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Foreword

Introduction

The items included in the following table are stable in this version. 

	Item
	Section in the ES

	Scope of the ES
	Clause 1

	Metrics and methods applied to sub-networks and extrapolation for larger networks
	Clause 1 (Extrapolation will be detailed in Clause 7 in a later version)

	Metric based on EE as a ratio between DV and EC (i.e. EEMN,D)
	Clause 5 formula (3)


(Note: this table will be removed once the whole ES will be declared stable).
1
Scope

The present document is aimed to define the topology and level of analysis to assess the energy efficiency of mobile networks. Within the scope of the document there is the radio access part of the mobile networks, and namely there are radio base stations, backhauling systems, radio controllers and other infrastructure radio site equipment. The covered technology are GSM, UMTS, LTE (including LTE-A). In particular the document  defines metrics for network Energy Efficiency and methods for assessing (and measuring) Energy Efficiency in operational networks. The purpose of the specification is to allow comparisons of the networks energy efficiency. 

The present document deals with both homogeneous and heterogeneous “network” considering  a network whose size and scale could be defined by topologic, geographic or demographic boundaries. For networks defined by topologic boundaries, the smallest network covered by this document consists of a control node (whenever applicable), its supported access nodes as well as the related network elements.  Networks could be defined by geographic boundaries, such as city-wide, national or continental networks and could be defined by demographic boundaries, such as urban or rural networks.

One goal is to introduce so-called “partial” networks where to measure energy efficiency in a standardized way. The specification extends the measurements to wider so-called “global” networks energy efficiency estimation (i.e. the network in a geographic area, the network in a whole country, the network of an operator,…).

Terminal (end-user) equipment is outside the scope of this document and is not considered in the energy efficiency measurement. 
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 TS 102 706: "Environmental Engineering (EE); Measurement Method for Energy Efficiency of Wireless Access Network Equipment".

[2]
ETSI TS 125 104: "Universal Mobile Telecommunications System (UMTS); Base Station (BS) radio transmission and reception (FDD) (3GPP TS 25.104)".

[3]
ETSI TS 136 104: "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception (3GPP TS 36.104)".
[4]
3GPP TS 36.314: “Evolved Universal Terrestrial Radio Access (E-UTRA); Layer 2 – Measurements”

[5]
3GPP TS 36.420: “Evolved Universal Terrestrial Radio Access (E-UTRA); X2 general aspects and principles”  

2.2
Informative references
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.
 [i.1]
ETSI TR 103117: "Environmental Engineering (EE); Principles for Mobile Network level energy efficiency".

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:

Backhaul equipment: equipment used to connect base stations to the core network, or to other BSs (like X2 in LTE)
Integrated BS: BS architecture in which all BS element are located close to each other for example in one or two cabinets

NOTE:
The integrated BS architecture may include Tower Mount Amplifier (TMA) close to antenna.

Distributed RBS: BS architecture which contains radio heads (RRH) close to antenna element and a central element connecting BS to network infrastructure 

energy efficiency (EE): relation between the useful output and energy/power consumption

Mobile Network: set of equipment  from the radio access network or sub-network that are relevant for the assessment of energy efficiency
Mobile Network Coverage Energy Efficiency : ratio between the area covered by the BS in the MN under investigation and the energy consumption  when assessed during the same time frame. 

Mobile Network Data Energy Efficiency : ratio between the performance indicator  and the energy consumption  when assessed during the same time frame. 

Mobile Network Energy Consumption : overall energy consumption of equipment included in the MN under investigation. 

Mobile Network Performance Delivered: performance indicator of the MN under investigation, defined as the datavolume handled by the equipment of the mobile network under investigation during the time frame of the energy consumption assessment. 
Mobile Network Energy Efficiency: EE of Mobile Networks
power consumption: power consumed by a device to achieve an intended application performance

Energy saving feature: feature which contributes to decreasing the energy consumption compared to the case when the feature is not implemented

Base Station (BS): generic term used for network component which serves one cell or more cells and interfaces the user terminal (through air interface) and a radio access network infrastructure, limited to the wide area base stations and medium range base stations defined by 3GPP
telecommunication network: network operated under a license granted by a national telecommunications authority, which provides telecommunications between Network Termination Points (NTPs)

radio access network: generic term used for a telecommunications network in which the access to the network (connection between user terminal and network) is implemented without the use of wires and that is part GERAN, UTRAN or E-UTRA defined by 3GPP

Remote Radio Head: cf. Distributed BS.
3.2
Symbols

3.3
Abbreviations

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

3GPP
3G (mobile) Partnership Project
BS
Base Station
BH
Backhaul 

BHEC
BH Energy Consumption

CoA
Covered Area

DL
DownLink

DV
Data Volume

EDGE
Enhanced Datarate GSM Evolution
E-UTRA
Evolved UMTS Terrestrial Radio Access Network
eNB
E-UTRA BS

GERAN
GSM/EDGE Radio Access Network
GSM
Global System for Mobile communication
GSMA
GSM Association

HSDPA
High Speed Downlink Packet Access
HSPA
High Speed Packet Access
HW
HardWare
ICT 
Information Communications Tecnology
IP
Internet Protocol

ITU
International Telecommunications Union

KPI
Key Performance Indicator
LTE
Long Term Evolution

MDT
Minimization of Drive Tests

MN
Mobile Network

O&M
Operation & Maintenance

PDF
Probability Distribution Function

QoE
Quality of Experience (end-user)

QoS
Quality of Services

RAN
Radio Access Network

RAT
Radio Access Technology
RNC
Radio Network Controller

RRH
Remote Radio Head

RX
Receiver
SW
SoftWare
TCP
Transmission Control Protocol (ACK, SYN and FIN are signalling in the TCP session)
TX
Transmitter

UE
User Equipment

UL
UpLink
UTRAN
UMTS Terrestrial Radio Access Network
X2
Interface allowing to interconnect eNBs with each other 
WCDMA
Wideband Code Division Multiple Access
4
Mobile Network definition

The Mobile Network (MN) under investigation shall include all the equipment that are necessary to run a radio access network or sub-network. Equipment to be included in the Mobile Network under investigation:

· Base Stations (see [2,3])

· Wide area BS

· Medium range BS

· Local Area BS

· Home BS

· Radio site equipment

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

· Network controller

Power consumption and energy efficiency measurements of mobile network elements are described in several standards (for example TS 102 706 for radio base stations). This standard describes energy consumption and network efficiency measurements in operational networks. As a complete and detailed energy consumption measurement of the complete network of a country or operator is in most cases impossible or economically not viable, the total network is split into a small number of networks with limited size. 

This standard is not intended to test network efficiency in the laboratory or precisely measure country-wide network performance. However, the results should provide the basis to estimate energy efficiency for large networks of one operator or within an entire country, as depicted in figure 1. These sub-networks might consist of macro-only base stations or heterogeneous networks, depending on the actual implementation (figure 2).

For the test purpose defined in this standard the mobile network shall be split in domains depending on the population density. The following population density values per  domain categories shall be used (cf. for example [i.1]):
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Figure 1: Application range of this standard – only selected areas of the total network are tested
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Figure 2: Sub-network for test purposes. Homogenous or heterogenous network structures are considdered

In order to create meaningful and comparable results, the subnetwork selection requires concrete definitions

These sub-networks are defined to represent some specific characterisitcs like:

· Capacity limited networks representing urban and dense urban networks

· Sub-urban networds with high requirements for coverage and capacity

· Rural networks, which are usually coverage limited

Five area types are defined according to Table 1.

Table 1: sub-network categories

	Population density domains
	Typical
	Range

	Dense Urban (DU)
	20.000 inhabitants/km²
	> 10.000 inhabitants/km²

	Urban (U)
	2.000 inhabitants/km²
	1.000 – 10.000  inhabitants/km²

	Sub-urban (SU)
	300
	200 – 1.000  inhabitants/km²

	Rural (RU)
	30
	20 – 200  inhabitants/km²

	Unpopulated
	0
	 < 20 inhabitants/km²


5
Metrics for energy efficiency assessment 

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

· The Mobile Network Energy Consumption (ECMN) is the sum of the energy consumption of equipment included in the MN under investigation (cf. Clause 4). The network energy consumption is measured  according to the assessment process defined in Clause 6. 
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	(1)


where

EC is Energy Consumption, BS refers to the set of Base Stations in the MN under measurement, BH is the backhauling providing connection to the BSs in the MN under measurement; i is an inex spanning over the number of BSs, j an index spanning over the number of BH links.

ECMN shall be measured in Wh over the period of measurement T (see Clause 6).
· The Mobile Network performance delivered (DVMN) is the performance indicator of the MN under investigation (cf. Clause 4) relevant for energy efficiency assessment.  DVMN is defined as the data volume handled with a defined quality of service by the equipment of the mobile network under investigation during the time frame of the energy consumption assessment. The assessment process defined in Clause 6 shall be used.

	[image: image4.png]



	(2)


where DV, measured in Byte, is the performance delivered in terms of data volume in the sub-network over the measurement period T (see Clause 6).

Note:

· DVMN includes data volumes for DL, UL and X2 (for E-UTRA)

· data volume related to supervision of the BH is considered negligeable compared to DVMN
· Mobile Network data Energy Efficiency (EEMN,D) is the ratio between the performance indicator (DVMN) and the energy consumption (ECMN) when assessed during the same time frame. EEMN is expressed in Byte/Wh.

	[image: image5.png]



	(3)


· Mobile Network coverage Energy Efficiency (EEMN,C) is the ratio between the area covered by the BS in the MN under investigation (cf. Clause 4) and the energy consumption when assessed during one year. EEMN,C is  expressed in m²/Wh. EEMN,C is mainly used to complement EEMN,D for MNs handling low data volumes, in particular in rural or deep rural areas. The area covered shall be assessed using  rules (i.e. derived from geographic data or propagation models) defined in Clause 6.
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	(4)


Therefore, the mobile network efficiency shall be defined by two metrics:

1. Capacity (data) efficiency EEMN,D, which is defined as the capacity vs. energy consumption provided within the different sub-network categories

2. Coverage efficiency EEMN,C, which is defined as the covered area vs. energy consumption provided within the different sub-network categories

6
Measurement of energy efficiency

The measurement of the EEMN  in the MN under investigation shall be based on the separate measurement of the performance (in terms of capacity and coverage) and energy, according to the metrics defined in Clause 5. 

6.1 
Time duration of the measurement
The time duration of the measurement, denoted as T, shall be one of the alternatives:

· Daily measurement: T equal to 24 h

· Weekly measurement: T equal to 7 days

· Monthly measurement: T equal to 30 days

· Yearly measurement: T equal to 365 days
6.2
Measurement procedures

6.2.1
Measurement of Energy Consumption
The Energy Consumption of the MN shall be measured by means of metering information provided by utility suppliers. 

The ECMN is based on site granularity and includes therefore all the equipment that are in the MN sites (including the network controllers whenever applicable). The ECMN shall be differentiated per operator providing service to the MN; in case of shared infrastructure the ECMN of the shared sites shall be computed per each operator sharing those sites in a proportional ratio. In case of separate metering per operators the respective part of the ECMN shall be assigned to each operator.

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

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

The reporting frequency of the ECMN should be aligned with the utility provider settings and mobile network performance assessment settings. It shall be reported in the assessment report.

Note: as soon as a mobile network integrated measurement systems will be available, it should be used instead of the utility provided ECMN, allowing a more precise estimation of the consumption per RAT and per operator.
6.2.2
Measurement of capacity (data)
The DVMN shall be measured using network counters for data volume related to the aggregated traffic in the set of BS considered in the MN under test.

The data volume is considered as the overall amount of data transferred to and from the users present in the MN under test. Data volume shall be measured in an aggregated way per each RAT present in the MN and shall be measured referring to counters derived from vendors O&M systems.

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

Note: As soon as the MDT related measurements in [4] (3GPP TS 36.314) is available the data volume may be measured according to the specification given therein (especially referring to clause 4.1.8 in [4]).
6.2.3
Determination of coverage area

The area of the measurement is defined once a sub-network is selected, but the actual coverage shall be measured for each RAT and for each operator present in the area and this shall be done separately.

7
Extrapolation for global networks

A measure in each of the domains listed in Clause 4 shall be performed.
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