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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CASE STUDIES SUPPORTING IEC 62232 —

DETERMINATION OF RF FIELD STRENGTH AND SAR IN THE VICINITY
OF RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE

OF EVALUATING HUMAN EXPOSURE

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for s
all rational electrotechnical committees (IEC National Committees). The obj
interpational co-operation on all questions concerning standardization in the electfi
this gnd and in addition to other activities, IEC publishes International Stangdarg
Techpical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; apy
in the subject dealt with may participate in this preparatory work
governmental organizations liaising with the IEC also participate in
with |the International Organization for Standardization (ISO) in &ccorda
agregment between the two organizations.

2) The {formal decisions or agreements of IEC on technical mattg S possible, an inte

consensus of opinion on the relevant subjects since eac
intergsted IEC National Committees.

3) IEC Dublications have the form of recom
Com
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iyergence

cated in

5) IEC Independent certification bodies provide cqnformity
assep marks of conformity. IEC is not responsiblg for any
servig

6) Allu

7) No li employees, servants or agents including individual experts and
mem| EC National Committees for any personal injury, property dgmage or
othe v S whether direct or indirect, or for costs (including legal fges) and
expe jg thg~publication, use of, or reliance upon, this IEC Publication or any other IEC
Publ

8) Atterjtion ¥ F Qrmative references cited in this publication. Use of the referenced publicptions is
indis application of this publication.

9) Atterjtion i to the possibility that some of the elements of this IEC Publication may be the sybject of
patent ri IB€ shall yot be held responsible for identifying any or all such patent rights.

The mg hintask of IEC technical comm|ttees is to prepare Internat|onal Standards However, a

llected

data of a different kind from that wh|ch is normally publlshed as an Internatlonal Standard for

example "state of the art".

IEC 62669, which is a technical report, has been prepared by IEC technical committee 106:
Methods for the assessment of electric, magnetic and electromagnetic fields associated with

human exposure.

This publication contains attached files in the form of a CD-ROM for the paper version and
embedded files for the electronic version. These files are intended to be used as a

complement and do not form an integral part of the technical report.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
106/199/DTR 106/208/RVC

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The cdmmittee has decided that the contents of this publicafion will remz

related|to the specific publication. At this date, the publication will be

* recpnfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued /at terdate:

nchangéd until

e data

IMPORTANT - The 'colour inside’' logoron r pageof this publication indjcates
that it contains colours which (are con to be useful for the cprrect
understanding of its contents. Users ¢ Id re print this document uging a
colour|printer. 2\
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INTRODUCTION

This technical report contains a series of case studies for the evaluation of electromagnetic
(EM) sources in the frequency range 100 kHz - 300 GHz to support the methods detailed in
the international standard IEC 62232, Determination of RF field strength and SAR in the
vicinity of radiocommunication base stations for the purpose of evaluating human exposure.
Using the methods detailed in the standard, each case study has been chosen to illustrate a
typical radio base station (RBS) evaluation scenario.

@C@
S
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CASE STUDIES SUPPORTING IEC 62232 —
DETERMINATION OF RF FIELD STRENGTH AND SAR IN THE VICINITY
OF RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE
OF EVALUATING HUMAN EXPOSURE

1 Scope

This technical report presents a series of case studies in which electromaagnetic (Fl\/l\ fields

are evpluated in accordance with IEC 62232. It also provides a repor emplatg cross
referenced to IEC 62232.

Each G Aluation
scenar studies
demong i . i i i one Method
would

The c4d not a
substit
2 Nd
The fo ument.
For da edition
of the 1
IEC 62 ication
base s
3 Te
For the purp Wl , , initi , i terms

given i

4 O\

4.1 Case-study synopsis

This clause provides a summary of worked evaluation examples at a number of RBS sites
using a range of methods described in IEC 62232. The example sites include roof-tops,
towers, poles, micro cells and in-building cells.

The case studies have been chosen to illustrate typical RBS sites and common evaluations.
Some of the case studies demonstrate multiple evaluation methods. However in most
situations only one method would be required to complete an evaluation.

NOTE The coloured left-side page margins in the annexes indicates the pages are unchanged versions of sample
RF exposure evaluation reports contributed by TC 106 project team members.
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4.2 Micro cell case study

The purpose of this case study was to evaluate the RF exposure compliance boundaries from
a particular micro cell installation on a building wall to determine whether they would extend
to a nearby awning. Compliance boundaries were determined based on a) basic restrictions
and b) reference levels to determine the minimum distance from the antenna to the
compliance boundary.

The maximum values were compared against international safety guidelines known as ICNIRP
(International Commission on Non-lonizing Radiation Protection) guidelines. The assessment
establishes compliance against the basic restrictions known as specific absorption rate (SAR)

and thﬁﬁnﬂﬂ%@ﬂ%@.ﬂ&&@ﬂbﬂﬂﬂ@m&md in a
laboratory and frequency selective field measurements were performed onfsite:

The equipment under test (EUT) was categorised as a simple

techno
source

configu

The “b

stated

The co
measu

Both th
public
buildin

This c4d

e the
exdg
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Figure
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ogy and single antenna of the micro cell. Nearby base stations, k
5, had negligible impact on both SAR and field strength ex¥aluations-
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j awning, theref
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hinty is
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eneral
hto the
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Figure 1 — Micro cell case study


https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

-8- TR 62669 © IEC:2011(E)

4.3 Roof-top case study with nearby apartment buildings

The purpose of this case study was to verify the RF exposure levels in the accessible areas of
an office building roof-top with a cellular base station are below the uncontrolled environment
exposure limits in Health Canada’s Safety Code 6 Guidelines. The building roof-top has
cellular base station panel antennas from two separate operators, and is located near an
apartment building, residential and commercial areas.

The equipment under test (EUT) was categorised as a Complex RBS as there are multiple

antenn

a systems at the site under evaluation.

This evaluation ‘was performed by Industry Canada as part of their regulatory audltmg

progra ted of

compu nd the

antenn the RF

exposyre Ievels in accessible areas.

The RK exposure compliance boundary (uncontrolled environm be 6 m

directly in front of the panel antennas.

The m Safety

Code g li pof-top

undern on the

buildin for the

uncontf

Resultg b % CI

assess| ssment

schemg ] level

The exposure levels repo actual

level eyaluated and the u

This cdse study illustr

e evdluation o' ted on
the|roof-top of

e evgluation of/R ear an
apd

o full cations
was

e the

Figure |2 (left).show e roof-top installation from a position across the street; while Fjgure 2

(right) |shows the surveyor and base station antennas in-situ. The building is IocTted in

MontrelalsThe case study is available in full in Annex B

28/04/2009 1144

Figure 2 — Roof-top case study with nearby apartment buildings
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4.4 Roof-top / tower case study in residential area

The purpose of this case study was to verify RF exposure compliance in a residential and
commercial area surrounding a building with a roof-top cellular base station and satellite
broadcast radio repeater. The antenna structure is mounted on the second level roof-top of an
office building. The equipment under test (EUT) was categorised as a Complex RBS as there
are multiple antenna systems at the site under evaluation.

This assessment compared the results of the evaluations against limits set forth in Health
Canada’s Safety Code 6 guidelines. This compliance assessment was performed by Industry
Canada as part of their regulatory auditing program of radio communication and broadcasting
sites. The evaluations consisted of computational modelling to determine the RF exposure
complifincé  boundaries around the antennas, and Irequency selechive Sfrength

measufements to determine the RF exposure levels in the surrou | and
commgrcial areas. The accessible areas of the roof-top were also meagur
The RK exposure compliance boundary (uncontrolled environmg & be 4 m
directly in front of the cellular panel antennas, and 2 m ditectly j atellite
broadcpst repeater antenna.
The maximum exposure level on the building roof-top a ) 3,92 % of|Safety
Code { limits for the uncontrolled environment which was 2 eters in frong of the
satellit¢ broadcasting repeater. This location i i e general public. The
maximyum exposure level in the residenti reay around the buildipng was
assessged to be 0,044 % of Safety Cod imi ed environment.
Resultg are presented for this case stady using(bo e best estimate and upper 9% % CI
assess| - ing the upper 95 % Cl assepsment
schemeg include the measufs ip 9 ded’uncertainty in the reported levgl. The
exposyre levels reported™using i essment scheme state the actual level
assessed and the unce i
This cdse study 4
luation of R hrqm _gellular base station antennas and satellite brdadcast
g on a multi-storey building, which houses a centre for
left) is
re and

Figure 3 — Roof-top / tower case study in residential area
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4.5 Roof-top case study with direct access to antennas

The purpose of this case study was to determine the RF exposure compliance and control
boundaries around an operational roof-top macro base station. It demonstrates the validity of
both measurement and computation evaluation methods for this base station situation.

The compliance boundary assessment determined the area around the base station antennas
where the exposure limits are not exceeded, and the control boundary assessment confirmed
the location of the physical access controls such as barriers and warning signs. The
evaluation included on-site spatially averaged field strength measurement at the control
boundary and a desktop computation to determine the compliance boundary. The maximum
values were compared against the ICNIRP international safety guidelines.

An inifial visual inspection at the site showed the potential for a (signifieant Rj: field
contribution from other RF sources. A wide frequency sweep establi e gmbient

contribption would not be significant and hence only the RF fi P 3S| under
evalua i 5 nts, an
initial gstimate of the control boundary distance was calc ' from the
antenn

Spatialry averaged field strength measurements were s at the
selectdd control The
measufements demonstrated the actual field strengf e : ational
and general public limits allowing for the max This verifigs that
conserpative control boundaries have p€en selé

A sepprate desktop evaluation using\a S{ tracing

determfined that the distance from the/antenna towgeneral public compliance boundary was
less than 10 m, and less than 1 m {to .o- ional compliance boundary, alogng the
i operating\po

maximpm exposure radial yhder maximym
Full uncertainty analy poth evaluation methods indicating high
confidgnce that actual|expos S an the ICNIRP limits at the specified [control

boundary distangés ssment scheme was used for both the desktop
evaluation and fis

This ¢4
e evdluatior of\R c S ess to
the

Figure |4 shows the“evaluation site, in Cape Town. It is an example of a roof-top site with
direct access to the antennas, which in this example are flush mounted on building’s efxterior.
The case study is available in full in Annex D.

Figure 4 — Roof-top case study with direct access to antennas
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4.6 Roof-top case study with large antennas and no direct access

The purpose of this case study is to evaluate the RF exposure levels in accessible areas on a
building roof-top in Tokyo.

The equipment under test (EUT) was categorised as a Complex RBS due to the multiple
frequency bands and technologies supported.

The evaluation involved frequency selective measurements of the radio base station control
channels and extrapolation for maximum operating power. The maximum values were
compared against the ICNIRP guideline.

ation arJtennas
ximum

The aslsessment showed that the total exposure level from the mobile b4
in accgssible areas of the building roof-top was lower than the specjf
traffic, fas well as at the available maximum transmitting power.

This eyaluation was performed using a target uncertainty asse sche target
uncertginty is met, then the measured value is compared e target
uncertginty is not met, then the comparator is the mea aluk ased to thg upper

95 % cpnfidence level. In this case study the target unce

This c4d

e RF
e an
e comparison of computational evaludtion and
o freg

e evdluation of nearb

Figure

The ca

Figure 5 — Roof-top case study with large antennas and no direct access

4.7 Circular cylindrical compliance boundary determination case study with large
antennas and no direct access

The purpose of this survey was to determine a radio frequency (RF) exposure compliance
boundary (occupational and general public) for a specific combined Long Term Evolution
(LTE) and GSM site in Stockholm.

The compliance boundaries were evaluated against the international safety guidelines known
as the ICNIRP (International Commission on Non-lonizing Radiation Protection) guidelines.
The assessment was made in terms of the Specific Absorption Rate (SAR) for adult RF
exposure using formulae for SAR estimation.
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The compliance boundary for occupational exposure using the cylinder SAR model was
assessed to be 0,5 m in diameter and 1,4 m height in front of the antenna.

The compliance boundary for general public exposure using the cylinder SAR model was
assessed to be 1,7 m in diameter and 1,5m height in front of the antenna.

Results are presented for this case study using the upper 95 % CI assessment scheme. The
SAR exposure level is reported and the uncertainty value stated.

This case study illustrates:

e QA Cf

e ac

N Compliance boundary,
_ | general public exposure
Cylindrical compliance boundary determination

for dual band antenna on building

Figure |6 shows a radio base station antenna on a roof-top in Stockholm which was the pubject
of this pvaluation involving GSM and LTE systems.

The case study is available in full in Annex F.

4.8 Tower case study in parkland

This case study evaluates the RF exposure levels in a playing field in close proximity to a
radio tower with broadcast and cellular base station radio services.

The purpose of the survey was to determine observed field strength values along footpaths
and on a sports field adjacent to a base station site at a church green in Essex UK. The
maximum values would then be compared against international safety guidelines known as
ICNIRP (International Commission on Non-lonizing Radiation Protection) guidelines.
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The equipment under test (EUT) was categorised as a Complex RBS due to the multiple
frequency bands and technologies supported.

Unknown transmitters on site meant that the assessment was conducted by on-site
measurement. All values recorded were well below ICNIRP general public reference levels.
The maximum values recorded corresponded to 0,295 % of the ICNIRP reference level.

This evaluation was conducted using the best estimate assessment scheme where the
measured levels are reported and uncertainty stated.

This case study illustrates:

e RF|exposure levels on a playing field in close proximity to a radio towe

e an [RF exposure assessment where site configuration details 4
vices are unknown.

radio

The log ite was Essex, in the United Kingdom. The structure and
antenn S g (left) and the evaluation location, which included a spoiting
field, in N

The ca iS~avaitable in full in Annex G.

4.9 Multiple towers case study at sports venue

The purpose of this case study was to determine the maximum field strength contribution from
a new cellular base station to give reassurance of the low levels where the public have
regular access. This base station is one of several located on lighting towers around a sports
ground.

The equipment under test (EUT) was categorised as a Complex RBS. Ambient fields,
including those from the other RBS operating at the sports ground, were not the subject of
this particular investigation. Only the dominant sector pointing into the oval was considered.
The assessment involved determining the location on the sports ground with the maximum
exposure ratio from the RBS under evaluation. This was determined first using a conservative
desktop computation and then verified by on-site frequency selective field strength
measurements. The results were assessed against the General Public reference levels
defined in Australian Radiation Protection Standard (based on the ICNIRP Guidelines).
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The modelled maximum cumulative RF EME levels from the RBS were 0,5 % of the general
public exposure limit. The measured maximum cumulative RF EME levels from the RBS were
0,04% of the general public exposure limit. The measurement result verifies the conservative
outcome of the desktop modelling.

The frequency selective measurements were performed using a hand-held measuring
instrument with integrated isotropic probe. Separate measurements were made of control
channels and across the operating band for each of the technologies supported by the RBS.
Measurements were performed at the computed max field location. Additional measurements
were made at locations around the predicted location of the maximum field strength in order
to confirm the validity of the computation. The maximum and time averaged field strengths
were measured at three heights above the ground where the power output is known.

N
The “best estimate” assessment scheme has been applied and the calcilated a 'ﬁnelasured
levels reported, including the extrapolation for maximum base stationypqQwer con Q ||ti DN.

This c4

e RF

e ac

The sybject o und at
Perth, Australia. gite consisted of multiple radio base stations located on separate |ighting
poles, see’Figure 8 (right). The case study is available in full in Annex H.

4.10 In-building base station case study

This case study considers the verification of RF exposure compliance in publically accessible
areas for an indoor distributed antenna system. The system is comprised of distributed
antennas mounted on the ceiling of each floor of an occupied office building.

The equipment under test (EUT) is the individual radiating antennas on each floor in a low
power distributed antenna system. There are no other radiating RF sources at the site under
evaluation. This assessment was performed by the Electromagnetic Environment Lab of
China Mobile Group Design Institute as part of their internal auditing program of mobile
communication base stations. The results of the evaluations are compared against the
reference limits of National standard 8702-88 of the People's Republic of China (GB 8702-88).
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This assessment was performed using computational evaluation and on-site broadband field
strength measurement. The final results were based on the field strength measurement.

The maximum measured RF field strength, found on floor 14, was 13,83 yW/cm2 and the
expanded uncertainty was determined to be 2,26 dB. The “best estimate” assessment scheme
was then applied to compare the measured RF field strength directly with the reference limit.
This demonstrated that the RF field strength is considerably less than the relevant reference
limits. The distributed antenna system installed in this building is therefore in compliance with
National standard 8702-88 of the People's Republic of China (GB 8702-88).

This case study illustrates:

o RF|exposure levels inside an office building in close proximity to smal
parf of a distributed antenna system;

38 hiich
naS'\K|C are

e acpmparison of field strength measurements and computationa

X gure 9 — Office building IBC case study
Q
The subje@the evaluation, shown in Figure 9, was a distributed antenna system irjstalled

ina Bei'i@,office. Figure 9 consists of a wide shot of the antenna in-situ and shows 4 close-
up(insiéf il T e bl infulin .
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Annex A
(informative)

Micro cell case study
This annex contains the Micro cell case study referred to in 4.2. This evaluation report is

presented as issued by Ericsson AB and retains its original structure, formatting, layout and
numbering. The standard referred to in the report is IEC 62232.

@%
S
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Evaluation Report Template
Date of Report: 10th April, 2008

Title: Micro cell Evaluation Stockholm Sweden

Site Location: Building, Stockholm, Sweden

Site Coordinates (at Antenna): removed

doogle Earth Hyperlink: removed << \'i\
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1. Executive Summary

The purpose of this case study was to assess the RF exposure compliance boundaries from a
particular micro cell installation on a building wall to determine whether they would extend to
a nearby awning. Both the Basic Restrictions and Reference Levels were assessed to
determine the minimum distance from the antenna to the compliance boundary.

The maX|mum vaIues were compared agalnst mternatlonal safety gwdelmes know as ICNIRP

(Intern; sment
establis te and
the fiel uency
selecti
The E single
techno condary
sourceg,
The me¢asured SAR and field strength levels were ex : xS th i power
configu
The “be¢ i i i 8 4 ‘ asured levels are rgported
including the extrapolation for maximym basé eonfi ion. hinty is
stated
The co frength
measuf
Both thge 3l public
exposuf Bwning,
therefofe access is ?er
2.
2.1.
The tes this report define compliance boundaries for the micro cell base station
antenna qush e wall. The details of the operator are shown below in Table 2.1.1.

\<</C) Table 2.1.1: Micro cell operator technology information- primary source

Product Ericsson RBS 2202
Operator TeliaSonera
Transmitting antenna Kathrein 741 316

Electrum building (Isafjordsgatan 26,

Antenna location SE- 164 40 Stockholm, Sweden)

Technologies GSM 900, GSM 1800
Antenna dimensions (h/w/d) 0.66/0.26/0.12m
Antenna mounting 4 m above ground on building wall
Typical output power GSM 900: 34 dBm

(as specified by operator) GSM 1800: 31.5 dBm
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Maximum output power GSM 900: 37 dBm
(as specified by operator) GSM 1800: 34.5 dBm

GSM 900: ch. 34 (941.8 MHz)
Broadcast channels GSM 1800: ch. 632 (1829.2 MHz)

The TeliaSonera micro cell antenna is located in the vicinity of four other base station antennas,
known as secondary sources. The secondary sources are described in Table 2.1.2 below.

Table 2.1.2: Secondary sources information

Ericsson RBS 2202 (GSM 900/1800) (Telenor)

Products Nokia Supreme (WCDMA 2100) (Telenor)
E RBS3202 (WCDMA 2
ficsson RBS3202 (WC TEON3) '\'\
Telenor (three color matche tennas)
Operators 3 (antenna above the colour}a\ ched W

L Kathrein 739 494, 742 212 and 739 e)r%({/
Transmitting antennas Kathrein(ﬂ’&z\s\w
16,

. Electrum byiding\(Kista
Antenna location SE- 164&@@5\2
Technologies GSM, 400, W@NC\Q\MCO

. Approx{ 2 m{ above, ph awe (Telenor)
Antenna mounting (\S\Wb m@’y awiee (1o

w MHz) (Telenor)

Nﬂ :'eR, 800 (1767.8 MHz) (Telenor)

A : ch. 8 (2117.6 MHz) (Telenor)

2400: ch. 10687 (2137.4 MHz) (3)
N\

N

}ding wall approximately 4 m above the footgath. As
some colour matched) flush mounted on a puilding
the footpath. The awning is the metallic gold goloured

Broadcast / Pilot channels

2.2 Site environm

The migro cell antefina is
shown |n Figure :
wall approximately & r

structure below the s\

Secondary sources

Micro cell antenna - The primary
source of this evaluation

Figure 2.2 Photograph of micro cell antenna

2.3. Exposure safety limits

ICNIRP is a body of independent scientific experts who investigate the possible adverse effects of
exposure to non-ionizing radiation. ICNIRP, in conjunction with the World Health Organization (WHO),
developed the ICNIRP Exposure Guidelines.
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This assessment compares results against the ICNIRP Guidelines for Time Varying Electric and
Magnetic Fields for frequencies up to 10 GHz for both Basic Restrictions (SAR) and Reference Levels.

ICNIRP guidelines contain two levels, one for occupational exposure the other for the general public.
The purpose of this evaluation was to determine the distance from the antenna to the occupational
and general public boundaries.

3. Evaluation Plan (Annex A of standard)

3.1. Pre-evaluation review

The|purpose of the pre evaluation review is to develop an estimate of the expected fi¢l\3¥ trength
(and SAR) and consequently an appropriate selection of evaluation methgds‘:fop-a giveh evaluation
purgose.

3.1.1. Determine evaluation purpose
ation of

The evaluation purposes were to establish boundary against lim inform

typical yalue for RF exposure.

3.1.2. Determine equipment under test (EUT)) catey

Anten pe nW\ Q@%’?h\’{w

~~—
w:réogal\%sw \@ (870-9MHz) and 60° (1710-1800 MHz)
. )

\b
| 26 (8707960 MHz) and 19° (1710-1800 MHz)

verg BW
> zDirectQity\\‘v\'\ \(szZdBi (870-960 MHz) and 13 dBi (1710-1880 MHz)

/\< Wﬂ% Back of antenna mounted on wall, 4 m above ground

\B\o\asi@w GSM 900: ch 34 (941.8 MHz), GSM 1800: ch 632 (1829.2 MHz)

N )
\@}-@r@r&git power | 37 dBm (GSM 900) and 34.5 dBm (GSM 1800)

@‘{cél\trarééit power 34 dBm (GSM 900) and 31.5 dBm (GSM 1800)

314. | . Deci
No. Sinﬂ\n‘ e requirement is to establish only exposure from the RBS RF fields

if ambient fields are to be considered
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Establish the evaluation locations required

Source regions | and Il. Environment region 0.

Table 3.1.2 — Mapping of evaluation locations on the source-environment plane

TR 62669 © IEC:2011(E)

Map the¢ evaluation locations onto a source-environment plane with the

and the)

3.1.6.
The sp

47 V/m

3.1.7.

Region
Region

3.2

The sit
measut
measut
minimu

All field
is 50

measur
measur

3.3.

Source — Environment Region

I-M [1-M [-M

I-1 [1-1 -1

I-0 11-0 -0

’ ’ N\

Establish which parameters

I: SARand E & H
Il: EorH

b assess
ements a
ement was ma
M distance

6 l‘l@.

a conservative value provided the expanded uncertainty of th

g evaluation plan

Develo

)_Ehpr‘k sheet to bhe used on site

Table 3.3.1 — SAR measurement check sheet

Make sure that the equipment and instruments to be used are calibrated

Measure dielectric properties of liquid

Perform system performance check

Set the EUT to transmit at the maximum output power level, or measure the forward O
power and the reflected power.

Position EUT so that it touches the phantom shell and the radiating parts are centred O
with respect to the phantom

Make sure that the EUT is levelled O

axis

SM 900

imately

ve field

ent by
ine the

bability

alue\iseither above or below the given value. The laboratory SAR

e SAR

onstraint in IEC 62209-2 — this was achieved in this case study.
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Position the EUT for the desired separation between the reference point of the EUT O
and the liquid surface

Make sure that the EUT is levelled

Document instrumentation used

Setup the measurement system: liquid parameters, EUT properties, probe, DAE and O
measurement areas are specified in the system configuration setting

Perform reference measurement, area scan, zoom scan and power drift measurement | O

Apply correction factor (a number between 1 and 2 depending on separation O
distance). See clause 7.3.4.
Post process data if needed (e.g. scale to maximum power etc.) O

Table 3.3.4 —Field measurement check sheet
O O\

Make sure that the equipment and instruments to be used are calibrated

NANNEN
Consider the safety of the public and the people conducting the meas%eme}t\\q\@ NR >
A O
O
O
O
O
O

Document measurement area (address and location) <\\ &

A
Take photographs of the site /\\\é \
Document date and time ( (7 K\O\)

Make notes on weather conditions Wmany&enﬁ in Y@s@?y ar:;?

Document instrumentation used \ \ \O®\ )
Select measurement method based o ble 9 Es@&l

Consider the location of the source a d th v to evaluate the effect
of the presence oft Sess d \ |ze edsurement errors

Consider if othﬂRNréAma{y\ﬁquatlo

O

A\
Select measurementtosations

ConsiQ if)e réading rr@ be ;}'}\@Me

Con&der}\;{tlak\\/}}ww clause 7.2.5.3)

Perforn&neég\?&(l\wnt results in result sheet

Oo|(o|o|jo)|o

3.4. General -SAR (Clause 6.2.3 of standard)
The mea Absorption Rate requires highly specialised equipment and is pefformed
in a labpratory.and The laboratory measurements were performed at the Ericsson EMF

Researfh Labora
positiorjed,by a
of a liqui d phantom representing the human body. The electric field data was processed t
determi istribution nsi i

The SAR was measured without the antenna radome at the BCCH frequency of each frequency band
(channel 34 for GSM 900 and channel 632 for GSM 1800). The antenna was initially positioned
horizontally beneath the phantom with the front of the antenna facing upwards. Measurements were
made as function of the phantom-antenna separation, with an increment of 25 mm. The phantom-
antenna separation was measured between the antenna elements and the liquid surface in the
phantom (phantom shell thickness: 6.9 mm +0.2 mm). The measurements were then repeated for the
back, side, and top configurations (facing the phantom). The phantom-antenna separation was
increased until the sum of the localized SAR;oq4 values (normalized to the maximum output power
specified by operator) obtained for 900 and 1800 MHz fell below the basic restrictions for 10g
averaged SAR.
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A signal generator was used together with an amplifier and a power meter to control the CW signal fed
into the antenna.

The SAR measurements were performed using a flat phantom from APREL Laboratories together with
the DASY4 professional near-field scanner.

The base station antenna is located in the vicinity of four other base station antennas, known as
secondary sources, but the SAR contribution from these antennas was considered to be negligible
(see Section 4.2).

Figure 3.4 SAR testing view from below s =¥ a-W d with
Figure bd. The
flat pan tterned
RF abs
3.5. rd)
The ref table
handhe define
complig he
building cating multaneous downlink transmission in the GSM 900 and GSM 1800
bands. Frg v DO DL
channe| 3 ective

Radiati
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The megasurement results for the different axtra pecific
base station antenna (as specifi ' culated
and sumed. Compliance be i 'S antenna were calculated based on the
resulting exposure ratio.

The follpwing ste@r

Cy
htion”

annels

with
@' crement of 0.1 m.
H T L FR el ol L.l ' Fan) L L o L L L OODOM OO0 D\ L
V. OUUquUUIIL C-TITIU TTITEedSUICITICTTIS dl U DIOdUCdst Clidlllicls 101 Oolvl JUU UL dllu

GSM 1800 DL at distances from the side of the antenna ranging from 0.061 m to 0.3 m.

v. Subsequent E-field measurements at the broadcast channels for GSM 900 DL and
GSM 1800 DL at distances from the bottom of the antenna ranging from 0.06 m to 0.1 m.

vi. Broadband H-field measurements at distances from the front of the antenna ranging from 0.1
to 0.7 m, and at distances from the bottom and the side of the antenna corresponding to the
E-field measurements described above.

vii. Additional measurements of secondary sources were conducted on the broadcast and
common pilot channels of the antennas in the vicinity.

1 The distance from the antenna was measured between the centre of the SRM-3000 probe to the radome of the Kathrein
741 316 antenna. 0.06 m was the closest possible distance to measure (the antennas were touching each other).
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viii.  All nearfield measurements were conducted using continuous scanning for peak level in front
of antenna; spatial averaging was not used in this evaluation.

4. Results (Clause 8 of standard)

4.1. Results summary- SAR

This results clause contains a summary of the SAR results detailing the compliance boundary
distances from the antenna. The compliance boundary for this site was determined by comparing the
sum of the SAR values for the GSM 900 and the GSM 1800 with the international exposure limits. The
results are given as the distance to the antenna radome (the measurements were performed without
the radome) and are presented below in Table 4.1. The distance from the antenna elements to the
radomgq for the antenna was 0.03 m.

Tablg 4.1 — Compliance distances for general public (GP) and occupatio ) ,2Xpo 'éfcr the

specified configurations. (\
©
Configuration Q{ﬁpﬁg\m\e}iﬂ\g&\ez}u{
Frequency band / channel Antenna orientation /G{ \ \')\OR \8/

(GSM 900 / 34 + GSM 1800 / 632 Front 08 "N D 0
(GSM 900 / 34 + GSM 1800 / 632 Back NV |\ 0
(GSM 900 / 34 + GSM 1800 / 632 Top/Bottom j ] '&\\\’
(GSM 900 / 34 + GSM 1800 / 632 sides\\ \' [

For mofe information see Appendix C.

4.2, Results summary- On-site field str :
The compliance boundary for thi i v data
to maximum traffic using a extr i ) 800)

for both downlink bands.
results fvere considered.

applying ICNIRP’s e er
point were added
exposufe ratios co I

Tablg 4.2 — Corqpli

ere used to compute exposure ratios bly
ratios for each frequency band and measuregment
for each measurement point. Based on the toptal

ptermined as shown in Table 4.2.

general public (GP) and occupational (O) exposure fqr the
specified configurations

< \/& Confjguration Compliance distance3 (m)
Antenna
Frecr@ba\rg}(annel orientation GP (o)
N\
WOO /34 +6SM 1800/ 63 Front 0.8 0.64
GSM-9060-+34+GSM1866+632 DE'CKS NAA A
GSM 900/ 34 + GSM 1800/ 632 Top/Bottom <0.06 <0.06
GSM 900/ 34 + GSM 1800/ 632 Sides 0.1 <0.06

Additional measurements on the broadcast channels and common pilot channels of the antennas in
the vicinity were conducted. The measurement results were extrapolated to maximum traffic and the

2 This distance is defined as the minimum distance to the antenna, i.e. to the antenna radome.
3 This distance is defined as the minimum distance to the antenna, i.e. to the antenna radome.

4 This distance is based on broadband H-field measurements and is therefore an overestimation of the
compliance distance.

5 No measurements were performed behind the antenna since the antenna was mounted directly against the wall.
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contribution to the exposure ratio was computed. The contribution to the exposure ratio was found to
be in the order 0.2-0.4 %. The compliance distances are therefore not influenced by these secondary
sources.

For more information see Appendix D.

4.3. Assessment scheme - interpretation of results

The “best estimate” assessment scheme has been applied and the measured levels are
reported including the extrapolation for maximum base station power configuration. The
uncertainty is stated for all assessment methods used.

4.4. Uncertainty

The unfcertainty has been assessed for each of the methods used and
given ip Table 4.3. A detailed uncertainty evaluation is given in App

Ides are

Table 4.3 — Expanded uncertainty for the me{ho

Assessment method Expanded uncertaing/(m m}e\c’ti&{factor

SAR measurement 214 %~ : N \O\%/
Frequency selective field measurement 3 P/dBm \\Q, ).23 dB

Broadband field measurement

4.5. Further information

Further|i bils can
be foun

Appendi

5. Co

The purpose<of thi yas to assess the RF exposure boundaries from the mjcro cell
mentioned~aboyve to detexmi hether they would extend to a nearby awning. Both tHe SAR
evaluat|oh : < posure
complignce bounie « erefore

The SAR bweden
operatim $ with—the—gene lic and
occupatlonal RF exposure limits at a minimum dlstance from the antenna of 0. 08 m / 0 m in the front
direction, respectively.

Similarly, the on-site field strength tests show that the micro cell base station is in compliance with the
general public and occupational RF exposure limits at a distance from the antenna of 0.8 m / 0.6 m in
the front direction, 0.1 m / <0.06 m in the side directions, and at a distance of <0.06 m / <0.06 m from
the top and bottom of the antenna, respectively.

Nearby base stations, known as secondary sources, had negligible impact on both SAR and on-site
field strength evaluations.
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Appendix A (Evaluation Report) - Uncertainty Analysis

(Clauses 6.2.2.6, 6.2.3.5, 7, and Annex O)
A1 Uncertainty analysis -SAR

Below in Table A.1 is the uncertainty evaluation of SAR measurement system DASY4 according to
IEC 62209-2.

Table A.1. Uncertainty evaluation SAR

Clause in | Uncer. | Prob
Uncertai nt IEEE Div. [Ci, Std. Uncer.

1528 (%) Dist. (&W(%)

Méasurement System

Prabe Calibration E2.1 5.9 N
Axial Isotropy E2.2 4.7 R (\
Spherical Isotropy E2.2 +9.6 /R—\ J%\ \
Bolindary Effect E2.3 1.0 57 ANE 1 06
N SN
Lingarity E2.4 (\ iz(\K % ESQD )v\e,) 1 +2.7
System Detection Limits E2.5 > 1\9\\\<R'\/ 3 1 +0.6
PANN
Repdout electronics E2.6 (\g\%\“\\» 1 1 +0.3
Repponse time \(E27\6\\1§Q}8 R \3 1 +0.5
S WV
Intggration time EA8\ "\ *3267 [R \3 1 +1.5
RF{Ambient Kois K %{C\ £3.0 R 3 1 1.7
AX @)
RF{Ambient Re )@ﬁs\\Q\‘E@\S +3.0 R \3 1 +1.7
Prgbe Po?m@\\(\}% E62 +0.4 R \3 1 +0.2
Prd b?\oé\om \‘U\ E6.3 +2.9 R \3 1 1.7
Malx E5 +1.0 R \3 1 +0.6

n
u:|: :!;hy +8.6

Test Sample Related

Device positioning E4.2 2.9 N 1 1 2.9
Device holder uncertainty E4.1 +3.6 N 1 1 +3.6
Power drift 6.6.3 +5.0 R V3 1 +2.9

Test Sample Related
Uncertainty
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Phantom and Tissue Parameters

Phantom uncertainty E3.1 4.0 R \3 1 2.3
Liquid c_onductivity (meas E33 425 N 1 043 +11
uncertainty)

Liquid conductivity (target) E3.2 +5.0 R V3 0.43 +1.2
ti?cu‘;‘:t;ﬁ{;‘;‘“”v“y (meas | g33 25 [N 1 049 | 1.2
Liquid Permittivity (target) E3.2 +5.0 R \3 0.49 +1.4

Phantom and Tissue

arameters Uncertainty
/\d S\

P i34
vV
Cbmbined standard ‘<<
uncertainty O \3@??
Extended standard © +21.4
uhcertainty (k=2) -
)

A2

Below

Tabl

Soyrce of . .
uncertainty i \{\ \}visor sens. | Correction stand.
. Descriptio it coeff. factor
(influence d ¢ uncert.
quantity) ( ¢ u=a/d || C%u?
Measl.lrement \
equjpment \C) L
Coinbined ifi )
insfrument B ormal 2.85 2 1 +0.23 1.425 2.03
uncgrtainty®
Methpdolo }\ W
/\g NN
as
Probse
in hi i ximum dB rect 0 1.73 1 0 0 0
gradi reading at a
certain
arstance
) Influence of
Field Probe > 1m
reflections away from
from body of the
) dB rect 1.5 1.73 1 0 0.87 0.750
measurer's measurer (use
body during CENELEC
measurement Annex G
results from

6  The following components are included in the combined instrument uncertainty: calibration of the basic unit,
antenna and cable, mismatches in the connections between the antenna and cable and between the cable and
the basic unit, and the anisotropy / ellipticity of the measuring antenna.

7 The data was obtained from the Narda STS application note “Accounting for measurement uncertainty in the
SRM-3000". A normal probability distribution was assumed.
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usn(:::::aei:tf prob. semi divisor | S€Ns- Correction stand
. y Description Unit | distrib. | span coeff. factor ;
(influence type d ¢ uncert.
quantity) yp a ¢ u=a/d C?u?
simulation
(worst case) in
cellular band)
Met:rrr;?eggmg No analogue
- meter reading dB triang 0 2.45 1 0 0.00 0.000
fluctuating
: was made
signals
Source and
environment
Variatjon in the Ericsson N
powgr of the specifies an N
RF soprce from output power dB rect 1 1.73 1 . 0.333
the pominal tolerance of +/-
Ipvel 1dB Q
Hield ANy
reflgctions
from mmovable <
largd objects N/A dB rect 0 1.73 1 0 0
nepr the
sourde during
meagurement (7 S(\
RF pr¢pagation \/
& Not applicable Q
envirpnmental - high level \))\/
cluttef loss (for | environment in dB triang \ 5 0 0.00 0.000
low level direct line of \
envirpnmental sight to source }\ ‘\\
measyrements) C (%)
NS
\( N
‘ Combined correction factor, 7. Zti 0.23
i=1
Wombmed standard uncertainty, u 1.76
Coverage factor for 95% Cl, k || 1.96
\ W \/ Expanded Uncertainty, U=k x u¢ |[ 3.5
AN
M N
Tab@ Uncertainty evaluation for the broadband field measurements (EMR-300).
ya
squ of nrob semi sens Correction
upcertalnty Description | unit | distrib. | span divisor coeff. factor stand.
(influence type d ¢ uncert.
quantity) yp 4 ¢ u=a/d | Cu?
Measurement
equipment
As specified
Read-out unit by
calibration instrument dB normal 0.05 1 1 0 0.05 0.0025
manufacturer
As specified
Absolute by
calibration instrument dB rect 1 1.73 1 0 0.577 0.33
manufacturer
Isotropy, axial As specified dB rect 1 1.73 1 0 0.577 0.33
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Source of prob semi sens Correction
uncertainty Lol . e divisor Y stand.
. Description | unit | distrib. | span coeff. factor
(influence type d t uncert.
quantity) yp “ ¢ u=a/d C*u?
by
instrument
manufacturer
As specified
Linearity . by dB normal 1 1 1 0 1 1.0
instrument
manufacturer
As specified
FrequenCy by dB. rect 2.4 1. 73 1 Q 1.387 19
rgsponse instrument
manufacturer
Athplitude As spbeymfled
mddulation, instrument dB rect 0.8 D.21
GSM one slot
manufacturer
As specified
Temperature . by dB rect 0.2 .013
instrument
manufacturer
Methodolo
gy A
A search
procedure
Probfe position Waﬁsngstii to
in High field . dB R 0
. maximum q
grpdients A
reading at a ( %)
certain<\ K
di
istanc r \ N
N Y
Field ::>
reflections
from 15 | 1.73 1 0 0.87 750
mejasurer’s
body during
mealsureme,
N
Metérrr:raadm\&g\{g%_hold
flubt funetion was dB Triang 0 2.45 1 0 0.00 .000
[ used.
qon
Source and
environment
Variation in the Ericsson
power of the specifies an
RF source from | output power | dB Rect 1 1.73 1 0 0.58 0.333
the nominal tolerance of
level +/-1dB
Field
reflections
from movable
large objects N/A dB Rect 0 1.73 1 0 0 0
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Source of prob semi sens. | Correction
ur_1certa|nty Description | unit | distrib. | span divisor coeff. factor stand.
(influence type d t uncert.
quantity) yp “ ¢ u=a/d C*u?
RF propagation Not
& applicable -
environmental high level
clutter loss (for | environment dB Triang 0 2.45 1 0 0.00 0.000
low level in direct line
environmental of sight to
measurements) source
N
Combined correction factor, £, = Zti 0
/\l—‘. I
N ™
Combined standard uncertainty(ss\ Z%% D 21
e
\ >4
Covewr\qw bk}k .96
ST
et R
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Appendix B (Evaluation Report) — Equipment List

B.1 Equipment list -SAR

The SAR measurements were performed using a flat phantom from APREL Laboratories together with
the DASY4 professional near-field scanner (software version 4.6) by Schmid & Partner Engineering
AG. The total SAR assessment uncertainty (k=1) of the system is £10.7% for 10g SAR assessments
and the corresponding expanded uncertainty (k=1.96) is £21.4%. The equipment list and calibration
parameters are given below in Tables B.1 and B.2.

Table B.1. SAR test equipment. (\

Description Asset number Cahbratm%(eﬁat 1/

DASY4 DAE3 S/N 304 08/10/15 \ \\GQVQ
E-field probe, ES3DV3 S/N 3155 09/0%7 \Q)\kv\
D

Dipole validation kit, D900V2 |S/N 1d039 M& >

Dipole validation kit, D1800V2 [S/N 203 / NA

Universal flat phantom S/N 51 3C(§S\V N

Tableé@»\

Description As et Calibration due date
N
Dielectric probﬁ@,\w{@so\ MG@,@B NA

Network ar[aW?S C ~.S>&< 732 08/10/18

P0\< EEte R&S %\&;\'\{Q\N\B‘é888/052 08/06/08

Powe/i SO \/\5@15\ 8/ /N 849895/030 08/05/08

Theé}@’{‘;@ OTRE g 10130818 08/10/22
‘X(,S i&ws 1902 SIN 100166 09/08/27
5 X\ N\

AN

A\,
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B.2 SAR- electrical parameters of the tissue simulating liquid

The parameters of the tissue simulating liquid were measured with the dielectric probe kit prior to the
SAR measurement and the results are shown in Table B.3 below. IEC 62209 specifies reference
values which have been used to verify the liquid measurements.

The measured values were within 5% of the reference values and the mass density of the liquid
entered into the DASY4 program was 1000 kg/m The depth of the head tissue liquid in the phantom
was 100 mm £5%.

::I\;quz";ency Measured/Specified g, o (S/m) ;\m e @\ N
Measured values 39.5 0.94 22\.Q
900 Specified values 41.5 0.97 /\\ )Qi@\
Difference (%) 4.8 -3.1 \ \../)\_\OK
38.0to 4

Measured values8 3o’z 4—39t\ A1 ) 2
1800 Specifiedvalues 400 [ [ra9 NI N« )

Difference (% m\/) Q@b -

B.3 SAR- System performance chec

System| performance checkg bments.
This was done using the DSQOv. Llts are
presented in Table B.4 gnd.th A equired

in IEC §2209. The
requ easured/ SAR 1g |SAR 10g
g@;\/\m (W/kg) [(Wikg) | ¢ (S/m) [Date

% dred  [8.0 5.3 39.5(0.94  [08/04/07
: Reference 8.2 5.5 41.5(0.97 -
é Difference (%) [-2.8 -2.9 -4.8 |-3.1 --
NS

N
L.

Table B.

m

\/ Measured 13.8 8.1 38.5/1.39 08/04/02
1800 Reference 13.9 8.1 40.0(1.40 --
Difference (%) |-0.7 +0 -3.81-04 --

8 The liquid parameters were measured in the morning every day before the SAR measurements began. All
values were within the specified range.
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B.4 Equipment list - on-site field strength

The measurements were mainly performed using the frequency selective instrument SRM-3000 by
Narda Safety Test Solutions equipped with an isotropic E-field antenna. Additional H-field
measurements at close distances from the antenna were performed using an EMR-300 by Narda
Safety Test Solutions equipped with an isotropic H-field antenna. The equipment list is given in Table
B.5, and the instrument settings of the SRM-3000 are specified in Table B.6.

Table B.5 — On-site field measurement equipment.

=) iption Serial-rumber————
SRM-3000 main unit A-0060 07/1 1/08/\§ \\
E-field probe for \< (1/
SRM-3000 G-0023 1 8@0\\-

Q
EMR-300 main unit AB-0037 (M(}Q\P\
O
H-field probe for A-0081 Y N\
EMR-300

Centre

frequency Mode a id )\ Detector

941.8 Spectrum N\
MHz analyser A‘MHZ &\ 3 MHz RMS

1829.2 pectrum Q \
e /}{Iys ] \3&»4\ \\o./o/MHz RMS



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

- 36 - TR 62669 © IEC:2011(E)

Appendix C (Evaluation Report) — Measurement Results SAR

Table C.1 shows the 10 g averaged SAR results for the EUT when tested at the downlink channels in
each frequency band. In addition to measured SAR, values normalized to the maximum output powers
specified by the operator are also given. All SAR values include a correction factor ranging from 1 to 2
depending on phantom-antenna separation.

Table C.1 — Measured SAR and normalized SAR.

. Max SARo4 (W/k
FrequeLn.cx Distance to | Measured output 10g (Wikg)
—— U T posttioT— : .
(MHE) surface (m) power (dBm) Measured Normallzeovtvc:er 3X|mBu"\9 qutput
0.007 34.7 6.71 /\& ) W
0.032 33.9 2.06 \ \\@Q\
941J8 | Front facing phantom |  0.057 34.9 1.21 ( \ %Q‘/&@ \
0.082 355 078N\ yo \ 11
0.107 34.8 050~ NN\ bt
9418 | Top facing phantom | 0.007 357 Q.18 NS \ 0.24
94118 Back facing phantom 0.007 35.7 ) ﬂO S\ N 0.02
gp . . F\ . 2(\ .
9418 | Side facing phantom |  0.007 Aoae ) | 049
Frequgncy Distance to QV\ Max SAR10s (W/kg)
(MHE) EUT position quuid(rsnl;rface b %sured Normalized to maximum output
e power, 34.5 dBm
\"4
< 0007~ |\ “sg) 14.9 5.2
0032 w.z 3\/ 5.3 18
18242 | Front facing phantor, A N\Q.057\ [\ N30 45 14
N
Q 20.68\@\8\.&\;2?7 4.4 13
NI CADEY 3.4 11
18242 | Top facg(g\}aqtom .\<007 39.8 0.34 0.10
18292 | Bagifacing phantdm | \0.007~" 39.8 0.13 0.04

18292 s‘m@ faan \92)07 39.8 127 0.37

NN
&S

9 Maximum output power specified by operator
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Appendix D (Evaluation Report) — Measurement results on-site field strength.

The measurements corresponding to the first two steps in Clause 3.5 were mainly performed in order
to ensure that all other measurements were conducted at the correct frequencies using the correct
instrument settings. The safety evaluation measurement described in step 1 of Clause 3.5 showed
that all other sources than GSM 900 DL and GSM 1800 DL were negligible, and the measurements
described in Clause 3.5 step 2 showed that the broadcast channel frequencies given by the operator
were correct.

Figure D.1 shows measured maximum electric field strengths at the broadcast channel for GSM 900
DL (left) and GSM 1800 DL (right) as function of distance from the front of the antenna radome. All
measurement values, obtained using the frequency selective instrument, ha en cor'@,ted by
adding P.23 dB according to the uncertainty analysis in Table A.2.

GSM 900 BCCH (941.8 MHz)

60,0
50,0 ’\\
40,0

30,0 W

00 [ Seeag
10,0 <v . ,%M
0,0 T T w T \ .

0 50 100 150

E-Field (V/m)

200

Distance from antenna (cm

Figyire D.1 — Measured electric fiel jand

Table 0.1 gives measured i 900 DL
(left) arl[d GSM 1 S i i i .

Table|D.1 — Res i ments at distances ranging from 0.06 m to 0.3 m fr¢m the
0 side of the antenna.

Distandé f m\\gﬁ'é’o??é‘?;ﬂ‘ gﬁ;"% E-field strength (V/m)
Q a m i : GSM 1800 BCCH (1829.2 MHz)
P 1

\(\Y '6‘.({6 27.1 22.9
© 0;> 20.8 18.8
0.2 15.6 95
NS

0.3 9.7 9.9
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Table D.2 gives the measured electric field strength at the broadcast channel for GSM 900 DL and
GSM 1800 DL at distances of 0.06 m and 0.1 m from the antenna bottom.

Table D.2 — Results from E-field measurements at distances ranging from 0.06 m to 0.1 m from the
bottom of the antenna.

Distance E-field strength (V/m) E-field strength (V/m)
from antenna GSM 900 BCCH (941.8 GSM 1800 BCCH (1829.2 MHz)
(m) MHz)
0.06 20.0 3.8
0.1 11.2 3.4

Table D.3 shows the broadband magnetic field strength results for close distances to the antenna.

Tgble D.3 — Results from H-field broadband measurements close to the agtenna i rént

orientations. N m
Distance from . . H-field strength {A/m
antenna (m) Orientation (Broadband ?(e%s;}g{wm

0.1 Front oy NOX
0.2 Front \0)8&&% \

0.3 Front / 0.
0.4 Front L) o NS
0.5 Front AN [R>S

0.6 Font N\ NN\ \ SN 07

0.7 Front A \\\\ \oﬁs

0.06 side [ N AN D 0
TN N SN

02 Nside \o\ 3\/ 0.041

03 | sidg, 1N T 0.036
CNERL TN

o’ Bgtom, > 0.045

D
&
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Appendix E: SAR test system performance check

E.1 System performance check at 1800 MHz conducted 08/04/02
Date/Time: 2008-04-02 17:34:33

-Communication System: CW; Frequency: 1800 MHz;Duty Cycle: 1:1
-Medium: Head 1800 MHz; o = 1.39 mho/m; ¢, = 38.5; p = 1000 kg/m°

DASY4 Configuration:

-Probe: ES3DV3 - SN3155; ConvF(5.1, 5.1, 5.1)

-Electrdnics: DAE3 Sn304

-Phantgm: U-flat;

-Measurement SW: DASY4, V4.7 Build 53; Post processing SW: SEMCAD

d=20 nmm, Prad = 244.3 mW/Area Scan 3 (121x61x1): Measuremey
Maximym value of SAR (interpolated) = 3.72 mW/g

d=20 nmm, Prad = 244.3 mW/Zoom Scan (5x5x7)/Cube 0: Meas R{ grid: 8 dy=8mm,
dz=5m
Reference Value = 52.2 V/m; Power Drift = -0.051 dB
Peak SAR (extrapolated) = 5.55 W/kg
SAR(1 ) = 3.38 mW/g; SAR(10 g) = 1.98
Maximym value of SAR (measured) = 3.

0.900

-3{08

Figure E.1 SAR Performance Check: 0 dB = 3.70mW/g
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E.2 System performance check at 900 MHz conducted 08/04/07
Date/Time: 2008-04-07 18:15:11

-Communication System: CW; Frequency: 900 MHz;Duty Cycle: 1:1
-Medium: Head 900 MHz; o = 0.94 mho/m; ¢, = 39.5; p = 1000 kg/m3

DASY4 Configuration:

-Probe: ES3DV3 - SN3155; ConvF(6.01, 6.01, 6.01)

-Electronics: DAE3 Sn304

-Phantom: U-flat;

-Measurement SW: DASY4, V4.7 Build 53; Post processing SW: SEMCAD, V1.8 Build 172

d=20mm, Prad = 250.9 mW /Area Scan (61x81x1): Measurement grid: dx=
Maximym value of SAR (interpolated) = 2.11 mW/g

d=20mm, Prad = 250.9 mW /Zoom Scan (7x7x7) /Cube 0: Measure
dz=5min
Reference Value = 35.7 V/m; Power Drift = -0.042 dB
Peak SAR (extrapolated) = 2.97 W/kg

SAR(1 g) =2 mWI/g; SAR(10 g) = 1.34 mW/g
Maximym value of SAR (measured) = 2.14 mW/g

mm,

dB
0.000

gure E.2 SAR Performance Check: 0 dB =2.14mW/g
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Annex B
(informative)

Roof-top case study with nearby apartments
This annex contains the Roof-top case study referred to in 4.3. This evaluation report is

presented as issued by Industry Canada and retains its original structure, formatting, layout
and numbering. The standard referred to in the report is IEC 62232.

@C@
S
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1. Executive Summary

011(E)

The purpose of this case study was to verify the RF exposure levels in the accessible areas of
an office building roof-top with a cellular base station, are below the uncontrolled environment
exposure limits in Health Canada’s Safety Code 6 Guidelines. The building roof-top has

cellular base station panel antennas from two separate operators, and is located n
apartment building, residential and commercial areas.

ear an

The Equipment Under Test (EUT) was categorised as a Complex RBS as there are multiple

antenna systems at the site under evaluation

be 5.1% of
t side of the r

jram of
ational

4nd on-

vels in

be 6m

Safety
pof-top

undern

The maximum exposure level on the g 8 S G € station was assessefd to be
0.51% |of Safety Code 6 limits for the € > S nt. This was on the rpof-top
car park.

Result$ are presented for/thi h™he best estimate and upper 95% CI
assess f S, d using the upper 95% Cl assegsment
schemeg include the exnd uncertaintyin ported level. The exposure levels r¢ported

using the best estim state the actual level assessed a

uncertainty factc@
2. EV

21.

The c
exposu
serviceg

nd the

e RF
fferent
bilding.
r GSM

The m

850 and 1.16 kW EIRP for GSM 1900.
Table 1: Operator technology information

Operator Technology
Cellular Service Provider A CDMA
Cellular Service Provider B GSM 850, GSM 1900
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2.2. Site environment

The cellular base station antenna panels are mounted on the roof-top of an office building.
These antenna systems are not accessible to the general public as the door to the roof-top is
locked at all times. Maintenance workers can however have access to roof-top of the building.
There are no signs indicating high radio frequency energy placed in the vicinity of the antenna
systems.

Figure 2: View of the cellular base station antennas from the street

2.3. Exposure safety limits

Industry Canada has adopted the uncontrolled environment limits set forth in Health Canada’s
Safety Code 6 (SC6) guidelines titled Limits of Human Exposure to Radiofrequency
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Electromagnetic Energy in the Frequency Range from 3 kHz to 300 GHz for the protection of
the general public. As part of their licensing requirements, operators must ensure that their
radio communication and broadcasting antenna systems comply at all times with these
regulatory limits. Safety Code 6 permissible exposure limits vary depending on frequency.
The lowest limits occur over the frequency range 30 to 300 MHz. Permissible limits given for
microwave frequencies are somewhat higher. The Safety Code 6 guidelines contain two tiers;
limits for controlled environments and limits for uncontrolled environments. The reference
limits can be summarised in Table 2 below.

Table 2: Health Canada’s Safety Code 6 reference limits for Controlled and Uncontrolled
Environments.

Frequency (MHz) SC6 Uncontrolled Environment SC6 Controlled Environment
Limit (Wm-2) Limit (Wm™) ,.
30 MHz to 300 2 A 10 \N©
MHz A aN

(&N
300 MHz to /150 f 4
1.5GHz

1.4 GHz to 150 10 \ ‘éo\>
X mék

150 GHz to 300 6.67 x 107° f 10'4f

GHz
Note: Averaging ti t(agw N)

W
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3. Evaluation Plan (see Clauses 5.1, 5.2 & Annex A of the Standard.)

3.1.

The purpose of the pre evaluation review is to develop an estimate of the expected field
strength and consequently select appropriate evaluation methods for a given evaluation

Pre-evaluation review

purpose.

3.1.1.
The p

Determine evaluation purpose

rpose of the survey was to verify RF exposure compliance of the radio communication

site as
3.1.2.

The eq

at the
3.1.3.

gite under evaluation.

part of Industry Canada’s auditing program.
Determine equipment under test (EUT) category
uipment under test is defined as a complex RBS as there ar

Determine physical parameters

The anLenna parameters are given in this clause.

T

ble 3: Physical parameters for the antenna syst

provider A

Parameters

Cellular Base
Station Antenng,\(

NS

2 | Station Anten

Cellular Bas
o 3

enn
Amtenna Type Number | RR33-48-04DRL4 | Rv33318:040PL4 | RV65-18-00DP|L2
Horizontal HPBW 33 N 65°
Vertical HPBW 12 NN\ 120 6°
Directional / omni Dwek;hor(l\o, Dj?ectional Directional
Orientation /N 40 Y | \ 7 235 310°
Broadcast Channels\ | 1850 - 1990MHz |[)M850 - 1990 MHz | 1850 - 1990 M{Hz
Maximum Transt‘n\i\/\ N\
Power W B! 250 W 250 W

Ty

bical Tra mi P%

>
NN

Thble 4 Ph si or the antenna systems from service provider B
Cellular Base Cellular Base
Station Antenna | Station Antenna Cellular Bas
ara 1 2 Station Antennla 3
Awtenn e N\umber 7750.1C0.0002.00 TA-824-4-65 7250.04
Horizontal HRBW 69° / 63° 65° 65°
Vertical HPBW 14.3° / 6.6° 19° 5.5°
Directional 7 Omni Directional Directional Directional
Orientation 170°/ 190° 30° 30°
824 -960/1710 - | 824 -896 /872 -
Broadcast Channels 2170 MHz 960 MHz 1850 - 1990 MHz
Maximum Transmit
Power W - 500 W 500 W
Typical Transmit Power
W - - -

stems
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3.1.4. Decide if ambient fields are to be considered

Since the requirement is to establish the overall cumulative RF exposure for this location,
properties of all operational antennas on the site were determined. In addition, an
environment search was performed. All data related to broadcasting stations in a radius of 1
km and to land-fixed transmitter stations in the mobile, cellular, PCS, microwave, radar and
radio- location services in a radius of 100 meters from the specific site selected for
measurements was gathered as they could have an effect on the total RF exposure values. In
this case, FM and TV broadcasting systems were located at approximately 2 km and 3 km
from the site. While they were not taken into account during the computational evaluation, a
scan of the 54 MHz to 765 MHz frequency band using the Narda SRM-3000 was done to
determine their contributions to the overall RF exposure level.

3.1.5. Estimate the field at the evaluation point

A computational assessment of the site was done using HiField,
software developed by Industry Canada for verifying RF exposure actual
measufements were done at the site. The results of the simulation estaklisheg liance

contoufs related to Safety Code 6 limits for the uncontrolled enxi 3 @s bviding
information on the measurement locations with highest RF ex e

3.1.6. Establish which parameters are to be evalua

The pdwer density values (S) were determined for each S C wever,

envirorjment.

3.2. Select evaluation method

A confputational assessment and op-site frequen were

choser| as the evaluation methods for erif

3.3. Complete the eval

The following tables repr ments,
respectively.
N utational evaluation check list
Step >~ Description

AN
( Enter MiField.project name
D /'Specify study site.geographic coordinates
3 Specify\search aréa radius for nearby stations
1< \Spesify defaylt vertical pattern for stations without antenna patterns
5 Adjust\groudd levels and radiating centers

b _<-Validate>or exclude nearby stations

7‘(/5» Use the tower editor to manage tower locations and ASML height
R\ Mndify, if need bhe _other nparhy stations parameters

9 Plot SC-6 contours:

e Set reflection flat plane elevation

e Determine reflection plan to study

o Enter parameters corresponding to the chosen plane

10 Analyse results
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Table 6: On-site measurement check list

Step Methods

1 Identify the site location where the strongest field level was computed by the
software Hifield. Schedule wisely specific time that the transmitters perform at
full capacity in order to get maximum results.

2 On-site, use the probe to fine tune to get the strongest field level.

3 Take measurements for a total of 6 minutes in order to evaluate the magnitude
of the temporal variations of the signals. If the field signal variations are less
than 20 % (or power density 36%), which are normally expected for broadcasting
sites time averaging will not be required for the remaining survey (ref Safety

Code 6). If the field signal variations are over 20 % (or power sity 136 %),
time averaging over 6 minutes is required for the remaining peasuremeqts.

4 Walk around the site to make sure that no other points gj stranger field [level
signal than calculated with the software Hifield.

5 Depending of the results in step 3, if the measure ée\n/éverzging
(1£0.36), take each point of a 9 point matrix r ing<the crgss-section| of a
human body should be logged for 30 seco . ent is out of the
ired; each poin{ of a
body shoulfl be

logged for 6 minutes using a non-met{a'rN\c tri

3.4.

O
General methodology- field evaluati atially a&e&g});/(see Clause 6.2.2 of

When pn-site measurements are require F exposure compliance, the following

steps ghould to be taken intonaccou

Prigr to on-site meas
3.1}4 of this report),
Depending o
eqipment a

earch should be performed (see [Clause
gnmental search, narrowband and broadband

Coinputation eva i made to estimate RF levels in the far field for the
sur i i
(se

The d be considered when selecting the measurement loqations.

Nofmathy i is i e far field of every radiating element, then an E-field pfrobe is
suffici { h E-Field and H-field should be measured.

A Wri ould be kept of the measurement locations, reading levels and logging
time.

Megsufement uncertainties must be taken into account during the survey.

On-site measurements should be made with a clear view of the antennas. In the case of
roof-top sites, the measurements should be done at least at the locations where a member
of the general public could be exposed to the main antenna beam.

The surveyor should initially characterize the transmission site with regard to the temporal
variation of the RF signals. This is done by placing the probe approximately where the
theoretical evaluation showed the strongest field level and then use the probe to manually
fine-tune the location with the strongest signal within the proximity of the original location.
Install the probe on a non-metallic tripod at a height of 1 to 2 meters wherever the signal
is stronger. The measurements are logged for a total of 6 minutes in order to evaluate the
magnitude of the temporal variations of the signals. If the field signal variations are less
than 20 % (or power density 36%), time averaging will not be required for the remaining
survey (ref: Safety Code 6). If the field signal variations are over 20 % (or power density
36 %), time averaging over 6 minutes is required for the remaining measurements.
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Once the temporal characterization is completed, the surveyor should walk around the site
with a power density meter or a shape probe to identify the locations with stronger field
exposure using the results of the theoretical evaluation as starting point. Normally, this is
done by holding the probe away from the body as the surveyor should not be standing
directly in front or behind the probe with no other object present within a few meters from
the surveyor. The probe should also be pointing towards the transmitter. The height of the
probe should be kept between 1 and 2 meters above ground level wherever the signal is
stronger.

If the above characterization of the site revealed that no time averaging measurements
are required, a quick scan of the probe over the cross sectional area equivalent to a
human body is done to determine the spatial averaging value of each measurement

location. Normally, a scan of at approximately 30 seconds may be considered provided the
prope has a fast respanse time

If time averaging measurements are required, each point of a 9 pointg
the|cross-section of a human body should be logged for 6 minute
thid case, the probe should be set on a non-metallic tripod for cqg

re&% enting

ed. In
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4. Results (see Clause 8 of the Standard)

4.1. Results summary — computational evaluation

The RF exposure levels due to the antennas were calculated with HiField, the internal
simulation tool developed by Industry Canada, as well as the data gathered by the cellular
service providers. The computational evaluation was performed using the data provided in
Table 7. Furthermore, several manual changes were applied prior to the simulations, and are

listed below.
) ) N
Table 7: Nearby stations list N
N (GANa)
Max ERP Ground Lev Ra\B}C:lr: NV

CallSign ALS ID City (W) (m) ( Q\Q xI‘,(pe

SITE328792 | 7007671760 | P-PQ0207 291.9 48 /N e pay

SITE328792 | 7007671759 | P-PQ0207 452 48, \ | 2\@% ALS

SITE328792 | 7007671758 | P-PQ0207 452 G SN\ AX77.7\ | ALs
E0578- N

SITE413984 | 7007144866 WE 391 /-M) \77.7 ALS
E0578- \

SITE413984 | 7007144864 WE 125.72 485 77.7 ALS
E0578- >

SITE413984 | 7007144865 WE 4. Q A 77.7 ALS
E0578> QW

SITE413984 | 7007144859 WE DY 0 77.7 ALS
E0578- T - Q*

SITE413984 | 7007144858 WE L2461 48 77.7 ALS
E0578- (%)

SITE413984 | 7007144860 | WE_ 48 77.7 ALS

The additional changes.we

— EIRPs were entered
is not curren

- EIR

count the number of channels per sector] which
base.

(~1900 MHz) since power is considered diflerently
uld be

— Inagti i\ ere\excluded from the study. The service providers provided g list of

— The i ntenna patterns are calculated using a cosine reduction for freqyencies
bet 3 and 54 MHz and a cosine cubed reduction for frequencies greatger than
54 I@y the software.

— Antenna heighis were modified using the data provided from the antenna schematic
diagrams supplied by the service providers.

— Ground elevations were established using the Canadian Digital Elevation Data (CDED)
information.

— The dimensions of each antenna were modified according to the antenna specification
sheet.

Table 8 provides the distances for different percentages (%) of Safety Code 6 compliance
contours (see Appendix C).



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

~ 52— TR 62669 © IEC:2011(E)

Table 8: Percentage (%) of SC6 contour versus distance

% Safety Code Compliance Distance
Contour
100% 6 meters
50% 10 meters
25% 14 meters
N
10% 23 meters

4.2, Results summary — on-site measurements (spatial

According to the service providers, peak traffic time 3 bgse station$y were
betwegn noon and 1 PM as well as 5 and 6 PM. C e\ assessors made all
measufements between these time periods to ensure q réd RF values were at
their m

measurements were taken for the remaining survey Each pomt of the 9 pomts spatial
averaging matrix was measured for approximately 30 seconds. The measurement location
with the highest percentage of Safety Code 6 limits for the uncontrolled environment was at
location D. This location is situated on the southwest corner of the building underneath some
of the base stations antenna panels facing a residential area.

Tables 9 and 10 represent the values at each measurement point in the 9 points spatial
averaging scheme for three different frequency bands in which the radio communication and
broadcasting services operate. Table 9 includes the results without the measurement
equipment uncertainties, while Table 10 includes the results with the measurement equipment
uncertainties. As part of the regulatory requirements for radiocommunication and
broadcasting antenna systems, the measurement equipment uncertainty must be added to the
measured values before comparing them to the RF exposure limits. The field strength
measurement and computational uncertainties are described in Appendix A.
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The maximum value measured was 5.1% of Safety Code 6 for the uncontrolled environment at
that location. However, since the general public does not have access to the roof-top,
additional measurements were taken in publically accessible areas. In areas where the
general public have access, the maximum RF value was 0.51% (see Location G) of Safety
Code 6 for the uncontrolled environment.

Table 9: Percentage (%) of SC6 (excluding expanded uncertainty) at each point of the 9-
points spatial averaging scheme for Location D.

9 points Height (meter) 869 MHz -894 1930 MHz - 1990 54 MHz-765 MHz Total
spatial MHz (% of MHz (% of (% of Safety Code (% of Safety
avg Safety Code 6 Safety Code 6 for | 6 for Uncontrolled Code 6 for

for Uncontrolled Uncontrolled Environment) Uncontrolled

Environment) Environment) Envirohment)
1 0.5 m Right 0.51 0.09 0.62
2 1.125 m Right 1.75 0.11 1.89
8 1.75 m Right 5.23 0.15 13
4 0.5 m Center 0.56 0.09 p7
5 1.125 m Center 1.04 0.10 1.18
6 1.75 m Center 5.63 0.11 5.Y9
7 0.5 m Left 0.76 0.85
8 1.125 m Left 1.70 1.90
9 1.75 m Left 4.93 0.05 5.10
Urofar” 2343
_,Q/points Spatial Avg 2.60

Table 10: Percentage ( nt
uncert ion D.
9 points 1930 MHz - 1990 54 MHz-765 MHz Tpotal
spatial avg MHz (% of (% of Safety Code 6 (% of Safety
Safety Code 6 for Uncontrolled Codle 6 for
for Environment) Uncoptrolled
Uncontrolled Envirbnment)
Environment)
1 0.17 0.04 1.22
2 0.21 0.07 3.71
3 < 0.30 0.10 1p.64
4 0.18 0.04 1.31
5 ,( 0.20 0.07 4.30
6 \Q/ 1.75 m Center 11.04 0.21 0.09 111.35
7 0.5 m Left 1.49 0.13 0.05 1.67
8 1.125 m Left 3.32 0.32 0.07 3.72
9 1.75 m Left 9.67 0.23 0.10 9.99
Total 45.91
9 points Spatial Avg 5.10

An apartment building with balconies was also located at approximately 40 meters in front of
the office building where the cellular base station antennas are mounted. Since the
assessors could not have access to these balconies, RF compliance at these sites was
determined by verifying the RF exposure level in front of the antenna panels facing this
building. By elevating the SRM-3000 probe above the head of the assessor, the highest RF
level reached was approximately 6% of Safety Code 6 limits for the uncontrolled environment.
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In addition, by looking at the computational evaluation results (see Clause 4.1 and Appendix
C), one could assess that the RF field value on the balconies would be in compliance with the
Safety Code 6 limits for the uncontrolled environment considering the 10% Safety Code 6
contour is located at 23 meters while the balconies are situated at approximately 40 meters
from the antenna panels, and at a lower height compare to the roof-top of the office building.

]

]
>

Figure 4: View of the apartment build n
the cellular bas¢ stations™ante

O4/2009 11344

Figure 5: Assessor evaluated the RF field strength from the antennas facing the
apartment building.

The spatial averaging scheme as per Health Canada’s Safety Code 6 represents a cross-
sectional area of a human body. The measurements are done between 0.5 meters and 1.75
meters with a width of 0.35 meters to capture the variation of field strength due to the ground
reflections and scattering from nearby objects. Other spatial averaging methods also exist.
For instance, surveyors also use a 9 points spatial averaging scheme with a starting height of
1.1 meters and a maximum height of 1.7 meters with a total width of 0.4 meter (Annex | of
IEC 62232). Figure 6 represents the two different spatial averaging schemes described
above.
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Measu A to G,
and the results can be found in Table 9, While t y between the 2 schemes are gimilar,
the 9 points spatial averaging scheme < %-: 6”is more representgtive of
whole-pody exposure.

Table 11: Percentage (%) of SC§ (includin pyded measurement equipment
uncertainty only) betwe wo different M\points spatial averaging schemes for different
ocatio
ocatio . int 9 points
Q \spati spatial
eraging averaging per
b\ p 6 Annex | of
C) IEC 62232
2.47% 2.83%
2.56% 4.42%
1.48% 1.90%
5.10% 6.17%
0.11% 0.12%
0.36% 0.32%
0.51% 0.57%

4.3. Calculation of compliance boundaries

As the compliance limits In publically accessible areas were not exceeded during the
measurements, the location of the compliance boundaries is estimated using the
computational evaluation of the site.

According to the results of the simulations (see Clause 4.1 and Appendix C), the compliance
boundaries would be located at approximately 6 meters directly in front of the antenna panels.
Since the antenna panels are mounted against the building at a height of about 4 meters from
the roof-top, maintenance workers would be located outside the compliance boundaries when
working.

The maximum RF exposure value measured on the roof-top was 5.1%; well below the RF
exposure limit.
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4.4. Assessment scheme — interpretation of results (see Clause 8 and Annex M of the
Standard)

Results are presented for this evaluation using the best estimate and upper 95% CI
assessment schemes.

The exposure levels reported using the upper 95% Cl assessment scheme include the
expanded measurement equipment uncertainty in the reported level. The exposure levels
reported using the best estimate assessment scheme state the actual level assessed and the
uncertainty factor for the measurement equipment.

4.5, Further information

Appendix B includes the information on the computation tool as
equipment used for the on-site measurements.

Appentliix C includes the results of the computational €valuat
internal simulation tool, HiField.

Appendix D includes the on-site results at eac taken,
and finglly, Appendix E contains the mea

using the Narda SRM-3000.
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5. Conclusions

The RF exposure compliance boundary (uncontrolled environment) was assessed to be 6 m
directly in front of the panel antennas.

The maximum exposure level on the building roof-top was assessed to be 5.1% of Safety
Code 6 limits for the uncontrolled environment. This was on the southwest side of the roof-top
underneath the cellular base station panel antennas. This assessment includes the
measufement equipment uncertainty.

0.51% [of Safety Code 6 limits for the uncontrolled environment. TKjs he i\fop car
park. This assessment includes the measurement equipment unge

Based jon the compliance boundary assessment, RF expo e\
roof-top and adjacent buildings, and building access confro S
é uncontrolled

compligince with Health Canada’s Safety Code 6 for t

uilding
D be in
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6. Appendix A (Evaluation Report) - Uncertainty Analysis (see Clause 7 and Annex 0
of the Standard)

6.1. Uncertainty analysis — field strength measurements

The table below represent the expanded uncertainty for the field strength measurements.

Table 12: Expanded uncertainty for the field strength measurements

Source of
uncertainty L. . |_)rol_). semi divisor sens. d. |
(influenke Description unit | distrib. span d coeff. usncn [\
quantityf) type “ ¢ c?u?
Measurg¢ment \V\’
equipmént
As specified by QD
Combingd instrument
instrument manufacturer dB normal 2.9 1.96 ) 48 2.19
uncertainty’ for 1800-2200 < 2
MHZz? [
Methodglogy / \& \
N Not applicable \é N
Probe ppsition o
in high| field | - eStpositions 73 N\ 1 0 0.00 .000
gradientg not in high Q
field gradients
Field . Influence of QV\_/
reflectiofs Probe > 1m \\
from
, away from 1.7 1 0 0.87 .750
measurdr’'s
. body of the
body during measurer
measurgment
No analpg
meter reading
Meter reading are dong —
oo of “*@ST ed 2.45 1 0 0.00 | Jo.00
uctuating at atically
signals to me f
downlo&ding\o
c
Source | and \Q
environmz\\h
veragedn”
‘; ertainty with
ipa“a'. P 5 % dB | rect 1.8 1.73 1 0 1.04 | |08
veragirlg confidence
\Q/ interval for a 9-
PUITTLYTIiU
Datasheet of
Variation in radio
the power of manufacturer
the RF source states Output dB rect 2 1.73 1 0 1.15 1.333
from the Power
nominal level uncertainty to
be +- 2 dB
Field
reflections
from movable No movin
large objects | /Ing dB rect 0 1.73 1 0 0.00 0.000
arge objects
near the
source during
measurement
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Source of prob semi sens
u_n:lertalnty Description unit | distrib. | span divisor coeff. corr. stand.
(influence type a d c factor | uncert.
quantity) t u=a/d c?u?
RF
propagation &
environmental Low level
clutter loss | measurements dB trian 15 245 1 0 0.61 0.375
(for low level - low clutter 9 ’ ' ’ ’
environmental environment
measurements
)
Combined correction factor, 0.23
Combined standard uncertainty 2.39
Coverage factor for 95% Cl, k /\ o [1-96
Expanded Uncertainty, U = k X u, \'\ 4.68
6.2. Uncertainty analysis — desktop modelling software
The table below represent the expanded uncertainty for the software
Table 13: Uncertainty Assessm or slﬁp omptitation
<)
Sourcé of K)Ans
u_n;:lert inty Description unit \\ Iso coeff. corr. stand.
(influepce c factor | uncert.
quantity) t u=ald c?u?
Systerll s
Ve poae | Transmier N[N
of the RF | Power can dB 1.73 1 0 1.15 1.33
vary.
source
ong\ cables N
Cable [ and ng A NNe | e 1.73 1 225 | o058 || 033
system losses transghitt (9
the“antenna ()
Radiat rect 1.25 1.73 1 -1.25 0.72 0.52
Envir
Uncer
\_) | Scattéring and
\Q/ reflections on
top of
Reflection and | buildings can
Scattering create dB rect 1 1.73 1 0 0.58 0.33
hotspots
where E-fields
add in-phase.
N
Combined correction factor, 7. = Zti -3.50
i=1
Combined standard uncertainty, u, = 1.58
Coverage factor for 95% ClI, k 1.96
Expanded Uncertainty, U = k X u. 3.1
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7. Appendix B (Evaluation Report) — Equipment List

71. Equipment list- desktop computer modelling

The site was assessed using HiField, an internal tool for RF exposure evaluations for radio
communication and broadcasting sites developed by Industry Canada.

7.2 Equipment list - on-site field strength

NARDA Selective Radiation Meter (SRM-3000) with tri-axial probe and a 1.5-metex R "exftension
cable, derial number EC5D1CBA46B88AFD. The last calibration was done gh July-: {
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8. Appendix C (Evaluation Report) — Computational Results.

The following graphs are the Safety Code 6 contours in the vicinity of the study site. The area in
black represents the near-field. A contour within the near-field would require further
investigated such as additional studies and/or measurements to determine the exact locations
of compliance boundaries. The red line represents 100% of Safety Code 6 limits for the
uncontrolled environment, yellow 50%, brown 25%, and finally, green represents 10% of
Safety Code 6 limits for the uncontrolled environment.
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Fig ia 5 on the roof-top at a height of 74.7 m ASL
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Figure 8: Azimuth view of % of SC-6 compliance contours on the roof-top at a height of 74.7 m
ASL and 2 m above the reflective plane
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Figure 10: Azimuth view at ground level, at a height of 48 m ASL
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9. Appendix D: (Evaluation Report) — On-Site measurement results

The following tables are the measurement values in percentage (%) of Safety Code 6 limits
obtained at the locations A to G. Detailed measurement values for location D can be found in
Clause 4.2.

Table 14: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location A.

9 Height 869 MHz -894 1930 MHz - 1990 54 MHz-765 MHz Total
pgints (meter) MHz % of F3 o O o of pafety
spatial Safety Code 6 Safety Code 6 for 9 6 for

3vg for Uncontrolled Uncontrolled nitrolled
Environment) Environment) znvirohment)

1 0.5 m Right 0.90 0.04 \ 1

2 1.125 m Right 2 39 0.07 2.b7

3 1.75 m Right 3.42 0.35 3.p4

4 0.5 m Center 0.79 0.p3

5 1.125 m 2.21 2.43

Center

6 1.75 m Center 2.49 3.p0

7 0.5 m Left 0.92 0.08 1.3

8 1.125 m Left 2.46 0.12 3.p2

9 1.75 m Left 2.89 \ 0.15 4.118

% N =
9 points Spatial
ONN R avg 247
- \)

Table 15: @ ge (%) of\SCB\(i ding expanded measurement equipment
uncertainty onl -points spatial averaging scheme for locatjon B.
A\

9 Height (met \\ 869 WMHz <894 1930 MHz - 1990 54 MHz-765 MHz Total

pdq z (% of MHz (% of (% of Safety Code (% qf Safety
sp| Safety Code 6 Safety Code 6 for 6 for Uncontrolled Cogle 6 for

f ncontrolled Uncontrolled Environment) Uncantrolled
Environment) Environment) Envifonment)

0.22 1.14 0.08 .44

0.12 3.36 0.13 B.61

( 0.24 3.64 0.22 1.10

4\Q/ 0.5 m Center 0.15 1.80 0.07 D02

5 1.125 m Center 0.11 5.29 0.12 5.52

6 1.75 m Center 0.33 3.95 0.20 4.48

7 0.5 m Left 0.20 0.38 0.06 0.64

8 1.125 m Left 0.13 0.19 0.13 0.45

9 1.75 m Left 0.28 0.25 0.20 0.73

Total 22.99

9 points Spatial Avg 2.55
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Table 16: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location C.
9 Height (meter) 869 MHz -894 1930 MHz - 1990 54 MHz-765 MHz Total
points MHz (% of MHz (% of (% of Safety Code (% of Safety
spatial Safety Code 6 Safety Code 6 for 6 for Uncontrolled Code 6 for
avg for Uncontrolled Uncontrolled Environment) Uncontrolled
Environment) Environment) Environment)
1 0.5 m Right 0.31 0.17 0.06 0.54
2 1.125 m Right 0.52 0.22 0.13 0.87
3 1.75 m Right 2.51 0.19 0.09 2.79
4 8-5-m—Centet 6-56 45 p.72
5 1.125 m Center 0.57 0.29 1.00
6 1.75 m Center 2.84 0.33 B.28
7 0.5 m Left 0.43 0.07 D.55
8 1.125 m Left 0.36 0.22 D.73
9 1.75 m Left 2.55 0.20 ) P.88
NN D 13.36
/\ mtsgpatial Avg [1.48
\4 \/
Table 17: Percentage (%) of SG6 (i i surement equipment
uncergainty only) at each point of the.9-pui ing scheme for locatjion E.
9 Height (meter) 54 MHz-765 MHz Total
pQints % of (% of Safety Code 6 (%|of Safety
spatial < Code 6 for for Uncontrolled Code 6 for
avg trolled Environment) Un¢ontrolled
f\ Enyironment) EnVironment)
1 0.5 m Right 0.01 0.01 0.04
2 1.@Ri t 0.02 0.02 0.07
3 1.7 0.01 0.04 0.15
4 . ter 0.01 0.01 0.08
5 n “ : 0.01 0.02 0.13
6 0.14 0.01 0.04 0.19
< 0.06 0.004 0.01 0.07
8 0.05 0.01 0.02 0.08
9 o 0.15 0.01 0.04 0.20
{<>-) Total 1.01
AN
Spoints—SpatiatAvy 0.11
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Table 18: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location F.

9 Height (meter) 869 MHz -894 1930 MHz - 1990 54 MHz-765 MHz Total
points MHz (% of MHz (% of (% of Safety Code (% of Safety
spatial Safety Code 6 Safety Code 6 for 6 for Uncontrolled Code 6 for

avg for Uncontrolled Uncontrolled Environment) Uncontrolled
Environment) Environment) Environment)

1 0.5 m Right 0.15 0.03 0.07 0.25

2 1.125 m Right 0.09 0.06 0.08 0.23

3 1.75 m Right 0.12 0.08 0.11 0.31

4 0.5 m Center 0.23 0.06 0.09 0.38

& +425-m-Center 6-69 6-65 0.24

6 1.75 m Center 0.13 0.04 0.29

7 0.5 m Left 0.16 0.07 0.34

8 1.125 m Left 0.08 0.69 0.89

9 1.75 m Left 0.20 0.1 0.43

0)
Total AN \ 3.36

Q\g\\p’&&pati& Avg 0.37
@)

Table 19: Percentage (%) of SC6 (includin xp nde
uncertainty only) at each point of the 9- po?t\ggs

ent equipment
scheme for locatjon G.

Height (meter) 869 MHz -894 54 MHz-765 MHz Total
pgints MHz (% (% of Safety Code (%|of Safety
spatial Safety Co 6 for Uncontrolled Ceode 6 for

3vg for Uncontrolle Environment) Un¢ontrolled

Environment) Environment)
1 0.5 m Right < 0.05 0.52
2 1.125 m Rjght 0.11 0.55
3 1.75 m Righ 0.18 0.53
4 0.02 0.06 0.71
5 0.02 0.12 0.50
6 0.02 0.18 0.54
7 0.02 0.06 0.43
8 0.01 0.12 0.33
N \- . 0.02 0.16 0.46
- Total 4.57
<\ 9 points Spatial Avg 0.51
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10. Appendix E: Measurement Scans

This appendix contains samples measurement scans covering the GSM850, GSM1900 and
the CDMA systems.

Frequency:  409.501
A narda Marker Valie: 0.0000018
Safety Test Solutions o
[T T—— Standard: s5c8
1000

TSI
e
2

0.0001

0.0000 -

0.000001 |

K

Figure 11 MHz

Frequency: 6819687 MHz
Marker Value: < 0.4000001 %
Standard: SCEGP

/A

Exposure (%]

B
Fragquency [MHzZ]

Figure 12: Narda SRM-3000 measurement scan for the 800 MHz frequency range
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Frequency: 1960,00 MHz

A pﬂ?q‘rmasnmms Marker Vaue: 0.0000002 %
Standard: SC6 GP
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Annex C
(informative)

TR 62669 © IEC:2011(E)

Roof-top / tower case study in residential area

This annex contains the roof-top/tower case study referred to in 4.4. This evaluation report is
presented as issued by Industry Canada and retains its original structure, formatting, layout
and numbering. The standard referred to in the report is IEC 62232.

2

@C@
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1. Executive Summary

The purpose of this case study was to verify RF exposure compliance in a residential and
commercial area surrounding a building with a roof-top cellular base station and satellite
broadcast radio repeater. The antenna structure is mounted on the second level roof-top of an
office building.

The Equipment Under Test (EUT) was categorlsed as a Complex RBS as there are multiple
antenn

This agsessment compared the results of the evaluations against lipnits sg in |Health
Canadg@’s Safety Code 6 guidelines. This assessment was done by C as|part of
their reggulatory auditing program of radio communication and broadgasting

The apsessment consisted of computational posure
compliance boundaries around the antennas, and frgque frength
measufements to determine the RF exposure levels in~the™s i residentifal and
commgrcial areas. The accessible areas of the roof-top were

as assessed to|be 4m

The RKF exposure compliance boundary (uncon
a in front of the datellite

directly in front of the cellular pane
broadcpst repeater antenna.

D

The m aximum exposure level on the o- ding 1 as assessed to be 23.92% of|Safety

Code 6 located a few meters in fronf of the
satellite broadcasting repeater. i assible to the general public.

The maximum exposurg i i jal and commercial areas around the building was
assessfed to be 0.044% of Saf iPRJ the uncontrolled environment

Resultg are pre@ 9 sing both the best estimate and upper 95% CI
assessment schemes. ’els reported using the upper 95% CIl assessment
scheme i ty in the reported level. The exposure levels rgported

using ¢ ssment scheme state the actual level assessed apd the
uncertai \ rement equipment only.

2. Evalua , (see Clause 5 & 6 of the Standard)

21.

The computational and measurements results presented in this report defined the RF
exposure compliance for the site, which contained a cellular base station and a satellite
broadcast radio repeater. These antenna systems were mounted on the second level roof-top
of an office building which houses a centre for continuing education. A microwave
transmission link was also mounted on the large antenna structure. The maximum operator
output power was 500 W ERP for GSM 850 and 500 W EIRP for GSM 1900. The satellite
broadcasting repeater had a 800 W ERP (aural peak). As for the microwave transmission, the
EIRP was 645.6 W EIRP.

Table 1: Operator technology information

Operator Technology

Cellular Service Provider GSM 850, GSM 1900

Satellite Broadcasting Provider | Satellite Digital Audio Radio Service (S-DARS)
Cellular Service Provider Microwave Transmission
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2.2. Site environment

The cellular base station antenna panels are mounted on a large antenna structure located on
the second level roof-top of an office building. In the case of the satellite broadcast radio
repeater (S-DARS repeater), it is directly mounted on the second level roof-top. These
antenna systems are not accessible to the general public as the door to the first level roof-top
is locked at all times. Maintenance worker can have access to the first level roof-top of the
building. However, they would not be required to go on the second level where the antennas
are located for maintenance. A sign indicating high radio frequency energy is placed on the
door to the main roof-top as well as on the satellite broadcast radio repeater itself. Figure 3
represents examples of signs when identifying locations with high level of RF energy.

S-DARS repeater

Figure 2: Photograph of the antenna structure
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CAUTION DANGER

RADIOFREQUENCY HIGH LEVEL
ENERGY AREA RADIOFREQUENCY ENERGY
NO TRESPASSING KEEP OUT

ﬁf‘ﬂ)

ATTENTION

ZOME DEMISSION
DE RADICFREQUEMNCES

ENTREE INTERDITE

Figure 3: Examples of “Caution” and }

23. Exposure safety limits

Industry Canada has adopted the uncon enVi Health
CGanada’s Safety Code 6 (S idé s i imits of Human Expodure to
Radiofrequency Electromagnetis 5 3 Range from 3 kHz |[to 300
GHz for the protection of the geheralN\p f their licensing requirgments,
dperators must ensure that the nication and broadcasting antenna
systems comply at all times with

Safety Code 6 permissiblg S i vary depending on frequency. The [lowest
limits occur ove S en for
microwave frequ ¢ higher. The Safety Code 6 guidelines contgin two
tlers; Iimit’the contrglled en ents and limits for the uncontrolled enviroriments.
TIhe referensg’limits_can besHi

Fable 2: Héalt ’s Safety’ Code 6 reference limits for Controlled and Uncontrolled

Environments.

3. Evaluati Clause 5.1, 5.2 & Annex A.)
Fre (MHz) SC6 Uncontrolled Environment SC6 Controlled Environment
P Limit (Wm?) Limit (Wm[?)
30MHZz to 300 MHz 2 10
300 MHzZ to T.5GHzZ 7150 730
1.5GHz to 150 GHz 10 50
150GHz to 300 GHz 6.67 x 10™ f 3.33x 10 *f

Note: Averaging time of 6 minutes

3.1. Pre-evaluation review

The purpose of the pre evaluation review is to develop an estimate of the expected field
strength and consequently select appropriate evaluation methods for a given evaluation
purpose.
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Determine evaluation purpose

TR 62669 © IEC:2011(E)

The purpose of the survey was to verify RF exposure compliance of the radio communication
and broadcasting site as part of Industry Canada’s auditing program.

3.1.2.

Determine equipment under test (EUT) category

The equipment under test is defined as a complex RBS as there are multiples antenna

systems at the site under evaluation.

3.1.3.

Determine physical parameters

The antenna parameters are given in this section.

Table 3: Physical parameters

Microwave
Cellular Base Cellular Base SW_STDIRS_Wn
Parameters Station Antenna | Antenna ll Repeater / Link'\
A\ntenna Type TA-230 )
Number TA-824-4-90 7740.00 2BA 80
Horizontal \(Q'\V\
HPBW. 90° 86° o’ LA D
ertical HPBW 18° 6.6° /\e\\ ,}0\ }\1
Directoinal / O
Omni Directional Directional / Bﬁ(ec \ Directional
Orientation 50°, 170°, 290° 50°, 170°, 290° WA [ 2140
GOMAA
Broadcast 1710 MHz — 2170 MH=/ MHz 17.700 GHz |
Channels 824 MHz — 896 MHz | 1850 MHz —1990 MHz [ 19.700 GHz
Maximum N N
Tfransmit Power Q
w 500 W 500 S 00 W -
Typical Transmit X~
Power W - > \525})%(\\ - 200 W -
3.1.4. Decide if a dered
Since the requirement i cumulative RF exposure for this Idcation,
properfies of al p i the site were determined. In additipn, an
environment se S a2 related to broadcasting stations in a radius of 1
km and to land-fixéd tre ions>in the mobile, cellular, PCS, microwave, radar and
radio-lpcation sepvice 100 meters from the specific site selec‘ed for
measufements we ey could have an effect on the total RF exposure values. In
this cdse, nog systems other than the ones located on the roof-top|of the
building wer ironment search was performed.
3.1.5. mate the field at the evaluation point
A computatie assessment of the site was done using HiField, the internal simulation
software developed by Industry Canada for verifying RF exposure compliance before| actual
measu 'e%?\} were~xdone at the site. The results of the simulation established the compliance
contOU's\ ated to Safety Code 6 limits for the uncontrolled environment as well as prpviding
informe EXpOSUTE [evels.
3.1.6. Establish which parameters are to be evaluated

The power density values (S) were determined for each measurement locations. However,
the results were presented as a percentage (%) of Safety Code 6 limits for the uncontrolled
environment.

3.2.

A computational assessment and on-site frequency selective field measurements were
chosen as the evaluation methods for verifying RF exposure compliance of the site.

Select evaluation method
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3.3. Complete the evaluation plan

The following tables represent a check sheet for computational and on-site measurements,
respectively.
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Table 4: Computational evaluation check list
Step Description
Enter HiField project name
Specify study site geographic coordinates
Specify search area radius for nearby stations
Specify default vertical pattern for stations without antenna patterns
Adjust ground levels and radiating centers
Validate or exclude nearby stations
Use the tower editor to manage tower locations and ASML height
Modify, if need be, other nearby stations parameters
Plot SC-6 contours:
e Set reflection flat plane elevation N
e Determine reflection plan to study
e Enter parameters corresponding to the chosen plang QQ,

10 Analyse results \ \\,Q&\

Table 5: On-site measurement c}agc I|st

Step Methods \ \Q(‘\ B

—_

Olo|N[O|ORWIN

1 Identify the site location where the stronggst fie as\computed by the
software Hifield. Schedule wisely specifid'ti hat itters perform pt
full capacity in order to get maximum Its s\

2 On-site, use the probe to f@ \e{ be(the@fo\qg’eiiﬁeld level.

3 Take measurements for a ninutes—i1 order to evaluate the

magnitude of the tempor e signals. If the field signjal
variations are less than 2 ity 36%), which are normally
expected for ! ‘ averaging will not be required for the
remaining surv 5). e field signal variations are over 20
% (or powe i
remamlng ent

e

4 Wal the site that no other points give a stronger fiefd
level ?\n caleu ith he software Hifield.

esult in step 3, if the measurements are betwegn
each point of a 9 point matrix representing the

uman body should be logged for 30 seconds. If |a

ut of the range (1x0.36), then time averaglmg

are required, each point of a 9 points matrix representing t

a human body should be logged for 6 minutes using a nop-
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3.4. General methodology — on-site measurement (RF field evaluation for time and spatially
averaging)
When on-site measurements are required to verify RF exposure compliance, the following
steps should to be taken into account:
— Prior to on-site measurements, an environment search should be performed (see Clause
3.1.4 of this report).

— Depending on the results of the environmental search, narrowband and broadband
equipment are selected for on-site measurements

— Computation evaluation should be made to estimate RF levels in the far field for the
surveyed transmitter site(s) as a way to identify approximate locations to be measured
(sep Clause 3.4 of this report).

— Thag far field distance should be considered when selecting the ations.
Noimally if a location is in the far field of every radiating elemen robe is
sufficient. Otherwise both E-Field and H-field should be measuré

— A written record should be kept of the measurement locatighs ) eadi < 0gging
time.

— Megasurement uncertainties must be taken into account

— On{site measurements should be made with a clgar view . ase of
roof-top sites, the measurements should be don ast akthetacattons where a member
of the general public could be exposed to the

— Thq z ith regard to the temporal
varlation of the RF signals. i \ acing\the ppobe approximately where the
thepretical evaluation showed the stronge g ma-then use the probe to manually
find-tune the location with the strorigest srgn Withilthe proximity of the original Igcation.
Ins{all the probe on a non-metallic rip hei of 1 to 2 meters wherever thg signal
is gtronger. The mea r a tetal of 6 mmutes in order to evalupte the

re less
haining
Hensity

magnitude of the t
thap 20 % (or powe
suryey (ref:

36 o), time a

- On¢ £ ization is,completed, the surveyor should walk around {he site
with a power dens 3 i i i i er field
exposure using the { i i i int. this is
dorle by hoiding the—p anding
dirdctly i s i ‘ i j ithi 's from
the|sudr . inti itter. i of the
prope™s K gnal is

strgnger.

— If the above chardcterization of the site revealed that no time averaging measurgments
are requrred a qurck scan of the probe over the cross sectronal area equivalent to a
human & . ement
Iocatron Normally, a scan of at approxrmately 30 seconds may be consrdered provrded the
probe has a fast response time.

If time averaging measurements are required, each point of a 9 points matrix representing the
cross-section of a human body should be logged for 6 minutes, and then averaged. In this
case, the probe should be set on a non-metallic tripod for convenience.
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(see Clause 8 of the Standard)

Results summary — computational evaluation
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The RF exposure levels due to the antennas were calculated with HiField, the internal
simulation tool developed by Industry Canada, as well as the data gathered by the cellular
service providers. The computational evaluation was performed using the data provided in
Table 6. Furthermore, several manual changes were applied prior to the simulations, and are

listed below.
Table-6:-Nearbystationstist
N
CallSign ALS ID City Max ERP (W) | Ground Lew(m) |(Rad Ceater [m) | Type
XMSEU1 SAINT EU 3380.0 307 \\ | \(2\54. 7\ TV
SITE413825 7007143906 E0212-ST 130.4 30\ \ 'Q)KGN ALS
SITE413825 7007143907 E0212-ST 130.4 < N,-,\Q/ A ALS
S|TE413825 7007143905 E0212-ST 260.7 \30\[)SU 61.1 ALS
S|TE413825 7007143899 E0212-ST 456.3 \\&Q’Q\ 61.1 ALS
N\
SITE413825 | 7007143901 | E0212-ST 456.35 S0\ 61.1 ALS
SITE413825 7007143900 E0212-ST ALS
VBB771 51511870001 SAINT EU ALS
The additional changes were:
— EIRPs were entered manually to take—# which
is not currently handled in the interpal
— EIRPs were corrected lerently
betveen the database\(ERR uld be
under-evaluated b
— Antenna displagem
— Inaftive rec list of
actjve channels’ af ea
— The encies
bet br than
54
— Anf] ematic
dia
—  Grag CDED)
infd
The diqn%sions of each antenna were modified according to the antenna specification| sheet.
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Table 7 provides the distances for different percentages (%) of Safety Code 6 compliance
contours (see Appendix C).

Table 7: Percentage (%) of SC6 contour versus distance

% Safety Code Distance for the Cellular Distance for the Satellite
Compliance Contour Base Antenna Broadcast Radio Antenna
100% 4 meters 2 meters

50% / meters 3 met

25% 9 meters (}er

SN

10% 15 meters

4.2, Results summary — on-site measurements (spatial ave

Considering that the temporal variation of the signals duri Y 0% for
the E fleld (or 36% for the power density) during ite érization, the sufveyors
only topk spatial averaging measureme 5 Each point of the 9 points

spatial| averaging matrix was meastited ¥ imats O]seconds. The measufement
location with the highest percentage o im nment
was at|location J. This location is situa ’ e d level roof-top of the office building, a
few m¢g i 3

'r"”

~_;.'2?14?04f2009 J,B__;_a.a S

Figure 4: Location J in front of the satellite broadcasting repeater

Tables 8 and 9 represent the values at each measurement point in the 9 points spatial
averaging scheme for three different frequency bands in which the radio communication and
broadcasting services operate. Table 8 includes the results without the measurement
equipment uncertainties, while Table 9 includes the results with the measurement equipment
uncertainties. As part of the regulatory requirements for radiocommunication and
broadcasting antenna systems, the measurement equipment uncertainty must be added to the
measured values before comparing them to the RF exposure limits. The field strength
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measurement and computational uncertainties are described in Appendix A. The maximum

value measured was 23.89% of Safety Code 6 for the uncontrolled environment.

Table 8: Percentage (%) of SC6 (excluding expanded uncertainty) at each point of the 9-
points spatial averaging scheme for location J.

9 Height (meter) 869 MHz -894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points MHz (% of MHz (% of MHz (% of Safety (% of Safety
spatial Safety Code 6 Safety Code 6 for Code 6 for Code 6 for

avg for Uncontrolled Uncontrolled Uncontrolled Uncontrolled
Environment) Environment) Environment) Environment)

1 0.5 m Right 0.03 0.02 3.56 3.61

2 1.125 m Right 0.02 0.02 13.25 13.29

3 1.75 m Right 0.02 0.01 N 29.82

4 0.5 m Center 0.02 0.03 '\ 5.00

5 1.125 m Center 0.03 0.02 13.81

6 1.75 m Center 0.03 0.012 23.96

7 0.5 m Left 0.03 0.02 3.41

8 1.125 m Left 0.02 0.01 7.67

9 1.75 m Left 0.02 0.01—__ ) 9.28

N/
109.85
N
/\ Q ‘\\proints Spatial Avg 12.21
i anded measurement equipmernit
unce amty only) at each point of the 9- 3 averaging scheme for Iocatlion J.
1990 [ 2335.7 MHz-2341.8 otal
(% of MHz (% of Safety (% qf Safety
sp e ode 6 for Code 6 for Cogle 6 for
ay ncontrolled Uncontrolled Uncentrolled
Environment) Environment) Envifonment)
0.04 6.98 7.08
0.04 25.97 $6.05
0.02 58.39 8.45
0.06 9.70 9.80
0.04 26.97 27.07
0.02 46.86 46.95
0.04 6.59 6.68
@) ’ 0.02 14.97 5.03
g Q, 1.75 m Left
AN 0.04 0.02 18.13 8.19
Total 215.29
9 points Spatial Avg 23.92
The spatial averaging scheme as per Health Canada’s Safety Code 6 represents a cross-
sectional area of a human body. The measurements are done between 0.5 meters and 1.75
meters with a width of 0.35 meters to capture the variation of field strength due to the ground
reflections and scattering from nearby objects. Other spatial averaging methods also exist.
For instance, surveyors also use a 9 points spatial averaging scheme with a starting height of
1.1 meters and a maximum height of 1.7 meters with a total width of 0.4 meter (Annex | of
IEC 62232 CDV). Figure 5 represents the two different spatial averaging schemes described
above.
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L i o ey~ iyl ol

L e e e a o B

Dam e
0A7¥am0A7sm

Figure 5: Example of the 9-points spatial a p 6
and as An

Measufements were done at differe different spatial ave¢raging
schemes, and the results can be found imTable hemes
are siI\iIar, the 9 points spatial av more
represe¢ntative of whole-bod

Table expanded measurement equ{pment
uncertpi spatial averaging schemes for different

locatia

nt 9 points
patial spatial
eraging averaging per

per SC6 Annex | of

N IEC 62232
" \D 0.038% 0.040%
2 0.040% 0.040%
F 0.023% 0.017%
G 0.036% 0.028%
\: H 0.026% 0.027%
C) [ 0.044% 0.053%
\<(/ J 23.921% 25.520%
K 0.166% 0.458%
L 0.272% 0.263%

Finally, the results for the other measurement locations can be found in Table 11. These
results include the measurement equipment uncertainties. The detailed measurement values
are found in Appendix D.
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Table 11: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) for other locations

Location Total
(% of Safety Code 6 for Uncontrolled Environment)

A 18.22

B 0.29

c 0.28

D 0.038

E 0.041 /1
F 0.023 /\&

G 0.036

@\
H 0.028 /\\ }Q,

| poss AN\ &O~\\0‘>

J 23.92/\\8:\&
K ofs () X(’ )
L W LES

N

4.3. Calculation of compliance boun

hg the

As thg compliance limits in publicaly %
g the

measufements, the loca
computational evaluation ©
Accordjing to the pssul pliance
boundary wouI < ately 2 meters directly in front of the datellite
broadcpst repeater” z 2 cellular base stations antenna panels. Hqwever,
considering this je region of the antenna, additional studies [and/or
measufements to i e fQcation of exact compliance boundary would be required.

nnex

The exposure levels reported using the upper 95% Cl assessment scheme include the
expanded measurement equipment uncertainty in the reported level. The exposure levels
reported using the best estimate assessment scheme state the actual level assessed and the
uncertainty factor for the measurement equipment only.
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4.5, Further information

Appendix A of this document details the uncertainty values, probability distributions and more
for each of the sources of uncertainty related to the measurement and computational analysis.

Appendix B includes the information on the computation tool as well as the measurement
equipment used for the on-site measurements.

Appendix C includes the results of the computational evaluation using Industry Canada’s

internal simulation tool, HiField.
vx,in taken,
s, evaluated

Appentix D includes the on-site results at each location where measurfements
and finglly, Appendix E contains the measurement scans for each frequer
using the Narda SRM-3000.
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The RF exposure compliance boundary (uncontrolled environment) was assessed to be 4m
directly in front of the cellular panel antennas, and 2 m directly in front of the satellite
broadcast repeater antenna.

The maximum exposure level on the building roof-top was assessed to be 23.92% of Safety
Code 6 limits for the uncontrolled environment which was located a few meters in front of the
satellite broadcasting repeater. This value includes the measurement equipment uncertainties
and the location is not accessible to the general public.

The m

assess|
includg

Based
compli
compli

)

on the RF exposure levels assessed in the residend

nce boundary assessment, and building access con
nce with Health Canada’s Safety Code 6 for the ung

tximum exposure level in the residential and commercial areas around the

s the measurement equipment uncertainties.

buildi

hg was

i$ value

a, the
be in
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6. Appendix A (Evaluation Report) - Uncertainty Analysis (see Clause 6, 7 and Annex
O of the Standard)

6.1. Uncertainty analysis — field strength measurements

The table below represent the expanded uncertainty for the field strength measurements.

Table 12: Expanded uncertainty for the field strength measurements

Source-of ||r|r-nrl'ninl'y (inflllnnrn prOb' semi divisor sens. o stamd
tity) unit | distrib. | span P coeff. - -
quantity type a ¢ fadtor cert/\|
u c’u?
Meagurement equipment N K q>»\
Combined instrument uncertainty’ Q) '\/
As specified by instrument
mapufacturer for 1800 to 2000 B normal 2.9 1.96 /\ ¢8 219
MHZ? %)
Methpdology ( \ \
Probg¢ position in high field '\'\/
gradipnts: Not applicable - test
Joaitbns not e Choh fie | 9B rect 0 1.73 % 0 0.00 ||0.000
gradipnts (7 & \
Field| reflections from measurer’s /\( \J g
body during measurement:
Influgnce of Probe > 1m away dB ¢t 1. 0 0.87 0.750
from pody of the measurer <?
Metef reading error of fluctuating \\ N
signdls: No analog meter reading
are |done — results stored | dB triafig O 245 1 0 0.00 0.00
automatically to memory ~for \{
downjoading to pc /\ f\ \\> N
Sourge and environment \l \x )
Spatipl Averaging - Averdge A\ —
uncerfainty with a 9 confidence dB ect 1.8 1.73 1 0 1.04 1.08
inteerI for a 9-poigt gri \“\{
Variaion in the pM ¢ N O \\>
sourde from the nomj ;\\\/\
Datagheet of radi dB rect 2 1.73 1 0 1.15 1.333
stateg Output Power u e \/
be +-(2 dB
Figld reflections fr
lange’objects ne
durifg ; - dB rect 0 1.73 1 0 0.00 0.000
g ects
RF propa %’anental
Clut &I}) s (for level dB triang 1.5 2.45 1 0 0.61 0.375
en i\ ental measurements)
A

Combined correction factor, 0.23

Combined standard uncertainty | 2.39

Coverage factor for 95% CI, k | 1.96

Expanded Uncertainty, U=k X u. | 4.68
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6.2. Uncertainty analysis — desktop modelling software

The table below represent the expanded uncertainty for the desktop modelling software.

Table 13: Uncertainty Assessment for Desktop Computation

Source of uncertainty prob. semi divisor | Sens:
(influence quantity) unit | distrib. | span coeff. Corr. stand.

type a d ¢ factor | uncert.

t u=a/d c?u?
System —
Variatlon in the radiated power ,\'\
of th¢ RF source Transmitter dB rect 9 1.73 0 <\ 133
power|can vary.
ANNER YN

Cable|and system losses Long O
cabled connect the transmitters dB rect 1 173 0. 0.33

to the lantennas.

D
SRS

Radiafion  Loss Lossy AN
compgnents inside antennas dB rect 1.25 73 0.72 0.52
cause|radiation loss. ’ ’ ’ ’
Envirgnmental Uncertainties \/
b~ [&

Refleqtion and Scattering on top Q
of buildings can create hotspots dB r 1 ~\ 73 0 0.58 0.33
where|E-fields add in-phase. s\\~\\ . .

N\

mbined correction factor, 7, Zti -3.50

‘

(W/\%)mbmed standard uncertainty, u

Coverage factor for 95% ClI, k 1.96

\X\){\S\ Expanded Uncertainty, U = k X u. 3.1

1.58
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7. Appendix B (Evaluation Report) — Equipment List

71. Equipment list- desktop computer modelling

The site was assessed using HiField, an internal tool for RF exposure evaluations for radio
communication and broadcasting sites developed by Industry Canada.

7.2 Equipment list - on-site field strength

NARDA Selective Radiation Meter (SRM-3000) with tri-axial probe and a 1.5-meter RF extension
i CSD1TCBAA P e ta atibratio asdone

cable, gertatmambe P B
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8. Appendix C (Evaluation Report) — Computational Results

The following graphs are the Safety Code 6 contours in the vicinity of the study site. The area in
black represents the near-field. A contour within the near-field would require further
investigated such as additional studies and/or measurements to determine where the location
of compliance boundaries. The red line represents 100% of Safety Code 6 limits for the
uncontrolled environment, yellow 50%, brown 25%, and finally, green represents 10% of
Safety Code 6 limits for the uncontrolled environment.

[ St_Eustache_IEC - Vertical Plane at Azimuth 0.0 deg,

Centered at d=0.0 m h=31.1 mAGL
] 7007143893 SITE413825 UC (5.5 m

V] 7007143300 SITE413525 UC (5.5 m
| 7007143305 SITE413525 UC (4.7 m
| 7007143506 SITE413825 UC 2.2 m
/| 7007143307 SITE413828 UC (2.2 m
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e ]
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Figure 7: Azimuth view of % of SC-6 compliance contour on the roof-top at a height of
52 m ASL, 2 m above the reflective flat plane
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9. Appendix D (Evaluation Report) — On-Site measurement results

The following tables are the measurement values in percentage (%) of Safety Code 6 limits
obtained at the locations A to L. Detailed measurement values for location J can be found in

Clause 4.2.

Table 14: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location A.

D Height 869 MHz -894 MHz 1930 MHz - 1990 Total
po|nts (meter) | (% of Safety Code 6 MHz (% of }\% of Safety
spatial for Uncontrolled Safety Code 6 for Cpde 6 for

ayg Environment) Uncontrolled ly ngontrolled
Environment) Enyironment)
0.5m 0.06 0.05 4.80
Right
p 1.125 m 0.08 0.02 10.61
Right <
B 1.75 m 0.11 0.09 43.99
Right
a 0.5m 0.04 0.05 1.46
Center
6.62
40.13
2.53 2.60
9.52 9.60
44.05 4413
Total 163.94
9 points Spatial Avg 18.22
(including expanded measurement equipment
he 9-points spatial averaging scheme for locatjon B.
MH2:894 MHz 1930 MHz - 1990 2335.7 MHz-2341.8 MHz Total
points te Safety Code MHz (% of (% of Safety Code 6 for (% gf Safety Code
spdtia ncontrolled Safety Code 6 for Uncontrolled 6 for Uncontrolled
ayg vironment) Uncontrolled Environment) Environment)
EQ Environment)
(:)\07.5 m 0.09 0.01 0.06 0.16
Q/ Right
P\ V| 1.125 m 0.08 0.01 0.08 0.17
Right
3 1.75 m 0.10 0.02 0.07 0.19
Right
4 0.5m 0.13 0.02 0.03 0.18
Center
5 1.125 m 0.05 0.01 0.04 0.10
Center
6 1.75 m 0.08 0.02 0.35 0.45
Center
7 0.5m 0.06 0.15 0.06 0.27
Left
8 1.125 m 0.08 0.03 0.03 0.14
Left
9 1.75 m 0.06 0.01 0.86 0.93
Left
Total 259
9 points Spatial Avg 0.29
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Table 16: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location C.

9 Height 869 MHz -894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points (meter) MHz (% of MHz (% of Safety MHz (% of Safety (% of Safety Code
spatial Safety Code 6 Code 6 for Code 6 for 6 for Uncontrolled

avg for Uncontrolled Uncontrolled Uncontrolled Environment
Environment) Environment) Environment)
1 0.5m 0.16 0.02 0.01 0.19
Right
2 1.125 m 0.25 0.02 0.03 0.30
Right
1.75 m 0.21 0.03 0.02
Right
. 0.5m 0.23 0.02 0.03
Center
b 1.125 m 0.20 0.01
Center
b 1.75 m 0.22 0.03
Center
[ 0.5m 0.19 0.02
Left
B 1.125 m 0.17 0.01 0.21
Left
) 1.75m 0.21 0.02 /\ 0.7
Left ™
/\(\\/ Fotal. 2.56
0.28

Table 17: Percentage (%) of SC6 (in
uncertainty only) at eaWnt of the 9-

[9.p0infs Spagial Avg
NN

panded measurement equipment

averaging scheme for locatjon D.

Height 869 M Hz ~494 2335.7 MHz-2341.8 Total
points (meter) MHz (% of Safety (% of Safety Code
sp4tial Code 6 for 6 for UncEntroIIed

ayg Uncontrolled Enviropnment)
Environment)
0.004 0.006
p 0.045 0.048
B 0.046 0.0550
l< 0.041 0.044
b . 0.036 0.039
r
b @R 0.003 0.002 0.039 0.044
(:) enter
[ Q/ 0.5m 0.002 0.0004 0.031 0.033
S Left
8 1.125 m 0.001 0.001 0.033 0.035
Left
9 1.75 m 0.002 0.001 0.041 0.044
Left
Total 0.343
9 points Spatial Avg 0.038
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Table 18: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location E.

9 Height (meter) 869 MHz - 894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points MHz (% of MHz (% of MHz (% of Safety (% of Safety Code
spatial Safety Code 6 Safety Code 6 for Code 6 for 6 for Uncontrolled

avg Uncontrolled Uncontrolled Uncontrolled Environment)
Environment) Environment) Environment)

1 0.5 m Right 0.002 0.001 0.022 0.025

2 1.125 m Right 0.002 0.001 0.045 0.048

3 1.75 m Right 0.003 0.002 0.040 0.045

4 0.5 m Center 0.002 0.001 0.029 0.032

5 1.125 m Center 0.002 0.001 0.053

6 1.75 m Center 0.002 0.001 0.051

7 0.5 m Left 0.002 0.001 0.040

8 1.125 m Left 0.002 0.001 0.029

9 1.75 m Left 0.003 0.001 0.042

& a \ 0.365
K9 points p\aﬁaﬂ\vg 0.041

Table 19: Percentage (%) of S
uncertainty only) at each point of t

9 Height (meter) 869 MHz -(894 2335.7 MHz-2341.8 Total
pgints MHz (% of MHz (% of Safety (%|of Safety Code
spatial Safe ode 6 N Code 6 for 6 fpr Uncontrolled

3avg f ncontiralled \ ngontrolled Uncontrolled Environment)
A Environmen Envjironment) Environment)

1 igh 0.002 0.001 0.016

2 i 0.001 0.001 0.032

3 0.002 0.001 0.026

4 0.001 0.0004 0.020

5 0.001 0.001 0.027

6 0.002 0.001 0.022

7 0.001 0.0005 0.020

E< 0.001 0.001 0.026

9 0.001 0.001 0.018

O Total 0.207

\<</ 9 points Spatial Avg 0.023
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Table 20: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location G.

9 Height (meter) 869 MHz - 894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points MHz (% of MHz (% of MHz (% of Safety (% of Safety Code
spatial Safety Code 6 Safety Code 6 for Code 6 for 6 for Uncontrolled

avg for Uncontrolled Uncontrolled Uncontrolled Environment)
Environment) Environment) Environment)

1 0.5 m Right 0.037 0.001 0.0002 0.039

2 1.125 m Right 0.039 0.002 0.0003 0.041

3 1.75 m Right 0.056 0.002 0.0004 0.058

4 0.5 m Center 0.037 0.001 0.038

G 1.125 m Center 0.018 0.003 0.021

@ 1.75 m Center 0.040 0.003 0.044

1 0.5 m Left 0.028 0.001 0.029

8 1.125 m Left 0.018 0.002 0.020

g 1.75 m Left 0.029 0.004 0.033

< t 0.323
S points S atanivg 0.036
%
Table 21: Percentage (%) of S urement equipment
uncerFainty only) at each point of the 9- ing scheme for locatjon H.
Height (meter) 2335.7 MHz-2341.8 Total

polwts
spatial

i
av\g

MHz (% of Safety
Code 6 for
Uncontrolled

Environment)

(% qf Safety Code
6 for Uncontrolled
Environment)

869 MHz - 894
MHz (%, of
Safety Code\6
forUncontrall
EnWironmen

0.0 A&

1 0.5 m Right 0.002 0.012
: 1.125 x Right 0.002 0.021
& 1.7@@ 0.002 0.033
4 0.5 m Center 0.024 0.043
: . Nter 0.001 0.025
6 . en 0.002 0.037
7 . t 0.002 0.018
: < eft 0.001 0.025
g m Deft 0.002 0.041
C)$\/ Total 0.255

9 points Spatial Avg 0.028
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Table 22: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location I.

9 Height (meter) 869 MHz - 894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points MHz (% of MHz (% of MHz (% of Safety (% of Safety Code
spatial Safety Code 6 Safety Code 6 for Code 6 for 6 for Uncontrolled

avg for Uncontrolled Uncontrolled Uncontrolled Environment)
Environment) Environment) Environment)

1 0.5 m Right 0.063 0.001 0.0003 0.064

2 1.125 m Right 0.049 0.0002 0.0004 0.050

3 1.75 m Right 0.022 0.002 0.0003 0.024

4 0.5 m Center 0.058 0.0004 0.0002 0.059

L 25T Center 07039 070007 0.040

q 1.75 m Center 0.052 0.002 0.054

1 0.5 m Left 0.043 0.0002 0.044

g 1.125 m Left 0.039 0.0004 0.040

9 1.75 m Left 0.024 0.0004 0.025

< Té\al \\0\ 0.400

9&&‘1}&@ A§19 0.044
@)

Table 23: Percentage (%) of SC6 (|nclud| g\e
uncertainty only) at each point of -poi spati

urement equipment
scheme for locatjon K.

Height (meter) 869 MHz - 89 2335.7 MHz-2341.8 Total

MHz (% of MHz (% of Safety (% qf Safety Code
sp |aI Safety Code 6 Code 6 for 6 for Uncontrolled
Uncontrolled Environment)

avg r Uncontrolled
wﬁor?r}eq Environment)

1 0.5 m Righ \o.07 \Q 02 0.0004 0.09
y 1.125 m Right 0. 4\ 0.03 0.04 0.22
. > 0.01 0.03 0.06

0.5@

4 0.02 0.01 0.09
9 0.01 0.01 0.19
q 0.02 0.14 0.27
[ 0.01 0.01 0.10
g 0.01 0.01 0.17
q 0.02 0.10 0.29

N Total 1.48
@ i i 0.16

9 points Spatial Avg
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Table 24: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location L.

9 Height (meter) 869 MHz - 894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points MHz (% of MHz (% of MHz (% of Safety (% of Safety Code
spatial Safety Code 6 Safety Code 6 for Code 6 for 6 for Uncontrolled

avg for Uncontrolled Uncontrolled Uncontrolled Environment)
Environment) Environment) Environment)

1 0.5 m Right 0.11 0.03 0.02 0.16

2 1.125 m Right 0.24 0.03 0.01 0.28

3 1.75 m Right 0.31 0.05 0.03 0.39

4 0.5 m Center 0.06 0.01 0.01 0.08

L 1.125 m Center 0.25 0.02 0.28

q 1.75 m Center 0.31 0.04 0.38

1 0.5 m Left 0.11 0.02 0.15

g 1.125 m Left 0.29 0.04 0.34

q 1.75 m Left 0.31 0.04 0.38

&m&( \ 2.44
ints S\p@tia Avg 0.27

<0

NS
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10. Appendix E: Measurement Scans

This appendix contains samples measurement scans covering the GSM850, GSM1900 and
the S-DARS systems.

A narda Fr::;mgtn‘ 861.50 MHz
SR e St e
1000 |
100
10
144
z
i
o
ol
0.04
0.004
ment scan for the frequency
894 MHz (GSM 850)
/A N3 i p e,
(B Standard: 5C6 GP
1
£
g
£
0.001

0.00001

0loo0 N ‘ ;A I ..........

An,.ﬁ I M\ ’

Figure 11: Narda SRM-3000 measurement scan for the frequency
range of 1930 MHz-1990 MHz (GSM1900)

0.000001
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I"Ial’da Frequency:  2338,74687 MHz
A Safety Test Solutions Marker Valus:  0.2370400 %
R e ———

Standard: 5C6 GP.

Exposure [%]

oofoot |-

0.00door | .

2338 2339
Frequency [GHz]
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Annex D
(informative)

Roof-top case study with direct access to antennas

This annex contains the Roof-top case study with direct access to antennas, referred to in
4.5. This evaluation report is presented as issued by EMSS Consulting and retains its original

structure, formatting, layout and numbering. The standard referred to in the report is
IEC 62232.

@C@
S
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EMSS Consulting

Wessel van Brakel
10 April 2008
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Evaluation Report Template

Date of Report: 10 April, 2008

Title: Macro Base Station Building, Cape Town, South Africa

Site Location: a building in Cape Town, South Africa

Site Coordinates (at Antenna): removed

ARNIR

N
'\
Google Earth Hyperlink: removed Q %{k\
N
SN

Epaluation laboratory: Company/Clie
EMSS Consulting Vodacom-§
Te Deum Building Vodacgo
Np. 3 Messon Str. 082 ¥odaco
Technopark Vodavalfle
Siellenbosch u i
Sputh Africa @ X
s
Epaluation performed by: Da aluatjon:
Djrk Brockman & Wessel van Brakel \}\Q 008 and 9 April 2009

N
&

[o

P
T

232 patially Averaged Field on Roof-top|-

Quality Assurance:

Wessel van Brakel
EMSS Consulting
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1. Executive Summary

The purpose of this case study was to determine the RF exposure compliance and control
boundaries around an operational roof-top macro base station.

The compliance boundary assessment was to determine the area around the base station
antennas where the exposure limits are not exceeded, and the control boundary assessment
was to determine the location of the physical access controls like barriers and warning signs.

The asgessmen tretaded-eon-site—spatiathraveraged-field-strenagth-meastrement-at-thecontrol
boundary and a desktop computational assessment to determine the cd i Boldindary.
The maximum values were compared against international safety guigdegline y ICNIRP

(Intern

This c4 ethods
are val

An inifi F field
contrib lreat the
ambier RBS
under g¢valuation needed to be considered

Prior to¢ the on-site field strength meqsuremeg an ini i undary
distang public

limit an

Spatially averaged field s
selectgd control bound$§
measufements demons

en conducted on the roof-top| at the
and 3.2m from the antenna$. The
gth levels were well below the occurlational

and ge¢neral public li X<imum operating power. This verifigs that
conserpative cor@
A sepdrate desktop & S using a,commercial computational tool with ray tracipg was

condudted, and [ the distance from the antenna to general| public

Om, and less than 1m to the occupational compliance

boundg 8 Mmaxi exposure radial under maximum operating power.
Full u inty enalyses were performed for both evaluation methods indicating high
confide exposure would not be higher than the relevant ICNIRP limits| at the

specifig¢
both thie deé) p

NS

y distances. The best estimate assessment scheme was used for
assessment and field strength measurement.
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2. Evaluation Overview (see Clauses 5 & 6 of the Standard)

2.1. Site operator information

The test results presented in this report define compliance boundaries for the macro base station
situated on a building in Cape Town. The Vodacom base station consists of three Kathrein 742241
panel antennas and a single third party unidentified whip antenna. The downlink transmission in the
GSM 900 bands was 80 W and UMTS2100 40 W composite power per antenna.

Table 2.1: Operator technology information ;\'\
Operatdr Technology RN O
Vodacgm GSM900, UMTS 2100 <
. . \
2.2. Site environment @

ire with

2.3. Exposure safety limits

The guidelines on limiting exposure, published by the International Commission on Non lonizing
Radiation Protection (ICNIRP), are used as in this report. The ICNIRP guidelines consist of two levels,
one for occupational exposure the other for the general public. The purpose of this evaluation is to
determine the distance from the antenna to the occupational and general public boundaries.
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3. Evaluation Plan: Desktop Computer Modelling (see Clause 5.1, 5.2 & Annex A. of the
Standard)

3.1. Pre-evaluation review

The purpose of the pre evaluation review is to develop an estimate of the expected field strength and
consequently an appropriate selection of evaluation methods for a given evaluation purpose.

3.1.1. Determine evaluation purpose
Purpose It is required to identify the exclusion zones by using the reference
leve| limit values as published in the ICNIRP guidelines T limit

re the
d.

Comtarison against limit value at | ICNIRP guidelines could be exceed&d at\e& inside the
speciffic locations to check if the exclusion zone determined wi

limit has been exceeded

Estallish boundary against limit Compliance boundarig§ shou \a§tab hed at certain points
valug surrounding the RBS| antenpas a hi e reference levgl limit

values as given |nﬂl u@ ines.is met.

&)

3.1.2. Determine equipment under test egory
/\ W
Statup to be recorded
;\\
Comglex RBS Cate \c) is category is defined since the evaluation needs to fonsider
@ \%) an one radiating RBS antenna

3.1.3. ys aI parameters
The anfeny are given in this section. An antenna with an azimuth direction of 0° fadiates
directly|t6 Jorth. A\positive electrical tilt means that the antenna is tilted downward.
Antenna 1 é
O

ownpr' Vodacom

Manufacturer | Kathrein 742241

Antenna gain Determined by IXUS - only the manufacturer and model of antenna given as input

Beam width Determined by IXUS - only the manufacturer and model of antenna given as input

Orientation Coordinates of base: (94.6 m; 38.5 m; 24.6 m)

Mechanical -1°

Tilt

Directivity Azimuth 80°

Dimensions Determined by IXUS - only the manufacturer and model of antenna given as input from

datasheets: Height: 2.628 m; Width: 0.262 m; Depth: 0.149 m

Technology UMTS and GSM900

(Air interface)

Transmit UMTS: 2 ports 20 W each; GSM900: 2 ports 40 W each

Power
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| Electrical tilt | UMTS: 3% GSM900: 7° |
Antenna 2
Owner Vodacom
Manufacturer | Kathrein 742241

Antenna gain

Determined by IXUS - only the manufacturer and model of antenna given as input

(Air ihterface)

UMTS and GSM900 W
)

Beam width Determined by IXUS - only the manufacturer and model of antenna given as input
Orientation Coordinates of base: (94.9 m; 33.3 m; 24.6 m)

. 10
1I\_Iillicliamcal 1 /\(\'\,\
Diregqtivity Azimuth 110° /\\ \()\\\
Dimgnsions Determined by IXUS - only the manufacturer and mod{hﬁ\‘t&%\ﬁ&} tffrom

datasheets: Height: 2.628 m; Width: 0.262 m; Depth:'Q.149

Techhology

Trangmit UMTS: 2 ports 20 W each; GSM900: 2 ports 40 e‘a\ ,\)
Power (\
Electfical tilt | UMTS: 3% GSM900: 7°< <\ @U )\/
\\
Antenna 3 Q\
/\ /\
Oowner Voda&om
Mangfacturer Kath,‘eﬁ\}( 1 4\\\/

Antehna gain

te?r{med %Wnufacturer and model of antenna given as input
Cy

Beam width }@\e\a‘{@y\g}{y’{he manufacturer and model of antenna given as input
Orierjtation rdjndtes ofbase: (81.1 m; 33.7 m; 24.6 m)

Mecllanical\'\ilt

NN/

Directi@ty \

wutmoo

Dimensiﬁs\s
DA

erminéd by IXUS - only the manufacturer and model of antenna given as input
datasheets: Height: 2.628 m; Width: 0.262 m; Depth: 0.149 m

From

Techpho by Air
interfa

UMTS and GSM900

Transmit UMTS: 2 ports 20 W each; GSM900: 2 ports 40 W each;
Power
Electrical tilt UMTS: 3%, GSM900: 7°
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3.1.4. Decide if ambient fields are to be considered

In this case, it was not possible to determine the properties of an unknown antenna on the site. The
known properties of the antenna are however logged for future reference.

Antenna 4
Owner Unknown
Type Looks like a FM or HF Whip
Manufacturer Unknown
t RN LN

Antenrla gain Unknown (\\

A a\n
Beam width Unknown < \ (}\Q\V\

Orientgtion Coordinates of base: (96.5 m; 35.3 m; 27 m) (\\(\.Q;G\ x

Mechahical Tilt Unknown

Directiyity Unknown \6 \\\/
Dimengions Height - 3 m; Width - 0.05 m; Depl@— 0 m ‘O\)
Techndlogy Unknown \ 6

(Air intprface) Qé E é\ )\>

Transniit Power Unknown

A freqyency selective meé GHz to

establigh whether ambie;
P public

and ocfupational <exc Qne ronment region M with multiple scatterers/absorbgrs was
defined| (see Figure\3. he asSociated distances of regions | to Il were determined and are
given in Tablé3.1.5,

Table 3.1.5.1 Distances and regions

N
</C, Region ‘M Region II-M Region IIl-M

A/
\V
Source GSM900: 0..5.2 m GSM900: 5.2 m...13.1 m GSM900: 5.2 m...ee
regions

UMTS: 0..12.2 m UMTS: 12.1 m... 29.18 m UMTS: 12.1 m... e
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3.1.6.

The fol
values

E_]
=74

Where
is the g

Estima
on the

For the

Figure 3.1.5.2 Regions of evaluation

Estimate the field at the eval

owing basic equatior
bt the site:

o~

\Q/ Gain of 17 dBi was assumed at 900 MHz (from datasheets)

For the

e Maximum power of 80 W assumed (worst case)

UMTS band:

e Gain of 17 dBi was assumed at 2100 MHz (from datasheets)

e Maximum power of 40 W assumed (worst case)

e
evattatjon”’points to get an idea of the expected field

and G;

culated
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Table 3.1.6 Estimated field vales at various distances from the antennas

Estimated E-field at position due Estimated E-field at position due
to power emitted in the GSM900 to power emitted in the UMTS

Distance from

antenna
band band
52m 67 V/Im 47 VIm
12.2m 28 V/Im 20 V/Im

g AN
13.1m 26 V/m m '\
P (\ ,

29.2m 11.8 Vim x%&v
©

ICNIRH reference levels at 900 MHz is:
e Public-41.25V/m

e  Occupational — 90 V/m

ICNIRRA reference levels at 2100 MHz is:
e Public-63 V/m

e Occupational — 137 V/m

From th $ide the
public ¢ lic and
occupati

Atd= ield will be 90 V/m (ICNIRP occupational reference
level) f e antenna the worst case E-field will be 187 V/m
(ICNIRF

E-and K- orthogonal in region I-M, therefore E- and H-fields shiould be
measur C \ egion/s. Also, the far field conditions are not valid in this regjon and
reactivg NG ot negligible. This should be kept in mind during site conjpliance
assessme { - and H-fields are approxmately orthogonal in regions 1I-M and IlI-M.

Therefd

3.2. %&{:t evaluation method

The evaluation purpose Is to identify an exclusion zone, by calculating the distance where the field
values starts to exceed the reference levels.

The ray-tracing (synthetic model) computational method will be employed since it is the simplest
method to achieve the evaluation purpose. Numerical simulation can be performed in this case since
the characteristics of the sources are well defined. The frequencies, transmitter power, antenna
characteristics, height of antenna, etc are all known.

The evaluation method chosen is appropriate for the required solution and the assessor has suitable
computational resources to do the evaluation and access to the IXUS Modeller which is an
implementation of the ray-tracing (synthetic model) computational method.
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4. Evaluation Plan: Spatially Averaged Field Strength Measurement (see Clause 5.1,
5.2 & Annex A.)

4.1.1. Determine evaluation purpose

It is required to find, on the sector line of Antenna 1 (see Figure 4.1.1) on the roof-top of the Good
Hope cellular base station, the positions of the boundaries of the ICNIRP General Public and
Occupational Compliance Zones. It is also required to determine a typical parameter value as part of
post pr@ucoo;l ue) atPositionA:

Figure 4.1.1: Site Plan N\

Oeoupational

General Public
SRy

4.1.2. Determine equipment under test (EUT) category

For the case at the ICNIRP occupational control boundary, the equipment under test is categorized as
Simple RBS, as the received power contribution from Antenna 1 should dominate. The equipment
under test is categorized as Complex RBS for the other two positions, as both antennas 1 and 2
should contribute to the received power. The physical parameters for the relevant antennas on the site
are summarized in Table 4.1.3:
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4.1.3. Determine physical parameters

Table 4.1.3: Physical parameters of relevant antennas (#1 and #2)

Antenna Type and Model Kathrein Dual Polarized Tri-Band A-Panel (742241)
Gain [dBi]:

824 — 960 MHz 17

1710-2170 MHz 17

Half-porer Beam Width [°] 65 N

Orientatjion Vertically mounted /\Q\(&L&\\

Directivity \ \\_‘ébw\\)

N
Height [m] 2.628 \\\\:?ﬁ§§QStf\\¢>

WidtT [m] 0.262 ( « X
oo o VLB LS
Technolpgy \ w

Frequencies ( GSMFQ\l\\\%\MHz) & UMTS (2110 — 2125 MHz)

Transmit Power (\ K\RM\(@ mMMTS (40W max)

41.4.

Ambien in the
evaluat i iept fields
at the | boundary and at Position A will be included in the evaluafion, but

0 dB below the maximum field strength from the RBS arjtennas.
gions for the roof-top antennas are shown in Figure 4.1.5. The

only if t
The so|
distanc

[4 £54 F5.32m ST
Region II: max Dﬂz mox 9_5552 — max (2.628711) max (13.14'111)
H R 5.40m 12.95m

Region lll: max

1.6m
v 00— omax | 13.14m | o G2
12.95m
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4.1.5. Estimate the field at the evaluation point

Through experience with research and many roof-top measurements close to RBS antennas it is
noticed that the conservatlve approach for the distance from the antenna for the boundary between

regions | and Il of = |s not valid for these type of panel antennas, but rather the value of 1. is used.

The fiel
1 — ¥V
E =E 30 Fopg " G -
C)% =131.92 V/m
Further:—the-field—shouldnotexceed 4580V mat-the-GeneralPublic Botndary-onthe—sectof line of

Antenna 1. These field values were determined by making use of the maximum possible power being
transmitted, and using the maximum gain available from the antenna, even though the evaluation
points are quite below and/or away from the main beam of the antennas. The spatial average E-field
at the evaluation points are to be evaluated and compared to the ICNIRP Boundary levels.

The evaluation method to be used at the occupational and general public boundary measurement
positions is spatially averaged field to establish the boundary against limit value. For position A, a
typical value as information is to be evaluated through spatially averaged field measurements.
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4.1.6.

Establish the evaluation locations required

Figure 4.1.6 shows the environment on the roof-top where the measurements were to be performed.

The pagsiti

determ
the sec

be a popsiti

948 m
1 and 2
with the

4.2,

Freque
each pq

contribyti

only GS

Freque

the maxi

averagi
each M

§ epfs within the GSM and UMTS bands were performed to de
of the pilot channels from each antenna at each frequency band.

sitions on the sector line of A gnes should be present were
ned from known simulation result .10 m from Antenna 1’s front syrface, on
or line, while position A were determined handheld field measurement techhiques to
Sition where the contribution from both anten 2 were roughly the same in field|strength,
28 m from the corner between Antennas
erformed
Select e at
9% select@} 9 ¥ broad bandwidth (75 MHz — 3 GHz) were perfofmed at
sition to deters if otker EN rCes should be included in the evaluation. Although a DCS
tion was olgse i han 20 dB below the maximum field strength observed, thus

termine
Spatial
betup at

Figure 4.2 Measurement setups at different measurement positions
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4.3. Complete the evaluation plan

Develop check sheet to be used on site

Table 4.3.1 Check sheet to be used on site:

Task

Check

Observe working place for any unsafe threats

Determine measurement positions exact locations

Determine different frequency contributors at all measurement positions

Measure each frequency band of interest at all measurement positions

Perform spatial averaging measurements at all measurement positions

Download data to laptop before leaving site

Table 4.3.2 Risk assessment for working on roof- top RBS

,\'\

Hazard Severity | Precautions

ver exposure by RBS |4 RF Training to all pers tops
ntennas /9\

lwllvl@)

ehydration and Heat Stroke | 8 Wear Hat a ink . water/fiuids while
working on rQof-t

T

bl off roof 5 Clear c tio
from rp%?gdnm %\

nnel to kegp away

rljuries on roof 2 Kw 7]’va¢k vandsafé working procediures in
plac

Risk Severity = Probability (1 [almost no“¢han

5[life thfeatening]) N

IQ pen]) x Seriousness (1[not sefious] —
\
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5. Results (see Clause 8 of the Standard)

51. Results summary- desktop computer modelling

The benefit of computational modelling is that the entire general public and occupational zones can be
calculated and displayed. The figures below depict such zones predominately in plan (top) and
elevation views (cross section from the side). Table 5.1.1 details the zone colours and types of
personnel permitted in such areas.

Table 5.1.1: Meaning of exclusion zone colours.

Refl Zone No access without following appropriate shut-down, power-downQr pasr\tlhrough
procedures.

Yellgw Zone Access only allowed for RF trained personnel. N ac e aff,
maintenance personnel or
{-A

O
Transpprent Zone Access&_foé;}xb\%’@
LN

Figure 5.1.2: Public and occupational exclusion zones calculated with IXUS
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Kathrein 2

’*.w ©

.
Figure 5.1.3: Top view of e%oik&)\n/g @a Mng.
QX N
\J
»
<

N

J

O,

~@

Figure 5.1.4: View exclusion zones from south side of building.
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The pu 2 (b gin 1 and 2) reaches up to 9.89 m ffom the
wall behind Kathrein 2 and 6.18 m from { j 2 athrein 1. The occupational exclusion
zones reaches up to 0.96 m iR \tenna’ exclusion zones in front of Kathrein|3 were
calculated at 0.32 m from t 3 g O m_§ tionapboundary, and 2.89 m from the antgnna to
the gen 9 dnost ofthe exclusion zones from this antenna are over
the edg ‘

Further graphical D of this report.
5.2. ‘W : averaged field strength measurement
The res 2 \na's well-as Total contribution) obtained after extrapolation and spatial

averagi S )} in Table 5.2 below.

al Contribution at Measurement Positions (% of Limit Value)

Measure > Limit Value Total Contribution from Contribution
Positi Contribution Antenna 1 from Antenna 2
0 :@t{onal % of ICNIRP 15.79 15.50 0.49
Linex3.22m) Qccupational
General % of ICNIRP General 54.52 48.15 6.37
Public Line Public
(13.1m)
Position A % of ICNIRP General 15.02 7.44 7.59
Public

The maximum field strength observed at each measurement position while doing spatial average was
23.16 V/m at the Occupational Boundary position, 17.77 VV/m at the General Public Boundary position,
and 8.48 V/m at Position A.
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5.3. Uncertainty Analysis — interpretation of results (see Clause 8 and Annex
M of the Standard)

The RF output power used in the desktop computational and the extrapolation factors applied to the
field strength measurements reflect the condition when the RBS is operating at its theoretical
maximum RF output power. Considering that this is an abnormal operating condition and that there is
only limited access to the roof-top, the best estimate assessment scheme (Table M.1, Case 1) is
considered acceptable.

Desktop Computational Assessment - The desktop assessment determined that the distance from
the antenna to the general public compliance boundary was approximately 10 m, and approximately
1 m to the occupational compliance boundary.

the desktop simulations would be up to 3.5 dB (2.2 times) less than the
the feedler or transmission loss.

o Thg desktop computation uncertainty analysis presented in Ar
uncertajnty of 7.22dB (Cl 95%). This means a possible variatiorn leveNo

e When you consider the expanded uncertainty 7.22 d i C ion factor of -B.5 dB,
the overall assessment is within a typical desktop simdlations

Field Btrength Measurement - The “pea: e
establigh the confidence that the relevant JEN imit control
boundaries (3.22 m) and general public con 1da 3. . ertainty
analysi$ presented in Annex A . [ i . .54 times)
(Cl 95%) with a combined i

15.8%
hlue of
it. This
control

e Forlthe occupation

of the Jimit. Incre
40.1% |of the Imﬁi :) .
means|that there

boundary the true

e For » is 55%
of the |i ue by the expanded uncertainty (2.54 times) gives a vplue of
140% o o probability that the true level is below 140% of the limit. A quick

estimate g’0.1 of the standard) shows that there is about 90% probability that

gral public control boundary the true value will be below the limit.

The compliance boundaries determined from the desktop computation and control boundaries
determined from the field strength measurement fulfil the requirements of the selected best
estimate assessment scheme in that there is more than 50% probability that the true RF field
strength is below the relevant ICNIRP limit value.
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6. Co

nclusions

The desktop computational assessment determined that the distance from the antenna to general
public compliance boundary was less than 10 m, and less than 1 m to the occupational compliance
boundary, along the maximum exposure radial.

To be conservative a general public exposure limit control boundary was chosen to be 13.2 m from the
antennas and the occupational exposure limit control boundary was chosen to be 3.22 m from the
antennas.

Spatially averaged field strength measurements were conducted on the roof-top at the control
boundary distances of 13.2 m and 3.22 m from the antennas. The measurements demonstrated the

actual field strength levels were well below the occupational and general publicAim
maximu 2\

This ca
for this

In this 9
site me|

ranking
results.

computation results.

asurements. In accordance with Annex A of the IEC Stz
) the E field measurement results takes precedenee
The measurement results have demonstrated

d for the

bd

re valid

the on-
method
mputed
ate the
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7. Appendix A (Evaluation Report): Uncertainty Analysis Desktop Computer
Modelling (see Clause 7 and Annex O of the Standard)

All the quantities that may reasonably be expected to cause significant variation or uncertainty in the
evaluation were identified and are shown in Table 7.1.

While determining the dimensions of the site during an on-site visit by EMSS personnel, all reasonable
efforts were made to measure everything as accurately as possible. It is expected that the maximum
error made when determining the position of the antenna is not more than 20 cm and the maximum
error made when determmlng the dlrectlon of the antenna is not more than 10 degrees In view of this,

structure is considered to be negllglbly small and was omltted

Table 7.1 Uncertainty Assessment for Desktop Co

Source of Prob semi orr
u(?:f?“t:r"z;y Description unit | distrib. | span dlv:lsor co ff :taert.
. Type a o 2,12
quaptity) u=a/d c?u
System| 3 ‘\

Variatiof in the Transmitter \/g
radiated power dB Rect 1.15 1.33
of the RF source | POWer canvary.

Long cables
Cable and connect the dB ot -2.25 1.01 1.02
system |osses transmitters to

the antennas.

Lossy

components

-1.25 0.72 0.52

Radiatign Loss inside antenn
cause radiati
loss. A

Technique Uncertainties I

Near-figdd Model t 3 1.73 1 0 1.73 3.00
Uncertajnty
Enwron%ﬁ& \
ing and
ﬂectlo s on
. f buildings
Reflectipn a () can créate dB Rect 4.8 1.73 1 0 2.77 7.68
Scatterif
hotspots where

E=fretdsaddHm=
phase.

Combined correction factor, 7. = Zti -3.50

Combined standard uncertainty, u,. = 3.68

Coverage factor for 95% Cl, k 1.96
Expanded Uncertainty, U=k* u,

7.22
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8. Appendix B (Evaluation Report): Uncertainty Analysis Spatially Averaged Field
Strength Measurement (see Clause 7 and Annex O of the Standard)

The uncertainty estimate for the measurements performed is shown below in Table 8.1.

Table 8.1: Uncertainty assessment for measurements performed

3::«:?12;:12 prob. semi divisor sens. ;
infl y Description unit | distrib. | span coeff. | correction | stand.
(influence Type a d ¢ factor uncert.
quantity) t u=a/d cu?
Measu+ment equipment /—\ N
Calibration o
(includihg Q QY
meter Ipvel, Manufacturer
antenna factor, calibration Q
antenng factor certificate
interpolation, values used (‘O
variatign due Verified at ’
to freqyency accredited dB normal 0 0.77 0.586
responge of calibration lab
probe/meter, within 1dB
;ai::sa: shs, Measurement
) ’ Uncertainty
noise and
power ¢hain
uncertdinties)
Manufacturer’s
data sheet: 25
Combingd Frequency
linearity| points through
deviatioh of the complete d Rect 0 0.10 0.010
meter / gable / range,
antenng measurgment .\
range settings -
22> 2{?5‘»/\ NOAN
. . N
Ellipse Ratio 0
Isotropy of the C K
antenn1 ; ,>ec 1.27 1.73 1 0 0.73 0.538
Combined
tempergture an
humidit dB rect 0 173 1 0 0.00 || 0.000
respon f
meter / gabl
antenn g
Methodology- \/
: . Not applicable
P'robe. po%ﬁln - test positions
hlgh.ﬂeld not in high dB rect 0 T.73 T 0 0.00 0.000
gradients field gradients
Influence of
Probe > 1m
Field reflections 2}“’;?;?;532;
from measurer’s
. (use CENELEC dB rect 1.5 1.73 1 0 0.87 0.750
Eno:gsgl::r?lgnt Annex G results
from simulation
(worst case) in
cellular band
No analog meter
Meter reading reading — results
error of stored a8 | triang 0 245 1 0 0.00 | 0.000
fluctuating automatically to
signals memory for

download to pc
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ﬁ::;:; ;:lfty prob. semi divisor sens. .
" escription uni istrib. span coeff. -
fl D ipti it | distrib ff. | correction stand
(in uglce Type P d ¢ factor uncert.
quantity) t u=a/d c’u?
Source and environment
Averaged
uncertainty with
Spatial a95 %
Averagin confidence dB rect 1.8 1.73 1 0 1.04 1.080
ging interval for a 9-
point grid as per
CENELEC
Datasheet of
radio
Variatioh in the manufacturer '\
power of the RF states Output
source from the Power dB rect 2 1.73 1 5. || 1.333
nominalflevel uncertainty to be Q (1/
+2dB /\ %
)
Field reflections N
from mqvable Q)
large objects No moving @B | rect 0 173 < 0.00 | 0.000
near thg source large objects 1
during
measurégment )
i 4
RF progagation {4 o licable - 1§ 7
& envirgnmental .
clutter Igss (for high level
low level environment in dB an > 2. 1 0 0.00 0.000
environmental direct line of ‘)\/
measurgments) sight to source Q
mlned correction factor, £, Zt 0
(\ /\ =1
M %bmed standard uncertainty, u 2.07
Coverage factor for 95% Cl, k 1.96
\ *y
/\ Expanded Uncertainty, U = k 4.06

D
&
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9. Appendix C (Evaluation Report) — Equipment List

9.1. Equipment list - desktop computer modelling
The site was assessed using IXUS version 2.8.10, Calculator 4.7, 2008-04-03.

9.2. Equipment list - spatially averaged site field strength measurement
NARDA Selectlve Radlatlon Meter (SRM 3000) wrth tr| aX|aI probe and 2m RF Exten5|on Cable.
Spectrymreastdremen , e-¢ d A ate efiulation

mode were measured and stored in V/m
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10. Appendix D (Evaluation Report) — Desktop Modelling Results

The site was Assessed using IXUS version 2.8.10, Calculator 4.7, 2008-04-03. In addition to the
graphics shown in clause 4.1 of this document, Figures 10.1 and 10.2 below detail the occupational
and general public zones for the building roof-top.

FM Whip
Kathrein 3 —

Kathrein 2

Figure 10.2: Top view. Public and occupational caution lines surrounding antennas Kathrein 3



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

TR 62669 © IEC:2011(E) ~ 123 -

11. Appendix D: Validation of Commercial Modelling Code

In this appendix the validation of the commercial EME modelling application IXUS is presented.

The commercial code that was chosen to do the compliance assessment with is IXUS. This code was
validated against the values given in IEC 62232, Annex E.3 by the IXUS developers. The validation
figures, as supplied by them, are given in this section.
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Figure 11.2: Power density comparison along line 2.
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Figure 11.4: Vertical far-field radiation pattern comparison
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Annex E
(informative)

Roof-top case study with no direct access to antennas

This annex contains the roof-top case study with no direct access to antennas, referred to in
4.6. This evaluation report is presented as issued by NTT Docomo, Inc. and retains its original
structure, formatting, layout and numbering. The standard referred to in the report is
IEC 62232.

@C@
S
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Evaluation Report Template

Date of Report: 1st June, 2008

Title:  Assessment of RF exposure level from roof-top mobile base station
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1. Executive Summary

This case study is the evaluation of RF exposure levels in accessible areas on a building roof-
top in Tokyo.

The Equipment Under Test (EUT) was categorised as a Complex RBS due to the multiple
frequency bands and technologies supported.

The assessment involved frequency selective measurements of the radio & control

channgls and extrapolation for maximum operating power.

shnas in
as well

The agsessment showed that the total exposure level from the mob
accessiple areas of the building roof-top was lower than the specified Ai
as at the available maximum transmitting power.

This eyaluation was conducted using a target uncertaint SMe target
uncertainty is met, then the measured value is compaf ire with_ theimit. target
uncertainty is not met, then the comparator is the meg i er 95%
confidgnce level. In this case the target uncertainty

2. Evaluation Overview (see Clatses§ &

2.1. Overview

This cgse study shows, compli e_basi ictions related to human exposure fo radio
frequency electromagneti of 2 building where a mobile radio base sfation is
veloping an’eva electric field is measured using the spatial avieraging
technigbe when @ i e \Walt'radio access calls. The measurement resul{s show
that the total exposwré ratio imits under the condition of maximum traffic at the foot of
the ant¢nna mast.

The anfenna s tation can be mounted on an antenna tower or establighed on
the roof-top o ) 3 ess or residence. On a roof-top, it is possible that the general public
may cgmeN e Yproximitymo the base station antenna mast. After the base station| begins
operatiohy \ designer or mobile service operator is often requested to demonstrate
complignce for human exposure to radio frequency electromagnetic fields |excited
from a pase

2.2. Site operator information

The base station evaluated in this report is operated by NTT DOCOMO. INC, and is located in Isehara
city, which is a typical Japanese sub-urban environment.

Table 2.2: Operator technology information

Operator Technology
NTT DOCOMO, INC. PDC 800, PDC 1500, UMTS 2100
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2.3. Site environment

Figure 2.3

The m3acrocell inio ef of antennas spread around the perimeter of the lift
motor rpom/stairwell’of e tramsmitting frequency covers the 800 MHz, 1500 MHz, and
2100 MHz-bands fgrthe ‘ ation and 3rd generation mobile communication systems. The
S hand/antennas in a three sector configuration. The distange from

ilations
els are
4.

is“evaluation are derived from Article 21 (iii) Paragraph 3 of the Reg
Japanese Radio Law. The electric field strength reference ley

Table 2.4 Reference levels of radio law regarding mobile base station environments

Frequency Electric field Magnetic field Power Averaging
strength strength density time
[V/im] [A/m] [lecmz] [minute]

30MHz-300MHz 27.5 0.0728 0.2 6

300MHz — 1.585 f%/237.8 11500

1.5MGHz
1.5GHz — 300GHz 61.4 V/m 0.163 1
Note; The unit of frequency fis [MHZ].
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3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A. of the Standard)

3.1.

The purpose of the pre-evaluation review is to develop an estimate of the expected field strength and
consequently an appropriate selection of evaluation methods for a given evaluation purpose.

Pre-evaluation review

3.1.1 Determine evaluation purpose
The pufpose of this assessment is to demonstrate compliance with human expo a roof-
top-installed mobile base station.
3.1.2 |Determine equipment under test (EUT) category
The mdbile base station as the target radio source is categorized as bnables
co-opetfation with 2nd and 3rd generation digital mobile systems.
3.1.3 |Determine physical parameters
The mdbile base station as the target radio source is cat d x RBS,” which enables
co-opefation with 2nd and 3rd generation digital mobife\systenis. .1.3'summarizes the physical
paramgters of the mobile base station. T 3 the 2nd
generafion and the IMT-2000 as the 3ra\gen .5 GHz
band, and the
roof-tog of the building. The antenna system ge s three
antennas mounted on masts. The antennas s, and
are commmonly used in the 8 ne roof-
toptot
for RBS as target radio source
Frequency band 1.5 GHz 2 GHz
Wireless Systam\_ .. \_ PDC PDC UMTS(W-CDMA)
Numberef sectors—\." | 3 3 3
Maximym eRW § \ \)72 W/sector 16 W/sector 16 W/sector
Feedenoss ~_ 3 4 5
Nt .
N Jh\%ér of transmitters +§ﬂT2%En°rfo Number of transmitters Pov‘\!/e\i ';at'o
or Power ratio 18/sector 4/sector ( each sector)
Type of antenna Linear array Linear array Linear array
Horizontal half power
beam width of antenna 120 degree 120 degree 120 degree
Maximum gain of 17 dBi 18 dBi 20 dBi
antenna
Largest dimension of 55m 55m 55m
antenna
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3.1.1 Decide if ambient fields are to be considered
ﬁ Penthouse
| B

; 2 ./ Rooftop ¢
|__ H I 7m i
N :

Distance from foot of antenna |

&
5
&

&

<

16 m COCOCOCO a0

Figure 3.1.4.1 Antenna system of mobile base station ing
building roof-top

on the
o other

This evpluation is intended only to establish the exposure fro
physical parameters. Therefore, evaluating the total expos
radio squrces including other mobile base stations and broadcas

Howevmr VISIb|e mspectlon and W|de frequency spe ; ne roof-
top of t

Based pn visible inspection, several mobile bf more
than agproximately 2 km from the target g ddcasts,
and mgdium wave radio broadcasts were ngti » -top. Fi 1.4, ws the
measured frequency spectryy m analyser and the isotropic broadband
antenng, in the frequency fe The peak value of the electric field is 120
dBuV/m at the frequency of ap Rroxima 300 MHz, and the total exposure ratio, which is weighted
with the exposure limit € , is 0.04%. Based on visible inspection pnd the

spectrum measurement, Pdoes not present critical exposure conditiong even if
the field strength frorr & roof-top has a time variation according to the radio
traffic.

000
=
=
b
5
=
4]
E | |
o]
o5
2
g
-
25
0
30MHz 100MHz 1000MHz 3000MHz
Frequency [MHz]|

Figure 3.1.4.2 Example of frequency spectrum measured on roof-top
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3.1.5 Establish the evaluation locations required

The vertical linear array antenna used in this base station has the largest dimension of 5.5 m. Table
3.1.5 shows the calculated distance related to the boundary of the source-region. In this case, the
boundary between Source-Regions | and Il is 0.09 m and 0.04 m at the frequency of 800 MHz and 2
GHz, respectively. The boundary between Source-Regions Il and lll is 161 m and 423.3m at the
frequency of 800 MHz and 2 GHz, respectively. The distance from the foot of the antenna mast to the
far edge of the roof, is approximately 15 m. The shortest distance between the bottom of the antenna
and the head of a human is approximately 5 m when a human is standing just under the antenna.
Therefore, the roof-top environment is categorized as a Source-Region Il, which is a radiated near
field area.

On the[other hand, the antenna is directly visible on the roof-top. It is possihle 3, penthpuse or
roof-tog based on a concrete structure causes scattering phenomena e radio
propagation. Based on these views, the roof-top is categorized as Envir , which
indicatgs no scatter or one reflector.

2
ismzﬂ 1.64 % \/ 2L§nd
Fbquency | 4. | A4 A en -
[m] | [m] Looss (Lea <432 (0;\ <Loa< ¥52) (L >2b2)
5 \(\ {(6 end = <+
800 MHz 161.0 (B<7/2) Q
band 0371009 | ° (30 Qo.éio 0.5 0.1
1|5 GHz 295.5 (5= N\
band 020 | 0.05 | 3 A}\@\ 0.5 0.1
4233 ) Q‘O >
2 GHz band | 0.14 | 0. 0.2 0.5 0.2
N NN

In this case, L is the puten la?ge 1 ston of 5)5 m and L.,q 1s the antenna diameter of|0.1

3.1.6

The ele der the

I&, is the average power (W) see 3.1,

G; is the antenna gain (ratio) relative to the isotropic direction of the evaluation point, and
d is the distance (m) from the source antenna to the evaluation point.

Table 3.1.6 lists the calculated electric field strength for the pre-evaluation. Where the investigation
point is just under the antenna mast, the maximum electric field strength is calculated to be
approximately 25 V/m at the maximum radio traffic. The pilot channel, which is transmitted at a
constant level, is evaluated in the range of 8 V/m to 6 V/m at a distance from 5 m to 15 m. From this
pre-evaluation, it can be verified that the field strength on the roof-top does not exceed the ICNIRP
reference level.
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Table 3.1.6 Calculated electric field strength for pre-evaluation

Investigation point Electric field Assumed condition
Maximum traffic | Pilot
channel

Just under antenna mast | 25 [V/m] 8 [VIm] Pa,g = 54 W at antenna input connector

d=5[m] G;=10 dBi at out of main beam
Power ratio=10 between maximum
traffic and pilot channel

Edge of roof-top 18 [V/m] 6 [V/m] P.g = 54 W at antenna input

d= R[m] connector
G: =20 dBi am\
Power ratio= betwe '\ne ximum
traffic and pitat channel]

3.1.7 |Establish which parameters are to be evaluated \>

SAR, E or H can be used to evaluate the exposure level because_the a i ne roof-
top is Spurce-Region Il.

3.2 Select evaluation method

In this assessment, the “time and spatially.averaged llowing
considdrations as evaluation ranking 3.

. The electric field strength from the \ piation according to the radio traffic.

. The roof-top is categorized as Envi N\ in Which there is a single scatterer.
Furthermore, the “frequency selective meg ed based on the following considleration
as Evalpation Method Ranking

. The customer requi SUreass t based on measurement.

. The roof-top is a complexgenvi i.e., the-RBS has multiple transmitters and aptennas
and is fategorized as Envjronment-REQi X Censeguently, calculation of the electric field s more

difficult[than the measure
3.3. Complete :

The follpwing table S CcRe eet for the on-site measurement.
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Table 3.3 Checklist for the evaluation

Criteria Evaluation plan activity Check

General considerations Where the evaluation is to be performed on site: ~
on safe and practical

working on site e  Develop a check sheet to be used on site.

e Identify permissions required to work (access)

. Consider the safety of the public and people performing the measurements. Ensure
that a risk assessment is performed to identify potential hazards and to establish

in IEC 60215 shall be observed where appropriate. ,\'\

Identify pprameters Record all parameters needed for the evaluation and any action
relevant tp the evaluation | establish/verify their values (see Clause 6 and Annex D).

Evaluation method Ensure that the selected evaluation method(s) is/ar
reasoning for their selection and clear traceability
Annex D; Annex F; Annex G; Annex [; Anne

guigance on how ~
nex B;’Annex C and Annex

Evaluatiop locations Define the specific evaluation locations refuire glve

these can be established on site (se
K).
Ensure that it is clear wkich evaluation matl re used r each evaluation point.

Measureent equipment Identify measurement e |p ent t calibration requirements and compile \/
relevant documentatio| (Cla An nnex N).

Computalions

Uncertairfty alue reported, define where it lies on the uncertainty ~

paWith a limit is required: \/
Define the relevant limit
> efine the assessment scheme applicable (Annex M).

Define assessment configuration as well as evaluation configuration (see Clause 3;
Annex D; Annex L).

Limit evaluatigns

Reportin

considering gundance in Clause 8; and, Annex P.
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3.4. General methodology- field evaluation spatially averaged (see Clauses 6.2.2, 6.4, 6.5
of Standard)

3.41 Field measurement selection

The purpose of the evaluation is to demonstrate compliance based on field measurement, when the
base station has maximum traffic. The frequency selective method is selected in this case study
because signal discrimination is required to measure the pilot channel transmitted from the base
station. For maximum exposure, the measured pilot channel is extrapolated using the number of
carriersor-the power ratio

3.4.2 |Frequency selective measurement method

The elgctric field measurement equipment is constructed from an isotfOpi i sgnsor, a
frequenrcy selective receiver, and a code selective receiver as shown in Figure\3. F
The isofropic response of the electric field sensor is obtained by th y ith [respect

to each|orthogonal electric field component.
2 2 2 3

E* =R +E +E;

where [E is the electric field strength, E, is the x componegnt of eic fiely, E, is the y component

of the ejectric field, and E, is the z component of the electric field.

Isotropic electric field sensor

(\. )
re }w M receiver
ective receiver
) "Rrequency selective receiver
/GQ elective receiver

J
_,F'(equency selective receiver
Code selective receiver Carriage

© O

C) gure.3/4.2.1 Configuration of electric field measurement
equipment

The total exposure ratio, egyr, regarding the radio base station as the target source is expressed by

2 2 2
€rur = €ppc T Cumrs

2
Nppce _ Sector Nppe _ Band E
2 _ PDC,i,j

€ppc = E

i=1 Jj=1 R,j

2
Numrs _ Sector Numrs _ Band E
2 _ UMTS i, j
Cumrs = E
i=1 Jj=1 R,j
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2 _ 2
EPDC,i,j = (NPDC,i,j +1)x ECCH,i,j

2 2
EUMTS,i,j =pPi;x ECPICH,i,j

where
. ef,DC : The total exposure ratio for the PDC system.
*  Nppe seor - The number of sectors for the PDC system.

*  Nppc pana - The number of frequency bands for PDC system.

o | el,ss: The exposure ratio for UMTS.

=

umts secior - 1 NE NUMber of sectors for the UMTS.

=

umrs Bana - 1€ NUMber of frequency bands for the UMTS.

o | Eppc,;: The electric field strength for PDC with sector-i anc

band-j.
. NPDC,I.,].: The assigned number
[ ]

band-j.

The total exposure ratio, ey, \ati UMTS.
The POC system is sim{ 1z. The

electriclfield strength of eceiver
based pn the sp G

Lij is measured by the frequency selective
bandwidth of the spectrum analyser is sef to the

occupational bandwid ly 21 kHz. The exposure ratio of the PDC systen, ef,DC ,
is calcy . gspect to the reference electric field level at each frgquency
band. ( : s”operated in the single frequency band of 2 GHz in this case
study. ] ld-Strength bf the common pilot channel, Ep;, ;, is measured by|a code
selectiv River, Whic a decode function for the code multiplexing signal. The exposure|ratio of

UMTS, y ed’with respect to the reference level at 2 GHz. Table 3.4.2.2 shows each

parame ired to calculate the total exposure ration from the measured electric|field of
the pilo case study.

Symbol Value

N PDC _ Sector 3

N PDC _Band 2

N UMTS _ Sector 3

N UMTS _Band 1

NPDC,i,j NPDC,i,l = 17
N, PDCi2 T g

ﬁi,j ﬂi,l :24
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3.4.3 Field measurement technique

The electric field sensor is mounted on a tripod to minimize the influence of the human body. The field
strength is measured alone straight across the foot of the antenna mast on the roof-top. The resolution
of the measurement grid is 1/2 wavelength at the frequency of 2 GHz to capture the field gradients.

Since the source environment is categorized as Environment-Region 0 or 1 which includes a single
scatterer, the spatial averaging in the specific region, which a body occupies, is done to obtain a more
accurate exposure level. The electric field strength over the vertical line with the maximum height of
2 m is measured at 50 cm intervals on the straightway, as per the spatial averaging technique. From
this spatial averaging, the peak field strength and the average field strength is provided to
demonstrate compliance.
The ex i

io base

station [depends on the communication traffic. On the other hand, the tim i to the
propagation is not significant because the roof-top is categorized as Envjponment-Rg 0or1
which | at the
maximym ftraffic is evaluated using the extrapolation technique which ultipli e ed field



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

TR 62669 © IEC:2011(E) ~139 -

4. Results (see Clause 8 of the Standard)

4.1. Results summary- on-site field strength measurement

Figure 4.1 shows the height profile up to 2 m from the surface of the roof-top at the foot of the
antenna. Figure 4.2 shows that the total exposure ratio depends on the distance from the foot of the
antenna. The maximum and average exposure ratios are 0.026 and 0.01 at the distance of 2 m.

Height [cm]

@
I

- oy

b

Figure 4.1 Heig rofile of t

Maximum

Avejrage

U GIUSS PSRN EES NS — Minimum- i 7

i%i“§$§§;;$

6 8 10 12

—la |
-b-"l

Distance from foot of antenna [m]

Figure 4.2 Total exposure ratio as a function of distance from foot of antenna



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

— 140 - TR 62669 © IEC:2011(E)

4.2. Assessment scheme - interpretation of results
(see Clause 8 and Annex M of the Standard)

This evaluation was conducted using a target uncertainty assessment scheme. If the target
uncertainty is met, then the measured value is compared directly with the limit. If the target uncertainty
is not met, then the comparator is the measured value increased to the upper 95% confidence level.

4.3. Evaluation of compliance within limits

In this case study, the expanded uncertainty is estimated that is less than 3 36 dB, ie less than +4dB
upper farget uncertainty. Therefore, the evaluation comparator values are/the 0,026 rand 0.01
regarding the maximum and averaged exposure ratio, respectively. The/RF field “strengths are
determined to be below the limit.

5. Cohclusions

The aspessment showed that the total exposure level frg i N
accessiple areas of the building roof-top was lower than the ¢ ifi i as well
as at the available maximum transmitting pqwer.

Q
Z

S

D
&
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6. Appendix A (Evaluation Report) - Uncertainty Analysis (see Clause 7 and Annex O
of the Standard)

The expanded uncertainty for the field strength measurement is detailed below in Table 6.1.

Table 6.1 Uncertainty calculation for RF field strength measurement

prob. semi

Source of uncertainty divisor sens. coeff.

e o unit | distrib. | span p stand.
77 type a uric g
u =(a/d . Gup
Medsurement equipment O
Totall measurement system %;1/
(mefter, cable and probe) Q)

ungertainty supplied by
mgnufacturer Including b

calibratjon, meter level, antenna >
faptor, antenna factor dB normal 2.5 2.00 1 ] .25 1.563
interpplation, variation due to
freguency response of |
probg/meter, isotropy of the

antenma, linearity deviation of

the metgr / cable/ antenna, cable S\
loss, migmatch, noise and power Q
chain uncertainties) ]\/

~

Methodology l

A
Total measurement methodology | dB rect 2 1 1.15 1.333
uncertainty determined to be Q %
o

less than 2 dB

[

(E

envirgnmental field variations
was degtermined to b less th
0.5 dB

Soyrce and environment ( \_2)\/
Total uncertainty due to : 45 1 0.20 0.04b

M
uy = (20 uf) 17
Combined standard uncertainty =1 ,
\ Wk} Coverage factor for 95% Cl, k 1.96
< ‘&" Expanded Uncertainty, U = k X u, 3.3&5
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7. Appendix B (Evaluation Report) — Equipment List

71. Equipment List

In this evaluation the electric field measurement was performed using the equipment configuration
described in Figure 3.4.2.1. This measurement equipment comprised of the field sensor, the receivers
and the portable PC as listed in Table 7.

Table 7 Equipment list

Description Serial number Calibration due
cate
Isotropic electric field | KYORITSU CORP. << ,\’\
sensor KBA 6701N 0-428-1 /0
N\ o
Frequency selective | Rohde & SCHWARZ \ QR v
receiver FH-3 1003 /10{0
1003 3 " 14110403
14/10/03
Code selective receiver ANRITSU
W-QUEST(32TD)A 20/01/08
20/01/08
N\ /( 20/01/08
Portable PC Pan ic <\\ % ¢
LetsWoteCR.Y5 \ &\
N %

8. Appendix C (Evaluatjion Repeor

and for
as the
the other hand, employs the W-CDMA radio|access
pitting frequency. The code selective receiver mgasures
e electric field strength from the pilot channels including
CCH a éngth is extrapolated to estimate the maximum level| for the
designe ; nmunication traffic of the base station, as shown in Fig. 8(b). From
the extnapolat tren etotal exposure ratios shown in Fig. 4.1 are calculated based on the
normalipg € or each frequency.

The POC system emplo

the transmitting freQuen
pilot channels fro h

schemg using the 2

ightt [cm] Height [cm]
‘ Frequency band 200 Frequency bjnd
A\ —— 800-MHz — 800-MHz
— T5-GHZ — T5-GHz
—_— 2-GHz —— 2-GHz
— =
= =
100 i 100 =
— L= ="
_— Jp———
— —
_— —
0100 110 120 130 140 0100 110 120 130 140
Electric field strength [dBp/m] Electric field strength [dBpw/m]
(a) Measured level of pilot channels (b) Extrapolated level from pilot channel

Figure 8. Electric field strength at just under antenna.
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Annex F
(informative)

Circular cylindrical compliance boundary determination case study

This annex contains the Circular cylindrical compliance boundary determination case study,
referred to in 4.10. This evaluation report is presented as issued by Ericsson AB and retains
its original structure, formatting, layout and numbering. The standard referred to in the report
is IEC 62232.

@C@
S
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1. Executive Summary

The purpose of this survey was to determine a radio frequency (RF) exposure compliance

boundary (occupational and general public) for a specific combined LTE and GSM
Stockholm.

The compliance boundaries were evaluated against the international safety guidelines

site in

known

as the ICNIRP (International Commission on Non-lonizing Radiation Protection) guidelines.
The assessment was made in terms of the Specific Absorption Rate (SAR) for adult RF

exposure using formulae for SAR estimation.

The coinpliance boundary for occupational exposure using the cylinder SAR
be 0.5 in in diameter and 1.4 m height in front of the antenna.

be 1.7 n in diameter and 1.5 m height in front of the antenna.

ssed to

gssed to

Results| are presented for this case study using the upper 959 3 S sme. The SAR

exposufe level is reported and the uncertainty value stated.

This cgdse study illustrates:

2. Evaluation Overvie

21. Site operator i
The tegdt results p

site in| Stockholm W}
transmigsion in th S

specifigd at 33 dB
Table 1|

ble 1: Operator technology information

d GSM
sed  for
er was
piven in

Operator  \ Technology
TeliaSonera GSM1800, LTE 2600
&
AN
2.2, Site environment

The base station antenna is mounted on the roof of a building in central Stockholm and oriented to
make the antenna main beam point towards a park on the opposite side of the street (see Figure 1).
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Fi

2.3.

ICNIRH i
exposuf
develoq

The ICINIRP guidelines
and one for the gen
health |effects r
basic rgstrictions a

Taple 2: |CN<6}\b sicxes

- 147 -

ions are given to prevent established 4

WHO),

ie“restrictions, one for occupational exposure

dverse

ifg. The

ictions valid in the frequency range 10 MHz - 10 GHz.

Expo ure\cJ hole-body SAR Localized SAR in 10g (head and trunk
characteristi \ (W/kg) exposure)
R (Wikg)
Gener: \ 2
expo
Occupatiohal exposure 0.4 10

NS
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3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A. of the Standard)

3.1.

3.1.1.

Pre-evaluation review

Determine evaluation purpose

The evaluation purpose was to establish the compliance boundary in relation to a defined set
of limit conditions and to provide SAR information for adult RF exposure.

3.1.2. L_Dglgnmiu.e_eguipmgm_uu.dgu.esuﬂll)_calegory
The equipment under test is defined as a complex RBS.

3.1.3.

The ph

Determine physical parameters

sical parameters are given in Table 3.

Table 3: Physical p%
7\

Transmission Techno{o’gy\ /\\ > (é( @@0 LTE 2600
Antenna type numbe& \\Qw Kathrein 800 10544
Horizontal HPBW (deq/) ‘& x 63 58
Vertuc(l-hagwf(ﬂeg)\\ \\\)v 7 6.1
Tilt angle (mefis{aﬁ‘sil + el?etkc%@;\) 4+8 4+y
2N ﬁ'g’ectiﬁ)&&gi‘)\s\\(z‘ > 17.8 17k
10

Nt omonne S 0
) it kness ()

nnaxgim i ]
" r@%m 1389 mm x 323 mm x 71 mn

ngth over the ating elements are
z{\m §CI|S|buted L 1350 mm 1130 mm
Sma dome-afitenna element distance in
t diregtion (along the height of the 30 mm 110 mm
& antenna), /,
Tx frequency band 1805 - 1880 MHzZ 2620 = 2690
MHz
Transmit power 33 dBm 42 dBm
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3.1.4. Decide if ambient fields are to be considered
No. Since the requirement is to establish exposure from the RBS RF fields only.

3.1.5. Establish the evaluation locations required

Source regions | and Il. Environment region 0.

3.1.6. Establish which parameters are to be evaluated
Localizjed and whole-body SAR.

3.2. Select evaluation method

3.3.

SAR egtimation formulae are given in Annex F.3 of thfe sta ,and

axial (apove and below) directions. By ideftifyi NI

paramgters in Table 2, graphs for localized and\wf Yy SA be generated as function jof

separatjon distance for each technology (G e y. A combined SAR value i$ then

obtained by adding the individual SAR val ogy (uncorrelated exposure).

3.4. General meth S ance. ary construction

(see Annex C. : W\

The approach NS e compliance boundary follows the procedure

descriged in Annex ) e(sta . A circular cylindrical compliance boundary |s used
s’not located at the center of the cylinder. Instead it is

as illugtrated in Fig e @nterdna
located almost at’thg & ) w
o , \ 1d the

ards the center of the cylinder. The size of the qylinder
is given by th eight, H, according to

@C’% H=2(D,~1)+h,

where Uf’Ub9 dana U aenaote e compllance distances i the front, backandaxiat directions,

respectively. The variable /, denotes the smallest radome-antenna element distance in the axial

direction10 and is introduced since the standard specifies that the distance in the axial direction is
measured from the nearest antenna element and not from the radome'1. The axial compliance
distances above and below the antenna are assumed to be equal and the cylinder is anchored a

distance D, behind the antenna. In the equations above rand hdenote the antenna thickness and
height, respectively.

10 For this antenna this value is equal to 30 mm according to Table 3.

1 For a more conservative assessment, or if the smallest radome-antenna element distance in the axial
direction is not available the distance can be taken as the distance from the radome by setting la =0.
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:Compliance distance in the back direction, D,
- _“/7 Cylinder diameter, D \

Compliance distance in A

the axial direction, D,

Antenna

ntenna hpigbfj )/ * der height, H

-

Complifince distance in 1 Compliance distance in the front direction D?

the axfal direction, D,

The cgmpliance distances, in the front, > py first
equating the sum of the i i | ictions
of Tabje 1 and then solving stafnce. - bliance
distandes are calculat Nwhele-pbody exposure, respectively, and the [largest

diameter of the cylinder.

compliance distanfe i

D
&

12 1o keep the figure as simple as possible, the compliance boundary was drawn with / =0 mm. In the
a

compliance distance calculations below the true value of / =30 mm was used.
a
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4. Results (see Clause 8 of the Standard)

4.1. SAR

Obtained localized and whole-body SAR results are given in Figures 3 and 4 as function of
the separation distance. For the front and back directions, the separation distance is
measured from the antenna radome. For the axial direction, the separation distance is
measured from the nearest antenna element.

2\
D — Front direction, 1800
100 i = = = Axial dlrectmn 1800 M H
..... OO HzZ

T

=

(W/ko)

10g

SAR
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T
Front direction, 1800 MHz
10 k- Front direction, 2600 MHz [
Front direction, combined
1E
= :
kv R T T D D O S SO S
E .........................................
S’
o
z B
% 0.1 Friviie
%}
0.01 F:n
0.001 .

1

4.2.

Following the procedure DOWE Circular
cylindr :

The res

T iﬁ% +—Di . -t Hrdrica " I taries—fortt irad
configuration (GP=General Public RF exposure, Occ=0ccupational RF exposure).

Dimensions of the cylindrical compliance boundary
(m)13
RBS Configurations Transmitted power (W) Diameter Height Distance behind
antenna
GP | Occ | GP | Occ GP Occ
GSM 1800 + LTE 2600 2W (GSM) + 16 W (LTE) 1.7 0.5 1.5 1.4 0.0 0.0

13 The calculated compliance boundary dimensions were rounded upwards towards the next decimetre. Note

that provided compliance boundary dimensions are valid for adult RF exposure.
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A picture of the base station antenna investigated with the calculated compliance boundaries
is shown in Figure 5.

| Compliance boundary,

“J occupational exposure
e Y

— - RN e ']‘ 5 |
\) ompliance bounddry,
general public exposure

S, ‘
Fig : ‘ 2 je o assessment with calculated compliapce
d a

4.3. nterpretation of results (see Clause 8 and Annex M of the
Resultg 236N this case study using the upper 95% CI| assessment schenje. The
SAR e | reported and the uncertainty value stated.

4.4, Further information

According to the standard the SAR estimation formulae give a conservative estimate (= 95 %
confidence level) of localized and whole-body SAR.
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5. Conclusions

The compliance boundary for occupational exposure using the cylinder SAR model was assessed to
be 0.5m in diameter and 1.4m height in front of the antenna.

The compliance boundary for general public exposure using the cylinder SAR model was assessed to
be 1.7m in diameter and 1.5m height in front of the antenna.

Results are presented for this case study using the upper 95% CI| assessment scheme. The SAR
exposure level is reported and the uncertainty value stated.

'\

&)
W



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

- 155 -

Annex G
(informative)

Tower case study in parkland

62669/DTR © IEC(E)

This annex contains the Tower case study in parkland, referred to in 4.7. This evaluation
report is presented as issued by Link Microtek and retains its original strcture, formatting,
layout and numbering. The standard referred to in the report is IEC 62232
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1. Executive Summary

This case study evaluates the RF exposure levels in a playing field in close proximity to a
radio tower with broadcast and cellular base station radio services.

The purpose of the survey was to determine field strength values along footpaths and on a
sports field adjacent to a base station site at a Church Green in Essex UK. The maximum
values would then be compared against international safety guidelines known as ICNIRP

I t H [y H H [N 1 A | N HP D n ' \ HA DN H
( niernatomarComMMSSToT ot INON TUTTTZTITY N\ auTaltuiT T TULCUUUIT ) YUuTutTTinic

The Equipment Under Test (EUT) was categorised as a Complex
frequemcy bands and technologies supported.

nultiple

Unknoywn transmitters on site meant that the assessmerit was R on-site
measufement. All values recorded were well below ICNIRP | PNk ' levels.

This ejaluation was conducted using the best
measufed levels are reported and uncertainty sta d\\)

re the

2. Ev
21.
Whilst if was not pgssible ating frequencies of all the transmitters on site it
was possible to i e site from the Ofcom sitefinder website. Vodafone
and O2|are listed ashg 3 fations operating at a frequency of approximately P00
MHz with transmitteppe X2dand 19.1 dBW respectively.
.1: Operator technology information

Qperator  « - \ Technology

B GSM900, GSM1800, 3G 2100

0, N\ GSM900, GSM1800, 3G 2100

Drear D Broadcast FM Radio 107.7 MHz

Unpknown Microwave transmission

N
Notes:

This tower contained numerous microwave transmission dishes that are expected to be
operating at low power. Further, there were a number of unknown antennas, which may be
connected to operating transmitters, located on the structure.
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2.2 Site environment

ently

Adjacent to the tower there is a water res:
ight, that

sloping|ground predominately covered wit

tend to porder property boundaries and the . ot iefd” On the day of the evaluatipn the
temper: i O oQs dry and sunny.

2.3.

ICNIRRis a body of indeen i 2 who irfvestigate the possible adverse effectd of
exposuf on with the World Health Organization (WHO),

developed the IC ssessment findings of this report are presented as

a percentage of t i 2
This aspessment comipdred\s uIt against the ICNIRP Gwdelmes for Time Varying Electric angl

Magnet

ICNIRA sure Yevels vary/depending on frequency. The lowest levels occur ovef the
frequen Wiz Rermissible levels given for microwave frequencies are somewhat
higher. e bwo levels, one for occupational exposure the other for the géneral
public. |CX ~ | 3 ho are
generajly~e S Reke n conditions and are trained to be aware of potential risk and to fake
appropfi ; . By

varying d may include particularly susceptible groups or individuals’. This can pe

summati

Frequency ICNIRP General Public Level (Wm™@) | ICNIRP Occupatlonal Level
(MHz) (Wm?)
10 MHz to 400 2 10
MHz
400 MHz to /200 f/40
2GHz
2 GHz to 300 10 50
GHz

For the purposes of this ‘broadband’ survey the ICNIRP general public reference level was used as
the maximum permissible exposure level.
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3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A.)

3.1. Pre-evaluation review

The purpose of the pre evaluation review is to develop an estimate of the expected field strength and
consequently an appropriate selection of evaluation methods for a given evaluation purpose.

3.1.1. ’I—Bﬂermmﬂaheﬂon-purpose
The pufpose of the survey was to determine field strength values along footpaths

adjacent to a base station site at the Church Green. The maximum values
against{ICNIRP Guidelines.

3.1.2.

The E:tuipment Under Test (EUT) was categorised as a
cy bands and technologies supported.

freque

3.1.3.

There v
physicd
was sel
tower.

3.1.4.

Yes. Si
fields th

3.1.5.
See clg

3.1.6.
Experig

3.1.7.

ere a number of unidentified radio services a

ts field
hred

Determine equipment under test (EUT) category
nultiple

Determine physical parameters

of
3 GHz

ient

y levels
meters,

Q tablish which parameters are to be evaluated

The m f|eId strength levels are to be evaluated and then compared against the ICNIRP
gmdellTu or the general public

3.2. Select evaluation method

The site assessment method chosen for this evaluation was on-site measurement. The clients request
for exposure levels along the designated areas and the fact that there were unknown services

operating on

the tower were contributing factors that influenced the decision to conduct the

assessment by measurement.

3.3. Complete the evaluation plan

Develop check sheet to be used on site
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3.4. General methodology- field evaluation spatially averaged (see Clauses 6.2.2, 6.4, 6.5
of the Standard)

Radio frequency field strength levels were measured with ‘broadband’ measurement equipment. This
equipment is designed specifically for human safety assessments. It has no frequency selection
capability (other than the frequency range of the measurement probe) and has a minimum sensitivity
and dynamic range appropriate for comparison with current safety guidelines.

The equipment used during the survey is capable of measuring field strengths down to 0.005% of the
ICNIRP occupational reference level. The frequency range of the equipment used was 100 kHz to 3
GHz.

The essential characteristics of the broadband equipment used during this survey are:

1. Itid specifically designed for safety assessment.
2. The isotropic probe(s) used receive and evaluate signals from all direction
3. The probes receive and evaluate signals at all frequencies (within the de

ranpe).
It shoulfl be noted that it is possible to measure even lower levels of i angt ) rnative
equipment, i.e. frequency selective equipment such as a spectrum ana 2 tenna.
By this means very low field strengths can be measured but the 5 ‘ ess is more

compligated. Equipment of this type was used to provide the¢

No ref 2 ade | These
procedxres are usually only applled when significa Ve 3 i ing the
guidelirles are encountered. By employihg t|m 0 i i ighti it i Sible to
effectively obtain a relaxation of a localise ¢ : ideli e body
exposufe over a period of time — typically six\mi

The as$essment values were recorded al )3 and sports field perimeter as showp in red
in Figur

Figure 3.4 — Aerial view of site and survey area

The measurement values were continuously monitored along the footpaths and within the area shown
above in Figure 3.4 in red to identify a maximum value. To increase confidence and to provide
additional information, values were recorded approximately every 10 m along the footpaths and edges
and centre of the sports field.
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4. Results (see Clause 8 of the Standard)

4.1. Results summary

The measurement results detailing the maximum survey values for each of the paths and sporting field
are summarised in Table 4.1 below.

Table 4.1 Survey Results Summary

Location Maximum Value % of ICNIRP General Public Reference
Level
~ N
Path A 0.160 NS
Path B
Path C
Sports Field
The equipment used in the survey comprised a Nardda N M EF0391
(frequency range 100 kHz to 3 GHz), additional readi ! : YM3001
frequency selective meter.
The resgults shown in Table 4.1 were obtaines ) i 550 &
EF0391 ! e area
shown pbove in red to identify a maximym v Q1N 5 ditional
information values were recorded approxi 1 afong the footpaths and edges and centre
of the sports field.

It should be noted that i

system(s) operating, on { FOW perting conditions at the time of the survgy were
unknown so can (@ ]

Appendix C of this dg¢

4.2.

As the
boundafié

pliance

4.3. heme - interpretation of results

As = :
@ause 8 and Annex M of the Standard)
AN

This evaluation was conducted using the best estimate assessment scheme.

4.4, Further information

Appendix A of this document details the Uncertainty Values, probability distributions and more for
each of the sources of uncertainty in this evaluation.

Further information on the test instrumentation including equipment types and calibration details can
be found in Appendix B of this report.

Again, the raw measurement data including points and values in greater detail in Appendix C of this
report.

While the assessment was predominately conducted with a broadband probe, Appendix D of this
report shows plots taken with a frequency selective instrument.
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5. Conclusions

All values recorded were well below ICNIRP general public reference levels and as such the
compliance limit boundaries were not determined. The maximum values recorded were along path C
running from path B to the North-West corner of the sports field. The maximum value recorded
corresponds to 0.295% of the ICNIRP reference level.

The ground slopes down quite sharply towards the sports field and it is assumed that the difference in
elevation gives rise to the difference in the recorded values over the area of the sports field and those
recordgd at the higher end of path C.

survey [esults and can therefore detect much lower field streng
readings in context and remember that the field strengths rep

The plots were taken using a ‘maximum f ] edch peak represents a
maximym obtained over the period of the ms eMme ’ e at a discrepancy may eXist

when ajtempting to compare the values ob broadband measurement method.
From the plots the contributigr tions sdn be seen. The highest peak on the plot
is at 10y.7 MHz which is a F i > . Bubsequent investigation revealed tHat a

system|transmitting Drea

It is worth noting thata nt
systems located site

3
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6. Appendix A (Evaluation Report) - Uncertainty Analysis (see Clause 6; Clause 7 and
Annex O of the Standard)

6.1. Uncertainty analysis — on-site field strength

Uncertainty for broadband equipment (NBM550 & EF0391), uncertainty values taken from
manufacturer’s datasheet can be seen in Table 6.1 below.

Table 6.1 Broadband test equipment uncertainty data

. prob. semi L sens.
Sc_):j'rlce of uncertta_ltnty unit | distrib. | span divisor | coeff. | corr. stand. r\'\
(influence quantity) type a d factor/[\uncert.
|« éb%(q g\c‘"‘
\4
< N

Measufement equipment

Totall measurement system dB normal 3.25 2.00
(mefter, cable and probe)
ungertainty supplied by

manufacturer

27641

Combined  temperature  and dB rect 0.2 1.73
humidity response of meter /
cable / gntenna

Methodology / /\\ } /L

Probd position in high field Q\
gradipents Not applicable - dB rect N
test popitions not in high field
gradients &
Fidld reflections from
medsurer’s body during
meagurement Influence of
Probe|> 1m away from bo
of the measurer (use
CENHLEC Annex esuls
from s|mulation (

n cellular ba d
Not applicable /\

flbctuating sigh
Not applicable r&

éo‘ 0712 0.0f13

%

iR

0.00 0.0po

1.73 1 0 0.00 0.0po

triang 2.45 1 0 0.00 0.0po

qQ
“pa“ dB rect 1.73 1 0 0.00 0.0p0
|cab|e)

Figl ectlons from
mova T
the source during
measurement
Not applicable - no moving
large objects
RF propagation &
environmental clutter loss
(for low level environmental dB triang 2.45 1 0 0.00 0.000
measurements)
Not applicable

dB rect 1.73 1 0 0.00 0.000

Combined correction factor, f.ﬁ = Zf’i -0.55
iml
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Combined standard uncertainty, i, = 1.63
Coverage factor for 95% CI, k 1.96
Expanded Uncertainty, U = k X u. 3.19

Uncertainty for frequency selective equipment (SRM3001/101), uncertainty values taken from
manufacturer’s datasheet can be seen in Table 6.2 below.

AN

Table 6.2 Frequency selective test equipment uncertaintyda q/
<\ (02
N4
. prob. semi L sen -
Soyrce of uncertainty unit | distrib. | span dlvlllsor zfsf\< cort p tan
c %&

(influence quantity) type a uncert.
u =a/d cu?

Measufement equipment

Calibration: 7
Manpfacturer calibration dB normal 1 /\§
\ K

.5
cerfificate values used (\ <<

fa
e
>o 0.75 0.5p3

Combirled linearity deviation N

and frequency response of rect ¥1 75 % 0 1.01 1.0p1
the meter and  probe: : ‘\ ’ ’
Manufgcturer’s data sheet (\ "

N
N\

dB 1
N
Combirled temperature and N =
humidity response of\meteq/ |, r 0 1.73 1 0.12 0.0i3
cable /fantenna:
Manufdcturer’s data e;(\ ,.\\CJ
%

Isotropy of the antenna:

Manufgcturer’s data sheet 0.3p3

/i
g/

o

Methodology

Probsg
gradipnts Noya
test pogitions Rot in

rect 1.73 1 0 0.00 0.0po

Figl
medsure
measguremen
Probe|> 1m
of fhe me er ( dB rect 1.73 1 0 0.00 0.0po
CENH nnex G results
from s|mulation (worst case)

in cellular band)
Not applicable

Meter reading error of
fluctuating signals
Not applicable results stored dB triang 2.45 1 0 0.00 0.000
automatically to memory for
downloading to pc

Source and environment

Spatial Averaging
(Not applicable) dé rect 1.73 1 0 0.00 0.000

Field reflections from
movable large objects near
the source during dB rect 1.73 1 0 0.00 0.000
measurement
Not applicable - no moving
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Source of uncertainty . ;_)rot_). semi divisor | S€NS:
X . unit | distrib. span coeff. corr. stand.
(influence quantity) type P d c factor uncert.
t u=a/d c?u?
large objects
RF propagation &
environmental clutter loss
(for low level environmental dB triang 2.45 1 0 0.00 0.000
measurements)
Not applicable

C\e(ag}é(f&\ 95%cl k | 146
Axpah‘adb)&)tam}xU kX u. 2.12
NN

<0

7. Appendix B (Evaluation Report) ~ Equipr

71.

gst equipment details

[ rabiez. easu
e saghent {

dnitor Ser. No. Cal Factor Cal due date.

Mgter A~ Ws\m@o A-0083 N/A. 08/03/09

E Field Pr be Q@X% EP0391 A-0076 As above 08/03/09

Mgt SR \ rda SRM E-0053 N/A 26/07/08
30d1/01
Prpbe BN \ /Nerda SRMprobe | E-0026 N/A 26/07/08
35c1/o1r

\

8. Appendix C (Evaluation Report) — Measurement results on-site field strength

The results obtained from broadband measurements using NBM550 & EF0391 probe. The values
were continuously monitored along the footpaths and sports field to identify a maximum value. To
increase confidence and to provide additional information, values were recorded approximately every
10 m along the footpaths and edges and centre of the sports field.
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Table 8.1 Measurement survey results

% of ICNIRP General Public

Measurement Location Value (W/m?) reference level
Path A (starting at southern end) 0.0019 0.095
Path A (running South-North) 0.0022 0.110
Path A (running South-North) 0.0025 0.125
Path A (running South-North) 0.0025 0.125
Path A (running South-North) 0.0028 0.140
Path A (running South-North) 0.0030 0.150
PathA-(tretiorof path-A&B) 6-6632 6-4656 -
Path A (running South-North) 0.0023 ((.1 15 \r\'\

bath A (running South-North) 0.0023 /\\ 0.1 1@}0/\9\

Rath A (end of path at northern

AN

o]

ath B (starting at western end) 0.0031 \ ‘X@\%S \/

Path B (running East-West) 0.0034 < \,&({0.17}3

Path B (running East-West) 0.0023 /\ w \ o5

Path B (running East-West) 00024 ( IR N\ 0.120

Path B (running East-West) 00020 \MV /L N, o0

Path B (running East-West) & \0\06{0 ) ( AQ\ )\/ 0.100

Path B (running East-West) > 0.0})\7 ‘\\\( — 0.085

Path B (running East-West) ( 0001 32\“& \ 0.065

Path B (running East-We;(j\ S~ \ b\O&w \ 0.065
~—

Path B (end of path at easte(n \( \ 012 0.060
end) [\ (O

PathC(@g@reb{l) \ \;0\‘ o§g41 0.205

Pathcﬁqgry}en&)\ B TN 1059 0.295

Path C (sports fiéld |e\{|{\(,\\\\"/\\/ 0.0017 0.085

Sporéfie\q\ NS / 0.0017 0.085

(s’p}m{}re\ld\(\w 0.0012 0.060

\&Qorts\fklix)x 0.0007 0.035
\\s@\ > 0.0005 0.025
\sfieh\ 0.0010 0.050

j C}Sports\ﬁsw/ 0.0010 0.050
./ Sports field 0.0012 0.060
Sports field 0.0014 0.070

Sports field 0.0013 0.065

Sports field 0.0013 0.065

Sports field 0.0012 0.060

Sports field 0.0011 0.055

Sports field 0.0007 0.035

Sports field 0.0009 0.045

Sports field 0.0009 0.045

Sports field 0.0014 0.070

Sports field 0.0017 0.085
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. ;
Measurement Location Value (W/m?) % of Iﬁ:::rtiinli?;fubllc
Sports field 0.0013 0.065
Sports field 0.0011 0.055
Sports field 0.0013 0.065
Sports field 0.0008 0.040
Sports field 0.0011 0.055
Sports field 0.0020 0.100
Sports field 0.0018 0.090
Apgns_ﬁeld 00022 0110
Sports field 0.0010 050 N
qoso N\ n
Sports field 0.0015 /\< o.o7§\q/®\
Sports field 0.0013 Q \\o\ogg;\g\
Sports field 0.0008 (\\ )i@,%\v \
Sports field 0.0016 \ \0\“@&{0

RN
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9. Appendix D: Measurement Graphs
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Figure 9.2 - SRM-3001 spectrum plot 75 MHz to 1 GHz along ‘Path-C.’
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Annex H
(informative)

Tower case study at sports venue

TR 62669 © IEC:2011(E)

This annex contains the Tower case study in parkland, referred to in 4.8. This evaluation
report is presented as issued by Total Radiation Solutions and retains its original structure,
formatting, layout and numbering. The standard referred to in the report is IEC 62232.

2

@C@



https://iecnorm.com/api/?name=582d9ef33a2ec0c4de2beb092aefe97c

	CONTENTS
	FOREWORD
	INTRODUCTION
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	4 Overview of case studies
	4.1 Case study synopsis
	4.2 Micro cell case study
	4.3 Roof-top case study with nearby apartment buildings
	4.4 Roof-top / tower case study in residential area
	4.5 Roof-top case study with direct access to antennas 
	4.6 Roof-top case study with large antennas and no direct access
	4.7 Circular cylindrical compliance boundary determination case study with large antennas and no direct access
	4.8 Tower case study in parkland 
	4.9 Multiple towers case study at sports venue 
	4.10 In-building base station case study

	Annex A (informative)
Micro cell case study
	Annex B (informative)
Roof-top case study with nearby apartments
	Annex C (informative)
Roof-top / tower case study in residential area
	Annex D (informative)
Roof-top case study with direct access to antennas
	Annex E (informative)
Roof-top case study with no direct access to antennas
	Annex F (informative)
Circular cylindrical compliance boundary determination case study
	Annex G (informative)
Tower case study in parkland
	Annex H (informative)
Tower case study at sports venue
	Annex I (informative)
In-building base station case study
	Annex J (informative)
Evaluation template and sample uncertainty table
	Figures

	Figure 1 – Micro cell case study
	Figure 2 – Roof-top case study with nearby apartment buildings
	Figure 3 – Roof-top / tower case study in residential area
	Figure 4 – Roof-top case study with direct access to antennas
	Figure 5 – Roof-top case study with large antennas and no direct access
	Figure 6 – Cylindrical compliance boundary determinationfor dual band antenna on building 
	Figure 7 – Tower case study in parkland
	Figure 8 – Multiple towers case study at sports venue
	Figure 9 – Office building IBC case study
	Figure 11: Narda SRM-3000 measurement scan for the frequency range of 54 MHz-765 MHz
	Figure 12: Narda SRM-3000 measurement scan for the 800 MHz frequency range 
	Figure 13: Narda SRM-3000 measurement scan for the 1900 MHz frequency range 

	Tables

	Table 4.1 — Compliance distances for general public (GP) and occupational (O) exposure for the specified configurations.
	Table 4.2 — Compliance distances for general public (GP) and occupational (O) exposure for the specified configurations
	Table 4.3 — Expanded uncertainty for the methods used.
	Table 2: Health Canada’s Safety Code 6 reference limits for Controlled and Uncontrolled Environments.
	Table 3: Physical parameters for the antenna systems from service provider A
	Table 4: Physical parameters for the antenna systems from service provider B
	Table 1: Operator technology information
	Table 2: ICNIRP basic restrictions valid in the frequency range 10 MHz – 10 GHz.
	Table 3: Physical parameters.
	Table 4: Dimensions of the cylindrical compliance boundaries for the specified configuration (GP=General Public RF exposure, Occ=Occupational RF exposure). 




– 1 –



 




		Insert Assessors company name 



		Evaluation Report



		Insert evaluation location, province, country





Insert Assessors company logo

		Insert Assessors name

Insert evaluation date







Evaluation Report Template


		Date of Report:       






		Title:      






		Site Location:        






		Site Coordinates (at Antenna):           insert coordinates Lat Long/UTM and Datum (e.g. WGS-84)



		Google Earth Hyperlink:                      



		Evaluation laboratory:




		Company/Client:


 



		Evaluation performed by:


     

		Date of Evaluation:


Include multiple dates if required



		Identification number of original report:


    



		Assessor:


______________________



Name 
title 


email 
telephone




		Quality Assurance:


______________________



Name 
title 

email 
telephone








1 Executive Summary


 Evaluation Overview




Site operator information 


Site environment 


Exposure safety limits 


Evaluation Plan
(Annex A of standard)

Pre-evaluation review 


1.1.1 Determine evaluation purpose 


1.1.2 Determine equipment under test (EUT) category 


1.1.3 Determine physical parameters 


1.1.4 Decide if ambient fields are to be considered 


1.1.5 Establish the evaluation locations required 


1.1.6 Estimate the field at the evaluation point 


1.1.7 Establish which parameters are to be evaluated 


Select evaluation method 


Complete the evaluation plan 


General methodology- SAR 
(Clause 6 of standard)




If applicable 

General methodology- field evaluation  (Clause 6 of standard)




 If applicable 


Results
(Section 8 of standard)

Results summary- measurement technique 1

Results summary- measurement technique 2 , if applicable

Assessment scheme – interpretation of results    


Uncertainty


Further information 


Conclusions


Appendix A (Evaluation Report) - Uncertainty Analysis    

(Clause 6.2.2.6, 6.2.3.5, 7, and Annex O of the Standard)

A.1 
Uncertainty analysis 


Appendix B (Evaluation Report) – Equipment List


B.1
Equipment list -


B.2
Evaluation parameters 


B.3
System performance check


 If applicable 


B.4
Equipment list - on site field strength


Appendix C (Evaluation Report) – Measurement Results Technique 1

Appendix D (Evaluation Report) – Measurement results Technique 2, if applicable.


Appendix E: test system performance check


E.1
System performance check 


















62232 Table 2

		Source of uncertainty (influence quantity)		Description		unit		prob. distrib. type		semi span
a		divisor
d		sens. coeff.
c		stand. uncert.
u = a/d		correction factor
t		c²u²

		Measurement equipment

		Calibration of the meter (or spectrum analyser)				dB		normal				1.96		1		0.00				0.000

		Calibration of the antenna factor				dB		normal				1.96		1		0.00				0.000

		Calibration of the cable loss				dB		normal				1.96		1		0.00				0.000

		Combined frequency response of the meter / cable / antenna				dB		rect				1.73		1		0.00				0.000

		Combined linearity deviation of the meter / cable / antenna				dB		rect				1.73		1		0.00				0.000

		Isotropy of the antenna				dB		rect				1.73		1		0.00				0.000

		Combined temperature and humidity response of meter / cable / antenna				dB		rect				1.73		1		0.00				0.000

		Mismatch between antenna and meter / spectrum analyser				dB		U				1.41		1		0.00				0.000

		Methodology

		Probe position in high field gradients				dB		rect				1.73		1		0.00				0.000

		Field scattering from surveyor’s body				dB		rect				1.73		1		0.00				0.000

		Mutual coupling between measurement antenna or isotropic probe and object				dB		rect				1.73		1		0.00				0.000

		Meter reading error of fluctuating signals				dB		triang				2.45		1		0.00				0.000

		Source and environment

		Variation in the power of the RF source from the nominal level				dB		rect				1.73		1		0.00				0.000

		Field reflections from movable large objects near the source during measurement				dB		rect				1.73		1		0.00				0.000

		Scattering from nearby objects and the ground				dB		rect				1.73		1		0.00				0.000

		Combined correction factor,																0

		Combined standard uncertainty,																		0.00

		Coverage factor for 95% CI, k																		1.96

		Expanded Uncertainty, U = k x uc																		0.00





62232 Table 3

		Source of uncertainty (influence quantity)		Description		unit		prob. distrib. type		semi span
a		divisor
d		sens. coeff.
c		stand. uncert.
u = a/d		correction factor
t		c²u²

		Measurement equipment

		Calibration of field probe				dB		normal				1.96		1		0.00				0.000

		Frequency response of field probe				dB		rect				1.73		1		0.00				0.000

		Isotropy of the field probe				dB		rect				1.73		1		0.00				0.000

		Temperature response of the field probe				dB		rect				1.73		1		0.00				0.000

		Linearity deviation of the field probe				dB		rect				1.73		1		0.00				0.000

		Methodology

		Meter reading error of fluctuating signals				dB		triang				2.45		1		0.00				0.000

		Field reflections from surveyor’s body				dB		rect				1.73		1		0.00				0.000

		Probe position in high field gradients				dB		rect				1.73		1		0.00				0.000

		Mutual coupling between measurement antenna or isotropic probe and object				dB		rect				1.73		1		0.00				0.000

		Source and environment

		Variation in the power of the RF source from the nominal level				dB		rect				1.73		1		0.00				0.000

		Scattering from nearby objects and the ground				dB		rect				1.73		1		0.00				0.000

		Field reflections from movable large objects near the source				dB		rect				1.73		1		0.00				0.000

		Combined correction factor,																0

		Combined standard uncertainty,																		0.00

		Coverage factor for 95% CI, k																		1.96

		Expanded Uncertainty, U = k x uc																		0.00





62232 Table 6

		Source of uncertainty (influence quantity)		Description		unit		prob. distrib. type		semi span
a		divisor
d		sens. coeff.
c		stand. uncert.
u = a/d		correction factor
t		c²u²

		System

		Variation in the power of the RF transmitter from its nominal level				dB		rect				1.73		1		0.00				0.000

		Cable/connector losses				dB		normal				1.96		1		0.00				0.000

		Mismatch between antenna and its feed				dB		U				1.41		1		0.00				0.000

		Antenna radiation pattern data (see NOTE 2)				dB		normal				1.96		1		0.00				0.000

		Antenna positioning, mounting & support structure				dB		rect				1.73		1		0.00				0.000

		Technique Uncertainties				dB

		Inherent uncertainties associated with the approximate numerical model used to represent the antenna.				dB		rect				1.73		1		0.00				0.000

		Null-filling of antenna patterns (if applied)				dB		Depends on algorithm				?		1		0.00				0.000

		Environmental Uncertainties

		Scattering from nearby objects and the ground				dB		rect				1.73		1		0.00				0.000

		Uncertainty in using electric field strength evaluations to estimate magnetic field strength, or vice versa				dB		rect				1.73		1		0.00				0.000

		Combined correction factor,																0

		Combined standard uncertainty,																		0.00

		Coverage factor for 95% CI, k																		1.96

		Expanded Uncertainty, U = k x uc																		0.00





62232 Table 7

		Source of uncertainty (influence quantity)		Description		unit		prob. distrib. type		semi span
a		divisor
d		sens. coeff.
c		stand. uncert.
u = a/d		correction factor
t		c²u²

		System

		Variation in the power of the RF transmitter from its nominal level				dB		rect				1.73		1		0.00				0.000

		Cable/connector losses				dB		normal				1.96		1		0.00				0.000

		Mismatch between antenna and its feed				dB		U				1.41		1		0.00				0.000

		Antenna model				dB		normal				1.96		1		0.00				0.000

		Technique Uncertainties				dB

		Including computational assumptions, limitations, interpolation and extrapolation.				dB		normal				1.96		1		0.00				0.000

		Environmental Uncertainties

		Scattering from nearby objects and the ground				dB		rect				1.73		1		0.00				0.000

		Uncertainty in using electric field strength evaluations to estimate magnetic field strength, or vice versa				dB		rect				1.73		1		0.00				0.000

		Combined correction factor,																0

		Combined standard uncertainty,																		0.00

		Coverage factor for 95% CI, k																		1.96

		Expanded Uncertainty, U = k x uc																		0.00





62232 Table 8

		Source of uncertainty (influence quantity)		Description		unit		prob. distrib. type		semi span
a		divisor
d		sens. coeff.
c		stand. uncert.
u = a/d		correction factor
t		c²u²

		System

		Variation in the power of the RF transmitter from its nominal level				dB		rect				1.73		1		0.00				0.000

		RF transmission system losses				dB		normal				1.96		1		0.00				0.000

		Mismatch between antenna and its feed				dB		U				1.41		1		0.00				0.000

		Antenna model				dB		normal				1.96		1		0.00				0.000

		Technique Uncertainties

		Analysis technique				dB		normal				1.96		1		0.00				0.000

		Model resolution (errors associated with finite discretization)				dB		normal				1.96		1		0.00				0.000

		Interpolations / Extrapolation				dB								1		0.00				0.000

		Steady state (FDTD)				dB		rect				1.73		1		0.00				0.000

		For FDTD/FEM: Efficiency of absorbing boundary condition				dB		rect				1.73		1		0.00				0.000

		For FDTD: Inaccuracy related to truncation of the simulation time				dB		rect				1.73		1		0.00				0.000

		Environmental Uncertainties

		RF propagation - multiple reflections, scatterers and clutter losses				dB		rect				1.73		1		0.00				0.000

		Uncertainties associated with phantom

		Phantom position and posture				dB								1		0.00				0.000

		Phantom rotation				dB								1		0.00				0.000

		Phantom shape and size				dB								1		0.00				0.000

		Electrical material parameter estimations				dB								1		0.00				0.000

		Correction factor for homogeneous phantom (if applicable)				dB								1		0.00				0.000

		Uncertainties associated with SAR calculations

		Whole body and local peak SAR algorithm uncertainties. This could be particularly large for local peak SAR calculations				dB								1		0.00				0.000

		Errors due to finite discretization of the human phantom model				dB								1		0.00				0.000

		In the reactive near-field, the errors introduced in the antenna element power division due to the presence of the phantom and the effect thereof on the re-active feed network ‎[20].				dB		rect				1.73		1		0.00				0.000

		Combined correction factor,																0

		Combined standard uncertainty,																		0.00

		Coverage factor for 95% CI, k																		1.96

		Expanded Uncertainty, U = k x uc																		0.00
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