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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI 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 ETS| Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).
Pursuant to the ETSI IPR Palicy, no investigation, including I PR 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

This Technical Specification (TS) has been produced by ETSI Technical Committee Environmental Engineering (EE).

Introduction

Energy efficiency isone of the critical factor of the modern telecommunication systems. The energy consumption of the
access network is the dominating part of the wireless telecom network energy consumption. Hence the core network
and the service network are not considered in the present document. In the access network, the power consumption of
the Radio Base Station node sites (later referred as RBS sites) is dominating and the power consumption of Radio
Network Control nodes (RNC or BSC) are not considered in the present document.

The present document defines harmonized methods to eval uate the energy efficiency of wireless access networks. In
order to do that, the present document provides definitions for the following indicators:

. Average power consumption of RBS equipment in clause 5.1: The RBS average power consumption is based
on measured RBS power consumption under reference configuration, reference environment and under
reference load levels.

. Average power consumption of RBS sitein clause 5.2: The RBS site level power consumption is calculated
based on RBS equipment power consumption for reference RBS site configuration using correction factors for
different power supply, cooling and site solutions.

. Performance indicators for network level energy efficiency for wireless systemsin clause 5.3: The network
level performance indicators are calcul ated based on RBS site level reference power consumption as well as
based on RBS coverage areafor rural area and RBS capacity for urban area.
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1 Scope

The present document defines a method to analyse the energy efficiency of wireless access network equipment.

The present document version covers the following radio access technologies:

e GSM.

e LTE

e WCDMA.
e WIMAX™,

Asthe RBS power consumption is the dominant part of total power consumption of wireless access network, the present
document covers methods which take into account only the RBS site power consumption when defining the total power
consumption of wireless access networks. In the dynamic measurement, functionalities located in RNC or BSC node,
which may have a significant impact on power consumption of base station nodes, are also considered.

The methodology described in the present document to measure energy efficiency consists of two parts. Within the
present document they are referred to as static and dynamic measurements.

The results based on "static" measurements of the RBS power consumption provide a power consumption figure for
RBS under static load and without radio network features activated. The results based on "dynamic" measurements of
the RBS power consumption provide a power consumption figure for RBS with dynamic load and with radio network
features activated, i.e. including the functionalities located in the radio network controller e.g. BSC/RNC.

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 energy efficiency of equipment or networks.

The results should only be used to assess and compare the efficiency of mobile radio network equipment from different
vendors featuring the same mobile radio standard and frequency band.

The present document does not cover multi RAT. Only Wide Area Base Stations are covered in this version. Other type
of RBS will be considered in afuture version of the present document.

2 References

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

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
http://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.

2.1 Normative references
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] CEN EII(I;Z’C EN 50160: "V oltage characteristics of electricity supplied by public electricity
networks".
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[4]

(5]
(6]
[7]

8]

[9]

[10]

[11]

[12]

[13]

NOTE:

2.2
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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)".
Void.
Void.

ETSI TS 125 141: "Universal Mobile Telecommunications System (UMTS); Base Station (BS)
conformance testing (FDD) (3GPP TS 25.141)".

ETSI TS 125 101: "Universal Mobile Telecommunications System (UMTS); User Equipment
(UE) radio transmission and reception (FDD) (3GPP TS 25.101)".

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

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

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

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

|EEE 802.16€: "|EEE 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".

WiMAX™ Technologies and Standards.

Informative references

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1]

[i.2]
[i.3]

NIST Technical Note 1297: "Guidance for evaluating and expressing the uncertainty of NIST
measurement results’.

I SO/IEC Guide 98: 1995: "Guide to the expression of uncertainty in measurement (GUM)".

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

[i.4] ISO/IEC 17025: "Genera 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)".
3 Definitions and abbreviations
3.1 Definitions

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

activity level: traffic model in dynamic measurement is divided into three activity levels corresponding to low-,
medium- and busy hour traffic

activity time: time to generate data from the server to at least one UE (in the scenario for dynamic measurement this
corresponds to the transmission time for the UE group with highest path [oss)

busy hour: period during which occurs the maximum total load in a given 24-hour period
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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 RBS: RBS architecture which contains remote radio heads (RRH) close to antenna element and a central
element connecting RBS to network infrastructure

dynamic measurement: power consumption measurement performed with different activity levels and path losses
ener gy efficiency: relation between the useful output and energy/power consumption

integrated RBS: RBS architecture in which all RBS elements are located close to each other for example in one or two
cabinets

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

| PERF: alows the user to set various parameters that can be used for testing a network, or alternately for optimizing or
tuning a network

NOTE: |IPERF hasaclient and server functionality, and can measure the throughput between the two ends, either
unidirectonally or bi-directionally. It is open source software and runs on various platforms including
Linux, Unix and Windows. It is supported by the National Laboratory for Applied Network Research.

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

power consumption: power consumed by a device to achieve an intended application performance

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

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

RBStest control unit: unit which can be used to control and manage RBS locally

site correction factor: scaling factor to scale the RBS 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

telecommunication network: network which provides telecommunications between Network Termination Points
(NTPs)

UE group: group of UEs whose pathlosses to the RBS are identical

Wide Area Base stations: Base Stations that are characterized by requirements derived from Macro Cell scenarios with
aBSto UE minimum coupling loss equalsto 70 dB according to 3GPP standardization

wir eless access networ k: telecommunications network in which the access to the network (connection between user
terminal and network) isimplemented without the use of wires

3.2 Abbreviations

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

AC Alternating Current

AMR Adaptive Multi Rate
BCCH Broadcast Control CHannel
BER Bit Error Rate

BH Busy Hour

BS Base Station

BSC Base Station Controller

ETSI



BTS
BW
CCH
CCPCH
CF
CFC
CFRRH
CPICH
cs
DC
DL
DPCH
EC
EDGE
ERRH
FCH
GERAN
GSM
GUM
HSPA
HW
|PERF
KPI
LTE
MAP
MCPA
MIMO
NA
NIST
NTP
OFDM
PA
PBCH
PBH
PC
PCFICH
PCH
PCM
PDCCH
PDF
PDSCH
PFF
PHICH
PICH
PRB
PRRH
PSF
PSFC
PSFRRH
RAT
RBS
RF
RNC
RRBS
RRH
RS
RSS
RX
SAE
SCH
SDH
sIMO

Base Transceiver Station

Bandwidth

Common CHannel

Common Control Physical Channel
Cooling Factor

Cooling Factor for Central part

Cooling Factor for Remote Radio Head
Common Pllot CHannel

Circuit Switched

Direct Current

DownLink

Dedicated Physical CHannel

Energy for Central part

Enhanced Datarate GSM Evolution
Energy for Remote Radio Part

Freguency Correction Channel
GSM/EDGE Radio Access Network
Global System for Mobile communication
Guide to the expression of Uncertainty in Measurement
High Speed Packet Access

HardWare

See the definition part

Key Performance I ndicator

Long Term Evolution

Media Access Protocol

Multi Carrier Power Amplifier

Multiple Input Multiple Output

Not Applicable

National Institute of Standards and Technology
Network Termination Point

Orthogonal Frequency Division Multiplex
Power Amplifier

Packet Broadcast Control Channel

Power during Busy Hour

Power for Central Part

Physical Control Format Indicator CHannel
Paging Channel

Pulse Code Modulation

Physical Downlink Control CHannel
Proportional Distribution Function
Physical Downlink Shared CHannel
Power Feeding Factor

Physical Hybrid ARQ Indicator CHannel
Paging Indicator Channel

Physical Resource Block

Power for Remote Radio Head

Power Supply Factor

Power Supply correction Factor for Central part
Power Supply correction Factor for Remote Radio Head
Radio Access Technology

Radio Base Station

Radio Frequency

Radio Network Controller

Reference models for RBS sites

Remote Radio Head

Reference Signals

Root Sum of Squares

Receiver

System Architecture Evolution
Synchronization Channel

Synchronous Digital Hierarchy

Single Input Multiple Output

ETSI
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SN Signal-to-Noise

SW SoftWare

TD Time during one Duty cycle
TF Tolerance Factor

TMA Tower Mount Amplifier
TP ThroughPut

TRX Transceiver

TS Time Slot

TX Transmitter

UDP User Data Protocol

UE User Equipment

UL UpLink

UL/DL Uplink/Downlink

WCDMA Wideband Code Division Multiple Access

WiMAX™ Worldwide interoperability for Microwave Access

4

4.1

Assessment method

Assessment levels

The present document defines a three level assessment method to be used to evaluate energy efficiency of wireless
access networks. The three levels are:

4.2

RBS equipment average power consumption for which the present document defines reference RBS
equipment configurations and reference load levels to be used when measuring RBS power consumption.

RBS site average power consumption which is based on measured RBS equipment power consumption and
site level correction factors defined in the present document. The RBS site power consumption can be used to
compare different equipment at site level.

Network level performance indicators which are based on RBS site energy consumption as well as site
coverage, site capacity. These indicators provide a means to evaluate the energy efficiency at network level
taking into account not only site level energy consumption but also features to improve network coverage and

capacity.

Assessment procedure

The assessment procedure contains the following tasks:

Identify RBS basic parameters (table A.1 in annex A).

List RBS configuration and traffic load(s) for measurements (annexes D to H).

Measure RBS equipment power consumption for required load levels. (see clause 6).

KPI calculation procedure according to:

1) Caculate RBS equipment average power consumption according to equations 5.1 to 5.4 (see clause 5.1).

2) Listrequired RBS site level correction factors (annex B).

For GSM undertake the following:

8G. Calculate cell coverage area for 3 sectors as done in annex C formula (C.6).
9G. Define cell capacity and energy consumption (annex D).

10G. Calculate the KPI for EE performance indicators.
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For WCDMA undertake the following:
8W.  Cadculate cell coverage areafor 3 sectors as done in annex C formula (C.6).

9W. Define cell capacity and energy consumption (For static method annex E, for dynamic method
annex H).

10W. Calculate the KPI for EE performance indicators.

For LTE undertake the following:

8L. Calculate cell coverage areafor 3 sectors as done in annex C formula (C.6).
oL. Measure cell capacity and energy consumption (For static method annex F, for dynamic method
annex H).

10L. Cdculate the KPI for EE performance indicators.
For WiMAX™ undertake the following:
8WM. Calculate cell coverage areafor 3 sectors as done in annex C formula (C.6).
9WM. Define cell capacity and energy consumption (annex G).
10WM. Calculate the KPI for EE performance indicators.

Collect and report the measurement results.

5 Calculation method for energy efficiency

5.1 RBS equipment energy consumption

The RBS 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.e. within the present document a RBSis defined as
one or more BTS or one Node B ([i.3] and [2]).

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

Static as well as dynamic energy consumption measurements are defined.

51.1 Reference configurations for Static energy consumption

For static RBS equipment power consumption measurements the following items are specified for each systemin
annexes D to G:

. Reference configuration(s).
. Freguency bands.
. Load levels.

Power Savings features implemented independently in RBSi.e. not requiring any other network element (for example
BSC, RNC) to run the feature except activation and deactivation can be used during testing. Such features shall be listed
in the measurement report.
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5.1.2 Reference configurations for Dynamic energy consumption

For dynamic RBS equipment energy consumption measurements the following items are specified for each systemin
annexes E to H:

. Reference configuration(annexes E and F).
. Frequency bands (annexes E and F).

. Traffic load levels (annex H).

e  Traffic case (annex H).

Power Savings features and other radio and traffic related features implemented in BSC/RNC and RBS can be used
during the testing. Such features shall be listed in the measurement report.

5.2 Calculation method for integrated RBS

5.2.1 Definition of power consumption in static method

The power consumption of integrated RBS 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.

. is the power consumption [W] with low load.

F)Iow

The loads are defined for a given system. The model covers voice and/or data hour per hour. The models are provided
in the annexes D to G.

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

P - _ PeH -teH * Pred “tmed + How " tiow (5.1)
equipement ,static = i
tBH +tn‘ed +t|ow

inwhich tgy, tq and o, [hour] are duration of different load levels (for details for each different access system see
annexes D to G).

5.2.2 Definition of power consumption in dynamic method

The power consumption of integrated RBS equipment in dynamic method is defined for three different activity levels as
follows:

e P isthe power consumption [W] with 10 % activity level.
e P jsthe power consumption [W] with 40 % activity level.
e P*"isthe power consumption [W] with 70 % activity level.

The activity levels are defined for a given system. The models are provided in annex H.
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5.3 Calculation method for distributed RBS

5.3.1 Definition of power consumption for distributed RBS in static method

The power consumption of distributed RBS equipment in static method is defined for three different load levels as
follows (for details of load levels see the annexes D to G):

e Pgy cand Pgy gry are the power consumption [W] of central and remote parts of RBS with busy hour load.

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

*  Pigycand Py, rry are the power consumption [W] of central and remote parts of RBS with low load.
The average power consumption [W] of distributed RBS equipment is defined as:
Pequipement static = Fe,static + PRRH, tatic, (5.2

inwhich Pe ga1ic and Prgy garic [W] are average power consumption of central and remote partsin static method
defined as:

b _Perc ter * Pedc tmed + Fowc -liow (53)
a.state teH +tmed +tiow .
PeH RRH “TBH + Prmed,RRH “tmed + Flow,RRH * tiow
PrRH ,static = (5.4

tBH +tmed +t|0w

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

annexes D to F). This average power consumption of distributed RBS equipment does not include the DC feeder loss
for remote parts. The DC feeder lossis on the other hand included in the site level power consumption defined in
clause 5.4.

5.3.2 Definition of power consumption for distributed RBS in dynamic
method

The power consumption of distributed RBS equipment in dynamic method is defined for three different activity levels
asfollows (for details of activity levels see annex G):

o P cand P oy, are the power consumption [W] of central and remote parts of RBS with 10 % activity
level.

o P and PA oy, are the power consumption [W] of central and remote parts of RBS with 40 % activity
level.

o PY.andP"" ooy arethe power consumption [W] of central and remote parts of RBS with 70 % activity
level.

54 RBS site power consumption

Figures 1 to 3 show examples of reference models for RBS sites. The RBS site includes the RBS equipment, but may
also include different infrastructure support systems and/or auxiliary cabinets. The power consumption and losses of
support parts needed as a complementary to the site parts that are not included in the RBS product will be considered by
using reference values for those complementary parts.
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Following parts shall be included in the site power consumption value:
o RBS equipment and auxiliary cabinets, as defined for the product.
J Rectifiers.
. Climate unit.

. Power distribution losses. All power distribution losses between units shall be included for integrated indoor
and outdoor RBS. For distributed base station the defined model has to be used (extra 5 % considering remote
head power consumption, for details see annex B).

. Other auxiliary equipment and cabinets.
Functionalities excluded from site reference models are:
. Battery charge power.

. Cooling for batteries (if batteries are integrated part of RBS site solution, the power consumption measurement
should be done with batteries separated from RBS for example by switch off battery breakers).

In the following RBS site level power consumption is defined for the purpose of making it possible to compare power
consumption of different RBS. For this purpose scaling factors are used to scale the RBS equipment power
consumption for reference site configuration taking into account:

. Power supply solutions. The power supply for reference RBS siteis 230V AC.

. Different cooling solutions. For the reference RBS site ambient air temperature for static measurement is
+25 °C and +40 °C and for dynamic measurement is +25 °C.

o Power supply losses. For distributed BT S areference loss for RRH power supply isincluded.
The site average power consumption [W] for integrated RBS is defined as:

Psite = PSF - CF - Pequipment (5.5)

in which PSF is power supply correction factor [unit less] and CF is cooling factor [unit less], values of which are given
inannex B.

The site average power consumption [W] for distributed RBS is defined as:
Psite = PSFc - CFc - Fe + PSPri - CFreiy - PFF - Pre s (5.6)

in which PSF - and PSFggy are power supply correction factors for central and remote parts, CF- and CFrg, are

cooling factors for central and remote parts and PFF is power feeding factor [unit less] for remote units as givenin
annex B.

Based on the concepts and measurements described in clause 5.1 the site efficiency can be calculated as the ratio
between output power measured at the antenna connector and the total site power consumption, see annex A, table A.4.
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Site reference model
RF
interface
RBS Equipment — indoor system
AC/DC
Power
supplies RBS
Power and
interface distribution
Antennas and RF
L feeder loss
Transmission / (reference)
3PP/ aux
(optional) >
Network
Battery back-up
(excluded)

Additional reference parameters,
Power supply factor

Cooling factor

Figure 1: Indoor RBS site model showing RBS equipment and support system infrastructure

Site reference model

RF
RBS Equipment — outdoor system Interface
AC/DC
Power [
supplies RBS
Power and
interface distribution
Antennas and RF
L feeder loss
Transmission / (reference)
3PP / aux (optional) -

Metwork

Climate control

Battery back-up
(excluded)

Additional reference parameters;
Power supply factor

Figure 2: Outdoor RBS site model showing RBS equipment and support system infrastructure
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Site reference model
RF
Interface
RBS Equipment — distributed system
Remote
transceiver 1
Main Power cable losses
Power ACorDC |—  (freference or measured) Remote
Power )
Interf
nterface Supplies — transceiver 2
And
distribution [—— =
i . Remote |
| transceiver n |
| L B Antennas
- T and RF
Main | feeder loss
Power (reference)
Interface AC or DC
Power
supplies |~ RBS base unit
and
distribution | | Transmission / _
3PP/ aux Network
Climate control
(outdoor)
Battery back-up
(excluded)
Additional reference parameters;
Power supply factor
Cooling factor (indoor)

Figure 3: Distributed RBS site model showing RBS equipment and support system infrastructure

5.5 Energy efficiency

The energy efficiency provides a mean to evaluate the energy efficiency of wireless access network at RBS node level
thus taking into account aspects targeting not only the RBS site energy consumption but also to features and properties
related to capacity and coverage of the network.

55.1 Energy efficiency for GSM

Inrura areas, the dominant factor for the dimensioning of a network is the coverage area. The traffic demand is
typically smaller than the maximum possible capacity of the RBS and thus the cell size is defined by the propagation
model. Thus, the energy efficiency for rural areais defined as the following where the KPI in the formula (5.7) is the
areathe RBS can cover from radio coverage point of view:

Acoverage

EEcoverage = 6.7

F)site

Acoverage 1S the RBS coverage area [km?] for rural area. The coverage areais calculated based on both uplink and

downlink systems values (for details on how to calculate system values and cell radius see annex C). The limiting value
of uplink and downlink coverage areas shall be used. Both coverage areas are calculated under low traffic load
situation. For downlink calculation the RBS BCCH signal power level and UE receiver sensitivity and traffic type
defined in annex D shall be used. For uplink calculation the measured RBS receiver senitivity with UE transmission
power and traffic type defined in annex D shall be used.
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In urban areas, the dominant factor for the dimensioning of a network is the capacity of RBS. Thus the performance
indicator (subscribers/W) for urban caseis defined as:

N busy__hour

EE capacity = (5:8)

I:)site

Niousy hour 1S the number of subscribers based on average busy hour traffic demand by subscribers and average RBS
busy hour traffic defined in table D.1 in annex D.

5.5.2  Energy efficiency for WCDMA/LTE/WiMAX™

To calculate the energy efficiency indicator in dynamic mode for the X" activity level, the power consumption of the
RBSis sampled continuoudly (interval time At,,: 0,5 seconds or shorter) over the complete period Ty, of the test patterns
(duty cycle period). For the integrated RBS F’I?(L:qumt is the measurement value for the i"" measurement regarding the
k™ duty cycle period and the x™ activity level. The test patterns are repeated n times where n is the total number of duty
cycles during the test as defined in annex H. The average energy EAu,pment which is consumed by the RBS during one

duty cycle period and for the x" activity level is evaluated as follows:
To/ Atm
E ALx 21 pALX
equipment —E | k, equipment
k=l [J (59
Tol/At, shall be an integer.

For the distributed RBS case E¢ gqyipment @d ErgH, equipment [J] are the average energy consumption of the central and
the remote parts in the dynamic method for the x™ activity level defined as:

n To/ Atm
EALX 1 PA|_x _
RRH , equipment —ﬁ‘ Atp,- RRH ,i,k,equipment
k=1 [J] (5.10)
n To/ Atm
EALX _1 pAX
C,equipment — n C,i,k,eguipment
k=1 [J] (5.11)

To calculate the site energy efficiency put P gt 8nd Pryn ste iNtO @above equations.

The average net data volume DV ALX Guri ng one duty cycle period and x" activity level is determined as given in (4b):

DV A == Z ZDV, k [Kbit] (5.12)

k=1

where misthe total number of UEs which are connected to the RBSand DV ¢ ALX the net data volume for the ™ UE

regarding the k™ duty cycle period and x™ activity level. Net data volume |sthe amount of data, successfully received at
the UE.
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The efficiency indicator EE groment for X" activity level is then calculated as follows:
ALX
£ ALX __bv .
equipment = Al x [kbit/J] (5.13)
equipment

The measurements are carried out for al defined activity levels which are given in annex H.

In order to obtain the global efficiency indicator EEyypment , the net date volume and energy consumption for the

different activity levels have to be added taking the corresponding weighting factorsCy, .. The weighting factor
considers the daily distribution of the traffic during the day, see annex H for the standard distribution proposed. | isthe
total number of activity levels. The global efficiency indicator EEqyiymen i then calculated as follows:

|

EE . — ALx=1 .
equipment | [kbit/J] (5.14)
ALX
Z CALx - Eequipment
ALx=1

|
In which, Z CaLx ' DV ALX are total average date volume considering the daily distribution of traffic levels,
ALx=1
|
Z CALx - Eeﬁb’i(pmt are total average energy consumption considering the daily distribution of traffic levels.

ALx=1

Indicator for coverage measur ement

In order to obtain the energy efficiency indicator for EEcyerage the cell areas covered by the RBS is divided by the total
power consumption consumed for covering the area.

A
EEcoverage = = [km%/W] (5.15)

equipement

Where A is the coverage area and Pequipment IS the power consumption as explained in annex C.

6 Measurement methods for RBS power consumption

This clause describes the methods to measure the equipment performance taking into account the existing standards as
listed in clause 2. It also gives the conditions under which these measurements should be performed. The aimisto have
reproducible results.

6.1 Measurement basics
1) UL diversity:
- Isastandard feature in all RBS. Therefore it is considered sufficient that the test is performed on the

main RX antenna only. The diversity RX shall be active during the measurement without connection to
the test signal.
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DL diversity:

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

Smart antennas:

- Setup for smart antenna system will be defined in alater release.

6.1.1 General

The measurement method and the test setup for power consumption consist of two parts, static measurement and
dynamic measurement. For both static and dynamic measurement the RBS shall be operated in a test and measuring
environment asillustrated in figures 4 and 5.

RBS test
control unit | _ _

RF output (RBS antenna connectors)
RBS - — —

Power input

-@-

alternatively RF power RF power RF power
A meter & load meter & load meter & load
system system system

AC or DC power

DC power supply supply

Figure 4: Test set-up for static measurements (example for three sectors)

In the static the RBS is powered either by a DC or AC power supply and operated by the RBS test control unit. This
control unit provides the RBS with control signals and traffic data which are required to perform the static
measurements. Each RF output (antenna) connector is terminated with aload with the capability to measure the RF
output power.

In the dynamic mode the RBS is powered by a DC or AC power supply. The control unit itself is connected to the core
network. The core network can be either areal network element or a core network simulator. On the antennainterface
the RBS is connected to all sectorsviacoaxia cables, see figure 5.
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Figure 5 shows the test setup with athree sectors RBS. At each sector four UE groups are used. These are connected to
variable attenuators to generate different path loss.

Traffic | | Core || RNC/BSC RF cutput, Sector 2
Server MNetwork (not LTE) RF cutput, Secior 2 RF
b nout RBS RF output, Secior 1 power meter
ower inpu

V)

Alternatively
Q Pathloss emulator with
attenuators
DC AC or DC | | | |
Power supply Power supply ] Combiner/

splitter

UE-G1 UE-G2 UE-G3 || UE-G4

Traffic monitor [kbps]

Figure 5: Test setup for dynamic measurement with UEs (example for three sectors)

6.1.2 Measurement and test equipment requirements

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 equipments 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:
U Input power:

- Resolution: < 10 mA; < 100 mV; < 100 mW.
- DC current: +1,5 %.
- DC voltage: £1 %.
- Wattmeter: +1 %.
- An available current crest factor of 5 or more.
- The test instrument shall have a bandwidth of at least 1 kHz.
- RF output power: +0,4 dB.

In the static mode the RBS shall be stimulated viathe RBS controller interface by the emulation of the test-modelsin
conjunction with the traffic profiles and reference parameters given in annexes D to G.

In the dynamic mode the RBS shall be operated via the controller units asillustrated in figure 5 in conjunction with the
traffic profiles and reference parameters given in annexes D to G.
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The UEs are distributed in the cell according to clause 6.4.2.1 and may be represented either by UE emulators or test
mobiles. In either case the performance requirements apply as described in related clause 6.1.3 for each technology.

6.1.3 UE performance requirements

The dynamic RBS energy efficiency testing allows the usage of either user equipment (UE) emulator or atest setup
with conventional UEs.

The RBS energy efficiency depends to a significant part on the performance of the UE. To achieve comparable results,
the UE performance shall be according to the nominal minimum performance as specified in relevant 3GPP standard
(for example TS 125 101 [8] for WCDMA).

Standard off-the-shelf UEs have typically a better performance than the minimum requirements to cope with production
tolerances. To minimize the impact of the UES on the test results, the performance variations have to be compensated.
This clause describes a basic set of UE specifications and corrective actions to compensate for UE performance
variations for the RBS EE test setup.

The downlink capacity test results described in the present document depend on the receiver sensitivity of the UE. UE
emulatorsinclude usually meansto calibrate key parameters like transmit power, receiver sensitivity, etc. The following
procedure shall guarantee that all UEs used for the test setup match the required minimum performance as specified in
the relevant UE standard.

UE Requirements:
1) UEswhich have an external antenna connector as default shall be used as test device.

UEs used for testing shall achieve the minimum RF performance according to the relevant standard with an accuracy of
+0,5dB.

Only UEs of power classes 3 and 3bis shall be applied since power classes 1and 2 are only specified for band 1.
Only UEs with a significant market penetration (for example models of the actual top ten sales lists, etc.) shall be used.

The used UE equipment has to be recorded in detail for the test protocol. This shall include origin, H/W and S'W
versions of the UEs as well as any modifications or corrective measures made.

The RX sengitivity of the UEs applied shall be measured and corrected before the RBS capacity test. The UE sensitivity
shall be measured with an UE test setup comprising of asignal generator and BER counter as described in figure 6. The
UE sensitivity shall be reduced with an attenuator at the UE antenna port to the reference sensitivity as specified in
table 7.2A in [8] and [9]. The measurements shall be done for al UEs used during the test at all frequencies and
bandwidths used for efficiency testing.

The correction factors applied shall be documented in the test protocol.

! ~ Calibration attenuator:

Signal generator v~ Aca for DL test calibration
(accordingto TS 25.101)
\.

BER counter

Figure 6: UE calibration setup for UE sensitivity correction

The calibration attenuator shall remain connected to the UE during all capacity tests like shown in figure 6. In the case
that only one UE is used per UE group, the required attenuation can be added to the path loss attenuation instead.
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6.2 Measurement conditions

6.2.1 RBS Configuration

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

In case of multiple configuration of RBS a configuration with 3 sectors shall be used.
For WCDMA/HSPA a configuration with one carrier per sector shall be used.

The connection to the ssimulator viathe RBS 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 RBS configuration. Additional
power consuming features like battery loading shall be switched off.

Downlink ciphering on the air-interface shall be used.
The Power saving features and used SW version have to be listed in the measurement report.

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

6.2.2 RF output (transmit) power/signal

Due to the different nominal RF output power values of the various RBS 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 RBS.

During the test the RBS shall be operated with the RF output powers which would be applied in commercia operation
regarding the reference networks and the traffic profiles listed in annexes D to G.

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

6.2.3 Environmental conditions

For the power consumption measurements the environmental conditions under which the RBS has to be tested are
defined as follows.

Table 1: RBS environmental conditions

Condition Minimum Maximum
Barometric pressure 86 kPa (860 mbar) 106 kPa (1 050 mbar)
Relative Humidity 20 % 85 %

Vibration Negligible

Temperature Static: +25 °C and +40 °C
Dynamic: +25 °C

Temperature accuracy [+2 °C

6.2.4 Power supply

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

For nominal value and operating value shall be according for AC testing to [3] and DC testing to [4].

The frequency of the power supply corresponding to the AC mains shall be according to [3].
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6.3 Static measurement procedure

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

Measurement results shall be captured earliest when the equipment including the selected load is in stable operating
conditions.

The RF output powers as well as the corresponding power consumptions of the RBS 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 to G.

The RF output power signal and levels shall be generated according to the test models described in annexes D to G.
Stimulation shall be realized viathe RBS controller interface.

The test models as well as the system depended load |levels are defined in annexes D to G.

The reference point for the RF output measurements is the antenna connector of the RBS.

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 low load case (in order to have values over frequency band for calculation of coverage
area) and at middle frequency channel for busy hour and middle load. For the evaluation the single values as well asthe
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 RBS reference power consumption evaluation as well asthe
network energy level efficiency calculations.

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 RBS as well as the RF output power shall be given in watts. in accordance with the
accuracies and the resolutions given in clause 6.1.2.
6.3.1 Coverage measurement method

The coverage of aRBS inrural areasistypically limited by the UL connection. The coverage area (sensitivity of the
RBS) is an important performance indicator especially for green field operators or when a new system is introduced.
Theinitial RBS deployment is often determined by the contractual requirements to achieve an initial minimum area or
population coverage.

The energy efficiency for coverage (EEveage) 1S measured and calculated under the following conditions:
e Apply RBStest generator (UE emulator).

. Measure the sensitivity of the RBS (with one RX path, other RX path for UL diversity shall be active but
antenna connector terminated) as well as the power consumption P of the RBS with all sectors active and
commissioned identically. A test generator shall be connected to one sector only.

The sensitivity shall be measured for the uplink throughput as specified below:

e  WCDMA/Rel.99: Speech call with 12,2 kbps AMR.
The Bit Error Rate (BER) shall be < 0,001 as defined in TS 125 141 [7] and annex C.

. WCDMA/HSDPA: upload via UDP with a net data throughput not less than 256 kbps.
. LTE: upload via UDP with a net data throughput not less than 500 kbps.

After the UL requirements have been fulfilled the downlink throughput shall be configured to the following
requirements:

e  WCDMA/Rel.99: Speech call with 12,2 kbps AMR.
The Bit Error Rate (BER) shall be < 0,001 asdefined in TS 125 141 [7] and annex C.
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. WCDMA/HSDPA: download via UDP with a net data throughput not less than 1 280 kbps.
. LTE: download via UDP with a net data throughput not less than 2 500 kbps.

Ciphering shall be activated on the air-interface.

M easurement setup:

1) (e)NodeB: 1+1+1 configuration; 40W rated output power per transmitter or the maximum of RBS output
power if 40 W is not reached; no TX-diversity in WCDMA / MIMO configuration in LTE activated but one
antenna connector terminated.

2)  Freguency bands as defined in annex E for WCDMA and annex F for LTE.
3) Common channels (all 3 sectors) as defined in annex E for WCDMA and annex F for LTE.
4)  (e)NodeB from commercial production, commercial SW, default adjustments for RNC/SAE and (€)NodeB.

The coverage areais calculated from the measured path |oss as specified in annex C.

6.4 Dynamic measurement procedure

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

This clause describes the measurement method for capacity dynamic measurement including the distribution of UEs
during measurement and throughput setup.
6.4.1 UE distribution for dynamic test method

In the dynamic test method 4 UE groups are distributed in each sector. The number of UEs in each group is dependent
on which radio access technology is used during the test, see annex H. The distribution of UE groupsisin away that
UE groupl has the lowest path loss and UE group 4 has the highest path loss, see figure 7.

Each UE group is connected to an attenuator with a specific attenuation representing the UE's position in the cell to give
predefined received signal strength as stated in annex H.

Values for received signal strength at each UE with respect to different radio access technology are presented in
annex H.

Multi-path or other propagation impairments are not considered.

Received Received Received Received
Signal Signal Signal Signal
Strength at Strength at Strength at Strength at
UE1 UE2 UE3 UE4

Figure 7: UEs distribution in a sector
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6.4.2 Throughput setup
The following procedure is applied for one carrier.

Due to the different link budget conditions UEs at different positionsin a sector get different net data transmissions per
bit.

In order to equally weight the contribution of different UESto the global energy efficiency metric, the active UEs shall
evenly share the channel resources over their simultaneous active time.

As the test scenario of each duty cycle (Tp) (see annex H) shall be divided in 4 active phases (Tp) (depending if 4, 3, 2
or 1 UE arereceiving DL traffic), the even distribution of resources shall be provided in the average during each phase
(see clause 6.4.3).

For each of the different attenuations, the bit rate setting for the UDP traffic generators can be experimentally
determined as follows (see figures 8 to 11):

1) Start with one connected UE. This UE (e.g. UE4) has the worst link budget conditions. Tune the UDP bit rate
to the max value for which the net sends (data rate sent by UDP traffic generator) and receive throughput
(maximum net throughput received by UE without data loss) are the same. Thisvalueis called TPmaxygq.

2)  Connect the next UE. This UE (e.g. UE3) has the second worst link budget. The previous UE(S) remain
connected and get its/their data with unchanged UDP traffic generator data rate. Perform the same tuning
operation for the new UE (e.g. UE3) as described for previous UE in step (1), but now in contention with all
previous UEs. Thisvalueis called TPmaxygs.

3)  Sequentialy perform the tuning operation of step (2) for each UE (in order of decreasing attenuation). The bit
rate isthus achieved in contention with all UEs that have been tuned so far. Thisvalueis called TPmaxyg, and
TPmaxyg; for UE2 and UEL respectively.

The UDP data throughputs are now determined and will be used for the energy efficiency test. During test execution,
the UDP data generator of each UE will be started and terminated several times according to the activity levels defined
in annex H. Theimplied precondition of the Throughput setup isthat UEL is alwaysin contention with the other UEs;
UE2 always in contention with UE3 + UE4; UE3 alwaysin contention with UE4. In any case, the configured bit rate
stays fixed to the obtained values.

Data rates of UE4

TP of UE4 (alone in the cell) = UDP generator Data rate for UE4

TP of UE4 (sharing cell resources with UE3)

TP of UE4 (sharing cell resources with UE3 + UEZ2)
TP of UE4 (sharing cell r. with UE3 + UE2 + UE1)

Figure 8: UDP data rate for UE4
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Data rates of UE3

TP of UE3 (sharing cell r. with UE4) = UDP generator Data rate for UE3

TP of UE3 (sharing cell resources with UE4 + UE2)

TP of UE3 (sharing cell resources with UE4 + UE2 + UE1

Figure 9: UDP data rate for UE3

Data rates of UE2

TP of UE2 (sharing cell resources with UE4 + UE3) = UDP generator Data rate for UE2

TP of UE2 (sharing cell resources with UE4 + UE3 + UE1)

Figure 10: UDP data rate for UE2
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Data rates of UE1

TP of UE1 (sharing cell resources with UE4 + UE3 + UE2)
= UDP generator Data rate for UE1

Figure 11: UDP data rate for UE1

6.4.3 Error tolerance for equal distributed resources

The amount of accumulated data per Activity Level (#Data, yg) can be easily compared with the expected minimum
data, based on the UDP-levelled Throughput (= measured TPmax) multiplied by the summarized recording time.

The minimum data per Activity Level (per UE-Group) is the evaluated volume of data, reduced by atolerance factor
TF. Viaformula 6.b (see annex K) and with current values (e.g. SFygs = 25/12; SFgs = 26/12; SFyg, = 15/12;
SFye; =12/12; n=10; Tp =40 s; M = 4; TF = 0,25, see annex K):

Evaluated data volume:
o  #Data g > Pmax g X 755 x AFX
. #Data, ygr > TPMax yg, x 131,25 s x AFX
. #Data, yes > TPmMax ygs x 162,5 s x AFX
° #Data, ygq > TPMax ygq x 156,25 s x AFX

The measured TPmaxyg as well as the volume of accumulated data #Dataaccuyg; x as well as the number of eval uated
data#Datay g have to be mentioned in the Measurement Report (see annex A, table A.7).

7 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 and derived calculation results which are to be
reported is given in annex A.

Further guidelines on the test report can be found in clause 5.10 of ISO/IEC 17025 [i.4].
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Annex A (normative):
Measurement Reports

Table A.1: Test general information

Iltems Remarks
1) Document reference and version
2) Date of the test
3) Version of TS 102 706 used
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: RBS reference parameters to be reported

Parameter Value Unit

1) RBS configuration
1.1) Number of sectors
1.2) Number of Carriers per sector
1.2.1) Number of carriers the RBS is able to support
1.2.2) Number of carriers, for which the HW was enabled (independent
whether or not the carriers were used for the test)
1.2.3) Number of carriers used during the test
1.3) TXdiversity
1.4) RXdiversity
1.5) Type of RF signal combining
1.6) Remote Radio Head (Yes/No)
2) Frequency

2.1) Downlink band MHz

2.2) Uplink band MHz

2.3) Chanel 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
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Table A.3: Measurements conditions and results to be reported in static method

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) Downlink frequency used at test

2.1) Centre frequency of low end channel

MHz

2.2) Centre frequency of middle channel

MHz

2.3) Centre frequency of high end channel

MHz

3) Supply voltage

3.1) DC voltage (measured)

3.2) AC voltage (measured, phase to neutral)

3.3) AC Frequency (measured)

Fi<I<

4) Static power consumption (measured)

4.1) Busy hour load, Middle frequency channel

4.2) Medium load, Middle frequency channel

4.3) Lowload

4.3.1) Low end frequency channel

4.3.2) Middle frequency channel

4.3.3) High end frequency channel

4.3.4) Average consumption with low load

5) TX output power (pilot signal only)

5.1) Output power at low end channel

5.2) Output power at middle end channel

5.3) Output power at high end channel

5.4) Average output power per sector

6) RX receiver sensitivity at middle channel

PI=i=ElE| 2I2R|E] B

Q.

Table A.4: Calculation results to be reported in static method

Parameter

Value

[
=]
=

1)

Peguipequipmentment Of integrated RBS power consumption at 25 °C

Peguipement Of integrated RBS power consumption at 40 °C

3)

Pequipement Of distributed RBS power consumption at 25 °C

3.1) Pequipement Of distributed RBS power consumption at 25 °C for central part

3.2) Pequipement Of distributed RBS power consumption at 25 °C for remote part

4)

Pequipement Of distributed RBS power consumption at 40 °C

4.1) Peguipement Of distributed RBS power consumption at 40 °C for central part

4.2) Pequipement Of distributed RBS power consumption at 40 °C for remote part

5)

Site average power consumption at 25 °C

SREEEEEEEE

5.1) Used power supply factor

5.2) Used cooling factor

5.3) Used power feeding factor for RRH

6)

Site average power consumption at 40 °C

=

6.1) Used power supply factor (PSF)

6.1.1) PSF for integrated RBS

6.1.2) PSF. for central part of distributed RBS

6.1.3) PSFgrry for RRH part of distributed RBS

6.2) Used cooling factor (CF)

6.2.1) CF for integrated RBS

6.2.2) CF. for central part of distributed RBS

6.2.3) CFggrnx for RRH part of distributed RBS

6.3) Used power feeding factor for RRH

7)

Site efficiency

7.1) [(Output power at antenna connector at 25 °C) /
(Site average power consumption at 25 °C )] x 100

%

7.2) [(Output power at antenna connector at 40 °C) /
(Site average power consumption at 40 °C )] x 100

%

8)

Coverage efficiency (only for GSM system)

8.1) Calculated uplink coverage area

km?2

8.2) Calculated downlink coverage area

km?2

8.3) Performance indicator for rural area

km2/\wW
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Parameter Value Unit
9) Capacity efficiency (only for GSM system)
9.1) Busy hour capacity Subscribers
9.2) Performance indicators for urban area Subscribers/W

Table A.5: Measurements conditions and results to be reported in dynamic method

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) Downlink frequency used at test

2.1) Centre frequency of low end channel MHz

2.2) Centre frequency of middle channel MHz

2.3) Centre frequency of high end channel MHz
3) Supply voltage

3.1) DC voltage (measured) V

3.2) AC voltage (measured, phase to neutral) Vv

3.3) AC Frequency (measured) Hz
4) Dynamic energy consumption (measured)

4.1) 70 % activity level J

4.2) 40 % activity level J

4.3) 10 % activity level J
5) Average measured data volume

5.1) 70 % activity level kbit

5.2) 40 % activity level kbit

5.3) 10 % activity level kbit
6) Measure path loss coverage test dB

Table A.6: Calculation results to be reported in dynamic method

Parameter Value

1) Average power consumption at 25 °C

szl

2) Site average power consumption at 25 °C

2.1) Used power supply factor

2.2) Used cooling factor

2.3) Used power feeding factor for RRH

3) Site efficiency

3.1) [(Output power at antenna connector at 25 °C) / %
(Site average power consumption at 25 °C )] x 100

4) Coverage calculation

4.1) Energy Efficiency for coverage km2/W
5) Capacity calculation

5.1) Total downlink throughput during the test kbit

5.2) Energy Efficiency for capacity kbit/J
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Table A.7: UE reporting table for UE at position i

ltem Value Remarks Unit
UE Position
Antenna attenuator for DL test value of sensitivity and power correction attenuators dB

as specified in section UE requirements
Antenna attenuator for UL test value of sensitivity and power correction attenuators dB
as specified in section UE requirements

Standard antenna connector for UE(i)
(Yes/NO)
The UE type at position i
The maximum throughput TP max uei kbit
The estimated volume of data, #dataai1.uei kbit
The estimated volume of data, #dataaiz,uei kbit
The estimated volume of data, #dataais uei Kbit
The measured volume of data, kbit
#dataacumulatedacy uei
The measured volume of data, kbit
#dataacumulatedai2,uei
The measured volume of data, kbit
#dataacumulatedacs,uei
Category smart phone, data card, etc.
HW version
Location ID Identify sector and group in the test setup
Manufacturer
Maximum specified DL data rate according to manufacturer data sheet kbps
Maximum specified UL data rate according to manufacturer data sheet kbps

Model name

Modifications

modifications of UE should be avoided

Origin

source and date of purchase

Serial number

SW version
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Annex B (normative):
RBS site parameters

This annex defines RBS site reference parameters to be used for the network level energy efficiency assessment.
For site equipment that is not part of the product configuration, following reference parameter values apply:
. Power Supply Factor (PSF) depending on power supply:
- Equipment with AC power interface: PSF = 1,0.
- Equipment with DC power interface: PSF = 1,1.

. Cooling Factor (CF) to compensate for consumption and losses depending on type of cooling solution in order
to scale different RBS equipments for outdoor conditions:

- Indoor RBS equipment with fresh air fan based cooling solution: CF = 1,05.

Indoor RBS equipment with air condition controlled to 25 °C: CF = 1,5.
- Outdoor RBS equipment: CF = 1,0.
. Power Feeding Factor (PFF) for remote units, to compensate for power supply losses for remote units:
- Remote radio heads: PFF = 1,05.
. Feeder losses (including feeder, jumpers and connectors):
- Standard macro RBS site configuration: 3,0 dB.
- For TMA configurations, the UL (Uplink) feeder loss between antennaand TMA is0,5 dB.

- For RBS with remote radio head, UL/DL feeder lossis 0,5 dB (jumper 0ss).
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Annex C (normative):
Coverage area definition

This annex presents a method to define RBS coverage area.

The maximum path loss for downlink L py and uplink L, can be calculated based on the downlink and uplink service
requirement of voice and data:

For downlink:
Lpd = Patx — Lecom — Lef +Gga + Gma — Lin —Lph — Pvisen — Pmargin €D
For uplink:
Lpy = Pvix — Lph + Gma + Gga — Lar — Pasen — Pmargin — Lin (€2

Okumura-Hata model is the most widely used model in radio frequency propagation for macro RBS (rural area model).
The path loss is described by:

Lp=6955+2616lg f —1382lgh, —a(h,,) + (44,9—-6,55Igh,) *1gd + C (C.3)
a(hy) =@1gf -0,7)h,, - (156lgf -0,8)
C = 0 dB for medium sized cities and suburban centres with moderate tree density;

Formula (C.3) can be written as (C.4) where A is the fixed attenuation in Okumura-Hata model. This model can be used
for rough estimation of the size of macrocells, without respect to specific terrain featuresin the area. The validity of the
formula C.4 is the same as for the Hata model, except that the frequency range has been stretched up to 2,6 GHz in
table C.1. Depending on value for A the formula (C.4) gives different pathloss for different frequencies stated in

table C.1.

The values of A for different frequency band can be found in table C.1.
Ly = A-1382Igh, —a(hy,) +(44,9-6,55Igh,) * Igd

(C.9)
Table C.1: Fixed attenuation A in Okumura-Hata propagation model
Frequency (MHz) 700 850 900 1700 1800 1900 2100 2600
Attenuation A (dB) 144,0 146,2 146,8 154,1 154,7 155,3 156,5 158,9
Resolving (C4) according d gives the radius of the coverage area:
Lp—A+13,82Ighy +a(hy,)
d=10 449-655Igh, ©5)
The coverage area can be calculated as following:
2
Coverage _ Area = 9\/_+d (C.6)
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Table C.2: Propagation and path loss parameters

Parameters Definition Value

A Fixed attenuation factor According to table C.1

d The cell radius According to formula C3

f The used frequency According to annexes D to G

GBa RBS antenna gain [dBi] 17,5

GMa UE antenna gain [dB] According to annexes D to F

Hb RBS antenna height [m] 40

Hm UE antenna height [m] According to annexes D to F

LBcom RBS combiner loss [dB] Measured according to annexes D to F

LBf RBS feeder and connector loss [dB]  |According to annex B

Lp Path loss in Okumara-Hata model Measured value in dB

LPh Body loss 3 dB for voice services / 0dB for data services

PBsen RBS sensitivity [dBm] Measured according to annexes D to F
3 dB RX-Div. gain shall be included here as
well

PBtx RBS transmit power [dBm] Measured according to annexes D to F

Pmargin Shadow fading margin [dB] 6

Lin Indoor loss (dB) 12

PMsen UE sensitivity [dBm] According to annexes D to F

PMtx UE transmit power [dBm] According to annexes D to F
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Annex D (normative):
Reference parameters for GSM/EDGE system

Reference configurations for GSM/EDGE:

. Number of sectorsand carriers. 222 (2 carriers per sector, 3 sectors), 444, 888.

. Power Input: -48 V DC, +24V 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 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 rulesfor:

. 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 BTS.

Table D.1: Load model for GSM

Low load

Medium load

Busy hour load

Load for 222

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 444

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.

Load for 888

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.

Load level
duration

6 hours

10 hours

8 hours

power

timeslots

-LStatic Power Level

Pidle

Figure D.1: Power levels for BCCH TRX (all TS active)
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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 (3x6)
S444 51 Erlangs (3x17)
5888 123 Erlangs (3x41)

Frequency bandsfor GSM/EDGE:

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

specified band is used as a reference.

Table D.3 gives examples of frequencies for bands defined in TS 145 005 [i.3].

Table D.3: GSM/EDGE frequency bands

Band Uplink [MHZ] Downlink [MHZz]
900 880 to 915 925 to 960
1 800 1710t0 1785 1 805to 1880

Reference parameter for GSM cell size calculation:

Parameter

RBS combiner loss [dB]

3 dB for single carrier PA ,0 dB for MCPA

UE antenna height

15m

UE antenna gain

0dB

UE sensitivity

-104 dBm (static)

UE RF output power

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

RBS transmit power for downlink

BCCH TRX power level

Downlink traffic type

Voice

Uplink traffic type

Voice
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Annex E (normative):
Reference parameters for WCDMA/HSDPA system

Reference configurations for WCDM A/HSDPA shall be:
J Number of sectorsand carriers: 111.
. Channel capacity: Able to handle busy hour traffic + extra 50 %.
. RF output power level:
- Power Range applicable to the "Wide Area BS"' class asdefined in TS 125 104 [2].
- Suggested maximum RF output power at antenna connector according to TS 125 141 [7]: 40 W per cell.
. Power Input: -48 V DC, 230V AC.
WCDMA/HSDPA static load mode!:

The test model shall be according TS 125 141 [7] (V8.3.0), 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 aRF 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.

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
Load level duration 6 hours 10 hours 8 hours

Cover age measurement setup configuration:
e  WCDMA/HSDPA accordingto TS 125 141 [7], clause 6.1.1.4A Test model "5" (P-CCPCH+SCH, Primary.
e  CPICH, PICH, SSCCPCH (containing PCH (SF=256)).
. Frequency bandsfor WCDM A/HSDPA:

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

Table E.2 gives examples of frequencies for bands applied in Europe and defined in [2].

Table E.2: WCDMA/HSPA frequency bands

Band Uplink [MHZ] Downlink [MHZz]
I 192010 1980 2110t0 2170
Vil 880 to 915 925 to 960
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Reference parameter for WCDM A/HSDPA cell size calculation:
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Parameter
RBS combiner loss[dB] 0dB
UE antenna height 15m
UE antenna gain 0dB
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.
J Number of sectors and transmitters:
- 111 (1 TX, 2 RX-paths per sector, SIMO);
- 111 (1 carrier, 2 TX, 2 RX-paths per sector, 2x2 MIMO);
- at both 10 MHz and 20 MHz.
RF output power level:
. Power Range applicable to the "Wide AreaBS' classasdefined in TS 136 104 [12].

. For 111 configurations, the suggested RF output power at antenna connector according to reference to
TS 136 141 [11] (V8.6.0): 40 W per TX path.

Power |nput:
. -48V DC, 230V AC.
L TE dynamic load moddl:
The channels have to be configured as following:

. The Reference Signals (RS) have to be configured with the corresponding nominal power. All other channels
should be configured and processed as typically donein the field.

The control format indicator CFl1 has to be used.
LTE static load model:

The test model shall be according 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 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 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.
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. 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:
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- 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 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 val ue of 50 % of
the maximum rated power of the cell. This correspondsto afixed PDCCH pattern of 144 transmitted

REs at 10 MHz and 288 REs at 20 MHz.

- REs dedicated to PHICH shall not be transmitted.

Table F.1: Load model for LTE

Low load

Medium load

Busy hour load

RF load for 111

(1 TX, 2 RX-paths
per sector, SIMO),at
10 MHz

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 111

(1 TX, 2 RX-paths
per sector, SIMO), at
20 MHz

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 111

(1 carrier, 2 TX,

2 RX-paths per
sector, 2x2 MIMO), at
10 MHz

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.
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Low load

Medium load

Busy hour load

RF load for 111

(1 carrier, 2 TX,

2 RX-paths per
sector, 2x2 MIMO), at
20 MHz

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.

Load level duration

6 hours

10 hours

8 hours

Cover age measurement setup configuration:

° Bandwidth: 20

MHz or less.

. The reference signas (RS), Synchronization signals (SCH), control channels (PBCH, PCFICH, PHICH,
PDCCH) and shared channel (PDSCH), have to be configured and processed the same way as done for the
capacity measurements of the dynamic load model.

Frequency bandsfor LTE:

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

specified band is used.

Table F.2 gives examples of frequencies for bands applied in Europe and defined in Referenceto TS 136 104 [12].

Table F.2: LTE frequency bands

Band Uplink [MHZ] Downlink [MHZz]

| 1920to 1980 2110t0 2170

Wl 2 620to 2 690 2 620to 2 690
VI 880 to 915 925 to 960

Reference parameter for LTE cell size calculation:

Parameter
RBS combiner loss 0dB
UE antenna height 1,5m
UE antenna gain 0dB
Downlink traffic type Data
Uplink traffic type Data
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Annex G (normative):
Reference parameters for WiMAX™ system

Reference configurationsfor WiM AX™ system:

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

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

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

Ssector.

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

WIMAX™ traffic model:

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

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

Table G.1: Traffic model for WiIMAX™

Low load

Medium load

Busy hour load

Load for S111
at 5 MHz

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

Three symbols dedicated to
preamble, FCH, MAP and

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

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

Load for S111
at 7 MHz

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

Three symbols dedicated to
preamble, FCH, MAP and

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

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

Load for S111

Three symbols dedicated to

Three symbols dedicated to

Three symbols dedicated to

at 10 MHz preamble, FCH, MAP shall be |preamble, FCH, MAP and preamble, FCH, MAP are
transmitted at static power 50 % DL date symbols shall active and 100 % DL date
level. be transmitted at static power |symbols shall be transmitted
level. at static power level.
Load level 6 hours 10 hours 8 hours
duration

Frequency bandsfor WiM AX™:

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

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

. Table F.2 defines the RF channel s to be calculated using the following formula:

Where:

F. isthestart frequency for the specific band;

RFChannel, = Fggart +N-AF;, VNe Nignge

AF. isthe centre frequency step;

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

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 2 3475 {0 to 40}

Prof2.C_2.305 10 250 2310 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 {Oto 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 {800 to 1 580}

Prof5.B_3.4 7 250 3403,5 {0to 1572}

Prof5L.B 3.4 {0 to 772}

Prof5H.B 3.4 {800 to 1 572}

Prof5.C_3.4 10 250 3405 {0 to 1 560}

Prof5L.C_3.4 {0 to 760}

Prof5H.C 3.4 {800 to 1 560}
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Annex H (normative):
Definition of load level

The UEs shall be connected to each sector of the RBS via power splitters and attenuators according to the method
described in clause 6.4.2.1 and with the total path loss for the different UEs as defined in table H.1. The power levels
for the pilot channels (CPICH for HSPA and RS for LTE) at the respective UE groups shall be as stated in table H.2.

Based on the path loss L defined in table H.1 the required pilot channel power can be calculated with formulaH. 1.
Lue,i = Ppilot channe!,BS — Ppilot channel,UE, i (H.1)
Where:
Lyg,; therequired total attenuation between the antenna connector of the RBS and the UE group i;

Philot channel,Bs the power levels of the pilot channel transmitted at RBS;

Prilot channel,UE,i the power levels of the pilot channel received at the UE group i.

Table H.1: Total attenuation for different UE groups for different RAT

Path loss for |Path loss for UE |Path loss for UE |Path loss for UE
UE group 1 group 2 group 3 group 4
[dB] [dB] [dB] [dB]
WCDMA/HSPA 85 100 115 130
LTE 85 100 115 130

The pilot channel power allocation shall be made to achieve the following signal levels at each UE defined in table H.2.

Table H.2: Received pilot signal strength at different UE groups for different RAT

Technology Control channel Received Received Received Received
power signal strength | signal strength | signal strength | signal strength
at UE group 1 at UE group 2 at UE group 3 at UE group 4
[dBm] [dBm] [dBm] [dBm]
WCDMA/HSPA | CPICH = 33dBm -52 -67 -82 -97
LTE RS =15,2dBm -69,8 -84,8 -99,8 -114,8

The same path loss settings and received pilot signal strength shall be used for the test, independent of the total RF
power of the base station in the wide area BS category defined in [2] and [12]. This will ensure that all capacity tests are
carried out for the same cell size.

During the test, the UEs will receive data generated by |PERF or similar tool. The amount of data sent to each UE is
defined according to clause 6.4.3 and is sent to each UE based on the equation (H2) for transmission timer T, g and
table H.4.

InLTE thereis 1 UE in each UE group.
In WCDMA/HSPA thereis 1 UE per carrier in each UE group.

A duty cycle includes the time for both activity level and the silence period. The total number of duty cycles during
each testisn = 10.

There are three activity levels defined, 10 %, 40 % and 70 % corresponding to low, medium and busy hour traffic, see
table H.3.

The activity levels are distributed over the time in away that 10 % activity level isrelated to 6 hours a day, 40 % to
10 hours and 70 % to 8 hours. This distribution is weighted by factor ¢ according to table H.3.
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UDP (User Data Protocol) is used to generate data.

The tolerance factor TF is 0,25.

Table H.3: Time duration and weighting factor for duty cycle and different activity levels

Low traffic (10 %) Medium traffic (40 %) Busy hour traffic (70 %)
T, activity time [s] 4 16 28
Tp, Duty cycle time [s] 40 40 40
n, number of duty cycles 10 10 10
Hours during a day [hours] 6 10 8
Weighting factor, c 0,25 0,42 0,33

T isactivity time for generating data by |PERF or similar tool during each duty cycle. Thistimeisin seconds.
Tp isthe time for each duty cycle including both transmission and silence period.
M is the number of UE groups in each sector.
T:ue iSthe transmission time for data generated by |PERF or similar tool to different UE groups, see equation (H.2).
Tsue1 1S the silence time when no datais transferred by |PERF or similar tool for each UE group during each duty cycle,
see equation (H.3).
T . .
Tt UE :VXI’ fori =1,2,...M (H.2)

Tsuei =Tp ~Tyug fori=1,2 ..M (H.3)

Table H.4: Transferring and silence time for each UE group for different activity levels

Low traffic (10 %) Medium traffic (40 %) Busy hour traffic (70 %)
T, [s] T [s] T, [s] T [s] T, [s] T [s]
UE group 1 1 39 4 36 7 33
UE group 2 2 38 8 32 14 26
UE group 3 3 37 12 28 21 19
UE group 4 4 36 16 24 28 12

Figure H.1 shows the data traffic pattern for different UE groups with different transmission and silence time.

< Transferring data

UE group 1 Ti.ue1 Ts uet

L No data

-+ Transferring data

UE group 2 Tiue2 Ts ue2

< No data

< Transferring data

UE group 3 Tt UE3 Ts.ues

< No data

- Transferring data
UE group 4 Tiugs Tsues
—— = No data

#Active UE; 4 {3 i 2 1. 0 143 . 2:i1:0
groups

Figure H.1: Data traffic model for each UE group
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Annex | (informative):
Uncertainty assessment

This annex suggests methods by which to carry out the global uncertainty assessment.

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.

Determination of an absolute value for wireless network efficiency uncertainty is beyond the scope of the present
document, but guidelines for assessment are suggested.

Suitable parameters for the input quantities may be taken from the clauses of the present document.

Uncertainty —
Network Efficiency
(Y)

RBS Reference
Model (X)

Metwork Reference
\ Model (X)

RBS Parameters Traffic variability

Upgrade provision

Environmental variation
Model suitability

Power saving

features /

RBS Site model

variance

Terrain

&

Reference User

Measurement
methods (X]

Measurement
accurac
Measurand

Random and
systematic errors

Equipment Model (X)
Equipment variance

Repeatability — cajipration,

resolution etc

Figure l.1

Uncertainty factors may be grouped into two categories according to the method used to estimate their numerical value:
[ ]

Type A: Those which are evaluated by statistical means.

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

Measurement method uncertainty: This parameter may be considered a standard uncertainty of type A whichis
derived from known data and produces normal distribution to a quantifiable standard deviation. Subsections of this
parameter include measurement accuracy and repeatability which may be evaluated by a measurement system analysis.

Reference user equipment: The model can be considered atype B evaluation and subject to some variance with the
actual equipment in use due to variation of performance of subscriber equipment.

Network reference uncertainty: This parameter can be considered a type B eval uation being subject to some variation
due to traffic model inaccuracies or model suitability.

RRBS reference model uncertainty: This uncertainty is a combination of type A - RRBS parameters, and type B -
environmental and site model variance.
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Datadistribution

Estimates for upper and lower uncertainty limits (a , to a_) will be subject to a quantity distribution according to the
data model. A normal distribution will be quantified by Uj = (a . - a_)/2. If the data distribution used to model the
quantity istriangular then Uj = (a, - a )/\6.

In the absence of any other information it is reasonable to assume that the quantity is equally probable to lie anywhere
between upper and lower limits and therefore follows a rectangular distribution, and is therefore quantified by:

Uj=(a,-a)N3.
Combined uncertainty
The combined system uncertainty in its simplified form can be defined by the following expression:
Y = ayXq, 8Xy, X3, X

Where:

Y = Uncertainty.

a,= Input sensitivity.

Xn= Input quantity.

Combination of uncertainty factors to evaluate total uncertainty (YY) uses the RSS (Root Sum of Squares) method. An
example uncertainty budget is shown intable|.1.

Table 1.1
Source of Uncertainty Value | Probability | Divisor | Sensitivity Standard
+0% Distribution Coefficient a,, | Uncertainty U; .o,

X1 Measurement Uncertainty 1,31

Calibration factor 2,5 normal 2 1 1,25

Drift since last calibration 0,5 |rectangular sqrt(3) 1 0,29

Instrumentation Uncertainty 0,5 |normal 2 1 0,25
Xa Network Reference Model 5 rectangular sqrt(3) 2,89
X3 RRBS Reference Model 5 rectangular sqrt(3) 1 2,89
X4 Reference User Equipment Model 5 rectangular sqrt(3) 1 2,89

Combined Standard
Uc(Y) Uncertainty normal 517
U (Y) |Expanded Uncertainty normal 2 10,34

If amore detailed uncertainty assessment is required the following publications are suggested:
. NIST Technical Note 1297 [i.1].

e ISO/IEC Guide 98: 1995 [i.2).
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Annex J (informative):
Example assessment

This annex presents results of afictive assessment for 900 MHz GSM system. The system reference parameters are
listed in table J.1 and results in tables J.2 and J.3.

Table J.1: Reference parameters of fictive 900 MHz GSM RBS

Parameter Value Unit

1) RBS configuration

1.1) Number of sectors 3

1.2) Number of Carriers or TRXs per sector 2

1.3) TX diversity Cross polar antenna

1.4) RX diversity Two way diversity

1.5) 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

Table J.2: Measurements conditions and results of fictive 900 MHZ GSM RBS

Parameter Test case 25°C | Test case 40 °C Unit
1) Tested equipment
1.1) Tested HW unit names & serial numbers Baseband TT99, SN 1234567-A
RF TT88, SN 1234567-B
1.2) Software version of tested equipment SW release 3.14
2) Test environment
2.1) Temperature during test (measured) 25,3 40,2 °C
2.2) Pressure (measured) 102,5 102,6 kPa
2.3) Relative humidity (measured) 41 % 46 %
3) Downlink frequency used at test
3.1) Centre frequency of low end channel 925,1 925,1 MHz
3.2) Centre frequency of middle channel 942,5 942,5 MHz
3.3) Centre frequency of high end channel 959,9 959,9 MHz
4) Supply voltage
4.1) DC voltage (measured) 54,0 54,0 Vv
4.2) AC voltage (measured, phase to neutral) NA NA vV
4.3) AC Frequency (measured) NA NA Hz
5) Power consumption (measured)
5.1) Busy hour load, Middle frequency 819 840 w
channel
5.2) Medium load, Middle frequency channel 681 698 w
5.3) Low load
5.3.1) Low end frequency channel 642 663 W
5.3.2) Middle frequency channel 640 661 w
5.3.3) High end frequency channel 644 665 W
5.3.4) Average consumption with low 642 663 w
load
6) TX output power (pilot signal only)
6.1) Output power at low end channel 41,7 41,7 wW
6.2) Output power at middle end channel 41,8 41,8 w
6.3) Output power at high end channel 41,6 41,6 w
6.4) Average output power per sector 41,7 41,7 w
7) RXreceiver sensitivity at middle channel -113,0 -113,0 dBm
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Table J.3: Assessment results for fictive 900 MHz GSM RBS

Parameter Value Unit
1) Average power consumption at 25 °C 717 w
2) Average power consumption at 40 °C 737 w
3) Site average power consumption at 25 °C 789 w
3.1) Used power supply factor 1,1 (DC feed)
3.2) Used cooling factor 1,0 (outdoor RBS)
3.3) Used power feeding factor for RRH NA
4) Site average power consumption at 40 °C 868
4.1) Used power supply factor 1,1 (DC feed)
4.2) Used cooling factor 1,0 (outdoor RBS)
4.3) Used power feeding factor for RRH NA
5) Rural area (only for GSM system)
5.1) Calculated uplink coverage area 106 km?
5.2) Calculated downlink coverage area 173 km?
5.3) Performance indicator for rural area 0,12 (=106/868) km2/W
6) Urban area (only for GSM system)
6.1) Busy hour capacity 900 (=18 erlangs / 0,020 erlangs) Subscribers
6.2) Performance indicators for rural area 1,0 (=900/868) Subscribers/W
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Annex K (informative):
Derivation of formula in clause 6.4.3

This annex shows the derivation of formula mentioned in clause 6.4.3.

For better understanding the contents of this clause it is assumed that any group of UE is composed just by only one
UE.

To not prioritize the cell centre UE with the best throughput compared with the cell border UE, it is required to have an
equal distribution of the resources over the time for all active UE having available input data and this is to be checked
by the following method.

The UE maximum throughput depends on the individual UE position in the cell (attenuation), as well on the number of
UEs with active datato be scheduled.

Note that the measured UE maximum Throughput is not depending on the activation-level.
The measured maximum Throughput per UE:

The individual UE Throughput-maximum (TPmaxygy, ... TPmaxygs) is measured with different number of UEs with
active data to be scheduled:

° TPmaxyg,4 is measured with UE4 alone in the cell.

. TPmaxygs is measured when sharing the resources together with UEA4.

) TPmaxye, is measured when sharing the resources together with UE4 and UE3.

. TPmaxyg; is measured when sharing the resources together with UE4 and UE3 and UE2.

Annex H defines the scenarios of the appearance of the activity level per UE. Due to the fixed scenario there are 5
different phases, defined by the UEs, which receive their data during their activity levels:

The 5 phases, with active data of the UES:

. Phl: UEl, UE2, UE3, UE4

. Ph2: UE2, UE3, UE4
. Ph3: UES, UE4
. Ph4. UE4

o Ph5:  idle (no UE)

NOTE: The phases Phl to Ph4 are of the same duration (see clauses annex H for definition of activity level).
The evaluated averaged Throughput per UE per transmission time;
Example for UE4:

TPmaxye4is measured during Phased, when UE4 isaonein the cell and gets all physical resources (LTE: PRB of
PDSCH).

During Phase3, the UE4 has to share its resources with another UE, so there are 2 UEsin the cell:

TPPhS,UE4 = 1/2 X TPPh4,UE4 = 1/2 X TPmaXUE4 (KO)
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Analogue for the other phases the throughput is estimated as following:
1) TP estimation of UE4 for its transmission time, Ty g4
TPphauesa = TPMaxygq X U1 = TPmaxgq x 12/12
TPpnaues = TPMaxygq X 12 = TPMaxygq X 6/12
TPeh2uesa = TPmMaxygq * /3 = TPmaxygq x 4/12
TPpn1uesa = TPMaxygq X U4 = TPmaxygq % 3/12
TPy ues = average of all phases = TPmMaxygs X 25/12 / pygs
2) TPestimation of UE3 for its transmission time, TP, ygs:
TPpnsues = TPmaxgz X /1 = TPmax gz x 12/12
TPeh2ues = TPmMaxgz x 2/3 = TPmaxgz x 8/12
TPpn1ues = TPmMaxygz X 2/4 = TPmaxygz x 6/12
TPy ues = average of all phases = TPmaxygsz * 26/12 / pyes
3) TPestimation of UE2 for its transmission time, TP yg:
TPpoue2 = TPMaxyg; X U1 = TPmaxgp x 12/12
TPeh1ue2 = TPmMaxygz x 3/4 = TPmaxyg, x 9/12
TP ue2 = average of all phases = TPmaxyg; x 21/12 / pye»
4) TP estimation of UEL for its transmission time, TP, yg::
TPpny,uer = TPMaXyer
TPy ue1 = average of all phases = TPmMaxyg; / puer
General:
TPy uei = TPmMaxyg % SFygi / Puei (K.1)
Where:
e TP,y isthe averaged throughput during the active window of UE Group i;
e  TPmaxyg isthe measured maximum Throughput per UE-Group i;
. SFyg isthe Scenario dependent Factor per UE Group i, elaborated before (e.g. SFygs = 25/12);
. Pugi 1S the number of different phases during the UE transmission time, equal to the UE group index:
- Puer = 1; Puez = 2; Pues = 3; Pues = 4.
Finally, the sum of the received data per UE can be evaluated and compared with real received data:

e  Thered received data are those of the different Activation levels, but not yet weighted with the correction
factor of the traffic model.

. The number of (correctly) received data per UE and per Activity Level, #Data, yg, ... #Datay yes:
- Thisisthe sum of (correctly) received data per UE of al duty cycles per activity-level.

. The phase duration is given by duty cycle time Tp, activity Factor AF, and number of UE Groups M:
- Phase duration= T x AR,/ M.

e  Thenumber of phases per UE group = pyg. It is given by the UE group index.
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. The #data have to be calculated on a Phase basis, multiplied with the number of phases.

A tolerancefactor TF isintroduced (see annex H), so the number of data (#Data) is allowed to be less than evaluated
in the margin of example TF = 25 %.

Derivation of formula 6.b:
o  #Datax,UEi > TP x t x (1-TF)
. #Datax,UEi > TPt,UEi x n x TD x AFx/ M x pUEi x (1-TF)
. #Datax,UEi > TPmaxUEi x SFUEi / pUEi x nx TD x AFx/ M x pUEi x (1-TF)
o  #Datax,UEi > TPmaxUEi x SFUEi x n x TD x AFx/ M x (1-TF)

. #Data, yg > TPMaxyg x SFug X N x Tp X AR/ M X% (1-TF) (K.2)

. #Data, g iSthe tolerated, evaluated amount of data per UE-Group per Activation Level x;

. n isthe number of duty cycles per activity level;

e  Tpistheduty cycle duration;

. X isthe Activity level;

e  AF,isthe activityFactor per Activity level x;

. M isthe number of UE Groups;

. TPmaxyg; is the measured maximum Throughput per UE-Group i;

. SFygi isthe Scenario dependent Factor per UE-Group i, elaborated before (e.g. SFygs = 25/12);
e  TFisthetolerance factor.

With current values (eg SFUE4 = 25/12, SFUE3 = 26/12, SFUEZ = 21/12, SFUEl = 12/12, n= 10, TD =40 S, M = 4,
TF = 0,25), the number of data per UE per Activity Level is evaluated as:

° #Data, yg > TPmMaxyg X SFyg X 10 x 40 sx AFX /4 x 75 %
. #Data, yg1 > TPmMax yg1 X 75 s x AFX

. #Data, ygr > TPMax yg, x 131,25 s x AFxX

. #Data, yes > TPmMax ygs x 162,5 s x AFX

° #Data, yeq > TPMax ygs x 156,25 s x AFX

Note that here an example is computed and that the formula has to be used with actual parameter settings.
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