). A networghmi

ETSI



19 ETSI ES 203 228 V1.1.4 (2016-05)

cover the geographical area only to a certainifvaqpften defined by the license agreements, fangle
area coverage of a complete countrt or of a region)

2. The designated coverage area (CoA_des). This a&fesed the area in which a network coverage isigeal/
by the selected sub-network and it's derived byipilag models from network design, planned serviwk a
geographical data.

3. A coverage quality factor (CoA_Qdes). This factkes into account measured feedback from user eguip
(as described in table 7). This coverage qualityoiasignifies that networks might experiencedatsverage
issues (e.g. inside buildings), load congestiortsigin interference issues.

List of abbreviations (to be moved to 3.2):
CoA _geo: total geographical area under investigadind within the operators license agreement
CoA _des: designated coverage area as designeetlwyrk planning

CoA_Qdes: quality factor describing how well usars covered withing the coverage area

6.2.3.1 Geographic coverage area

The geographic coverage area is the total two déimeal area of a country, region or city were thid®under test
provides its service according to the license agese. This area might be not completely coveretheynetwork. A
license agreement might include geographic coveaagge (for example >90% of the country area steatidvered) and
an additional population coverage area (for exar@fbé of the population shall be covered).

= { Comment [17]: intracell failure rate”

are where the operator officially promises coverddus area is defined by the MNO’s network seryitan where the "~ _~ { comment [19]: acell failure rate” would
coverage according to the license agreement ofasimidelivered. The area (sometimes referreabstthbest server” h \[ Comment [20]: ell failure rate” would ]
area), is based on base station power, propagadiuditions in the selected area, accepted outaigeiar and
considered planning models (and therefore hardiyparable).

)
G ‘[ Comment [18]: tracell failure rate” ]
J

The designated coverage are includes also in-ngildoverage within this area. The in-building affea example of
multi-story buildings) is only considered as thetfwint of the building, not the actual buildingear

6.2.3.4 Coverage quality

The actual coverage area where UEs can be sengdd differ from the originally plannedesignate¢overage area
(i.e. false coverage zones within the considered)aThe coverage quality is a measure to estithatactually
covered fraction of the planned total coverage.ddsar equipment reports such as failed call atteittpble 7) shall be
used to determine how well the users within theecage area are covered.

The coverage quality indicator shall be providedrfetwork efficiency result evaluations. It isked to network
quality and has to be defined in relation to thaliiy of service (QoS) definitions.

A coverage map based on signal quality (SINR) $kewn in figureError! Reference sour ce not found. could be
used the determine the fraction of the total areeeva signal quality above a certain minimum véduschieved.
However, such maps require a large amount of measnts and usually drive tests.
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Figure 2: Typical SINR distribution of a mobile net ~ work

For the sake of an energy efficiency assessmenhiit required to have the knowledge of the dedailetwork
conditions such as the actual coverage hole latatierom an Energy Efficiency assessment pointenfi it is
important to know how many users/sessions or sangeds/sessions experienced problems becausekafflaafficient
quality in relation to the total number of userstens or served users/sessions within the corsideea.

This allows a number of simplifications and an fedt determination of a quality factor.
The coverage quality factor (QF) for a base stasdrased on network failure reports of the UE.

The coverage quality factor shall be measured basemverage failures reported by the appropriateork counters:

QF = 1 - "percentage of users/sessions with coedfaituré"| (10)

- { Comment [21]: | failure rate” would be]

The following indicators shall be used to calcukite coveragéailure (details see table 7): . { comment [22]: falure rate would be |

{ Comment [23]: ilure rate” would be heI}

1) RRC setup failure ratio (Call setup failure ratio).
2) RAB setup failure ratio (UE-BS radio interface taé).
3) RAB release failure ratio (UE-BS radio interfac#fie).

A further factor which can indicate a coverage éssuthe handover drop ratio. However, a handoxaw dan have
multiple reasons (cell overload, UE speed, etaijtHermore, the handover drop rate depends onetfveork structure
(number of neighbour cells). Its calculation regeiseveral additional network parameters and coatgb the data
collection and analysis significantly. This factetherefore omitted.

The coverage quality factor for a site is definedalows:
QFs= (1 - RRC setup failure ratio) (1 - RAB setupidee ratio) (1 - RAB release failure ratio) (11)

The needed parameters are specified by 3GPP stisnaled the results can be obtained from the netmarkagement
and supervision.

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

. RRC setup failure ratio =({ Failed RRC connection establishmgJi(Z, Attempted RRC connection
establishment.

. RAB setup failure ratio =, RAB setup failur@/ (2« RAB setup attempteyl
. RAB release failure ratio = RAB release failurg/ (X, RAB release attemptgd

wherek is the index spanning over the number of BSsénciinsideregite.
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(refer to [7], [8] and [3] for 2G, 3G and 4G defini
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ge quality calculation
tion/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.EstablnitFailNbr.sum

Additional E-RAB setup

ERAB.EstabAddFailNbr.sum

E-RAB setup attempts

Initial E-RAB setup

ERAB.EstablnitAttNbr.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

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

RAB.FailEstabCSNoQueuing.sum,

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

RAB setup attempts RAB setup for CS RAB.AttEstabCS.Conv.<U><D>
domain 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

Measurement fro GSM:

Parameter

Function

| Counter name

ETSI
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Immediate assignment success IMMEDIATE succlmmediateAssingProcs
ASSIGNMENT

Immediate assignment attempts IMMEDIATE attilmmediateAssingProcs
ASSIGNMENT

The following averaging procedure is then usedbmio an average coverage quality factor of théadaretwork
under test:

[COA_QdESMN =i QFgL gési/Zi DCAsi 777777777777777777 (12)

where:
. S refers to the sites in the MN under measurement;

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

|T0 avoid overcounting, the sites designed covesagas should be defined as the area where thalsiyom the cells
of the site are stronger (Best Server). It holds thatL

CoA_desyy = X; DCAg; < CoA geo (13)
where:
. S refers to the sites in the MN under measurement;

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

7 Extrapolation for overall networks

7.0 Extrapolation approach

The EE measured according to clauses 5 and 6 casdokto extrapolate to larger networks. When such
extrapolation is made, it shall be performed folluyvthe method presented in this clause.

The sub-network data shall be extrapolated to ditetal networks according to demography, topogisapnd climate
classifications, as described in clause 4.

The extrapolation shall be done according to stedikinformation that indicates how recurrenttie sub-network
within the total network to be addressed.

ETSI
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L/

Figure 3: Extrapolation from one sub-networktoas et of sub-networks (“total" network)

7.1 Extrapolation method

7.1.0 Introduction of extrapolation method

In case the overall/total network to be addresseubt completely known in terms of demographiegographical or
climatological composition, or if the measuremesftslause 5 and 6 are executed only in some andlhitite
sub-networks constituting the total network, thiea tesults shall be presented according to thegablclause 8.

In such a case it shall be indicated for each sitvork what is its percentual recurrence with respethe global one,
in terms of demographical, topographical and clotfwgical composition. Otherwise, if the exact cosifion of the
total network is completely known, then the extdagion shall be made to achieve the informationdvedr the whole
total network.

. The extrapolation procedure shall be based oneh®draphy information classes as reported in tableis
optional to make extrapolation also based on toguiyy classes (table 3) or on climate classes (§bde on
a combination of demography, topography and cliraatees.

. The extrapolation shall be based on a demograpmpetiof classes sufficient to represent at leas7t% of
the entire total network area demographical distrdn.

Next clauses show how to obtain data on the statlddistribution of demography, topography andnelte zones
classes in the networks under test at total |éktgk information is given to be used as a referdocevery network
area where the present specification will be used.

7.1.1 Statistical information about Demography

An example of demographical information for Euraa@é be found in ETSI TS 132 425 [3], to classify sub-network
under test under a demography class as in table 2.

Another example referring to UN information is if& TS 132 412 [4]. Still another example for US#nde found in
ETSI TS 123 203 [5].

7.1.2 Statistical information about Topography

An example of topography information can be fouhtha FAO world median slope distribution infornatj to
classify the sub-network under test under a denpbgralass as in table 3.

7.1.3 Statistical information about Climate zones

An example of topography information can be foumé&AO Koeppen classification, to classify the satwork under
test under a demography class as in table 4.
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7.2 Extrapolation reporting tables

7.2.0 Introduction of extrapolation reporting tables

Table 8 indicates how to report the data for exilapon towards total EE based on demography dritis is the
mandatory approach when extrapolation data are atedpNot all the classes shall be measured, Hyttbose classes
that allow to cover at least 75 % of the whole dgraphical distribution of the total area under nueasient.

For all the sub-networks the results of EE are neyoaccording to clause 8 tables and the relatags shall be
indicated. For all the same class measurementenage of EE measurements shall be reported in &lkés shall be
done both for Data Volume EE and for Coverage AtEawhichever metric is used.

For each class then an average EE shall be compstidlows:

2k EEMN k
E Eclass,av = K (14)
where "class" stands for one of the Demography€em¢DU, U, SU, RU or Unpopulate&)is an index that runs over
the number K of sub-networks per each class.

The Total EE shall be computed as a weighted suall tiie averages available, the weights being#reentage of
each demography class versus the sum of the aladisses percentages. These percentages shigitibed from the
information according to the examples of clause 7.1

The Total EE shall be then computed as follows:

EE _ YmPOfPmEE iass.avm
total — S PofP. (15)
m m

wherePofP,, is the percentage of presence of the m-th dembgrelpss in the network under testis an index
spanning over the number of classes BBghsavmiS the m-th average as computed in (14).

7.2.1 Reporting extrapolation based on Demography
The reporting extrapolation method based on denpdyrés summarized in table 8.

Table 8: Reporting extrapolation Table based on Dem  ography

Percentage of presence EEwmn in the class
Demography Classification (PofP) in the total
Network area of the EEwmn,ov EEwmN,coa
class

Dense Urban (DU) PofPpuy [%] EEpy av EEpyav

Urban (V) PofPy [%] EEy ap EEyav

Sub-urban (SU) PofPsy [%)] EEsy 00 EEgy av

Rural (RU) PofPru [%] EERy av EERyav
Unpopulated POfPynp [%0] EEynpav EEynpav
Total EE EEtotaipv EEtotaicoa

Demography table is the mandatory extrapolationesgntation. In case also the Topography and Glidahe
| classification is available for the sub-networksaswred according to clause 8 alsble 9andtable 10are to be
reported.
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7.2.2 Reporting extrapolation based on Topography
The reporting extrapolation method based on togdgras summarized in table 9.

Table 9: Reporting extrapolation Table based on Top  ography

Percentage of EEwmn in the class
Topography classification presence (PofP) in the
total Network area of EEmn,pv EEwmn,coa
the class
1 Flat
(FAO 1-3) PofPeiat [%0] EEpiat,av EEpiatav
2 Rollin
(FAO 4_2) PofProi [%] EERou,av EERou,av
3 Mountainous
(FAO 7-8) POfPMOUm[%] EEMount,av EEMaunt,av
Total EE EEtatalDV EEtarnl(‘nA

7.2.3 Reporting extrapolation based on Climate zones
The reporting extrapolation method based on climatees is summarized in table 10.

Table 10: Reporting extrapolation Table based on CI  imate zones

Percentage of EEwn in the class
Climate zone classification presence (PofP) in the
total Network area of EEwmn,ov EEwmn,coa
the class
A Tropical POfPrrop % EErrop,av EErrop,av
B Dry POfPDw % EEDry,av EEDry,av
C Temperate POfPremp % EEremp,av EEremp,av
D Cold PofPcoid % EECold,av EECald,av
E Polar PofPpolar % EEPolar,av EEPalar,av
Total EE EEtotaLpy EEtotalcoa
8 Assessment report
8.0 Introduction of assessment report

The results of the assessments shall be reporteniadely, clearly, unambiguously and objectivelyd & accordance
with any specific instructions in the required neet{s).

The report shall include tables defined in clau&égo 8.3. Items in italics can be consideredanyati.

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

8.1 Report of Network Area under test

Table 11 reports the details of the Network Aredarrtest, representing a sub-network where the uneaents are
conducted. The Network Area is the area encompgsdinhe sites under measurement;@ba_desyyis instead
computed starting from the area covered by eael(@ per clause 6) and aggregating for all thes &it the Network
Area under test.

For each site reported in table 11 the detaild §leaincluded in table 3. Table 4 reports the measents results for
each site.
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Table 11: Report of Network Area under test

ETSI ES 203 228 V1.1.4 (2016-05)

Network Area under test

Demography class
[Dense Urban, Urban, Suburban, Rural,
Sparse] [table 2]

Topography class [table 3]

Climate zone [table 4]

Informative classification [tables 5 and 6]

Network Area definition
[by Demography, by Geography, by
Topology]

Number of inhabitants in the Network
area
[estimate]

Network Area dimensions
[estimate, km?]

Number of sites in the Network Area
[same radio controller?]

Type of sites in the Network Area

Number of Wide Area BS sites

Number of Medium Range BS sites

Number of other sites/equipment
(Local Area BS, relay nodes, etc.)

Sites categorization

Number of sites in an MNO
local exchange premise

Number of sites in buildings not owned
by MNO

Number of sites in a shelter

Number of any other sites

Multi-MNO sites

Number of "single MNO" sites

Number of co-located multi-MNOs sites

Number of sites in "Network Sharing"
mode

Multi-technology sites

Number of 2G only sites

Number of 3G only sites

Number of LTE only sites

Number of 2G+3G sites

Other options [indicate]

Backhauling information

Predominant type of backhauling
[wireless, fibre, copper...]

Number of backhauling links per type

Energy efficiency in the Network Area

EEwmn,ov [0/]]

EEMN,CoA [m2/.J]

Energy efficiency top-down approach results (see note)

NOTE:

In case any alternative EE approach has been conducted on the network under test (i.e. measuring the

aggregated energy consumption and the aggregated data volume or coverage area) the results of the
evaluation shall be reported here for comparison purposes.
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8.2 Report of sites under test

Table 12: Report of sites under test

ETSI ES 203 228 V1.1.4 (2016-05)

Site(s) under test in the Network Area

(one table per site type to be measured in the Netw  ork

Area)

Measurement duration

Time duration of the measurement [T]

Measurement start date and time

Measurement finish date and time

Type of site

Site "layer"

[Wide Area, Medium Range, other]
In case of Wide Area, indicate
number of sectors and carriers per
sector

Site "technology"
[2G, 3G, 2G+3G, LTE only,
2G+3G+LTE, other]

Site "MNOs"
[single MNO, co-location, network
sharing, other]

Site and equipment age

Initial commission date of the site
Commission date of the current
equipment in the site

- { comment [30]: uld be hel

== { Comment [31]: d be hel

[local exchange premise, building,
shelter, other]

Temperature Internal °C External°’d
*  Average temperature [over period T]
. Minimum temperature
*  Maximum temperature
Environmental class Temp. range IC class
A 0..28deg.C IP23
B -20... 40 deg. C IP45
C -40 ... 55deg. C |IP45
Site infrastructure
Site location

Site composition

Air lconditioners|

Rectifiers/batteries

Fixed network
equipment consumption

Other

Estimated percentage
of infrastructure consumption in the
site (ECsi)

ETSI
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Energy consumption of ICT equipment in the
site [Wh]

Energy consumption of all the support
equipment in the site [Wh]

Energy efficiency in the site equipment
(Energy_ICTequipment /
Energy_Total_network)

- Total electrical energy supplied from the
grid

- Peak power delivered from the grid

- Total site energy storage capacity

- Peak shaving features available at the site

Energy Efficiency Enhancement methods
affecting the site equipment during the test

Estimated percentage
of presence of this site type in the Network
Area

Electricity sources used in the site

Electricity [%]

Genset [%]

Solar [%]

Renewables [%]

Others (indicate)

8.3 Report of Site measurement

Table 13: Report of Site measurement

Site measurement

[Measurement duration

Time duration of the measurement [T]

Measurement start date and time

Measurement finish date and time

Temperature class and average temperature during the test

Energy consumption in the site

Method of measurement
[energy bills/counters, sensors, equipment information, other]

Measured energy consumption ECwn [Wh or multiples]

*  Week energy consumption [per week data/graph]

«  Month energy consumption [if T allows]

*  Year energy consumption [if T allows]

Traffic offered in the site

Method of measurement
[operational counters, backhauling data, MDT, other]

Measured traffic volume DV[bit or multiples]

*  Week traffic [per week data/graph]

¢ Month traffic [if T allows]

e Year traffic [if T allows]

Coverage of the site [data to be reported per each RAT present in the site]

CoA_geo:  [km?]

CoA_des:  [km?

CoA Qdes:

¢ Failed RRC connection establishments

«  Attempted RRC connection establishments
¢ RAB setup failure

¢ RAB setup attempted

¢ RAB release failure

*  RAB release attempted

Site Energy efficiency

Measured Energy Efficiency EEwn [bit/J] and [m?2/J]

*  Weekly Energy Efficiency [per week data/graph]

*  Monthly Energy Efficiency [if T allows]

*  Yearly Energy Efficiency [if T allows]
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9 Implementation guidelines

The present document is based on the Mobile Netvoel definition under test as described in clatisghere
measurements have to be done according to thecsesidefined in clause 5 and following the procesias defined
in clause 6. In this way the network under tegvialuated in terms of energy efficiency and theltebtained therein
are to be filled in the tables reported as an e&dqrart of the specification in clause 8.

Extrapolation of sub-network results can be usedHe assessment of larger networks, in partioutegn measurement
over the whole total network is not possible dugs@imensions. In this case, the extrapolatigoregch defined in
clause 7 shall be used.

Attention has to be paid to the selection of the-setworks where to make the measurements, to etisat the results
are technically sound and, even if this is notghmary goal, comparable. Of course results medsurgery different
environments (different in terms of demography lonatology or topography, but also different duettie goal and
function of the network) are hardly comparable awisaid, the purpose of the specification is aohake comparable
what is not. But the important issue is to introelacmethod to make tests that can represent a comeference
whenever a test of mobile network energy efficieiscgerformed over a radio access network.

In case one network is tested against itself ifeceéht time periods a comparison could be sensiblg considering
with the due attention all the parameters listethenTables of Clause 8, especially referring toggeratures and
environmental conditions to be aware of the posgibhsons for change in the energy efficiency.ddfse when

considering these parameters the accuracy of tiasunements has to be reporte as well, in ordemsare the utmost __ - {Comment [BMR34]: el

consistency of measurements made in differentggrio

If in given regions there are regulation constaihat impose some rules in the deployment of nédsvihis has to be
kept in mind when making any comparison. In sudesanly comparison of networks with the same caims are
sensible.

Regarding the time duration T of the measuremeantgpaigns, the period of the measurements hasd¢bdsen in the
most sensible way in terms of particular foresee#alffic conditions, weather impacts, and so on.

An essential part of this common base method isesgmted by the tables in clause 8. Even in véfgrdnt scenarios
these tables are to be filled in completely in otdehave the measurement accepted and standaed-basuch a way
even if the measurements are done in very diffeseabarios the details of the scenarios are reportdhe tables and
only considering not only the final Energy Efficegnresults but also how they have been obtainetestewill be
considered standard compliant.

- { Formatted: French (France)

A _ L —
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Annex A (informative):
Implementation examples

A.1  Implementation examples

Considering the Implementation guidelines repomeclause 9 a set of examples on how to implentemptesent
document is given in this clause.

As an example, a possible application of the priedecument is to provide National Authorities a ecoamly accepted
procedure to estimate at national, regional orleitgl the efficiency of a Radio Access Technology set of RATs
deployed by an MNO or a set of MNOs. This assessc@nbe stand alone, just to know what is theiefficy
reasonably achievable, or can be estimated toveagilgen threshold, to ensure that hopefully bedtBciency is
achieved (as an example after the introductioreaf anergy savings procedures, or new hardwareicod)t

As another example, the present document couldséeé 1o test the efficiency of a network year owanyor in any
case against a given time roadmap. The test cperfermed over the same sub or total network, déipgron the
requirements, and over the network of the same MN@ifferent period of time, i.e. year over yeaimmany case so
as to emphasize a time evolution of the EE perfaces. Of course, even in this case, the full cotiguleof the
information in tables in clause 8 is mandatoryheak under which conditions the tests have beefomeed.

As a final example, the present document coulddeel @lso without any extrapolation phase (as destiin clause 7)
whenever the purpose is to evaluate network funatittes that impact energy efficiency in a smaltwork under test.
In such a case the prsent document indicates &aayto proceed to compare such small networks wien
mentioned functionalities are activated with respecthe baseline case, when the functionalitiesnat active.

A.2  Examples of reporting data

In this clause an example of data to be fillechto itables of clause 8 and clause 7 is given. &kesnple is for
explanation purposes only and the data reportaéithare not to be considered real or binding i possible way.

| Table A.1 istable 11filled in with example data.
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Table A.1

ETSI ES 203 228 V1.1.4 (2016-05)

Network Area under test (Partial network #1)

Demography class
[Dense Urban, Urban, Suburban, Rural,
Sparse] [table 2]

Dense Urban

Topography class [table 3] Flat
Climate zone [table 4] Temperate
Informative classification [tables 5 and 6] |DP, PSL
Network Area definition Demography
[by Demography, by Geography, by
Topology]
Number of inhabitants in the Network 150 000
area
[estimate]
Network Area dimensions 15 km?

[estimate, km?]

Number of sites in the Network Area
[same radio controller?]

30, of the same RC

Type of sites in the Network Area

Number of Wide Area BS sites 25
Number of Medium Range BS sites 3
Number of other sites/equipment 2
(Local Area BS, relay nodes, etc.)
Sites categorization
Number of sites in an MNO 5
local exchange premise
Number of sites in buildings not owned |20
by MNO
Number of sites in a shelter
Number of any other sites 5
Multi-MNO sites
Number of "single MNO" sites 20
Number of co-located multi-MNOs sites |8
Number of sites in "Network Sharing" 2
mode
Multi-technology sites
Number of 2G only sites 0
Number of 3G only sites 10
Number of LTE only sites 5
Number of 2G+3G sites 10

Other options [indicate]

5 2G+3G+LTE

Backhauling information

Predominant type of backhauling
[wireless, fibre, copper...]

Fibre, copper

Number of backhauling links per type

20 fibre, 10 copper

Energy efficiency in the Network Area

EEwmn,ov [0/]]

180 b/J

EEMN,CoA [m2/.J]

3 m2MJ

Energy efficiency top-down approach results

[100 bit/J
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Table A.2 reports an example of a site in the Blangtwork #1 described in table A.1.

Table A.2

Site(s) under test in the Network Area
(one table per site type to be measured in the Netw

ork Area)

Measurement duration

Time duration of the measurement [T] |2 weeks

Measurement start date and time 2014/07/07

Measurement finish date and time 2014/07/20
Type of site

Site "layer" Wide Area,

[Wide Area, Medium Range, other] 3 sectors

In case of Wide Area, indicate number
of sectors and carriers per sector

2 carriers each sector

Site "technology" 3G

[2G, 3G, 2G+3G, LTE only,

2G+3G+LTE, other]

Site "MNOs" Single MNO

[single MNO, co-location, network
sharing, other]

Site and equipment age

Initial commission date of the site
Commission date of the current
equipment in the site

2005/11/05 initial
2013/07/22 current equipment

Unternal°’C_ e ermal e~~~ — -
Temperature 24.2°C
Average temperature [over period T] ’ 28,3°C
Minimum temperature 18,8 °C .
Maximum temperature 306 °C 196°C

' 36,4 °C

Site infrastructure

Site location Outdoor cabinet

[local exchange premise, building,
shelter, other]

Site composition

*  Air conditioners

Yes, 2 KW average power

. Rectifiers/ batteries

Yes, both; 250 W average power

e Fixed network
equipment consumption

. Other

Estimated percentage
of infrastructure consumption in the
site (ECsi)

50 %

Energy Efficiency Enhancement methods
affecting the site equipment during the test

Traffic related power off of the second carrier

Estimated percentage
of presence of this site type in the Network
Area

33%

Electricity sources used in the site

Mains/power grid [%] 80 %
Genset [%] -
Solar [%] 20 %

Other Renewables [%]

Others (indicate)
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Table A.3 reports the measurement in the site destin table A.2.

Table A.3

Site measurement

Measurement duration

[energy bills/counters, sensors, equipment information,
other]

Time duration of the measurement [T] 2 weeks
Measurement start date and time 2014/07/07
Measurement finish date and time 2014/07/20
Temperature class and average temperature during the test
Class C, average internal temperature 24,2 °C
Energy consumption in the site
Method of measurement Sensors

Measured energy consumption ECun [Wh or multiples]

* Week energy consumption [per week data/graph]

Introduce a graph of the
kWh in the site, or a table of
values, per each week,
according to the time
granularity of the available
data

* Month energy consumption [if T allows]

NA

¢ Year energy consumption [if T allows]

NA

Traffic offered in the site

Method of measurement
[operational counters, backhauling data, MDT, other]

Operational counters

Measured traffic volume DV [bit or multiples]

*  Week traffic [per week data/graph]

Introduce a graph of the Gb
in the site, or a table of
values, per each week,
according to the time
granularity of the available
data

* RAB release attempted

Mobile Network Energy effici

ency

Measured Energy Efficiency [bit/J]

*  Weekly Energy Efficiency [per week data/graph]

Introduce a graph of the
bit/J in the site, or a table of
values, per each week,
according to the time
granularity of the available
data

* Monthly Energy Efficiency [if T allows]

NA

* Yearly Energy Efficiency [if T allows]

NA

ETSI

e Month traffic [if T allows] NA
* Year traffic [if T allows] NA
Coverage of the site [data to be reported per each RAT present in the site]

CoA geo:  [km?] 05
CoA des:  [km7] 0,42 e {Formatted: Highlight
CoA_Qdes: 84 %

« Failed RRC connection establishments 658

» Attempted RRC connection establishments 13118

+ RAB setup failure 322

+ RAB setup attempted 4998

* RAB release failure 204

4998
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Table A.4 reports an example of computation reflestotal Mobile Network Energy Efficiency assesnt. The EE
values are in the format of tables for Partial reetwl, and other values are considered in otherdPaetworks in the
same partial network area (not reported in thisigta) to come to the average values in the EE cadufhe Total EE

is evaluated in the measurement period T timefréhveeeks) for the DV case, while EC is extrapolated year as
required for CoA EE metric.

Table A.4
Percentage of presence EEwn in the class
Demography Classification (PofP) in the total
Network Area of the EEwmn,ov EEwmn,coa
class
Dense Urban (DU) 42 % 200 b/J 2,7 m3MJ
Urban (V) 20 % 40 b/J 19 m2/MJ
Sub-urban (SU) 15 % 8 b/J 38 m3/MJ
Rural (RU) 13 % 2 b/l 115 m3/MJ
Unpopulated 10 % NA NA

Overall/total EE 103,8 b/J 28,4 m2/MJ

In order to better clarify the example in table ¢ following equations explain how to compute Tltal EE in the
cases mentioned above.

PofPDU * EEDU,av + PofPU * EEU,av + PofPSU * EESU,av + POfPUnp * EEUnp,av

PofPpy + PofPy + PofPsy + Pof Pynp
_42*200+20*40+15*8+13*2

42+20+ 15+ 13

POfPDU * EEDU,av + PofPU * EEU,av + PofPSU * EESU,av + PofPUnp * EEUnp,av

PofPpy + PofPy + PofPsy + PofPyyy
_42*2,7+20*19+15*38+13*115

42+20+15+13

Note that in the CoA case the extrapolation has lmegde from T = 14 days to 1 year dividing by 26 tbsults during
period T (365/14~26).

EEtotal,DV =

=103,8b/]

EEtotal,CoA =

= 28,4 m?/M]
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Annex B (informative): Cloud RAN energy efficiency

The objective of this annex is to provide the mimiminformation on definitions and principles toused for the
assessment of energy efficiency of Cloud RAN (CRAMfworks. Further details on the CRAN architecamd
implementation of EECRAN assessment are still undagstigation (e.g. SooGreen EU research progaud)can be
provided in future revisions of this internatiosédndard as appropriate.

B.1 Generic CRAN architecture layout and definitions

As far as energy efficiency assessment is concethedjeneric architecture of CRAN can be divide8 domains:
central cloud, edge cloud and radio access. Thergelayout design is defined Figure 4
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Figure 4: Generic CRAN architecture layout

The Radio Access (RA) domain is consisting of tleen@te Access Points (RAP) dedicated to the CRANund
investigation. A typical RAP would include the radbaseband and optical transport equipment. lidvoerform real
time eNB tasks (e.g. Scheduler). It is installedrrthe transmitting antennas (e.g. within 1 m forf). The density of
RAP’s deployed for CRAN would vary with differemhplementations but would be typically be of a feARRunits
per 10 km2. A typical value of RAP energy efficigns: SEERAP = 90%.

The Edge Cloud (EDC) domain is consisting of smathcenters dedicated to telecom functions, inoyifirtualized
Network Functions (VNF) Servers (VNFS) used by @®RAN under investigation. A typical EDC datacemeuld
perform non-real time eNB tasks, such as Operatiddministration and Maintenance (OAM). The densitfeDC
datacenters deployed for CRAN would vary with diéfet network configurations but would typically bea few units
per 100 kmz2. A typical value of Edge Cloud sitemgy efficiency is: SEEEDC = 75%.

The Central Cloud (CC) domain is consisting of dtnserver datacenter (DC) including Central Ses\&S),
Switching Equipment (SE) and other Telco Equipn{@i) if needed. IP Core network equipment shouldb®otaken
into account in the assessment of CRAN energy eoptaon. Central Cloud datacenters are usually Y@rjrom most
of the served EDC. Their density would vary witffetient network configurations but would be typlgdie of a few
units per 100,000 km2. A typical value of Centr&d @i site energy efficiency is: SEECC = 65%.

B.2 Energy consumption and efficiency assessment

The following formulas should be used in the EEcasment:

¢ Data Volume

DVCRAN = Z(DVRAP—DL + DVRAP—UL)
RAP
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whereDVgap_p, andDVy4p_y, are the datavolume of the RAP for downlink (DLpamplink (UL) respectively.
*  Energy consumption:

ECcran = z (Z(ECCS +ECse + ECTE))/SEECC -+ Z (z ECVNFS)/SEEEDC + z ECpap/SEERap
CC sites EDC sites

site Site RAP

« Energy efficiency:

EEcgan = DViran/ECcran
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