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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This European Standard (EN) has been produced by ETSI Technical Committee Access, Terminals and Transmission,
Multiplexing (ATTM).

The present document is part 2, sub-part 3 of a multi-part deliverable covering lifecycle resource management of
broadband deployment as identified below:

EN 305 200 series: Energy management: Operational infrastructures: Global KPIs
EN 305 200-1: General requirements
EN 305 200-2 series:  Specific requirements
Sub part 1:  ICT sites
Sub part 2:  Fixed broadband access networks
Sub part 3: Mobile broadband access networks
Sub part 4:  Cable access networks
EN 305 200-3:  Specific requirements : ICT sites

Sub part I: DCEM

National transposition dates

Date of adoption of this EN: 1 October 2014

Date of latest announcement of this EN (doa): 31 January 2015

Date of latest publication of new National Standard or ol

endorsement of this EN (dop/e):

Date of withdrawal of any conflicting National Standard 31 July 2015
(dow):
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Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of

provisions).

“must” and “must not” are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

Energy costs continue to rise, a trend that will continue in the future, while broadband penetration is introducing new
active equipment to the network architecture. In this context, and to reflect other environmental aspects of
sustainability, it is vital that the main telecommunication operators implement effective general engineering of fixed
and mobile broadband networks and sites provisioning, managing or using those networks (i.e. ICT sites) in order to
respond to critical issues of energy consumption while proposing essential solutions to true broadband deployment. To
guide this process, it is essential that metrics are defined, termed Global Key Performance Indicators (KPIs), that enable
energy usage to be managed more effectively.

The Global Key Performance Indicators of the EN 305 200 series address operational infrastructures and do not
consider design/operation of components of broadband deployment networks.

The EN 305 200 series of standards comprises:
e EN 305 200-1: a generic requirements document addressing Global KPIs for operational infrastructures;

e asub-series EN 305 200-2 that defines the Global KPIs, and drives energy management targets, for specific
operational networks and sites and which describes how the Global KPIs are to be applied (which may be used to
support future regulatory objectives);

- EN 305 200-2-1: ICT sites;

- EN 305 200-2-2: Fixed broadband access networks;
NOTE: excluding cable access networks (see EN 305 200-2-4)

- EN 305 200-2-3: Mobile broadband access networks;

- EN 305 200-2-4: Cable operator access networks.

The documents do not define weightings of Objective KPIs or targets or limits for Global KPIs. Where
relevant such information is provided in a related ETSI ES in the ES 205 200-2 series.

e asub-series EN 305 200-3 that defines particular implementations of Global KPIs within ICT sites based on the
requirements of EN 305 200-2-1, and which may define levels of performance to simplify and provide clearer
understanding of Global KPIs allowing the evaluation of performance of energy use management in ICT sites.

The documents do not define weightings of Objective KPIs or targets or limits for Global KPIs. Where relevant
such information is provided in a related ETSI ES in the ES 205 200-3 series.

These documents will accelerate:

e availability of operational infrastructure architectures and network implementations that use energy more
efficiently;

e the definition and attainment objectives for other environmental aspects of sustainability for operational broadband
networks.

The present document specifies the requirements for a Global KPI for energy management (KPIg,) and their
underpinning Objective KPIs for the mobile access networks of broadband deployment. The requirements are mapped
to the general requirements of EN 305 200-1.

ETSI



114

115
116
117

118
119
120
121

122

123
124
125
126
127
128

129
130

131

132
133
134

135

136
137
138

139
140

141
142

143

144

145
146

147

148

149

150

151
152
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1  Scope

The present document specifies the requirements for a Global KPI for energy management (KPIg,,) and their
underpinning Objective KPIs addressing the following objectives for the mobile access networks of broadband
deployment;

energy consumption;
task efficiency;
energy reuse;
renewable energy.

The requirements are mapped to the general requirements of EN 305 200-1.

Energy management of mobile access networks comprises a number of independent layers. This document addresses
performance of infrastructures that supports the normal function of hosted ICT equipment within the mobile access
network (e.g. power distribution, environmental control, security and safety). The present document does not address
other layers such as performance of ICT equipment itself, performance of usage of available processing power, and
layers related to final service delivered (e.g. processing power required per itemised outcome) or overlay layers (e.g.
final energy required per itemised outcome).

The comparative costs and environmental impact of different energy sources are outside the scope of the present
document.

Within the present document:

e clause 4 describes the energy parameters for mobile access networks together with inclusions/exclusions of
different energy sources;
e clause 5 specifies the requirements for measurement, calculation, classification and reporting of KPIg,,.

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are necessary for the application of the present document.

[1] ETSI EN 305 200-1: Energy management: Operational infrastructures: Global KPIs - Part 1:
General requirements.

[2] ETSI ES 205 200-2-3: ??

2.2 Informative references

Measurement Process for Energy Efficiency KPI for RAN Equipment

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.
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[i.1] ETSI EN 303 472: Measurement Process for Energy Efficiency KPI for RAN Equipment

[i.2] ETSI EN 305 174-4-2: Broadband deployment and life cycle resource management - Part 4:
Access networks - Sub-partl: Mobile access networks

[i.3] ETSI EN 305 200-2-1: Energy management: Operational infrastructures: Global KPIs - Part 2:
Specific requirements - Sub-part 1: ICT sites

[1.4] ETSI EN 305 200-3 series: Energy management: Operational infrastructures: Global KPIs - Part 3:
ICT sites

[i.5] European Commission DG JRC Code of Conduct on Energy Consumption of Broadband
Equipment

3 Definitions, symbols and abbreviations

Definitions and abbreviations extracted from ETSI deliverables can be useful when drafting documents and can be
consulted via the Terms and Definitions Interactive Database (TEDDI) (http://webapp.etsi.orq/Teddi/).

3.1 Definitions

For the purposes of the present document, the terms and definitions given in EN 305 200-1 and the following apply:
backhaul infrastructure: functional elements connecting a base station to an operator site
base station (BS): network distribution node (NDN) which serves one or more cells of a mobile access network

network distribution node (NDN): grouping of NTE equipment within the boundaries of an access network providing

distribution of service from an operator site (OS)

NOTE: where all the network telecommunications equipment (NTE) at a given location is under common governance, any supporting infrastructure
for power distribution and environmental control together with the necessary levels of resilience and security required to provide the desired service
availability is included as part of the NDN

network telecommunications equipment (NTE): equipment between the boundaries of, and dedicated to providing
direct connection to, core and/or access networks

operator site (OS): premises accommodating network telecommunications equipment (NTE) providing direct
connection to the core and access networks and which may also accommodate information technology equipment (ITE)

NOTE 1 to entry: an operator site that is only connected to the core network is considered as a network data centre
NOTE 2 to entry: an operator site of a cable access network may be termed a local head-end

repeater: device with two RF ports, both of which are intended to be connected to antennas, which is capable of
receiving, amplifying and transmitting simultaneously in one direction a signal in a BSS transmit band and in the other
direction a signal in the corresponding BSS receive band

[SOURCE: ETSI EN 301 489-50]

user equipment (UE): definition required

EDITORS NOTE: during the development of the document see XXXxxx

3.2 Symbols

For the purposes of the present document, the symbols given in EN 305 200-1 and the following apply:

Ercuse reused energy
Erpy renewable energy

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in EN 305 200-1 and the following apply:

ETSI
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193 3GPP

194 AC Alternating Current

195 BS Base Station

196 DL DownLink

197 E-UTRA Evolved UMTS Terrestrial Radio Access Network
198 KPI Key Performance Indicator

199 LTE Long Term Evolution

200 NA Not Applicable

201 NDN Network Distribution Node

202 NTE Network Telecommunications Equipment

203 oS Operator Site

204 RX Receiver

205 TRX Transceiver

206 UE User Equipment

207 UL UpLink

208 UL/DL Uplink/Downlink

209 UMTS Universal Mobile Telecommunication Service
210 UTRAN UMTS Terrestrial Radio Access Network

211 WCDMA Wideband Code Division Multiple Access
212

213 EDITORS NOTE: during the development of the document see xxxxxx

ETSI
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22 4 Energy management of mobile access networks

215 4.1 General

216 4.1.1 Mobile broadband access networks

217 The ESO submission of June 2011 to the European Commission in response to Mandate M/462 (dealing with “efficient
218 energy use in fixed and mobile information and communication networks™) used Figure 1 as an overall schematic to
219 describe with fixed and mobile networks of broadband deployment. Since that time the schematic has been subject to
220 change and is replaced by Figure 2.

Core network Backhaul network Access network

Terrestrial 7 i
mobile access infrastructure “IT End-use” equipment*

A
Y

_____‘.‘___
v

Satellite mobile access infrastructure IT End-use” equipment

obDC —- Satellite
\‘ T
\ 1
\ 1
\\ i Non “IT End-use” equipment
\ :
\\‘ E
\\ :
) ! Fixed access
/ 1 H
[0S | i infrastructure LON TE | “IT End-use” equipment*
\\\ //, E 1
S 1
] | ]
| | Distribution !
i Transport network Ll network '
I‘ V:‘ Vl
] | ]
1 1
B >
' Access network !
1 1
221 * out of scope of Mandate M/462
222 Figure 1 - Schematic of fixed and mobile communication networks (June 2011)

223 The principal changes for mobile access networks are that network distribution nodes (NDNs) are shown and the base
224 station (BS) and repeater (R) are shown as specific examples of NDNs. Also user equipment (UE) has replaced
225 terminal equipment (TE).

226 Within the mobile access network in Figure 2, the term NDN is employed to describe a variety of aggregations of NTE
227 at locations between the operator site (OS) and the UE. The diagram shows certain NDNs within dashed boxes to
228 indicate that they are:

229 e optional;
230 e not restricted in number to the configurations shown.

231
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Cable access
infrastructure | \

LEA |-
e o g}
i Distribution '
1 Transport network e network ot
i 'i‘ = Customer premises (CP)
. ! R R L L L LB EEEEER
Lo | Fixed access i i
7’ N L r==-=-
/ \ | infrastructure | H
1082 ) ! ' LOC
| NDN NDN
1
|
1
1
|
1
1
|
1
1
|
1

>
<

Terrestrial
mobile access infrastructure [

\\
~—- Satellite - - -

Satellite
mobile access infrastructure

NDN

. A

Backhaul network

EIRIEIPIr

A

Access network

1 For cable access networks this is termed “Master head-end/OS”
2 For cable access networks this is termed “Local head-end/OS”

* out of scope of Mandate M/462

Figure 2 - Updated schematic of fixed and mobile communication networks

4.1.2

Mobile access network technologies

The present document addresses energy management in mobile access networks using, but not restricted to, the

following technologies:

e UTRA, WCDMA (IMT-2000 Direct Spread, W-CDMA, UMTS);
e E-UTRA, LTE (IMT-2000 and IMT advanced);
e GSM (IMT-2000 SC, Technology GSM/EDGE).

As shown n the schematic of Figure 3, the backhaul infrastructures may be comprise metallic or optical fibre cabling.

In the most general sense, the OS and NDNs contain NTE of multiple access technologies. The totality of a cable access
network under the governance of a given operator takes into account all NTE (in terms of both energy consumption and

data volumes).

Access network

! 1
1 1
g >
A g
i Backhaul (transport) 1 Distribution |
L | Vi‘ Lad
! | i
! | i
1 1
(o]

s R

1 ! 1
= - IPRlE

Lo _l |

4 nDN

Optical fibre or metallic cabling infrastructure

Figure 3 - Mobile access network implementations
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4.1.3 Energy consumption
The energy consumption of BS, R (where used) and the BS sites is described in EN 303 472.

It should be noted that optical fibre and metallic cabling infrastructures shown in Figure 3 refer to the
telecommunications transmission media. Telecommunications transmission energy loss (indirect consumption) in the
backhaul infrastructure assumed to be negligible.

Some of the mobile access network implementations may require the use of active equipment at the NDNs within the
backhaul infrastructure shown in Figure 3.

In some cases, the site accommodating the backhaul infrastructure NDNs may also require power to provide
environmental control for the NTE together with other infrastructures to provide the necessary levels of resilience and
security required to provide the desired service availability. Where all the network telecommunications equipment
(NTE) at a given backhaul infrastructure NDN location is under common governance, the supporting infrastructures are
included as part of the NDN In other case, the energy consumption of the backhaul infrastructure NDN is restricted to
that of the NTE.

Separate elements within the telecommunications cabling may be used to distribute power to a backhaul infrastructure
NDN from the OS or from other NDNs. In such cases, the energy loss (indirect consumption) in the cabling of the
mobile access network may be non-negligible and shall be taken into account within the energy consumption of the
mobile access network by including the relevant consumption at the source.

As shown in Figure 4, energy management within the mobile access network addresses energy consumption at an
overall level to the OS and NDNs from both non-renewable and renewable sources. This supports the use of renewable
energy which is locally generated or is supplied to the OS and NDN(s) via a contribution within the utility (grid) from
other sites under common governance with the mobile access network .

Renewable energy content generated at the OS and NDNs or supplied to those locations the grid (utility) is subject to
the same considerations as for ICT sites (see EN 305 200-2-1 and 5.1.2.4).

Access network boundary for

0s ;

Local energy re-use
Local excess energ
Local energy re-use

NTE

TE/UE

* This allows for the inclusion of supporting
infrastructures if all the NTE at the remote
site is under common governance

Non-renewable
Renewable
Non-renewable
Renewable

Figure 4 - Schematic of FAN profile-based energy management

As shown in Figure 4, NDNs may be associated with locally generated energy generation which exceeds the demands
of the NDNss at that location. This energy may be provided to other facilities and infrastructures which are independent
from the access network. The KPIyy, of the present document takes no account of any such excess provision.

The re-use of energy at an operator site (OS) is addressed in the Objective KPIs of ICT sites (see EN 305 200-2-1 [i.2]
and EN 305 200 series [i.3]).

With regard to energy re-use, the NDNs of the present document are not considered to be of material effect.

Equipment providing NFV functionality is accommodated outside the boundaries of the access network then
its energy consumption
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shall be included in the overall energy consumption of the specific access network technology

414 Data volume

The data volume of a given mobile access network technology is to summation of uplink (UL) and downlink (DL) data
(bit/s) at the backhaul transceiver (TRX) devices of the BS as indicated in Figure 5.

NTE

:" ________ i Sector i 4
— 1
— Sector 2 j
Sector 1

Baseband
Test point: signal
Electrical power to processor

telecommunications
equipment
r'y Backhaul

—
X
'

Base Station

J

Test point: [ Rectifier ][ Power J[ Security ][ Air J
Electrical power to (AC/DC) storage lights etc. conditioning

N

site

Site Support Equipment

Figure 5 - Schematic of BS and BS site infrastructure

4.2 Related standards

5 Global KPI (KPIg,,) for mobile access networks

5.1 General

511 Global KPI (KPIg,) for mobile access networks

In accordance with EN 305 200-1, KPIy,, for mobile access networks has the form:

KPI,, =1 (KPIEC ,data volume)

where:
KPIgc= Objective KPI for energy consumption (see 5.1.2.1);
data_volume summation of UL and DL data processed at the backhaul transceiver (TRX) devices of the BS

during the assessment period for KPIzc

51.2  Objective KPIs

51.2.1 Energy consumption (KPIxc)

A reduction in the energy consumption required to provide a given level of service is a primary objective of the present
document.

The value of KPIg is relevant to each mobile access network technology solution.

Unless otherwise specified, the applicable energy consumption is that of the NTE and takes no account of any
additional loads required to maintain the effective operation of the NTE.
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For a given mobile access network technology model, the KPI;- may be improved by local actions within the OS and
NDNs by the use of NTE with reduced energy consumption.

Requirements or recommendations in relation to the improvement of the energy consumption of the NTE and support
infrastructures are not within the scope of the present document.

Objectives for energy consumption of NTE within OS are included in the European Commission DG JRC Code of
Conduct on Energy Consumption of Broadband Equipment [i.2]. Similar equipment will also be found in NDNss.

5.1.2.2 Task efficiency (KPIx)

Not applicable in the present document.

5.1.2.3  Energy re-use (KPIrgyse)

Not applicable in the present document.

5.1.24  Renewable energy (KPlrgn)
The use of renewable energy is a secondary objective of the present document. The KPIgy is embedded within KPIgc.

An OS or NDN may meet all its energy needs from local, renewable (like solar or wind energy) sources on a continuous
basis.

KPIgc takes account of renewable energy that is produced by:

a) sources dedicated to and directly serving an OS or NDN;
b) sources from which it is conveyed by the utility (grid) serving an OS or NDN defined for the application of the

NOTE 1:  these sources may be an OS, NDN or a generator and shall be under common governance with the FAN it serves.

NOTE 2:  This does not, as yet, take into consideration any proportion of renewable electricity in the mix of production of utility supplies
certified as “green” (e.g. based on the carbon footprint of the energy source) by electricity suppliers or in accordance with
nationally recognised schemes.

In the case of (b), the renewable energy (Exgy) in KPIc is counted as renewable energy at the recipient site provided
that the energy produced is not considered in the public mix and there is no feed-in contract. The portion of such energy
allocated to the (which) ICT site or NDN added to other ICT site or NDN consumptions shall not exceed the overall
energy consumption by the ICT site or NDN.

The loss produced by the utility (grid) shall be included at the recipient ICT site(s) or NDNs. If losses are not otherwise

specified, a default loss of 10 % shall be used.
NOTE: a power source producing 100 kW is assumed to deliver 90 kW to recipient ICT sites

5.2 Scale

KPIgy, is expressed with units of bits/W.

The dominant factor in the calculation of KPIy, is the data volume served by the Objective KPI for energy consumption
(KPIgc).

The value of KPIgc is mitigated by any energy contribution from renewable sources (KPIpzy).

5.3 Evolution

The use of a profile-based approach shall take into account various stages of network growth and utilisation.

5.4 Definition of boundaries

5.5 Formulae
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341 5.5.1 Global KPI (KPIg,,) for mobile access networks

342 An assessment of KPIp, requires that the energy supplied to the mobile access network provides all the primary
343 functions of the network (i.e. NTE load, environmental control etc). If the supply of energy of any of the non-NTE
344 loads is provided by other supplies not included in KPIc then KPIy), cannot be assessed.

345 KPIgy, is defined mathematically as:
(=T

346 KPI,,, =W x
i Z] KPI,.

data _volume, ) o
—————  subject to a minimum value of 0.

347 This is shown schematically in Figure 6.

348 Figure 6 - Schematic of KPIy), calculation and drivers
349

350 5.5.1.1 Definition of terms

351 data volume, = summation of UL and DL data at the backhaul TRX of the NTE at the BS during the KPI

352 assessment period & (in the interval 7™ to £,") as described in detail in clause 5.6 of EN 305
353 200-1

354  KPlgc,= Objective KPI for energy consumption for mobile access network technology ¢

355 t= mobile access network technology index

356 W= weighting of the profile applied (see clause 5.6)

357 5.5.1.2 Clarity

358 5.5.1.3  Criteria

359 5.5.2 Objective KPls for mobile access networks
360 5.5.2.1 Energy consumption (KPIgc)

361  5.5.2.1.1 Formula

N
362 KPIgc = 2 Cn—Egpy,

363 5.5.2.1.2 Definitions of terms

364 n= index of OS or NDN sites (OS = 1, BS or R, if present, = N)
365 N= total number of OS and NDN sites

366 C, = energy consumption of the NTE at site n

367 Eren v = renewable energy content for the NTE at site n
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368  5.5.2.1.3 Clarity

369 5.5.2.1.4 Criteria

370 5.5.3 Data_volume (data_volume)
371 5.5.3.1  General

372 5.5.3.2 Formula

373 5.5.3.3  Definitions of terms

374 5.5.3.4  Clarity

375 5.5.35 Criteria

376 5.6 Application of profiles

377 5.6.1 Universal consumption measurement

378 The most advantageous methodology for the determination of KPIxc , is to measure the performance of every OS and
379 NDN for a default assessment period of a year. This is because:

380 e cach part of the mobile access network may be subject to different environmental conditions which will affect the

381 energy consumption required to maintain the desired conditions for effective and long-term operation of the NTE
382 accommodated at those locations;
383 e those environmental conditions may vary over time in a random manner due to their location and the construction
384 of the structure housing the NDN.

385 Shorter assessment periods may be applied where seasonal climate variations are sufficiently small to enable the

386 assessment period to exhibit the equivalence to the default assessment period. In such cases, the period shall be based
387 upon the minimum period required to reflect annualised data volumes based on historical traffic patterns for the mobile
388 access network.

389 The mobile access network configuration shall not change during the assessment period. In case of change a new
390  assessment period shall be initiated. The assessment period shall exclude any time during which engineering trails of
391 energy efficiency measures are employed on a temporary basis.

392 The value of W for this approach is 1.

393 5.6.2 Statistic-based extension of consumption measurement

394 Where it is not viable to define the “real time” energy consumption and renewable energy utilisation at individual OS
395 and NDNss across an entire mobile access network then it is possible to effect a “design” value for the network in
396 relation to KPI:c it is not appropriate to consider such values as truly operational.

397 Text required to explain the approach.
398 See Annex A.

399 The value of W for this approach is that found in ES 205 200-2-3.

400 5.6.3 Profile-based extension of consumption assessment

401 Where it is not viable to define the “real time” energy consumption and renewable energy utilisation at individual OS
402 and NDNss across an entire mobile access network then it is possible to effect a “design” value for the network in
403 relation to KPI:c it is not appropriate to consider such values as truly operational.
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404 The use of design models for each mobile access network technology coupled with load profiles is one way around this
405 problem and can provide values of KPI;- which can be used to meet the requirements of EN 305 200-1, clause 6, which
406 states:

407 The objective of the EN 305 200 documents is to define Global KPIs for energy management that can be applied to all

408 operational infrastructures of a given type .....

409 For example, operational infrastructures required to deliver high reliability (based on resilience of support infrastructures such
410 as power distribution and environmental control) will tend to exhibit higher values of a Global KPI for energy management.
411 Similarly, operational infrastructures of a given type but serving a different function (business models or primary technology
412 employed) cannot be directly compared - although it is recognised that technology evolution may exhibit lower values of a

413 Global KPI for energy management.

414 Objective and Global KPIs are generally used in order to indicate trends within a particular implementation of a given type of
415 operational infrastructure and to indicate improvements achieved across the four objectives identified in clause 4.

416 Text required to explain the approach.
417 See Annex B.

418 The value of W for this approach is that found in ES 205 200-2-3.

419 3.7 Reporting

420
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21 Annex A: Statistical approach

22 A1 «&»

423 A1 «yyy»

424

»s Annex B: Profile-based approach - Example

Overall Overall Overall
percentage percentage percentage
30 30 40
Load
Overall Operational Low Medium High
percentage condition

35 A 10,5 % 10,5 % 14,0 %

35 B 10,5 % 10,5 % 14,0 %

30 C 9,0 % 9,0 % 12,0 %

426
427 OPERATION CONDITION A
Parameter A Parameter B Parameter C
20 50 30
Load
Overall Parameter Low Medium High
percentage
25 X 5,0 % 12,5 % 7,5 %
50 Y 10,0 % 25,0 % 15,0 %

25 Z 5,0 % 12,5 % 7.5%
428
429
430
431
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12 Other annexes (as required)
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