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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 |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto 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

Thisfinal draft ETSI Standard (ES) has been produced by ETSI Technical Committee Environmental Engineering (EE),
and is now submitted for the ETS| standards Membership Approval Procedure.

The present document is part 1 of a multi-part deliverable covering the metrics and measurement method for energy
efficiency of wireless access network equipment, as identified below:

Part 1. " Power Consumption - Static M easurement M ethod" ;

Part2:  "Energy Efficiency - dynamic measurement method".

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

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

Introduction

Energy efficiency is one of the critical factors of the modern telecommunication systems. The energy consumption of
the access network is the dominating part of the wireless telecom network energy consumption. Therefore the core
network and the service network are not considered in the present document. In the radio access network, the energy
consumption of the Base Station is dominating (depending on technology often also referred to as BTS, NodeB,
eNodeB, etc. and in the present document denoted as BS). The energy consumption of Radio Network Control nodes
(RNC or BSC) are covered in ETSI ES 201 554 [5].

The standard ETSI ES 202 706 defines methods to analyse the power consumption and energy efficiency of base
stationsin static mode and dynamic mode respectively.

The present document defines the static measurement method for the evaluation of base station power and energy
consumption:

. Average power consumption of BS equipment under static test conditions: the BS average power consumption
is based on measured BS power consumption data under static condition when the BS isloaded artificially in a
lab for three different loads, low, medium and busy hour under given reference configuration.

. Daily average energy consumption.

ETSI ES 202 706-2 [i.8] defines energy efficiency measurement of the base station.

ETSI
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1 Scope

The present document version covers the following radio access technologies:
. GSM.
U WCDMA.
. LTE.

e WIMAX™ (informative only).

The methodology described in the present document is to measure base station static power consumption. Within the
present document it is referred to as static measurements.

The results based on "static" measurements of the BS power consumption provide a power and energy consumption
figure for BS under static load.

Energy consumption of terminal (end-user) equipment is outside the scope of the present document.
The scope of the present document is not to define target values for the power consumption.
The results should only be used to assess and compare the power and energy consumption of base stations.

Wide Area Base Stations and Medium Range Base Stations are covered in the present document [12].

2 References

2.1 Normative 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
https://docbox.etsi.org/Reference/.

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

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

[1] Void.

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

[3] CENELEC EN 50160: "V oltage characteristics of electricity supplied by public electricity
networks".

[4] ETSI EN 300 132-2: "Environmental Engineering (EE); Power supply interface at the input to
telecommunications and datacom (ICT) equipment; Part 2: Operated by -48 V direct current (dc)".

[5] ETSI ES 201 554: "Environmental Engineering (EE); Measurement method for Energy efficiency
of Mobile Core network and Radio Access Control equipment”.

[6] Void.

[7] ETSI TS 125 141 (V8.3.0): "Universal Mobile Telecommunications System (UMTS); Base

Station (BS) conformance testing (FDD) (3GPP TS 25.141 version 8.3.0 Release 8)".
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[8] ETSI TS 125 101: "Universal Mobile Telecommunications System (UMTS); User Equipment
(UE) radio transmission and reception (FDD) (3GPP TS 25.101)".

[9] ETSI TS 136 101: "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment
(UE) radio transmission and reception (3GPP TS 36.101)".

[10] ETSI TS 136 211: "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
channels and modulation (3GPP TS 36.211)".

[17] ETSI TS 136 141 (V8.6.0): "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base
Station (BS) conformance testing (3GPP TS 36.141 version 8.6.0 Release 8)".

[12] ETSI TS 136 104: "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station
(BS) radio transmission and reception (3GPP TS 36.104)".

[13] IEEE 802.16e™: "IEEE Standard for Local and metropolitan area networks Part 16: Air Interface
for Fixed and Mobile Broadband Wireless Access Systems Amendment for Physical and Medium
Access Control Layers for Combined Fixed and Mobile Operation in Licensed Bands'.

NOTE: WiMAX™ Technologies and Standards.

2.2 Informative 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.

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

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] Void.

[i.2] IEC/ISO Guide 98-3: "Evaluation of measurement data - Guide to the expression of uncertainty in
measurement” 2008 or equivaent GUM:2008/JCGM 100:2008.

NOTE: Available at http://www.bipm.org/utils’common/documents/jcgm/JCGM 100 2008 E.pdf.

[i.3] ETSI TS 145 005: "Digital cellular telecommunications system (Phase 2+); Radio transmission
and reception (3GPP TS 45.005)".

[i.4] ISO/IEC 17025: "General requirements for the competence of testing and calibration laboratories'.

[i.5] ETSI TS 151 021: "Digital cellular telecommunications system (Phase 2+); Base Station System

(BSS) equipment specification; Radio aspects (3GPP TS 51.021)".
[i.6] IEC 62018: "Power consumption of information technology equipment - Measurement methods'.
NOTE: Equivalent to CENELEC EN 62018.

[i.7] ETSI TS 102 706 (V1.2.1): "Environmental Engineering (EE); Measurement Method for Energy
Efficiency of Wireless Access Network Equipment”.

[i.8] ETSI ES 202 706-2: "Environmental Engineering (EE); Metrics and Measurement Method for
Energy Efficiency of Wireless Access Network Equipment; Part 2: Energy Efficiency - dynamic
measurement method".

[i.9] ETSI TR 103 117: "Environmental Engineering (EE); Principles for Mobile Network level energy
efficiency"”.
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3 Definitions and abbreviations

3.1 Definitions

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

Base Station (BS): radio access network component which serves one or more radio cells and interfaces the user
terminal (through air interface) and a wireless network infrastructure

BStest control unit: unit which can be used to control and manage BS locally in alab
busy hour: period during which occurs the maximum total load in a given 24-hour period

busy hour load: in static measurement it is the highest measurement level of radio resource configuration and in
dynamic measurement is the highest activity level

distributed BS: BS architecture which contains remote radio heads (i.e. RRH) close to antenna element and a central
element connecting BS to network infrastructure

efficiency: relation between the useful output (telecom service, etc.) and energy consumption
energy consumption: integral of power consumption over time
full load: operating mode including all radio resources and 100 % traffic conditions

integrated BS: BS architecture in which all BS elements are located close to each other; for example in one single
cabinet

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

low load: in static measurement it is the lowest measurement level of radio resource configuration and in dynamic
measurement is the lowest activity level

medium load: in static measurement it is the medium measurement level of radio resource configuration and in
dynamic measurement is the medium activity level

medium range BS: Base Station that is characterized by a rated output power (PRAT) above 24 dBm and less than or
equal to 38 dBm accordingto ETSI TS 136 104 [12] and ETSI TS 125 104 [2]

multi-band base station: configuration which allows the simultaneous operation on at least two different frequency
bands

power saving feature: software/hardware feature in a BS which contributes to decrease power consumption

rated output power: rated output power of the base station is the mean power level per carrier for BS operating in
single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at
the antenna connector during the transmitter ON period according to ETSI TS 136 104 [12] and ETSI TS 125 104 [2]

site correction factor: scaling factor to scale the BS equipment power consumption for reference site configuration
taking into account different power supply solutions, different cooling solutions and power supply losses

static measurement: power consumption measurement performed with different radio resource configurations with
pre-defined and fixed load levels

wide area BS: Base Station that is characterized by arated output power (PRAT) greater than 38 dBm according to
ETSI TS 136 104 [12] and ETSI TS 125 104 [2]

3.2 Abbreviations

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

AC Alternating Current
BCCH Broadcast Control CHannel

ETSI
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BS Base Station

BSC Base Station Controller

BTS Base Transceiver Station

BW Bandwidth

CA Carrier Aggregation

CCE Control Channel Elements

CCH Common CHannel

CCPCH Common Control Physical Channel

CP Cyclic Prefix

CPICH Common Pllot CHannel

CS Circuit Switched

DC Direct Current

DL DownLink

DPCH Dedicated Physical CHannel

DUT Device Under Test

EDGE Enhanced Datarate GSM Evolution
EPRE Emitted Power per Resource Element
FCH Frequency Correction Channel

GERAN GSM/EDGE Radio Access Network

GP Guard Period

GSM Global System for Mobile communication
GUM Guide to the expression of Uncertainty in Measurement
HSPA High Speed Packet Access

HW HardWare

JCGM Joint Committee for Guides in Metrology
KPI Key Performance I ndicator

LTE Long Term Evolution

LTE-A Long Term Evolution advanced

MAP Media Access Protocol

MCPA Multi Carrier Power Amplifier

MIMO Multiple Input Multiple Output

NA Not Applicable

NIST National Institute of Standards and Technology
OFDM Orthogonal Frequency Division Multiplex
PA Power Amplifier

PBCH Packet Broadcast Control Channel

PBH Power during Busy Hour

PC Power for Central Part

Pcell Primary cell

PCFICH Physical Control Format Indicator CHannel
PCH Paging Channel

PCM Pulse Code Modulation

PDCCH Physical Downlink Control CHannel
PDF Proportional Distribution Function
PDSCH Physical Downlink Shared CHannel
PHICH Physical Hybrid ARQ Indicator CHannel
PICH Paging Indicator Channel

PRAT Rated output power

PRB Physical Resource Block

PRRH Power for Remote Radio Head

PSS Primary Synchronizing Signal

REG Resource Element Group

RF Radio Frequency

RMS Root Mean Square

RNC Radio Network Controller

RRH Remote Radio Head

RS Reference Signals

RX Receiver

SA Subframe Assignment

Scell Secondary cell

SCH Synchronization Channel

SDH Synchronous Digital Hierarchy
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SIMO Single Input Multiple Output

SSS Secondary Synchronizing Signal

SW SoftWare

TDD Time Division Duplex

TMA Tower Mount Amplifier

TRX Transceiver

TS Time Slot

TTI Time Transmit Interval

TX Transmitter

UE User Equipment

UL UpLink

UL/DL Uplink/Downlink

UTRA Evolved Universal Terrestrial Radio Access
WCDMA Wideband Code Division Multiple Access

WiMAX™ Worldwide interoperability for Microwave Access

4 Assessment method

The assessment method is covering the BS equipment average power and energy consumption for which the present
document defines reference BS equipment configurations and reference load levels to be used when measuring BS
power consumption.

The assessment procedure contains the following tasks:
1) Identification of equipment under test:
1.1 Identify BS basic parameters (table A.1in annex A).
1.2 List BSconfiguration and traffic load(s) for measurements (annexes D, E, F).
1.3 List of used power saving features and capacity enhancement features.
2) Measure BS equipment power consumption for required load levels (clause 6).
3) Cdculate daily energy consumption (clause 7).

4)  Collect and report the measurement results.

5 Reference configurations and Measurement
conditions
5.0 Introduction

The BS equipment is a network component which serves one or more cells and interfaces the mobile station (through air
interface) and a wireless network infrastructure (BSC or RNC) ( [i.3] and [2]).

5.1 Reference configurations

Reference configurations are defined for the different technologies (GSM/EDGE, WCDMA/HSPA, LTE, WiMAX™)
in the corresponding annexes (annexes D to G).

These configurations include compact and distributed BS, mast head amplifiers, remote radio heads, RF feeder cables,
number of carriers, number of sectors, power range per sector, frequency range, diversity, MIMO.

The BS shall be tested with its intended commercially available configuration at temperatures defined in clause 5.2.3
"Environmental conditions". It shall be clearly reported in the measurement report if the BS cannot be operated without
additional air-conditioning at the defined temperatures.

ETSI
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Appropriate transmission e.g. atransport function for EL/T1/Gbit Ethernet or other providing capacity corresponding to
the BS capacity, shall be included in the BS configuration during testing. The configurations include:

1) UL diversity (Thisisastandard featurein all BS. Therefore it is considered sufficient that the test is performed
on the main RX antennaonly. The diversity RX shall be active during the measurement without connection to
the test signal).

2) DL diversity (Not considered in R99 and HSPA. LTE: Transmission mode 3 " Open loop spatial multiplexing"
shall be accordingto ETSI TS 136 211 [10] (2x2 DL MIMO)).

Integrated Base Station

________ . Antennas

[ l ——t——eAn
—} e A2
RF unit —— o Al

Power

Pie

Signal Processing

Transmission

Power Supply

Transmission @
T

Figure 1: Integrated BS model
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Distributed Base Station
Remote Unit
________ : Antennas
= | L H4———— e An
Power = - ® A2
Pre % Remote RF unit = e Al
(]
3
o
a
System Unit
_; Signal Processing
Power o
Pse %
(O]
2
o] ..
o Transmission

Transmission ¢
T

Figure 2: Distributed BS model

5.2 Measurement and test equipment requirements

52.0 Introduction

The measurement of the power consumption shall be performed by either measuring the power supply voltage and true
effective current in parallel and calculate the resulting power consumption (applicable only for DC) or with a wattmeter
(applicable for both AC and DC). The measurements can be performed by a variety of measurement equipment,
including power clamps, or power supplies with in-built power measurement capability.

All measurement equipment shall be calibrated and shall have data output interface in order to allow long term data
recording and cal culation of the complete power consumption over a dedicated time.

The measurement equipment shall comply with following attributes:
. Input power:
- Resolution: < 10 mA; <100 mV; < 100 mW.
- DC current: +1 %.
- DC voltage: +1 %.
- AC power: 1 %.

] An available current crest factor of 5 or more.

ETSI



13 Final draft ETSI ES 202 706-1 V1.5.0 (2016-10)

" The test instrument shall have a bandwidth of at least 1 kHz.
NOTE: Additional information on accuracy can be found in IEC 62018 [i.6].

. RF output power: £0,4 dB.

5.2.1 BS Configuration

The BS shall be tested under normal test conditions according to the information accompanying the equipment. The BS,
test configuration and mode of operation (baseband, control and RF part of the BS as well as the software and firmware)
shall represent the normal intended use and shall be recorded in the test report.

The BS shall be tested with its typical configuration. In case of multiple configurations a configuration with 3 sectors
shall be used. Examples. atypical wide area BS configuration consists of three sectors and shall therefore be tested in a
three sector configuration; another BS configuration might be designed for dual or single sector applications and
therefore be tested in the configuration of itsintended configuration.

The connection to the simulator viathe BS controller interface shall be an electrical or optical cable-based interface
(e.g. PCM, SDH, and Ethernet) which is commercially offered along with the applied BS configuration. Additional
power consuming features like battery loading shall be switched off.

The power saving features and used SW version shall be listed in the measurement report.

The measurement report shall mention the configuration of the BS for example the type of RF signal combining
(antenna network combining, air combining or multi-carrier).

5.2.2 RF output (transmit) power/signal

Due to the different nominal RF output power values of the various BS models and additionally their RF output power
tolerances within the tolerance ranges defined by the corresponding mobile radio standards, it is necessary to measure
the real RF output power at each RF output connector of the BS.

During the test the BS shall be operated with the nominal RF output powers which would be applied in commercial
operation regarding the reference networks and the traffic profiles listed in annexes D, E, F.

The power amplifier(s) of the BS shall support the same crest factor (peak to average ratio) and back-off as applied in
the commercia product.

All relevant requirements from the corresponding 3GPP and GERAN specifications for the air-interface, e.g. [2] for
WCDMA/HSPA and LTE, shall be fulfilled.

523 Environmental conditions

For the power consumption measurements the environmental conditions under which the BS has to be tested are defined
asfollows.

Table 1: BS environmental conditions

Condition Minimum Maximum
Barometric pressure 86 kPa (860 mbar) 106 kPa (1 060 mbar)
Relative Humidity 20 % 85 %

Vibration Negligible
Temperature +25 °C and +40 °C
Temperature accuracy [+2 °C

The power consumption measurements shall be performed when stable temperature conditions inside the equipment are
reached. For this purpose the BS shall be placed in the environmental conditions for minimum two hours with a
minimum operation time of one hour before doing measurements.
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5.2.4 Power supply

For measurements of the BS power consumption the following operating voltage value shall be used (for non-standard
power supply voltages one should use operating voltage with £2,5 % tolerances).

Nominal value and operating value shall be according for AC testing to CENELEC EN 50160 [3] and DC testing to
ETSI EN 300 132-2 [4].

The frequency of the power supply corresponding to the AC mains shall be according to CENELEC EN 50160 [3].

6 Static power consumption measurement

6.0 Introduction

Four load levels are used for the BS power consumption test: full load (PFL), busy hour (PBH), medium load (Pmed)
and low load (Plow). They are specified for each radio access technology respectively in annexes D, E and F. In case of
adistributed BS architecture (e.g. RRH) the power consumption shall be measured for the central unit and radio unit

separately.

NOTE: Other load levels may be occasionally of interest and may be addressed using the method described in
annex P.

Power Savings features implemented independently within BS can be used during testing. In that case, test control unit
is allowed to activate and deactivate the features. Used features shall be listed in the measurement report.

6.1 Measurement method for BS power consumption

6.1.0 Introduction

This clause describes the method to measure the equipment performance taking into account the existing standards as
listed in the referencesin clause 2. It also gives the conditions under which these measurements should be performed in
addition to the requirements of clause 5.

The BS shall be operated in atest and measuring environment asillustrated in figure 3.
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6.1.1 Test setup for power consumption measurement

BS Test
ControlUpnit ( | ==

Base

> === RF Output (BS antenna connectors)
Station

: : Alternatively
®

DC AC or DC RF pow;r meter RF powgr meter RF powgr meter
Y ROt Load system Load system Load system

NOTE: BS as defined in figure 2 (Integrated BS) or figure 3 (distributed BS). AC supply to be used for BS with
build in AC power supply, otherwise default DC supply voltage as specified in clause 5.2.

Figure 3: Test set-up for power consumption measurements (example for three sectors)

The BSispowered either by a DC or AC power supply and operated by the BS test control unit. This control unit
provides the BS with control signals and traffic data which are required to perform the static measurements. Each RF
output (antenna) connector is terminated with a dummy load. The RF output power shall be measured at each antenna
port and reported in the measurement report.

The BS shall be stimulated viathe BS controller interface by the emulation of the test-modelsin conjunction with the
traffic profiles and reference parameters givenin annexes D, E and F.

6.1.2 Power consumption measurement procedure

6.1.2.0 Introduction

The power consumption measurements shall be performed when stable temperature conditions inside the equipment are
reached. For this purpose the BS shall be placed in the environmental conditions for minimum two hours with a
minimum operation time of one hour before doing measurements according to clause 5.2.3.

Measurement results shall be captured earliest when the equipment including the selected load is in stable operating
conditions. The RM S val ue of the DC current and DC voltage shall be used for the calculation of the DC power
consumption. The RF output powers as well as the corresponding power consumptions of the BS shall be measured
with respect to the RF output power levels which are needed to fulfil the requirements from the reference networks as
well as the traffic profiles described in annexes D, E and F.

The RF output power signal and levels shall be generated according to the test models described in annexes D, E and F.
The test models as well as the system depended load levels are defined in annexes D, E and F.
The reference point for the RF output measurements is the antenna connector of the BS.

The RF output power and corresponding input power consumption shall be measured at the lower, mid and upper edge
of the relevant radio band for the low load case. For medium load and busy hour load measurement shall be taken only
at middle frequency channel. For the eval uation the single values as well as the arithmetic average of these three
measurements (only for low load) shall be stated in the measurement report (table A.3). The arithmetic average shall be
taken for BS reference power consumption evaluation.
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The measurement duration of each load level shall be sufficient to acquire a stable and representative power result. If
the power consumption is fluctuating the measured power shall be averaged over a sufficiently long time span to
achieve a stable and representative result.

NOTE: The measurement duration is not related to the time duration used in the calculation of average
power/energy consumption defined in (new) clause 7.

The measurements shall be performed for every antenna which is carrying downlink antenna carrier(s). The measured
RF output power values shall be listed in the measurement report for every antenna.

The power consumption of the BS as well as the RF output power shall be given in watts. in accordance with the
accuracies and the resolutions given in clause 5.2.

The measurement expanded uncertainty shall be assessed according to annex J.

6.1.2.1 Power consumption measurement for MIMO configurations

For configurations with multiple transmitters operating on the same frequency (MIMO) each transmitter shall transmit
the same load as described in the corresponding annex. All RX of the configuration shall be powered on during the
measurement.

EXAMPLES:
1) LTE2x2MIMO: Theload model described in Annex F istransmitted by both transmitters.
2) LTE4x4 MIMO: The load model described in Annex F is transmitted by all four transmitters.

3) LTE8x8MIMO: Theload model described in Annex F is transmitted by all eight transmitters.

6.1.3 Power consumption measurement in RF sharing mode

Several frequency bands can be used with different cellular network generations. This clause defines power
consumption test configurations for simultaneous operation of different cellular standards within one frequency band.

RF sharing combinations depend on the considered frequency band. The following three basic test cases have been
defined to demonstrate the RF sharing test method and corresponding results shall be provided for appropriate base
stations:

900 MHz: GSM 222 + WCDMA 111
1800 MHz: GSM 222 + LTE 111/20 MHz (2x2 MIMO)
2100 MHz : WCDMA 111 +LTE 111/ 20 MHz (2x2 MIMO)

The test cases are combinations of test cases specified for GSM, WCDMA or LTE according to annexes D, E and F.
The reference parameters for above test cases are given in annex |.

NOTE: Similar test cases can be applied to other frequency bands and configurations according to the capability
of the BS under test.

6.1.4 Power consumption measurement of multi-band configurations
(including multi-band carrier aggregation like LTE-A)

6.1.4.0 Introduction

This clause outlines multi-band power consumption test configurations. A multi-band base station is a configuration
which allows simultaneous operation on at least two different frequency bands and the different bands are managed
jointly (for example a GSM 900/1 800 multiband BS with one BCCH to manage both bands simultaneously). A
multi-band configuration can be created for different applications:
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1) Thesametechnology is used on two independent frequency bands (for example GSM 900 MHz + GSM
1 800 MH2z) but with acommon control channel.

2)  Two different technologies are used on two independent frequency bands (example GSM 900 MHz +
WCDMA 1 800 MH2z). In the case of both technologies are operating on the same frequency band (GSM
900 MHz + WCDMA 900 MHZz) clause 6.3.3 shall be applied.

3) Multi-band carrier aggregation (example LTE-A with LTE 900 MHz + LTE 2 600 MHz CA).

6.1.4.1 Configuration of a multi-band BS

Multi-band configurations shall be tested based on combinations of configurations and test models already defined for
single band operations.

Where applicable, only one set of common control channels for both bands shall be assigned.

6.1.4.2 Specific configurations for dual band GSM

For dual band GSM, the test configurations defined inin annex D shall be used. These test configurations consider
BCCH on the band where the configuration provides the largest coverage (usually the lower band).

6.1.4.3 Specific configurations for dual band LTE (LTE-A)

One differentiator between LTE and LTE-A isthe introduction of carrier aggregation. This multi-band specification
shall be applied to LTE-A base stations able to operate simultaneously on different bands according to ETSI

TS 136 104 [12], table 5.5-3 inter-band carrier aggregation bands (two bands) and table 5.5-4 inter-band carrier
aggregation bands (three bands).

Traffic load (number of PRBS), PCFICH, reference and synchronization signals shall be transmitted in each band as
specified in annex F for single band LTE.

Principal configuration:
. 2x2 MIMO per cell.
. Carrier aggregation with two cellsin different bands (primary and secondary cell).
. 10 MHz carrier bandwidth per band shall be tested, 20 MHz per band optional.
. RF power per antenna per sector and per cell: see clause 5.2.2 and annex F.
Test result reporting:

. Detailed report of configuration and power consumption for each measured configuration including
description of tested configuration.

o Report of power consumption for all measured elements and load levels to allow the operator to utilize test
results for detailed network analysis.

. Calculation of average power consumption with the load level duration as specified in annex F.

NOTE 1: Comparison of power consumption isonly sensible for the same operating frequency band combination
for Pcell and Scell, the same power levels and bandwidth per carrier and same load levels.

NOTE 2: CA with independent BS at different locationsis not considered here. Also in-band CA, whichis possible
for operators with wider spectrum (example: 40 MHz spectrum CA with 20 + 20 MHZz) is not considered.

NOTE 3: Thetotal throughput in CA depends on the capability of the UE (ability to connect to multiple BS
simultaneously to increase max. user datarate). A combined base station/UE test setup is essentialy
limited by the UE capabilities. Therefore, only a static power consumption test is considered for
multi-band LTE-A BS.
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6.1.4.4 Specific configurations for dual band and dual technology

Multi band multi technology (examples: GSM + WCDMA, GSM + LTE, etc.) shall be created based on the load models
(including pilot channels) for each respective technology (annexes D, E and F) and the requirements described in
clause 6.2 for multi technology base stations.

6.1.5 Power consumption measurement of LTE-TDD base stations

6.1.5.0 Introduction

The principle configuration of a TDD base station is very similar to a FDD base station. The main difference occursin
the transmissions scheme. The test methods, load models, reference parameters and KPI calculation methods shall be
applied according to the FDD test method. Reference parameters and load model for LTE are described in annex F.

6.1.5.1 TDD specific parameters

The following specific configurations (number of TRX, number of carriers) and parameters shall be applied for TDD
testing.

6.1.5.2 TDD BS configuration

The test method is based on a 3-sector configuration described in clause 6.3.1. The following TDD specific
configuration shall be tested:

. 2TX /| 2RX S1/1/1 (single carrier per sector)
e  Carrier BW =20 MHz
e ATX/4RX S1/1/1 (single carrier per sector)
. Carrier BW = 20 MHz
e  8TX/8RX SL/1/1 (single carrier per sector)

° Carrier BW =20 MHz

6.1.5.3 Uplink/downlink ratio

TDD alowsavariable UL-DL timeratio to match for different UL/DL load scenarios. The power consumption shall be
measured with following frame structure:

. UL/DL Subframe configuration SA2 according to ETSI TS 136 211 [10] (fixed UL to DL ratio to 1/3)
ETM1.1.

. Special Subframe configuration SSP7 according to ETSI TS 136 211 [10].

Detailed UL/DL settings are shown in annex F.

6.2 Uncertainty

The measurement expanded uncertainty shall be assessed according to annex J.
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7 Calculation results

7.1 Load level duration

For the calculation of the weighted average power/energy consumption the duration defined in table 2 for the
corresponding load levels shall be applied.

Table 2: Load level duration for daily average calculation

Low load Medium load Busy hour load
6 hours 10 hours 8 hours

7.2 Calculation of average static power consumption for
integrated BS

The power consumption of integrated BS equipment in static method is defined for three different load levels as
follows:

. Pgy is the power consumption [W] with busy hour load.
. Pmeq IS the power consumption [W] with medium term load.
. Pow 1S the power consumption [W] with low load.

Theload levels are defined differently for different radio systems. The model covers voice and/or data hour per hour.
The models are provided in the annexes D, E, F.

The average power consumption [W] of integrated BS equipment in static method is defined as:

P _ Pty + Py tieg + Ry -1

low
. = (7.1
equipement, static tBH +tmd +t|ow

The daily energy consumption [Wh] of integrated BS equipment in static method is defined as:

EeQuipenmt,static = PBH gy + Prned Tea + Plow Lo (7.2)

inwhich tgy, t,oq and t,,,, [hour] are duration of different load levels (for details for each different access systems see
annexes D, Eand F).

7.3 Calculation of average static power consumption for distributed BS

The power consumption of distributed BS equipment in static method is defined for three different load levels as
follows (for details of load levels see the annexes D, E and F):

*  Pgycand Pgy gry are the power consumption [W] of central and remote parts of BS with busy hour load.

. Pred,c @d P rri @€ the power consumption [W] of central and remote parts of BS with medium term
load.

* Py cand Py, rry are the power consumption [W] of central and remote parts of BS with low load.

The average power consumption [W] of distributed BS equipment is defined as:

Pequipemenstatic = Ft,static + PRRH,static (7.3)
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inwhich Pe ga1ic @d Prey. atic [W] are average power consumption of central and remote parts in static method
defined as:

b _Perc e + Predc tmed * Plowc “tiow (7.4)
c.sate tey + tmed *+tiow
_ Par RRH tBH * Pmed,RRH “tmed + Row,RRH ~Tiow 75
PRRH  static = (7.5

teH +tmed +tiow

The daily energy consumption [Wh] of central and remote partsin static method defined as:

EC,static = Py c gy t+ Prred c e t P|ow,c “Tow (7.6)
ERRH static — PBH,RRH 'tBH + Pmed,RRH 'tmed + PIOW,RRH 'tlow (7.7)

The daily energy consumption [Wh] of integrated BS equipment in static method is defined as:
Eequipemmt,static = E¢ qaic T Errr saic, (7.8)

inwhich tgy , teq @nd t,, [hour] are duration of different load levels (for details for each different access system see

annexes D, E and F). This average power consumption of distributed BS equipment does not include the DC feeder loss
for remote parts.

8 Measurement report

The results of the assessments shall be reported accurately, clearly, unambiguously and objectively, and in accordance
with any specific instructions in the required method(s).

A list of reference parameters, measurement conditions, test results, uncertainty analysis (see annex J) and derived
calculation results which shall be reported is given in annex A.

Further guidelines on the test report can be found in ISO/IEC 17025 [i.4].

ETSI



21 Final draft ETSI ES 202 706-1 V1.5.0 (2016-10)

Annex A (normative):
Test Reports shall be

A.1  General information to be reported

Table A.1: Test general information

Items Remarks
1) test report reference and version
2) Date of the test
3) Standard Used as test methodology
4) Location of the test
5) Name of test organization and responsible person
6) Tested equipment
6.1) Tested HW unit names and serial numbers
6.2) Software version of tested equipment
7) List of used measurements equipments including
type, serial number and calibration information

Table A.2: BS reference parameters to be reported

Parameter Value Unit

1) BS configuration
1.1) Number of sectors
1.2) Nominal max RF output power per sector W
1.3) Number of Carriers per sector
1.3.1) Number of carriers the BS is able to support
1.3.2) Number of carriers, for which the HW was enabled (independent
whether or not the carriers were used for the test)
1.3.3) Number of carriers used during the test
1.4) TXdiversity
1.5) RX diversity,( number)
1.6) Type of RF signal combining
1.7) Remote Radio Head (Yes/No)
2) Frequency

2.1) Downlink band MHz

2.2) Uplink band MHz

2.3) Channel bandwidth MHz
3) Environment

3.1) Temperature range °C

3.2) Type of air filter
4) Features
4.1) Power saving features
4.2) Coverage and capacity features
4.3) Downlink ciphering used? (Y/N)

ETSI



22 Final draft ETSI ES 202 706-1 V1.5.0 (2016-10)

A.2  Static power consumption report

Table A.3: Measurements conditions and results to be reported for static power consumption

Parameter Test case 25 °C | Test case 40 °C Unit
1) Test environment
1.1) Temperature during test (measured) °C
1.2) Pressure (measured) kPa
1.3) Relative humidity (measured) %
2)  Frequency used at test
2.1) downlink Centre frequency of low end channel MHz
2.2) downlink Centre frequency of middle channel MHz
2.3) downlink Centre frequency of high end channel MHz
2.4) Uplink Centre frequency of middle channel MHz
3)  Supply voltage
3.1) DC voltage (measured) V
3.2) AC voltage (measured, phase to neutral) \Y
3.3) AC Frequency (measured) Hz
4)  Static power consumption (measured)
4.1) Full load, Middle frequency channel w
4.2) Busy hour load, Middle frequency channel w
4.3) Medium load, Middle frequency channel W
4.4) Low load
4.4.1) Low end frequency channel w
4.4.2) Middle frequency channel w
4.4.3) High end frequency channel w
4.4.4) Average consumption with low load w
5)  TX output power (pilot signal only)
5.1) Output power at low end channel w
5.2) Output power at middle end channel w
5.3) Output power at high end channel w
5.4) Average output power per sector W
6) RXreceiver sensitivity at middle channel dBm
7)  Expanded uncertainty %
The measurement report shall include the uncertainty table following the template defined in table J.1.
Table A.4: Static power measurement reporting
Parameter Value Unit
1)  Pequipmentt Of integrated BS power consumption at 25 °C w
2)  Pequipement Of integrated BS power consumption at 40 °C w
3)  Pequipement Of distributed BS power consumption at 25 °C W
3.1)  Pequipement Of distributed BS power consumption at 25 °C for central part W
3.2)  Pequipement Of distributed BS power consumption at 25 °C for remote part W
4)  Pequipement Of distributed BS power consumption at 40 °C w
4.1)  Pequipement Of distributed BS power consumption at 40 °C for central part w
4.2)  Pequipement Of distributed BS power consumption at 40 °C for remote part W
Table A.5: Static daily energy consumption reporting
Parameter Value Unit
1)  Eequipment Of integrated BS energy consumption at 25 °C Wh
2)  Eequipement Of integrated BS energy consumption at 40 °C Wh
3)  Eequipement Of distributed BS energy consumption at 25 °C Wh
3.1)  Eequipement Of distributed BS energy consumption at 25 °C for central part Wh
3.2)  Eequipement Of distributed BS energy consumption at 25 °C for remote part Wh
4)  Eequipement Of distributed BS energy consumption at 40 °C Wh
4.1)  Eequipement Of distributed BS energy consumption at 40 °C for central part Wh
4.2)  Eequipement Of distributed BS energy consumption at 40 °C for remote part Wh
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The measurement report shall include the uncertainty table following the template defined in table J.2.
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Annex B:
Void
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Annex C:
Void
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Annex D (normative):
Reference parameters for GSM/EDGE system
Reference configurations for GSM/EDGE:
. Number of sectors and carriers. 222 (2 carriers per sector, 3 sectors), 444, 888.
. Power Input: -48 V DC, +24 V DC, 230V AC.
. Nominal TX power to be used for TS with user traffic.
o RF output power level: Applicable range from 3 W to 100 W.
GSM load mode!:

The test model is derived from measurements used in clause 6.5.2 of ETSI TS 151 021 [i.5] and defines the RF output
composition as shown in table D.1 and figure D.1.

For Multi Carrier Power Amplifier (MCPA) the carrier spacing shall be equidistant over the specified bandwidth. The
used carrier spacing and total bandwidth shall be stated in measurement report.

Load allocation rules for:

° Full load: al time slots are active.

. Busy hour load: the active time slots are equally distributed over all TRX required for the relevant test case
(222, 444, 888).

. Medium and low load: the number of active TRX can be optimized with the help of energy saving features
availableinthe BS.

Table D.1: Load model for GSM

Low load

Medium load

Busy hour load

222 single band

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1
Other TRX: idle.

BCCH: Figure D.1 (TRX 1)
Other TRX: 2 active TS per each sector
at static power level. Other TS idle.

444 single band

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1

Other TRX 6 active TS per
each sector at static power
level. Other TS idle.

BCCH: Figure D.1 (TRX 1)

Other TRX: 12 active TS per each
sector at static power level. Other TS
idle.

444 dual band

1st layer: BCCH: Figure D.1
2"d layer: TRX: Idle

1st layer: BCCH: Figure D.1
Other TRX 6 active TS per
each sector at static power
level. Other TS idle

2nd Jayer: TRX: Idle. See
note.

1st layer: BCCH: Figure D.1 (TRX 1)
Other TRX: 6 active TS per each sector
at static power level. Other TS idle

2"d layer: 6 active TS per each sector
at static power level. Other TS idle.

888 single band

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1

Other TRX 18 active TS per
each sector at static power
level. Other TS idle.

BCCH: Figure D.1 (TRX 1)
Other TRX 36 active TS per each sector
at static power level. Other TS idle.

888 dual band

18t layer: BCCH: Figure D.1
2"d layer: TRX: Idle

18t layer: BCCH: Figure D.1
Other TRX 18 active TS per
each sector at static power
level. Other TS idle.

2" Jayer: TRX: Idle. See
note.

1st layer: BCCH: Figure D.1 (TRX 1)
Other TRX: 18 active TS per each
sector at static power level. Other TS
idle.

2"d Jayer: 18 active TS per each sector
at static power level. Other TS idle.

NOTE:

means that TRX is active but not transmitting.

The number of active TRX can be optimized with the help of energy saving features available in the BS. Idle
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Static Power Level

I e

3 4 5 6 7
Timeslots

Figure D.1: Power levels for BCCH TRX (all TS active)

Model for GSM subscriber and busy hour traffic:

e  CSvoicetraffic: 0,020 Erlangs/subscriber during Busy Hour.

Table D.2: Busy hour traffic for GSM site

Model for busy hour average traffic load Busy hour traffic
according to table D.1
S222 18 Erlangs (3%6)
S444 51 Erlangs (3x17)
5888 123 Erlangs (3x41)

Frequency bandsfor GSM/EDGE:

The frequency band shall be as defined in ETSI TS 145 005 [i.3] and according to equipment specifications. For
measurement centre frequency of the specified band is used as a reference unless otherwise specified.

Reference parameter for GSM cell size calculation:

Table D.3

Parameter

BS combiner loss [dB]

3 dB for single carrier PA ,0 dB for MCPA

UE antenna height

15m

UE antenna gain

0dB

UE sensitivity

According to 3GPP requirements for the tested band [8]

UE RF output power

31 dBm (900 MHz)
28 dBm (1 800 MHz) (minimum 3GPP requirements)

BS transmit power for downlink

BCCH TRX power level

Downlink traffic type

Voice

Uplink traffic type

Voice

ETSI



28 Final draft ETSI ES 202 706-1 V1.5.0 (2016-10)

Annex E (normative):
Reference parameters for WCDMA/HSDPA system
Reference configurations for WCDM A/HSDPA shall be:

e Number of sectors and carriers: 111.

. Channel capacity: Able to handle busy hour traffic + extra 50 %.

. RF output power level:

- Power Range applicable to the "Wide Area BS' and "Medium Range BS' (for static measurements)
classesasdefined in ETSI TS 125 104 [2].

- Maximum nominal RF output power at antenna connector according to product specification.
. Power Input: -48 V DC, 230V AC.
WCDMA/HSDPA static load model:

The test model shall be according ETSI TS 125 141 [7], clause 6.1.1.1, Test Model 1. For RF output powers below
100 %, only a dedicated number of codes out of 64 (counted from top of the table) shall be used to generate the desired
RF-load as stated in table E.1.

For aRF load of 50 %, only the first 15 codes listed in Test Model 1 shall be applied (DPCH power: 27,8 %).

For a RF load of 30 % only the first 3 codes shall be applied (DPCH power: 7,53 %).

Regarding a RF load of 10 % only the "Primary CPICH" shall be activated. For full load, all transmit time intervals
(TTI) and codes shall be transmitting.

The DPCH power given above isrelative to the maximum output power on the TX antennainterface under test. CCH
contains P-CCPCH+SCH, Primary CPICH, PICH and S-CCPCH (including PCH (SF = 256)).

Table E.1: Load model for WCDMA/HSDPA

Low load (10 %) Medium load (30 %) Busy hour load (50 %)
RF load for 111 per cell Only Primary CPICH CCH + first 3 codes CCH + first 15 codes

Coverage measurement setup configuration:

e  WCDMA/HSDPA according to ETSI TS 125 141 [7], clause 6.1.1.4A, Test model "5" (P-CCPCH+SCH,
Primary.

. CPICH, PICH, S-CCPCH (containing PCH (SF = 256)).
Frequency bandsfor WCDMA/HSDPA:

The frequency band shall be asdefined in ETSI TS 136 104 table 5.5-1 E-UTRA frequency bands[12] and according to
equipment specifications. For measurement centre frequency of the specified band is used.

Reference parameter for WCDM A/HSDPA cell size calculation:

Table E.2
Parameter

BS combiner loss[dB] 0dB

UE antenna height 1,5m

UE antenna gain 0dB

UE sensitivity According to 3GPP requirements for the tested band [8]
Downlink traffic type Data

Uplink traffic type Data
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Annex F (normative):
Reference parameters for LTE system

Reference configurationsfor LTE shall be:

Only normal cyclic prefix is used.

PBCH shall be transmitted.

PDCCH REG EPRE and PDSCH PRB P_A shall be used as defined in TM1.1.

Usage of PDSCH PRBs and PSS & SSS & PBCH can overlap for medium load and busy hour |oad.
PDCCH CCE allocation can be selected freely for medium load and busy hour load.

Number of sectors and transmitters:

- 111 (1 TX, 2 RX-paths per sector, SIMO);

- 111 (1 carrier, 2 TX, 2 RX-paths per sector, MIMO);

carrier bandwidth: FDD 10 MHz and 20 MHz shall be tested;

- carrier bandwidth: TDD 20 MHz shall be tested.

No other physical channels and signals (e-pdcch, prs, csi-rs, ue specific rs, etc.) are transmitted.
RF output power level:

- Power Range applicable to the "Wide AreaBS' and "Medium Range BS" (for static measurements)
classesasdefined in ETSI TS 136 104 [12].

- Maximum nominal RF output power at antenna connector according to product specification and
according to the load levels (Output power at antenna connector = load model based percentage x
Maximum nominal RF output power) measured at the antenna connector according to ETSI
TS 136 141 [11].

Power Input:
- -48V DC, 230V AC.

Downlink and uplink settingsfor LTE TDD:

The subframe settings SA2 and special subframe settings SSP7 as defined in ETSI TS 136 211 [10] are applied for the
power consumption test.

Table F.1: Uplink-downlink subframe configurations SA 2

Uplink-Downlink Uplink/Downlink | Downlink- | O 1 2 3 4 5 6 7 8 9
Subframe Configuration Subframe Ratio to-Uplink
Switch-
Point
Period
SA2 1:3 5ms D |s y |[b |[b |Ib |s | |Ib |D
NOTE: D denotes a downlink subframe, U denotes an uplink subframe, and S denotes a special subframe. A

special subframe can be used for downlink data transmission, but not for uplink data transmission.
Therefore, a special subframe is considered a downlink subframe. For more details about special subframes
see ETSI TS 136 211 [10].
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Table F.2: Special subframe configuration SSP7

Special Normal CP Extended CP
Subframe (Applicable to Macro eNodeBs Only)
Configuration
N/A DwWPTS GP UpPTS Cell Radius DwWPTS GP UpPTS | Cell Radius
(km) (km)
SSP7 10 2 2 15,41 5 5 2 56,35

LTE static load model:

The test model shall be according ETSI TS 136 141 [11] (V8.6.0), clause 6.1.1.1, Test Model E-TM 1.1, with following
adaptations:

For low load:
All REs dedicated to PCFICH, reference- and synchronization signals shall be transmitted (as TM1.1).
REs dedicated to PDCCH, PHICH and PDSCH shall not be transmitted.

For medium load:
All REs dedicated to PCFICH, reference- and synchronization signals shall be transmitted (as TM1.1).
REs dedicated to PDCCH, PHICH and PDSCH shall be limited as following:

- Only a certain number of PRBs dedicated to PDSCH shall be transmitted. The number of transmitted
PRBs dedicated to PDSCH shall be calculated as such, for 10 MHz bandwidth 15 PRBs and 20 MHz
bandwidth 30 PRBs.

- Asfor the PDSCH, the amount of transmitted control channel resources shall be such that the power of
the first OFDM symbol within each sub-frame accounts approximately for an average value of 30 % of
the maximum rated power of the cell. This corresponds to afixed PDCCH pattern of 72 transmitted REs
at 10 MHz and 144 REs at 20 MHz.

- REs dedicated to PHICH shall not be transmitted.

For busy hour load:
All REs dedicated to PCFICH, reference- and synchronization signals shall be transmitted (as TM1.1).
REs dedicated to PDCCH, PHICH and PDSCH shall be limited as following:

- Only acertain number of PRBs dedicated to PDSCH shall be transmitted. The number of transmitted
PRBs dedicated to PDSCH shall be calculated as such, for 10 MHz bandwidth 25 PRBs and for 20 MHz
bandwidth 50 PRBs.

- Asfor the PDSCH, the amount of transmitted control channel resources shall be such that the power of
the first OFDM symbol within each sub-frame accounts approximately for an average value of 50 % of
the maximum rated power of the cell. This corresponds to afixed PDCCH pattern of 144 transmitted
REsat 10 MHz and 288 REs at 20 MHz.

- REs dedicated to PHICH shall not be transmitted.

For full load:
All transmit time intervals (TTI) and resource blocks shall be transmitting.

For configurations with multiple transmitters operating on the same frequency (MIMO) each transmitter shall
transmit the load as described in table F.3.
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Low load

Medium load

Busy hour load

RF load for 3 sector
with single 10 MHz
carrier configuration.
(1 TX & 2 RX path
per sector active,

1x 10 MHz carrier per
TX).

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PDCCH, PHICH
and PDSCH shall not be
transmitted.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 72 further REs shall
be transmitted within the first
OFDM symbol of each sub-
frame. In addition a certain
number of PRBs dedicated to
PDSCH shall be transmitted.
The number of transmitted
PRBs dedicated to PDSCH
shall be 15 PRBs.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 144 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
trans-mitted. The number of
trans-mitted PRBs dedicated
to PDSCH shall be 25 PRBs.

RF load for 3 sector
with single 20 MHz
carrier config.

(1 TX & 2 RX path
per sector active,

1x 20 MHz carrier per
TX).

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PDCCH, PHICH
and PDSCH shall not be
transmitted.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 144 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
transmitted. The number of
transmitted PRBs dedicated
to PDSCH shall be 30 PRBs.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 288 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
trans-mitted. The number of
trans-mitted PRBs dedicated
to PDSCH shall be 50 PRBs.

RF load for 3 sector
with 2x2 MIMO

10 MHz carrier
config.

(2 TX & 2 RX path
per sector active,

1x 10 MHz carrier per
TX).

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PDCCH, PHICH
and PDSCH shall not be
transmitted.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 72 further REs shall
be transmitted within the first
OFDM symbol of each sub-
frame. In addition a certain
number of PRBs dedicated to
PDSCH shall be transmitted.
The number of transmitted
PRBs dedicated to PDSCH
shall be 15 PRBs.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 144 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
transmitted. The number of
transmitted PRBs dedicated
to PDSCH shall be 25 PRBs.

RF load for 3 sector
with 2x2 MIMO

20 MHz carrier
config.

(2 TX & 2 RX path
per sector active,

1x 20 MHz carrier per
TX).

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PDCCH, PHICH
and PDSCH shall not be
transmitted.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 144 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
transmitted. The number of
transmitted PRBs dedicated
to PDSCH shall be 30 PRBs.

All REs dedicated to PCFICH,
reference- and
synchronization signals shall
be transmitted. REs
dedicated to PHICH shall not
be transmitted. For the
PDCCH, 288 further REs
shall be transmitted within the
first OFDM symbol of each
sub-frame. In addition a
certain number of PRBs
dedicated to PDSCH shall be
trans-mitted. The number of
transmitted PRBs dedicated
to PDSCH shall be 50 PRBs.
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Frequency bandsfor LTE:

The frequency band shall be as defined in ETSI TS 136 104 table 5.5-1 E-UTRA frequency bands[12] and according to
equipment specifications. For measurement centre frequency of the specified band is used.

Reference parameter for LTE cell size calculation:

Table F.2
Parameter

BS combiner loss 0dB

UE antenna height 1,5m

UE antenna gain 0dB

UE sensitivity According to 3GPP requirements for the tested band [9]
Downlink traffic type Data

Uplink traffic type Data
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Annex G:
Void
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Annex H:
Void
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Annex | (normative):
Reference parameters for multi-standard system

1) Model for GSM 222 + WCDMA 111 case:

Low load

Medium load

Busy hour load

Load for 222
GSM

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1 (TRX 1)
Other TRX: 2 active TS per each sector
at static power level. Other TS idle.

Load for 111
WCDMA

Only Primary
CPICH
(10 % RF load)

CCH + first 3 codes
(30 % RF load)

CCH + first 15 codes
(50 % RF load)

2) Model for GSM 222 + LTE 111 /20 MHz (2x2 MIMO) case:

Low load

Medium load

Busy hour load

Load for 222
GSM

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1
Other TRX: Idle

BCCH: Figure D.1 (TRX 1)
Other TRX: 2 active TS per each sector
at static power level. Other TS idle.

Load for 111
20 MHz and 2x2
MIMO LTE

All REs dedicated
to PCFICH,
reference- and
synchronization
signals shall be
transmitted (as
TM1.1).

REs dedicated to
PDCCH, PHICH
and PDSCH shall

not be transmitted.

(10 % RF load)

All REs dedicated to PCFICH,
reference- and synchronization signals
shall be transmitted (as TM1.1).

REs dedicated to PDCCH, PHICH and
PDSCH with 30 PRBs

(30 % RF load)

All REs dedicated to PCFICH,
reference- and synchronization signals
shall be transmitted (as TM1.1).

REs dedicated to PDCCH, PHICH and
PDSCH with 50 PRBs

(50 % RF load)

3) Model for WCDMA 111 + LTE 111 /20 MHz (2x2 MIMO) case:

Low load Medium load Busy hour load
Load for 111 Only Primary CCH + first 3 codes CCH + first 15 codes
WCDMA per cell |CPICH (30 % RF load) (50 % RF load)

(10 % RF load)

Load for 111
20 MHz and 2x2
MIMO LTE

All REs dedicated
to PCFICH,
reference- and
synchronization
signals shall be
transmitted (as
TM1.1).

REs dedicated to
PDCCH, PHICH
and PDSCH shall

not be transmitted.

(10 % RF load)

All REs dedicated to PCFICH,
reference- and synchronization signals
shall be transmitted (as TM1.1).

REs dedicated to PDCCH, PHICH and
PDSCH with 30 PRBs

(30 % RF load)

All REs dedicated to PCFICH,
reference- and synchronization signals
shall be transmitted (as TM1.1).

REs dedicated to PDCCH, PHICH and
PDSCH with 50 PRBs

(50 % RF load)

4)  Model for other cases:

Other load combination than those described above
(for example: GSM 444 + WCDMA 111, or GSM 444 + LTE 111 /20 MHz (2x2 MIMO), etc.):

The RF sharing test shall be based on combinations of test cases specified for GSM, WCDMA or LTE according to
annexes D, E and F.
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Annex J (normative):
Uncertainty assessment

J.0 Introduction

The wireless network efficiency data produced by the methods detailed in the present document will be subject to
uncertainty due to the tolerance of measurement procedures or variance of real installations to the standard models
suggested. The uncertainty of the measured parameters can be evaluated and will therefore provide comparable data,
whilst that of the models used is subjective and should be assigned a sensitivity to assess significance.

J.1 General requirements

The assessment of uncertainty in the measurement of the static power consumption and dynamic efficiency of a base
station shall be based on the general rules provided by the IEC/I SO Guide 98-3: 2008 [i.2].

Uncertainty factors are grouped into two categories according to the method used to estimate their numerical value:
. Type A: Those which are evaluated by statistical means.

e  TypeB: Those which are evaluated by other means, usually by scientific judgment using information
available.

When a Type A analysisis performed, the standard uncertainty u; shall be derived from the estimate from statistical
observations.

When Type B analysisis performed, the standard uncertainty u; is derived from the parameter a = (a+ —a ) / 2,

where @, istheupper limitand & isthe lower limit of the measured quantity, and taking into account the distribution
law of measured quantity, as follows:

e Normal law: U; = % where k is a coverage factor.

e  U-shaped (asymmetric) law: U, =?/\/§

. Rectangular law: U; = (default value to be used in the absence of any other information).
NE

. Triangular law: U; = (not used in the present document).
NG
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J.2 Components contributing to uncertainty

J.2.0 Introduction

The factors contributing to uncertainty are schematically shown in the uncertainty tries (figures J.1 and J.2).

Uncertainty: Static power consumption test

BS parameters Measurement equipment

Supply voltage
Load levels PPY 8
DC power meter
RF power RF power meter

Power saving features Cabling

A

Envireonmental condistions

Equipment variance

Figure J.1: Uncertainty tree - power consumption test

Uncertainty: Dynamic efficiency test

BS parameters \_\I\/Ieasurement equipment
Supply voltage
Date volume \
DC power meter
RF power

RF power meter

Cabling

Power saving features _/

. L Path loss
Envireonmental condistions

UE performance

\— UE connector

Equipment variance

Figure J.2: Uncertainty tree - dynamic efficiency test
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J.2.1  Contribution of the measurement system

J.2.1.1 Measurement equipment (static & dynamic)

The uncertainty contributed by the measurement equipment, e.g. voltmeter, power meter, RF power meter shall be
assessed with reference to its calibration certificates. The uncertainty due to the measurement device shall be eval uated
assuming atype B normal probability distribution.

J.2.1.2 Attenuators, cables (static and dynamic)

The uncertainty contributed by the attenuator, shall be assessed with reference to its calibration certificates. The
uncertainty due to the attenuator shall be evaluated assuming a Type B normal probability distribution.

J.2.1.3 User equipment (UE) or UE emulator (dynamic)

Performance variances caused by drifts or performance of the UEs are controlled during the tests and the resulting error
islessthan £ x %. The uncertainty shall be evaluated assuming a Type B rectangular probability distribution.

The impact of connection of UEs (dynamic) is the uncertainty related to the lack of repeatability of the connection of
the UEs. Other connectors are considered of sufficient stability and are therefore not considered.

The following process shall be used to assess the uncertainty due to connection issues:

. X (include a number) UEs using significantly different connector types shall be used for thistest. Three people
shall perform Y complete evaluations (including connection installation) of the energy efficiency using these
X UEs. A dtatistical analysis shall be provided for each device at each position (i.e. at least 12 tests at each
position for each device). The UE positioning uncertainty is the largest standard deviation determined by this
evaluation.

The uncertainty due to the UE connection shall be evaluated assuming it has a Type B normal probability distribution.

J.2.2  Contribution of physical parameters

J.2.2.1 Impact of environmental parameters (static and dynamic)

Theimpact of environmental parameters (mainly temperature) is assessed taking into account temperature variation
during the measurement period. It has to be assured that the DUT has reached stable conditions as defined in

clause 5.2.3. The uncertainty shall be evaluated assuming a Type B rectangular probability distribution.

J.2.2.2 Impact of path loss(dynamic)

The contribution due to the path loss, radio effects, etc. are controlled during the tests and the resulting error is less than
+ X %. The uncertainty shall be evaluated assuming a Type B rectangular probability distribution. Path loss uncertainty
isaresult of attenuator and cable uncertainty as described under clause J.2.1.2.

J.2.2.3 Data volume (dynamic)

The uncertainty contributed by the traffic monitoring, shall be assessed with reference to its calibration certificates. The
uncertainty due to the traffic monitoring shall be evaluated assuming a Type B normal probability distribution.

J.2.3 Variance of device under test

Based on component variances the individual base stations will have a certain deviations from the nominal value. The
tested base station shall represent the nominal performance. The product to product efficiency spread is not considered
in this uncertainty analysis but additional results on product efficiency spread might be provided.
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J.3

J.3.1

Uncertainty assessment

Combined and expanded uncertainties

The contributions of each component of uncertainty shall be registered with their name, probability distribution,
sendgitivity coefficient and uncertainty value. The results shall be recorded in atable of the following form. The

combined uncertainty shall then be evaluated according to formula (J.1):

where ¢; is the weighting coefficient.

3.1)

The expanded uncertainty shall be evaluated using a confidence interval of 95 % using the templates defined in table J.1
for static measurements and table J.2 for dynamic measurements.

Table J.1: Uncertainty analysis for static power consumption assessment

(confidence interval of 95 %)

_— Uncertainty . Standard
Description Probability o )
ERROR SOURCES (Subclause) Value Distribution Divisor | . Uncertainty
(%) (%)
Measurement Equipment
Supply voltage J.2.1.1 Normal 1 1
Power consumption/DC power meter J.2.1.1 Normal 1 1
RF power/RF power meter J.2.1.1 Normal 1 1
Cabling, Attenuators J.2.1.2 Normal 1 1
Physical Parameters
Environment conditions (T) J.221 5% Rectangular \/5 0,5
BS parameters n/a
Equipment variance J.2.3 - Gaussian
Combined standard uncertainty u. =
Expanded uncertainty Normal u, =19 u,
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(confidence interval of 95 %)

Description Uncertainty Probability Standard
ERROR SOURCES (Subclause) Vaolue Distribution Divisor Ci Uncertainty
(%) (%)
Measurement Equipment
Supply voltage J.2.1.1 Normal 1 1
Power consumption/DC power meter J.2.1.1 Normal 1 1
RF power/RF power meter J.2.1.1 Normal 1 1
Cabling, Attenuators J.2.1.2 Normal 1 1
Data volume J.2.1.3 Normal 1 1
User equipment J.2.1.3 Rectangular \/§ 1
Physical Parameters
Environment conditions (T) J.221 5% Rectangular \/5 0,5
Impact of path loss J.2.2.3 XX XX XX
BS parameters n/a
Equipment variance J.2.3 - Gaussian
Combined standard uncertainty u, =
Expanded uncertainty Normal u, = 1,96 u,

J.3.2

Cross correlations of above uncertainty factors are not considered if not otherwise stated.

J.3.3

Maximum expanded uncertainty

Cross correlation of uncertainty factors

The expanded uncertainty with a confidence interval of 95 % shall not exceed 10 % for static tests and 20 % for

dynamic tests.

If the expanded uncertainty is exceeding this target, then the uncertainty shall be added to the measured results.
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Annex K (informative):
Reference parameters for WiMAX™ system

This annex describes reference configurations and load levels for WiMAX™ which were originally specified in ETSI
TS 102 706 (V1.2.1) [i.7].

NOTE:

Reference configurationsfor WiMAX™ system:

o Number of sectorsand carriers: 3S3C (one different carrier per sector).

. Channel BW: 5,7 MHz or 10 MHz.

This annex has not been maintained and it might not reflect the most recent configurations.

. RF output power level: 2x 35 dBm (MIMO configuration) or 4x 35 dBm (Beam forming configuration) per

sector.

. Power Input: -48 V DC, 230V AC.

WIMAX™ traffic model:

The sub-frame ratio has impact on the BS power consumption. For measurement the subframe ratio is 29:18 should be

according to the specification |EEE 802.16e™ [13].

Table K.1: Traffic model for WiMAX™

Low load

Medium load

Busy hour load

Load for S111
at 5 MHz

Three symbols dedicated to
preamble, FCH, MAP should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP and

50 % DL date symbols should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP are
active and 100 % DL date
symbols should be transmitted
at static power level.

Load for S111
at 7 MHz

Three symbols dedicated to
preamble, FCH, MAP should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP and

50 % DL date symbols should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP are
active and 100 % DL date
symbols should be transmitted
at static power level.

Load for S111
at 10 MHz

Three symbols dedicated to
preamble, FCH, MAP should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP and

50 % DL date symbols should
be transmitted at static power
level.

Three symbols dedicated to
preamble, FCH, MAP are
active and 100 % DL date
symbols should be transmitted
at static power level.

Frequency bandsfor WiM AX™:

The frequency band should be according to equipment specifications. For measurement centre frequency of the
specified band is used.

Table K.2 gives examples of frequencies for bands defined in WiMAX™ Forum Mobile system profile:

e  TableK.2 definesthe RF channels to be calculated using the following formula:

Where:

r.. isthestart frequency for the specific band;

RFChannel , = Fggqrt +n-AF:, Ve Nignge

AF, isthe centre frequency step;

N istherange valuesfor the n parameter.
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Table K.2: Example of centre frequency definition for WiMAX™

RF Profile Name Channel Centre Fstart (MH2) Nrange Comment
BW (MHz) |Frequency
Step (KHz)
Profl.B_2.3-5 5 250 23025 {0 to 380}
Profl.B_2.3-10 10 2 305 {0 to 360}
Prof2.B_2.305 5 250 2307,5and 23475 {0 to 40}
Prof2.C_2.305 10 250 2 310 and 2 350 {0 to 20}
Prof3.A_2.496-5 5 250 2 498,5 {0to 756} [200 KHz Frequency
Prof3.A_2.496-10 10 2501 {0to 736} |step is considered for
Europe 2,5 GHz
extension.
200 KHz Frequency
step is considered for
Europe 2,5 GHz
extension.
Prof5.A_3.4 5 250 34025 {0 to 1 580}
Prof5L.A_3.4 {0 to 780}
Prof5H.A_3.4 {800to 1
580}
Prof5.B_3.4 7 250 3403,5 {0to 1572}
Prof5L.B_3.4 {0 to 772}
Prof5H.B_3.4 {800to 1
572}
Prof5.C_3.4 10 250 3405 {0 to 1 560}
Prof5L.C_3.4 {0 to 760}
Prof5H.C_3.4 {800to 1
560}
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Annex L:
Void
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Annex M:
Void
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Annex N (informative):
Example assessment

This annex presents results of afictive assessment for 900 MHz GSM system. The system reference parameters are

listed in table N.1 and resultsin tables N.2 and N.3.

Table N.1: Reference parameters of fictive 900 MHz GSM BS

Parameter Value Unit
1) BS configuration
1.1) Number of sectors 3
1.2) Nominal max RF output power per sector 40 W
1.3) Number of Carriers or TRXs per sector
1.3.1) Number of carriers the BS is able to 4
support
1.3.2) Number of carriers, for which the HW 3x2
was enabled (independent whether or
not the carriers were used for the test)
1.3.3) Number of carriers used during the test 2
1.4) TX diversity Cross polar antenna
1.5) RX diversity Two way diversity
1.6) Type of RF signal combining Air combining with cross polar antenna
2) Frequency
2.1) Downlink band 925 to 960 MHz
2.2) Uplink band 880 to 915 MHz
2.3) Channel bandwidth 0,20 MHz
3) Environment
3.1) Temperature range -33 to +40 °C
3.2) Type of air filter NA
4) Features
4.1) Power saving features None
4.2) Coverage and capacity features None
4.3) Downlink ciphering used? (Y/N)
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Table N.2: Measurements conditions and results of fictive 900 MHZ GSM BS

Parameter Test case 25°C | Test case 40 °C Unit
1) Test environment
1.1) Temperature during test (measured) 25,3 40,2 °C
1.2) Pressure (measured) 102,5 102,6 kPa
1.3) Relative humidity (measured) 41 % 46 %
2) Downlink frequency used at test
2.1) Centre frequency of low end channel 925,1 925,1 MHz
2.2) Centre frequency of middle channel 942,5 942,5 MHz
2.3) Centre frequency of high end channel 959,9 959,9 MHz
2.4) Uplink centre frequency of middle channel 897,5 897,5 MHz
3) Supply voltage
3.1) DC voltage (measured) 54,0 54,0 vV
3.2) AC voltage (measured, phase to neutral) NA NA vV
3.3) AC Frequency (measured) NA NA Hz
4) Power consumption (measured)
4.1) Full load, Middle frequency channel 840 860 w
4.2) Busy hour load, Middle frequency channel 819 840 w
4.3) Medium load, Middle frequency channel 681 698 W
4.4) Low load
4.4.1) Low end frequency channel 642 663 w
4.4.2) Middle frequency channel 640 661 w
4.4.3) High end frequency channel 644 665 w
4.4.4)  Average consumption with low load 642 663 w
5) TX output power (pilot signal only)
5.1) Output power at low end channel 41,7 41,7 wW
5.2) Output power at middle end channel 41,8 41,8 w
5.3) Output power at high end channel 41,6 41,6 W
5.4) Average output power per sector 41,7 41,7 w
6) RXreceiver sensitivity at middle channel -113,0 -113,0 dBm
7) Expanded uncertainty 17 17 %

Table N.3: Assessment power results for fictive 900 MHz GSM BS

Parameter Value Unit
1) Pequipmentt Of integrated BS power consumption at 25 °C 717 wW
2) Pequipement Of integrated BS power consumption at 40 °C 737 w
3) Pequipement Of distributed BS power consumption at 25 °C 717 W
3.1) Pequipement Of distributed BS power consumption at 25 °C for central part 207 W
3.2) Pequipement Of distributed BS power consumption at 25 °C for remote part 510 W
4) Pequipement Of distributed BS power consumption at 40 °C 737 w
4.1) Pequipement Of distributed BS power consumption at 40 °C for central part 210 w
4.2) Pequipement Of distributed BS power consumption at 40 °C for remote part 527 w
Table N.4: Assessment daily energy results for fictive 900 MHz GSM BS
Parameter Value Unit
1) Eequipmentt Of integrated BS energy consumption at 25 °C 17208 Wh
2) Eequipement Of integrated BS energy consumption at 40 °C 17688 Wh
3)  Eequipement Of distributed BS energy consumption at 25 °C 17208 Wh
3.1) Eequipement Of distributed BS energy consumption at 25 °C for central part 4968 Wh
3.2) Eequipement Of distributed BS energy consumption at 25 °C for remote part 12240 Wh
4) Eequipement Of distributed BS energy consumption at 40 °C 17688 Wh
4.1) Eequipement Of distributed BS energy consumption at 40 °C for central part 5040 Wh
4.2) Eequipement Of distributed BS energy consumption at 40 °C for remote part 12648 Wh
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Annex O (informative):
Interpolation method

The present document describes specific load levels for the static power consumption test (clause 6). Other load levels
may be occasionally of interest. When energy saving features are not activated, power consumption at other load levels
can be assessed by interpolation from Pr., Pen, Pred, Piow Mmeasured val ues taking a quadratic function or alinear
interpolation.

The relation between load levels and power consumption of aBSistypicaly linear asinternational research projects
demonstrated. For example, the OPERA-net and EARTH projects described in ETSI TR 103 117 [i.9] proposed BS
power models with alinear approach. Practical measurements show a quite linear relation between load and power
consumption between low and full load.

The following linear model based on the power consumption at full load (Pg.), busy hour (Psw), medium load (Pmedq) and
low load (Piow).as defined in clause 6 may be applied to calculate power consumption at other load levels:

P(Pre) = Piow + C X Pre (0.1
With:
. Piow = power consumption with low load level

° ¢ = aconstant calculated to achieve abest fit with the measured Pre values for full load (Pr), busy hour (Psn),
medium load (Pred) and low load (Piow)

. Pre = transmitted RF power

In the case that the measured four load levels indicate a significant deviation from alinear function, a quadratic model
might be applied to optimally match the interpolation curve with the tested values, in particular for low loads.
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Annex P (informative):
Bibliography
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