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This Technical Specification has been produced by GISFI.
The contents of the present document are subject to continuing work within the Technical Working Group (TWG) and may change following formal TWG approval. Should the TWG modify the contents of the present document, it will be re-released by the TWG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit shows the release to which the document belongs
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
.
[bookmark: _Toc347837603]Introduction
Enhancing the energy efficiency in telecommunication systems is a very important factor contributing to the effort towards Greening of ICT technologies. Telecommunication systems comprise of the wireless and wired access, core and data center components. Metrics to measure the energy efficiency of telecommunication equipments and standardized procedures of measurement and reporting are developed in this specification. Further, assessment scales and method of assessment is provided for the purpose of certification of equipment by appropriate test laboratories.
[bookmark: _Toc374930449][bookmark: _Toc436619240][bookmark: _Toc451844170][bookmark: _Toc466346614][bookmark: _Toc466348847][bookmark: _Toc466352954][bookmark: _Toc472222521][bookmark: _Toc347837604]1	Scope
This document specifies the method to be used by test laboratories towards computation of Energy Consumption Rating (ECR) and other applicable measures of energy efficiency. Supplemental standards to this umbrella document shall provide details on the metrics and methods of measurements for specific types of equipment. The provisions of this document and supplemental standards are limited to the equipments deployed in telecommunication networks, both wireless and wired. The results should only be used to assess and compare the energy efficiency of telecommunication equipment from different vendors featuring the same applicable telecommunication standard and other features such as frequency band of operation, coverage area and capacity rating. Passive telecom equipments and power equipments such as rectifiers, power supplies etc are considered to be out of the scope of this document.
[bookmark: _Toc374930450][bookmark: _Toc436619241][bookmark: _Toc451844171][bookmark: _Toc466346615][bookmark: _Toc466352932][bookmark: _Toc496418247][bookmark: _Toc345380207][bookmark: _Toc345380386][bookmark: _Toc345380471][bookmark: _Toc345380556][bookmark: _Toc345380641][bookmark: _Toc345381581][bookmark: _Toc345381745][bookmark: _Toc345381882][bookmark: _Toc345382327][bookmark: _Toc345382412][bookmark: _Toc345382518][bookmark: _Toc345382679][bookmark: _Toc345382764][bookmark: _Toc345383038][bookmark: _Toc345383210][bookmark: _Toc345383881][bookmark: _Toc345384166][bookmark: _Toc345384747][bookmark: _Toc345384951][bookmark: _Toc345386032][bookmark: _Toc345405368][bookmark: _Toc345405529][bookmark: _Toc345405614][bookmark: _Toc345405699][bookmark: _Toc345405784][bookmark: _Toc345406134][bookmark: _Toc345406482][bookmark: _Toc345406567][bookmark: _Toc345406652][bookmark: _Toc345406737][bookmark: _Toc345407059][bookmark: _Toc345409493][bookmark: _Toc345409603][bookmark: _Toc345409688][bookmark: _Toc345410484][bookmark: _Toc345410569][bookmark: _Toc345735801][bookmark: _Toc345736120][bookmark: _Toc345736205][bookmark: _Toc351282503][bookmark: _Toc374930453][bookmark: _Toc436619244][bookmark: _Toc451844174][bookmark: _Toc466346616][bookmark: _Toc466348849][bookmark: _Toc466352956][bookmark: _Toc472222523][bookmark: _Toc347837605]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[1] GISFI TR GICT.105 V1.1.0; Metrics and Measurement Methods for Energy Efficiency; (Release 1), December 2012.
[2] ATIS-0600015.2009: Energy Efficiency For Telecommunication Equipment: Methodology For Measurement and Reporting - General Requirements
[3] ICT Ecology Guideline Council of Japan, “Ecology Guideline for the ICT Industry,” February 14, 2012.
URL: http://www.tca.or.jp/information/pdf/ecoguideline/guideline_eng_3.pdf  Last accessed on : 4 January, 2013.
[4] ETSI TS 123 002 V9.2.0; Digital cellular telecommunications system (Phase 2+); Universal Mobile Telecommunications System (UMTS); LTE; Network architecture (2010-01) [3GPP TS 23.002 version 9.2.0 Release 9]
[5] ATIS 0600315.2007; Voltage Levels for DC-Powered Equipment Used in the Telecommunications Environment; ATIS-0600315.2007; December, 2007
[6] ITU Recommendation L. 1310, Energy efficiency metrics and measurement for telecommunication equipment; Nov 2013
[7] ETSI EN 300 132-2 v2.4.6; Power supply interface at the input to telecommunications and datacom (ICT) equipment; Part 2: Operated by -48 V direct current (dc)
[8] ETSI TS 102 706 V1.2.1; Measurement method for energy efficiency of wireless access network equipment; October 2011
[9] ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories
[10] Energy efficiency guidelines and best practices in Indian datacenter: Bureau of energy efficiency, Ministry of Power, Government of India, 2010.
[bookmark: _Toc347837606] 3	Definitions, symbols and abbreviations
[bookmark: _Toc374930454][bookmark: _Toc436619245][bookmark: _Toc451844175][bookmark: _Toc466346617][bookmark: _Toc466348850][bookmark: _Toc466352957][bookmark: _Toc472222524][bookmark: _Toc347837607][bookmark: _Toc374930455][bookmark: _Toc345380208][bookmark: _Toc345380387][bookmark: _Toc345380472][bookmark: _Toc345380557][bookmark: _Toc345380642][bookmark: _Toc345381582][bookmark: _Toc345381746][bookmark: _Toc345381883][bookmark: _Toc345382328][bookmark: _Toc345382413][bookmark: _Toc345382519][bookmark: _Toc345382680][bookmark: _Toc345382765][bookmark: _Toc345383039][bookmark: _Toc345383211][bookmark: _Toc345383882][bookmark: _Toc345384167][bookmark: _Toc345384748][bookmark: _Toc345384952][bookmark: _Toc345386033][bookmark: _Toc345405369][bookmark: _Toc345405530][bookmark: _Toc345405615][bookmark: _Toc345405700][bookmark: _Toc345405785][bookmark: _Toc345406135][bookmark: _Toc345406483][bookmark: _Toc345406568][bookmark: _Toc345406653][bookmark: _Toc345406738][bookmark: _Toc345407060][bookmark: _Toc345409494][bookmark: _Toc345409604][bookmark: _Toc345409689][bookmark: _Toc345410485][bookmark: _Toc345410570][bookmark: _Toc345735802][bookmark: _Toc345736121][bookmark: _Toc345736206][bookmark: _Toc351282504]3.1	Definitions
This document defines the following items.
[bookmark: _Toc374930456][bookmark: _Toc436619249][bookmark: _Toc451844179][bookmark: _Toc466346619][bookmark: _Toc466348852][bookmark: _Toc466352959][bookmark: _Toc472222526][bookmark: _Toc347837608]3.2	Abbreviations
3GPP	Third Generation Partnership Program 
ADM	Add Drop Multiplexer
ATIS	Alliance for Telecommunications Industry Solutions
BGCF	Breakout Gateway Control Function
BIS	Bureau of Indian Standards
BSC	Base Station Controller
CDMA	Code division multiple access
CISC	Complex Instruction Set Computer
CPE	Customer Premises Equipment
CSCF	Call Session Control Function
CWDM	Coarse Wavelength Division Multiplexing
DCS	Digital Cross Connect Systems
DSLAM	Digital Subscriber Line Access Multiplexer
DWDM	Dense Wavelength Division Multiplexing
ECR	Energy Consumption Rating
ETSI	European Telecommunications Standards Institute
EUT	Equipment under Test	
GGSN	Gateway GPRS Support Node
GSM	Global System for Mobile Communications
HLR	Home Location Register
HSS	Home Subscriber Server
IBCF	Interconnection Border Control Function
ISO	International Organization for Standardization
ITU	International Telecommunication Union
LRF	Location Retrieval Function
MGW	Media Gateway	
MME	Mobility Management Entity
MRFC	Multimedia Resource Function Controller
MRFP	Multimedia Resource Function Processor
MSC	Mobile Switching Center
MSPP	Multiservice Provisioning Platforms Multiservice Provisioning Platforms
OLT	Optical Line Terminal
ONU	optical Network Unit
OXC	Optical Cross Connect
PGW	Packet Gateway
PON	Passive Optical Network
RBS	Radio Base Station
RISC	Reduced Instruction Set Computer
RNC	Radio Network Controller
ROADM	Reconfigurable Optical Add-Drop Multiplexer 
SDH	Synchronous Digital Hierarchy
SGSN	Serving GPRS Support Node
SGW	Serving Gateway
SLF	Subscriber Location Function
SONET	Synchronous Optical Networking 
STQC	Standardisation Testing and Quality Certification
TDM	Time Division Multiplexing	
UE	User Equipment	
UMTS	Universal Mobile Telecommunications System
WAN	Wide Area Network	
WCDMA	Wideband Code Division Multiple Access
WDM	Wavelength Division Multiplexing
WiMAX	Worldwide Interoperability for Microwave Access

[bookmark: _Toc347837609]
4	Equipment Classification
Telecommunication equipment shall be classified based on the application, mode of functioning and the location of deployment in the wireless and wired network. For the purpose of definition of energy efficiency metrics and measurement methods, the following equipment classification is provided.
[bookmark: _Toc347837610]4.1	Equipment Type
[bookmark: _Toc347837611]4.1.1 		Access Network Equipment
Telecommunication equipment that connects the end user to the core or transport network through wireless or wired medium is termed the access network equipment. This classification may also include the equipment that transmits signals (voice, data and control signals) from the core to the end user’s demarcation point such as the residential gateway equipment. Customer Premise Equipments (CPE) located on the customer’s side of the demarcation point (such as telephones, modems, home routers, set top boxes and adaptors) are considered out of scope of the present document.
[bookmark: _Toc347837612]4.1.1.1 		Fixed Telecom Access Network Equipment
Access network equipment that provides connectivity to the user through a wired medium (such as copper, fiber etc) is considered to be fixed telecom equipment for the purpose of this document.
[bookmark: _Toc347837613]4.1.1.1.1 	Circuit Switched 	Fixed Telecom Equipment
Circuit switching is a methodology of implementing a telecommunications network in which two network nodes establish a dedicated communication channel (circuit) through the network before the nodes may communicate. Circuit switched fixed telecom access network equipment includes:
a. Digital Subscriber Line Access Multiplexer (DSLAM) Equipment
[bookmark: _Toc347837614]4.1.1.1.2 	Packet Switched 	Fixed Telecom Equipment
Packet switching is a methodology of implementing a telecommunications network that groups all data signals to be transmitted into suitably sized blocks, called packets and transmits them to the intended receiver node without prior establishment of a dedicated communication channel. Packet switched fixed telecom access network equipment includes:
a. Ethernet router and switch connected to WAN 
[bookmark: _Toc347837615]4.1.1.1.3 	Passive Optical Network Fixed Telecom Equipment
A passive optical network (PON) is a fixed line point-to-multipoint, fiber to the customer premises network architecture in which unpowered optical splitters are used to enable a single optical fiber to serve multiple premises. A PON access network consists of the following equipments:
a. Optical Line Terminal (OLT) equipment at the service provider's central office
b. Optical Network Unit (ONU) equipment near end users.
[bookmark: _Toc347837616]4.1.1.2 		Wireless Telecommunication Equipment
Access network equipment that provides connectivity to the user through an unguided wireless medium by means of radio waves is considered to be wireless telecom equipment for the purpose of this document.

[bookmark: _Toc347837617]4.1.1.2.1 	Circuit Switched Radio Base Station
A Radio Base Station (RBS) is equipment that facilitates two way wireless communications between user equipment (UE) and a network. If the access network provides circuit switched mode of operation, then the RBS is referred to as circuit switched RBS in this document. Circuit switched RBSs include:
a.	GSM, CDMA – Narrowband 2G base stations
b.	WCDMA – Wideband 3G base stations
[bookmark: _Toc347837618]4.1.1.2.2 	Packet Switched Radio Base Station
RBS equipment that provides wireless communication between UE and a network through end to end packet switched mode of operation is referred to as packet switched RBS in this document. Packet switched RBSs include:
a.	IEEE 802.16e (WiMAX BS)
b.	3GPP LTE (LTE eNodeB)

[bookmark: _Toc347837619]4.1.2 	Transport Network Equipment
Transport equipment enables information transfer capabilities originating and terminating access service facilities. [ATIS-0600015 2009 definition].
[bookmark: _Toc347837620]4.1.2.1	Circuit Switched Optical Transport Equipment
This classification includes all optical transport equipments that utilize the circuit switched mode of operation. This includes the Synchronous Optical Networking / Synchronous Digital Hierarchy (SONET/SDH), Wavelength Division Multiplexing (WDM) equipment. WDM equipment is a product that performs communication functions over a single fiber-optic cable by multiplexing multiple optic signals of different wavelengths.
The class of optical equipments covered under this classification includes:
a.	Multiservice SONET/SDH multiplexers (ADMs), Multiservice Provisioning Platforms (MSPP), optical cross connect (OXC) systems, digital cross connect systems (DCS)
b.	Optical Transport Network (OTN) equipments
c.	Coarse WDM (CWDM) / Dense WDM (DWDM) with reconfigurable optical add-drop multiplexer (ROADM) and similar equipment
[bookmark: _Toc347837621]4.1.2.2 	Converged Packet Optical Transport Equipment
This classification includes all optical transport equipments that utilize the packet switched mode of operation. This classification includes the following equipment:
a.	Equipment capable of bi-directional independent switching of TDM signals and packet signals
b.	Equipment capable of partial conversion from TDM to packet signals and vice –versa prior to switching
c.	Equipment capable of full conversion from TDM to packet signals and switched via the packet switch
d.	Equipment capable of full conversion from packet signals to TDM and switched via the TDM switch
[bookmark: _Toc347837622]4.1.2.3 	Circuit Switched Transport Equipment – other than optical
This classification includes all non-optical transport equipments that utilize the circuit switched mode of operation. This classification includes the following equipment:
a.	Free space optical transport equipment
b.	Point to Point wireless transport equipment
[bookmark: _Toc347837623]4.1.2.4 	Packet Switched Transport Equipment – other than optical
This classification includes all non-optical transport equipments that utilize the packet switched mode of operation. This classification includes the following equipment:
a.	Point to Point wireless IP transport equipment
b.	Distribution or Aggregation L2 Switch
c.	Core L2 switch
d.	Edge Router
e.	Core router
[bookmark: _Toc347837624]4.1.2.5 	Specialized Transport Equipment
This classification includes all transport equipments used to transfer special signals such as multimedia in an optimized manner. This includes the following equipments: 
a.	Video transport equipment
b.	Storage area networking equipment
[bookmark: _Toc347837625]4.1.3 		Core Network Equipments
Core network equipment provides support for the network features and telecommunication services. The support provided includes functionality such as the management of user location information, control of network features and services, the transfer (switching and transmission) mechanisms for signalling and for user generated information. [3GPP 23.002 definition]
[bookmark: _Toc347837626]4.1.3.1 	Mobile Core Network Equipment
This classification includes the network elements defined in applicable reference architecture standards for mobile telecommunication operator networks. For the purpose of this document, the radio access control elements are considered to be part of the core network equipment.
[bookmark: _Toc347837627]4.1.3.1.1 	GSM, UMTS Core Network Equipment
The following core network equipments are considered within the scope of this classification:
a. Mobile Switching Center (MSC)
b. Home Location Register (HLR)
c. Media Gateway (MGW)
d. Serving GPRS Support Node (SGSN)
e. Gateway GPRS Support Node (GGSN)
f. Packet Gateway/Serving Gateway (PGW/SGW)
g. Mobility Management Entity (MME)
[bookmark: _Toc347837628]4.1.3.1.2	GSM, UMTS Radio Access Control Equipment
The following core network equipments are considered within the scope of this classification:
a. Base Station Controller (BSC)
b. Radio Network Controller (RNC)
[bookmark: _Toc347837629]4.1.3.1.3 		Packet Switched Core Mobile Network Equipment	
The following packet switched core network equipments are considered within this classification:
IMS Core Network Equipment:
a.	Breakout Gateway Control Function (BGCF)
b.	Call Session Control Function (CSCF)
c.	Home Subscriber Server (HSS)
d.	Interconnection Border Control Function (IBCF)
e.	Multimedia Resource Function Controller (MRFC)
f.	Media Resource Function Processor (MRFP)
g.	Subscriber Location Function (SLF)
h.	Location Retrieval Function (LRF)

EPC Core Network Equipment:
a.	Packet Gateway/Serving Gateway (PGW/SGW)
b.	Mobility Management Entity (MME)
[bookmark: _Toc347837630]4.1.4 		Data Center Equipments
A data center is a complex facility combining ICT equipment such as servers, storage equipment, and network equipment with other hardware including air conditioning systems and power converters. Hence metrics for measuring the energy efficiency of data centers may be applicable to individual server, network router, switch and storage equipments. Apart from this, facility level metrics may be defined considering the overall energy efficiency of data center facility.
[bookmark: _Toc347837631]4.1.4.1 	Data Center Server Equipment
The data center server equipment may be classified based on their CPU instruction set architecture to be:
a.	CISC
b.	RISC
c.	IA32
d.	IA64
[bookmark: _Toc347837632]4.1.4.2 	Data Center Network Equipment
The data center network equipment includes the following IP equipments:
a. Data center router
b. Data center switch
[bookmark: _Toc347837633]4.1.4.3 	Data Center Storage Equipment
Storage equipment considered in this document shall have multiple disc drives, comprising of a magnetic disc control unit and a magnetic disc device, and is used with mainframe or other servers as an external memory device:

a.	Main frame storage subsystem
b.	Non main frame storage subsystem
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[bookmark: _Toc347837635]5.1.1 		Power measurements
Measurement accuracy plays a critical role in determining the energy consumed by telecom equipment at test facilities. Errors due to misconfiguration, insufficient samples can impact the determination of figure of merit for energy efficiency. The DC power equipment powering the equipment under test (EUT) should confirm to the electromagnetic noise requirements as specified by applicable standard [ATIS 0600315.2007 [5] or equivalent BIS specification in India]. All power measurement equipment used for taking measurements shall be in a current state of calibration as specified by the applicable requirements [In India, Electro Technical Calibration by Standardisation Testing and Quality Certification Directorate, STQC or equivalent].
[bookmark: _Toc347837636]5.1.2 		Environmental Considerations
This section provides the applicable environmental considerations for test and measurement of telecommunication equipment. Environmental conditions for consideration include:
a. Temperature
The equipment should be evaluated at an ambient temperature of 25°±3ºC (77 oF ±5oF). The equipment itself should stay online or operate at this air temperature for no less than three hours prior to the test. No ambient temperature changes are allowed until the test is complete.
b. Humidity
The telecommunication equipment should be evaluated at a relative humidity of 30% to 75%. For datacenter servers alone the relative humidity should be in the range of 40% to 55%. This is because servers with critical duties will shutdown or fail when the humidity levels rise above the above specified levels [10].
c. Barometric pressure
The equipment should be evaluated at site pressure between 860 to 1060 hPa. No targeted airflows are allowed except for regular ambient room, data centre or rack cooling.
d. Voltage supply [DC powered equipment, AC powered equipment]
DC powered equipment (-48 V DC systems):
Majority of telecommunication equipments (servers, routers, switched, transport etc.) are powered from central DC power plants. In such systems, the nominal load voltage can be from 50 to 55 VDC at the utilization equipment. For these class of equipments, the DC voltage powering the equipment shall be chosen in the range of - 55.5 to -52.5 V (54±1.5 V). 
For telecommunications equipment intended to be powered by local DC power obtained from small AC to DC supplies, testing at -48VDC (± 1%) is recommended.
DC powered equipment (other than -48 V DC systems):
Unless otherwise specified in a supplemental standard to this General Requirements specification, equipment using nominal DC voltages other than -48 Vdc shall be evaluated at ± 2% of the specified voltage.
AC powered equipment: The input to the equipment (all active feeds) should be the nominal specified voltage ±5% and the specified frequency ±1%. In case the equipment can work at a different nominal voltage, the measure shall be executed at one of the nominal voltages. The total harmonic distortion <= 2% up to and including the 13th harmonic.
Unless otherwise specified in a supplemental standard to this general requirements specification document, the environmental conditions for the measurements would be as per the applicable national or international standards [ATIS-0600015.2009 [2], ITU Recommendation L. 1310 [6], ETSI TS 102 706 V1.2.1 [8], ETSI EN 300 132-2 v2.4.6 [7] or equivalent national standard].
[bookmark: _Toc347837637]5.1.3 		Power measurement equipment considerations
This section provides the applicable considerations for setup and configuration of power measurement equipments for telecommunication equipments.
It is recommended that integrated power analyzer equipment be utilized for the purpose of measurements. However, an equivalent setup (voltage and current measurement equipment) with high sampling frequency and data storage capability is acceptable. Unless otherwise specified in a supplemental standard to this general requirements specification document, the power measurement equipment requirements would be as per the applicable national or international standards [ATIS-0600015.2009[2], ITU Recommendation L. 1310 [6] or equivalent national standard]. 
Every active power feed should have the power (current) meter installed in the power line with a desired accuracy not less than ±1% of the actual power level. The power meter should include correction for power factor (PF) on AC feeds; otherwise, it will be necessary to also record the power factor in the measurement report. All energy consumption calculations are based on averaging multiple readings over the course of measurements. Power meters should be able to produce no less than 100 evenly-spaced readings in every full test cycle duration. 
a) Power measurement instruments (such as voltmeters and ampere meters or power analysers) shall have a resolution of 0.5% or better. AC power measurement instruments shall have the following minimum characteristics:
i. A minimum digitizing sample rate of 40 kHz.
ii. Input circuitry with a minimum bandwidth of 80 kHz.
iii. Capability of accurate readings of waveforms having a crest factor up to at least 5.
iv. Power factor correction and reporting.

[bookmark: _Toc347837638]5.1.4 	Power source considerations
Power sources used to provide power to the EUT shall be appropriately over provisioned for any transient. A minimum of 1.5 times the power rating of the EUT is recommended.
[bookmark: _Toc347837639]5.1.5 	Equipment stabilization considerations
EUT shall be allowed to stabilize and then operate for a minimum duration before measurements are recorded. The appropriate duration for the system to reach stability is variable based on the equipment considered and would be specified under each supplemental standard.
[bookmark: _Toc347837640]5.1.6	Measurement duration
Measurements are recorded for a minimum specified duration after the EUT reaches a stable condition of operation. The appropriate duration for measurement is variable based on the equipment considered; metric of measurement and power saving modes considered. The appropriate minimum specified duration would be specified under each supplemental standard.
[bookmark: _Toc347837641]5.1.7	Test configurations
Equipments with multiple power connections (such as those provisioned with redundant power supplies) shall be configured with all power supply interfaces active and the total power flow from all these interfaces is computed to obtain the total system power consumption.
Traffic parameters and mode of load generation shall be defined in supplemental standards. As a general requirement, it is to be ensured that traffic and system is so configured as to exercise all the required features and functions of the equipment.
As specified in the Section 5.1.2 of this document, the ambient temperature for the measurement is considered to be 25°±3ºC (77 oF ±5oF). The energy consumed by the cooling fans within the EUT may be different at different ambient temperatures. The information reported in the measurement report should account for the fan power expected when the equipment operates in a controlled environment of the lab at a temperature in the range 25°±3ºC (77 oF ±5oF). One of the following recommended methods must be employed to obtain the controlled measurement conditions:
a. Test in a thermally controlled environment with recommended temperature of 27ºC (80.6 oF)
b. If fans are configurable, they shall be configured with speed settings to simulate the operating environment of 27ºC (80.6 oF) and barometric pressure 1013.25 hPa at sea level.
c. If fans are not configurable, a fan speed adjustment must be added to the measured system power.
[bookmark: _Toc347837642]5.1.8	Energy measurements at variable loads
Supplemental standards would define the traffic conditions, load generation and requirements of each class of equipment. Measurements shall be carried out for the appropriate applicable traffic conditions and mode of generation. Power measurements would be averaged over the recommended time duration. All energy measurements shall be taken at the main system power supply unit incorporating all the operational modules.


[bookmark: _Toc347837643]6	Metrics of energy efficiency
This section provides the metrics of energy efficiency as applicable to the equipments covered under the supplemental standards. The generic definition of telecommunications equipment efficiency is the ratio of power to the useful work done. Useful work and power are terms that would be defined in each supplemental standard. Additionally, in the supplemental standards, the following would be provided:
a. The scale of the energy efficiency metric for each class of equipment would be defined so that the metrics for similar class of equipment may be made comparable.
b. The lower the value of the energy efficiency metric, the more energy efficient is the metric compared to others of similar configuration.

[bookmark: _Toc347837644]6.1 	Equipment energy efficiency
This specification defines energy efficiency of equipment in terms of Energy Consumption Rating (ECR). ECR is average power consumption of the equipment normalized to throughput and has a physical meaning of energy consumption to move one unit worth of data per second. For more detailed information, please reference the applicable supplemental standard. The general method to calculate ECR would be:

………………………………………………………………(1)
Where,
Power = Power in Watts (dependent on the equipment measurement)
Useful work will be defined in supplemental standard based on the functionality and mode of operation of the equipment. Examples could be raw data rate in bits per second, throughput, area covered, number of subscribers served etc.


[bookmark: _Toc347837645]7	Assessment Method
[bookmark: _Toc347837646]7.1	Assessment Levels
An assessment scale of five levels representing rate of reduction in energy consumption vs. the normative reference level shall be provided to determine the energy efficiency of the equipment. The normative reference would be computed as per the vendor reported metrics for each class of equipment as per the applicable supplemental standard. The levels would be indicated by the number of stars (★). The greater the number of stars, the greater the energy efficiency.
[bookmark: _Toc347837647]7.2	Assessment Procedure
	Assessment scale
	Rate of reduction vs the power consumption at normative reference

	★★★★★
	>=30% reduction compared to normative reference

	★★★★
	20% to 30% reduction compared to normative reference

	★★★
	10% to 20% reduction compared to normative reference

	★★
	0% to 10% reduction compared to normative reference

	★
	Normative reference not achieved



This table provides the assessment scales for grading the energy efficiency of telecom equipments, The normative reference is considered to be the base line for deciding on the reduction in energy consumption achieved. Any improvement over and above this reference figure would be considered as a more energy efficient equipment.


[bookmark: _Toc347837648]8 Measurement report
The measurement report must have the following details:
a. Details of supplemental standards applicable to the equipment
b. Time, Date and location of test.
c. Physical and environmental configuration of the test equipment.
d. Model, Serial number, Software and Hardware versions supported on the equipment during the test.
e. List of features supported by the equipment and those activated during the test.
f. Traffic generation profile and duration of traffic generation.
g. Test and measurement equipment calibration and configuration details.
h. System setup diagram, detailing the electrical and network connections and configurations.
i. Energy or power measurement results for all applicable test profiles as detailed in the applicable supplemental standards.
j. Start and Stop times for the record of measurements undertaken.

[bookmark: _Toc347837649]8.1	Reporting format
The general requirements for a test report are contained in ISO/IEC 17025 [9]. The following basic information must accompany the measurement report for energy efficiency of telecommunication equipment.
a. A Title: Energy Efficiency Measurement Report
b. Name of the equipment under test, Manufacturer detail
c. Equipment category as per this document
d. Applicable standards for energy efficiency measurement
e. Name and address of the measurement laboratory, location where the measurements were carried out.
f. Unique identification of the measurement report
g. Name and address of the manufacturer
h. Identification of the method used.
i. Description of measurement conditions and unambiguous identification of the equipment tested.
j. The date of performance of the measurement and generation of report
k. The measurement report with appropriate metrics and units of measurements as described in the supplemental standards to this document.
l. The name(s), function(s) and signature(s) or equivalent identification of person(s) authorizing the measurement report.




 
Table 1: Sample measurement report format. [Report must be inclusive but not limited to the relevant mentioned fields]
	Equipment under test

	Hardware

	Description:
	

	Dimensions:
	

	Configuration mounting:
	

	Fan compensation power notes:
	

	Modification required:
	

	
	

	Software

	Firmware version:
	

	Boot loader version:
	

	Operating system details:
	

	
	

	
	

	Configuration notes and software tuning parameters

	Configuration Notes:
	

	Software tuning parameters:
	

	Enabled features:
	

	Disabled features:
	

	
	

	
	

	Annotated picture of equipment under test

	<INSERT PICTURE OF THE SETUP>

	Description of setup

	Environmental conditions

	Criteria
	Specified conditions
	Test conditions

	Test duration
	
	

	Ambient temperature
	
	

	Relative humidity
	
	

	Atmospheric Pressure
	
	

	Feed voltage
	
	

	Supply power ratio
	
	

	
	
	

	
	
	

	Energy Analyzer

	Hardware vendor
	

	Model 
	

	Serial number
	

	Calibration lab
	

	Accredited by
	

	Calibration level
	

	Calibration date
	

	Calibration validity period
	

	
	

	Power feed sizing

	Minimum
	

	Maximum
	

	Total power feeds
	

	Feed redundancy
	



[bookmark: _Toc347837650]8.2	Test data formats
Supplemental standards to this document would define the specific metrics, calculation formulae and reporting formats of measured data for each class of equipments. This information needs to be appended to the measurement report.
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