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9)

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

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International 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 committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

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

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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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.
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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 electromagnetic (EM) fields
are evaluated in accordance with IEC 62232. It also provides a reporting template cross
referenced to IEC 62232.

Each case study has been chosen to illustrate a typical radio base station (RBS) evaluation
scenario and employs the methods detailed in IEC 62232. Some of the case studies
demonstrate more than one evaluation method. However, in most situations only one method
would be required to complete an evaluation.

The case studies documented in this report are provided for guidance only and are not a
substitute for a thorough understanding of the requirements of IEC 62232.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 62232: Determination of RF field strength and SAR in the vicinity of radiocommunication
base stations for the purpose of evaluating human exposure

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms, definitions, symbols and abbreviated terms
given in IEC 62232 apply.

4 Overview of case studies

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 the spatially averaged field strength reference levels. SAR testing was performed in a
laboratory and frequency selective field measurements were performed on site.

The equipment under test (EUT) was categorised as a simple RBS due to the single
technology and single antenna of the micro cell. Nearby base stations, known as secondary
sources, had negligible impact on both SAR and field strength evaluations.

The measured SAR and field strength levels were extrapolated to assess the maximum power
configuration for the site.

The “best estimate” uncertainty model was 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.

The compliance boundary distance for general public exposure using the on-site field strength
measurement was 0,8 m and 0,08 m using the SAR evaluation.

Both the SAR evaluation and the on-site field strength measurements confirm that the general
public exposure compliance boundary from the micro cell antenna does not extend onto the
building awning, therefore access is permitted on the awning.

This case study illustrates:
o the benefit of conducting a SAR evaluation on the small micro cell antenna to minimise its
exclusion zone;

e evaluation of RF fields from cellular base station antennas located in close proximity to a
roof-top awning accessible to maintenance staff.

Figure 1 shows the surveyor and the micro cell antenna installed on the building wall in
Stockholm. The case study is available in full in Annex A.

Figure 1 — Micro cell case study
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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
antenna systems at the site under evaluation.

This evaluation was performed by Industry Canada as part of their regulatory auditing
program of radio communication and broadcasting sites. The evaluation consisted of
computational modelling to determine the RF exposure compliance boundaries around the
antennas, and on-site frequency selective field strength measurements to determine the RF
exposure levels in accessible areas.

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. The maximum exposure level on the
building adjacent to the base station was assessed to be 0,51% of Safety Code 6 limits for the
uncontrolled environment. This was on the roof-top car park.

Results are presented for this case study using both the best estimate and upper 95 % CI
assessment schemes. The exposure levels reported using the upper 95 % Cl assessment
scheme i.e. including the measurement equipment expanded uncertainty in the reported level.
The exposure levels reported using the best estimate assessment scheme state the actual
level evaluated and the uncertainty factor for the measurement equipment.

This case study illustrates:

e evaluation of RF field strength from cellular base station antennas which are mounted on
the roof-top of an office building and are accessible to maintenance workers;

e evaluation of RF field strength from cellular base stations which are located near an
apartment building, residential and commercial areas;

o full compliance assessment of the site is achieved even if accessibility to certain locations
was not possible;

e the results of two spatial averaging schemes are compared.
Figure 2 (left) shows the roof-top installation from a position across the street; while Figure 2

(right) shows the surveyor and base station antennas in-situ. The building is located in
Montreal. The 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
compliance boundaries around the antennas, and frequency selective field strength
measurements to determine the RF exposure levels in the surrounding residential and
commercial areas. The accessible areas of the roof-top were also measured.

The RF exposure compliance boundary (uncontrolled environment) was assessed to be 4 m
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 location is not accessible to the general public. The
maximum exposure level in the residential and commercial areas around the building was
assessed to be 0,044 % of Safety Code 6 limits for the uncontrolled environment.

Results are presented for this case study using both the best estimate and upper 95 % CI
assessment schemes. The exposure levels reported using the upper 95 % Cl assessment
scheme include the measurement equipment expanded 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.

This case study illustrates:

e evaluation of RF field strength from cellular base station antennas and satellite broadcast
radio repeater which are mounted on a multi-storey building, which houses a centre for
continuing education;

e evaluation of RF field strength from cellular base station signals in a residential area;
o the comparison of the results of two (2) spatial averaging schemes.
Figure 3 shows the building in Montreal, which is subject of the evaluation; Figure 3 (left) is

wide shot of the environment surrounding the building, while a close-up of the structure and
antennas is shown in Figure 3 (right). The case study is available in full in Annex C.

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 initial visual inspection at the site showed the potential for a significant RF field
contribution from other RF sources. A wide frequency sweep established that the ambient
contribution would not be significant and hence only the RF fields from the RBS under
evaluation needed to be considered. Prior to the on-site field strength measurements, an
initial estimate of the control boundary distance was calculated to be 13,2 m from the
antennas for the general public limit and 3,2 m for the occupational exposure limit.

Spatially averaged field strength measurements were then performed on the roof-top at the
selected control boundary distances of 13,2m and 3,2m from the antennas. The
measurements demonstrated the actual field strength levels were well below the occupational
and general public limits allowing for the maximum operating power. This verifies that
conservative control boundaries have been selected.

A separate desktop evaluation using a commercial computation tool with ray tracing
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 under maximum operating power.

Full uncertainty analyses were performed for both evaluation methods indicating high
confidence that actual exposure would be less than the ICNIRP limits at the specified control
boundary distances. The best estimate assessment scheme was used for both the desktop
evaluation and field strength measurement.

This case study illustrates:

e evaluation of RF field strength from cellular base station antennas with direct access to
the antennas;

e comparison of computational evaluation and on-site measurement;

e identification of compliance boundaries on the roof-top.

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 exterior.
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.

The assessment showed that the total exposure level from the mobile base station antennas
in accessible areas of the building roof-top was lower than the specified limits at maximum
traffic, as well as at the available maximum transmitting power.

This evaluation was performed 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. In this case study the target uncertainty was met.

This case study illustrates:

o RF exposure levels in accessible areas of a building roof-top from a complex base station;
e an assessment using a target uncertainty scheme;

e comparison of computational evaluation and on-site measurements;

o frequency selective spatial average measurements;

e evaluation of nearby radio and broadcast signal levels.

Figure 5 shows the roof-top in Isehara City, Japan used for this case study.

The case study is available in full in Annex E.

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 a compliance boundary assessment for a combined GSM and LTE base station;
e a compliance boundary assessment using a SAR model.

- ES s

-

A

“#* Compliance boundary,

. | occupational exposure
& W
.

i) &

‘ Compliance boundary,
_ | general public exposure

Figure 6 — 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 subject
of this evaluation 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 tower;

e an RF exposure assessment where site configuration details for some of the radio
services are unknown.

Figure 7 — Tower case study in parkland

The location for the evaluation site was Essex, in the United Kingdom. The structure and
antennas are shown in Figure 7 (left) and the evaluation location, which included a sporting
field, in Figure 7 (right).

The case study is available 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.

The “best estimate” assessment scheme has been applied and the calculated and measured
levels reported, including the extrapolation for maximum base station power configuration.

This case study illustrates:

e RF exposure levels on a sports ground from base station antennas on a light tower;

e a comparison of measured and calculated RF exposure.

\

- :
Structure 1

\m b

Figure 8 — Multiple towers case study at sports venue

The subject of this evaluation is shown in Figure 8 (left), a sporting ground/showground at
Perth, Australia. The site consisted of multiple radio base stations located on separate lighting
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 small antennas which are
part of a distributed antenna system;

e a comparison of field strength measurements and computational assessment.

Figure 9 — Office building IBC case study

The subject of the evaluation, shown in Figure 9, was a distributed antenna system installed
in a Beijing office. Figure 9 consists of a wide shot of the antenna in-situ and shows a close-
up (inset) of an in-building antenna. The case study is available in full in Annex I.
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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.
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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 maximum values were compared against international safety guidelines know as ICNIRP
(International Commission on Non-lonizing Radiation Protection) guidelines. The assessment
establishes compliance against the Basic Restrictions known as Specific Absorption Rate and
the field strength reference levels. SAR testing was performed in a laboratory and frequency
selective field measurements were performed on site.

The Equipment Under Test (EUT) was categorised as a Simple RBS due to the single
technology and single antenna of the micro cell. Nearby base stations, known as secondary
sources, had negligible impact on both SAR and field strength evaluations.

The measured SAR and field strength levels were extrapolated to assess the maximum power
configuration for the site.

The “best estimate” uncertainty model 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.

The compliance boundary distance for general public exposure using the on-site field strength
measurement was 0.8 m, and 0.08 m using the SAR evaluation.

Both the SAR evaluation and the on-site field strength measurements confirm that the general public
exposure compliance boundary from the micro cell antenna does not extend onto the building awning,
therefore access is permitted on the awning.

2. Evaluation Overview

21. Site operator information

The test results presented in this report define compliance boundaries for the micro cell base station
antenna flush mounted on the wall. The details of the operator are shown below in Table 2.1.1.

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)
Ericsson RBS3202 (WCDMA 2100) (3)

Telenor (three color matched antennas)

Operators 3 (antenna above the colour matched antennas)

Kathrein 739 494, 742 212 and 739633 (Telenor)

Transmitting antennas Kathrein 742 215 (3)

Electrum building (Kistagangen 16,

Antenna location SE- 164 80 Stockholm, Sweden)

Technologies GSM 900, GSM 1800, WCDMA 2100

Approx. 2 m above primary source (Telenor)

Antenna mounting 3 to 4 m above primary source (3)

GSM 900: ch. 114 (912.8 MHz) (Telenor)
GSM 1800: ch. 800 (1767.8 MHz) (Telenor)
WCMDA 2100: ch. 10588 (2117.6 MHz) (Telenor)
WCDMA 2100: ch. 10687 (2137.4 MHz) (3)

Broadcast / Pilot channels

2.2 Site environment

The micro cell antenna is flush mounted on a building wall approximately 4 m above the footpath. As
shown in Figure 2.2 there are macro antennas (some colour matched) flush mounted on a building
wall approximately 6 m and higher, above the footpath. The awning is the metallic gold coloured
structure below the micro cell antenna.

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 field strength
(and SAR) and consequently an appropriate selection of evaluation methods for a given evaluation
purpose.

3.1.1. Determine evaluation purpose

The evaluation purposes were to establish boundary against limit value and to provide information of
typical value for RF exposure.

3.1.2. Determine equipment under test (EUT) category
The equipment under test is defined as a simple RBS.

3.1.3. Determine physical parameters
Table 3.1.1 — Physical parameters
Antenna type number Kathrein 741 316
Horizontal HPBW 65° (870-960 MHz) and 60° (1710-1800 MHz)
Vertical HPBW 28° (870-960 MHz) and 19° (1710-1800 MHz)
Directivity 12.5 dBi (870-960 MHz) and 13 dBi (1710-1880 MHz)
Orientation Back of antenna mounted on wall, 4 m above ground
Broadcast channels GSM 900: ch 34 (941.8 MHz), GSM 1800: ch 632 (1829.2 MHz)
Maximum transmit power 37 dBm (GSM 900) and 34.5 dBm (GSM 1800)
Typical transmit power 34 dBm (GSM 900) and 31.5 dBm (GSM 1800)

3.1.4. Decide if ambient fields are to be considered
No. Since the requirement is to establish only exposure from the RBS RF fields.
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Establish the evaluation locations required

Source regions | and Il. Environment region 0.

TR 62669 © IEC:2011(E)

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

Source — Environment Region

I-M [1-M [-M
I-1 [1-1 -1
I-0 11-0 -0
X X

Map the evaluation locations onto a source-environment plane with the source regions on the X axis
and the complexities of the environment (scatterer/absorber) on the Y axis.

3.1.6. Estimate the field at the evaluation point

The spherical formula in Clause 6.3.2 predicts by assuming typical transmit power at both GSM 900
and GSM 1800 a total electric field strength at 1 m from the antenna (front direction) of approximately
47 V/m (approximately 37 V/m for GSM 900 and 29 V/m for GSM 1800).

3.1.7. Establish which parameters are to be evaluated

Region I: SAR and E & H
Region II: E or H

3.2. Select evaluation method

The site assessment method chosen for this evaluation was both on-site frequency selective field
measurements and laboratory testing of SAR. The decision to conduct the assessment by
measurement was made by the assessor in conjunction with the client’s request to determine the
minimum distance from the antenna to the compliance boundary using SAR and field strength.

All field strength measurement results given in this report are best estimate values, i.e. the probability
is 50 % that the true value is either above or below the given value. The laboratory SAR
measurements establish a conservative value provided the expanded uncertainty of the SAR
measurement is below the constraint in IEC 62209-2 — this was achieved in this case study.

3.3. Complete the evaluation plan

Develop check sheet to be 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
with respect to the phantom

Make sure that the EUT is levelled O
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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

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

Consider the safety of the public and the people conducting the measurements

Document measurement area (address and location)

Take photographs of the site

Document date and time

Make notes on weather conditions and human movement in the survey area

Document instrumentation used

o|jo|o|jo|o|o|joj|o

Select measurement method based on Table 9 (clause 7.2.2)

Consider the location of the source and the RF propagation path to evaluate the effect
of the presence of the assessor’s body and to minimize measurement errors

O

Consider if other RF sources may affect the evaluation

Select measurement locations

Consider if the reading may be instrument noise

Consider spatial averaging (see Table 10, clause 7.2.5.3)

Oo|(o|o|jo)|o

Perform measurements and document results in result sheet

3.4. General methodology- SAR (Clause 6.2.3 of standard)

The measurement of Specific Absorption Rate requires highly specialised equipment and is performed
in a laboratory and not in situ. The laboratory measurements were performed at the Ericsson EMF
Research Laboratory Ericsson AB, SE-164 80 Stockholm Sweden. A miniature electric field probe
positioned by a software-controlled high precision robot was used to measure the internal electric field
of a liquid-filled phantom representing the human body. The electric field data was processed to
determine the SAR distribution inside the phantom and the maximum mass-averaged SAR.

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 showing the antenna without radome positioned with
one of its sides facing the phantom shell.

Figure 3.4 above shows a view from below of the antenna under test with its radome removed. The
flat panel phantom can be seen at the top of the photo. In the background the blue and grey patterned
RF absorbing (anechoic) material can be seen.

3.5. General methodology- on-site field strength measurement (Clause 6.2.2 of standard)

The reference level field evaluation is an on-site field strength measurement performed with portable
handheld test equipment. As shown in Figure 3.5 below the test results presented in this report define
compliance boundaries for the Kathrein 741 316 base station antenna situated on the Electrum
building wall communicating with simultaneous downlink transmission in the GSM 900 and GSM 1800
bands. Frequency selective electric field strength measurements were performed at the GSM 900 DL
channel 34 (941.8 MHz) and GSM 1800 DL channel 632 (1829.2 MHz) using a SRM-3000 (Selective
Radiation Meter) by Narda Safety Test Solutions.
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Figure 3.5 On-site field strength evaluation.

The measurement results for the different bands were extrapolated to maximum traffic for this specific
base station antenna (as specified by operator) and the exposure ratios for each band were calculated
and summed. Compliance boundaries for the base station antenna were calculated based on the
resulting exposure ratio.

The following steps were performed during the assessments:

vi.

Vii.

Single E-field measurement at 0.2 m distance from the antenna over the whole frequency
range (75 MHz-3 GHz), with a resolution bandwidth of 5 MHz using the “Safety Evaluation”
mode of the SRM-3000, in order to identify sources of interest.

Single E-field measurements at 0.2 m distance from the antenna over the whole GSM 900 DL
band, and the GSM 1800 DL band, subsequently, in order to identify the broadcast channels
for each band.

Subsequent E-field measurements at the broadcast channels for GSM 900 DL and
GSM 1800 DL at distances from the front of the antenna ranging from 0.1 m to 1.9 m, with
an increment of 0.1 m.

Subsequent E-field measurements at the broadcast channels for GSM 900 DL and
GSM 1800 DL at distances from the side of the antenna ranging from 0.061 m to 0.3 m.

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.

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.

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
radome for the antenna was 0.03 m.

Table 4.1 — Compliance distances for general public (GP) and occupational (O) exposure for the
specified configurations.

Configuration Compliance distance?2 (m)
Frequency band / channel Antenna orientation GP o
GSM 900 / 34 + GSM 1800/ 632 Front 0.08 0
GSM 900 / 34 + GSM 1800/ 632 Back 0 0
GSM 900 / 34 + GSM 1800/ 632 Top/Bottom 0 0
GSM 900 / 34 + GSM 1800/ 632 Sides 0 0

For more information see Appendix C.

4.2, Results summary- On-site field strength measurement

The compliance boundary for this base station antenna was determined by extrapolating the raw data
to maximum traffic using an extrapolation factor of 2 (Two TRX:s for both GSM 900 and GSM 1800)
for both downlink bands. In the near field region of the antenna both E-field and H-field measurement
results were considered. The extrapolated field values were used to compute exposure ratios by
applying ICNIRP’s reference levels. The exposure ratios for each frequency band and measurement
point were added resulting in total exposure ratios for each measurement point. Based on the total
exposure ratios compliance distances were determined as shown in Table 4.2.

Table 4.2 — Compliance distances for general public (GP) and occupational (O) exposure for the
specified configurations

Configuration Compliance distance3 (m)

Frequency band / channel oﬁz:ﬁ:tr;gn GP o
GSM 900/ 34 + GSM 1800/ 632 Front 0.8 0.64
GSM 900/ 34 + GSM 1800 / 632 Back® N/A N/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 uncertainty has been assessed for each of the methods used and the obtained values are
given in Table 4.3. A detailed uncertainty evaluation is given in Appendix A.

Table 4.3 — Expanded uncertainty for the methods used.

Assessment method Expanded uncertainty (k=2) Correction factor
SAR measurement 214 % 0%
Frequency selective field measurement 3.5dB 0.23dB
Broadband field measurement 4.3dB 0dB
4.5. Further information

Further information on the test instrumentation including equipment types and calibration details can
be found in Appendix B

Appendix E includes a copy of the SAR system performance check.

5. Conclusions

The purpose of this case study was to assess the RF exposure boundaries from the micro cell
mentioned above to determine whether they would extend to a nearby awning. Both the SAR
evaluation and the on-site field strength measurements confirm that the general public exposure
compliance boundary from the micro cell antenna does not extend onto the building awning, therefore
access is permitted on the awning.

The SAR tests show that the micro cell base station parameters of the Stockholm building in Sweden
operating simultaneously at GSM900 and GSM1800 is in compliance with the general public and
occupational RF exposure limits at a minimum distance 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

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

Uncertainty analysis -SAR

IEC 62209-2.

Table A.1. Uncertainty evaluation SAR

TR 62669 © IEC:2011(E)

Uncertainty Component ICI:-:IIZ;lIJEse | Uneer PTOb Div. Ci10g (s1tgé) (gol;cer.
1528 (%) Dist.
Measurement System
Probe Calibration E2.1 5.9 N 1 1 5.9
Axial Isotropy E2.2 4.7 R \3 0.7 1.9
Spherical Isotropy E2.2 9.6 R \3 0.7 +3.9
Boundary Effect E2.3 +1.0 R \3 1 +0.6
Linearity E2.4 4.7 R \3 1 2.7
System Detection Limits E2.5 +1.0 R \3 1 +0.6
Readout electronics E2.6 0.3 N 1 1 0.3
Response time E2.7 +0.8 R V3 1 +0.5
Integration time E2.8 +2.6 R \3 1 1.5
RF Ambient Noise E6.1 +3.0 R V3 1 1.7
RF Ambient Reflections E6.1 3.0 R \3 1 1.7
Probe Positioner E6.2 0.4 R \3 1 0.2
Probe Positioning E6.3 2.9 R \3 1 1.7
Max. SAR Evaluation ES 1.0 R \3 1 0.6
Measure.ment System +8.6
Uncertainty
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 Sar_nple Related +5.5
Uncertainty
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Phantom and Tissue Parameters
Phantom uncertainty E3.1 4.0 R \3 1 2.3
Liquid conductivity (meas | ¢4 4 25 N 1 043 | +1.1
uncertainty)
Liquid conductivity (target) E3.2 +5.0 R V3 0.43 +1.2
Liquid Permittivity (meas | g5 4 25 N 1 049 | +1.2
uncertainty)
Liquid Permittivity (target) E3.2 +5.0 R \3 0.49 +1.4
Phantom and Tissue +3.4
Parameters Uncertainty -
Combin.ed standard +10.7
uncertainty
Extended standard
uncertainty (k=2) 214

A.2 Uncertainty analysis — on-site field strength

Below in Tables A.2 and A.3 is the uncertainty evaluation for the frequency selective and the
broadband field measurements, respectively.

Table A.2 — Uncertainty evaluation for the frequency selective field measurements (SRM-3000).

Source of . .
uncertainty Lo . r.’ml?' semi divisor sens. | Correction stand.
. Description Unit | distrib. | span coeff. factor
(influence type d ¢ uncert.
quantity) yp “ ¢ u=a/d | C?u?
Measurement
equipment
Combined As specified by
instrument instrument dB normal | 2.85 2 1 +0.23 1.425 2.03
uncertainty® manufacturer?
Methodology
A search
procedure was
Probe position used to find
in high field the maximum dB rect 0 1.73 1 0 0 0
gradients reading at a
certain
distance
) 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.

juLd uaym pajjosuodun “paniwiad SI uonNgulsip 10 uononpoidal Jayuny ON "UoSIpe sawer Aq #T0Z-82-A0N UO Papeojumop ‘Wo9'189asydalsuonduasgns ou| ‘(d4nualds) siainay uoswoy Ag owaq yg 01 pasuadl| [eusrew pawybuAdod



- 30 - TR 62669 © IEC:2011(E)
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
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
near the
source during
measurement
RF propagation
& Not applicable
environmental - high level
clutter loss (for | environment in dB triang 0 2.45 1 0 0.00 0.000
low level direct line of
environmental sight to source
measurements)
N
Combined correction factor, 7, = Zti 0.23
i=1
Combined standard uncertainty, u, = 1.76
Coverage factor for 95% Cl, k | 1.96
Expanded Uncertainty, U=k x u. 3.5
Table A.3 — Uncertainty evaluation for the broadband field measurements (EMR-300).
Source of . .
L prob. semi .o sens. | Correction
uncertainty . . s divisor stand.
. Description | unit | distrib. | span coeff. factor
(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=aid | Cu?
by
instrument
manufacturer
As specified
Linearity . by dB normal 1 1 1 0 1 1.0
instrument
manufacturer
As specified
Frequency by dB | rect | 24 | 1.73 1 0 1387 | 1.9
response instrument
manufacturer
Amplitude As spbeymfled
modulation, instrument dB rect 0.8 1.73 1 0 0.462 0.21
GSM one slot
manufacturer
As specified
Temperature . by dB rect 0.2 1.73 1 0 0.116 0.013
instrument
manufacturer
Methodology
A search
procedure
Probe position Waﬁsngstii to
in high field . dB Rect 0 1.73 1 0 0 0
. maximum
gradients A
reading at a
certain
distance
Influence of
Probe > 1m
away from
. body of the
F'el.d measurer
reflections (use
me;fu”r‘er,s CENELEC | dB | rect 15 | 1.73 1 0 0.87 | 0.750
body durin Annex G
meagureme?\t results from
simulation
(worst case)
in cellular
band)
Meter reading |  peak-hold
- function was dB Triang 0 2.45 1 0 0.00 0.000
fluctuating
; used.
signals
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
near the
source during
measurement
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usn?::,:::ir?: prob. semi divisor | S€Ns: Correction stand
. y Description | unit | distrib. | span coeff. factor ;
(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
i=1
Combined standard uncertainty, u, = 2.21
Coverage factor for 95% ClI, k 1.96
Expanded Uncertainty, U = k x u¢ 4.3
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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 Calibration due date
DASY4 DAE3 S/N 304 08/10/15

E-field probe, ES3DV3 S/N 3155 09/03/17

Dipole validation kit, D900V2 [S/N 1d039 NA

Dipole validation kit, D1800V2 [S/N 203 NA

Universal flat phantom S/N 513C-145-5 NA

Table B.2. Additional equipment

Description Asset number Calibration due date

Dielectric probe kit, HP 85070C|S/N US99360060 NA

Network analyser, HP 8752C |S/N 3410A03732 08/10/18

Power meter, R&S NRVS SIN 848888/052 08/06/08
Power sensor, R&S NRV-Z5  |S/N 849895/030 08/05/08
Thermometer, EBRO TFX-

o SIN 10130918 08/10/22
R&S SMB-B106 signal SIN 100166 09/08/27
generator
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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/m3. The depth of the head tissue liquid in the phantom
was 100 mm £5%.

Table B.3. Measured and specified parameter values for the tissue simulating liquid.

Frequency ier Liquid

(MHz) Measured/Specified |g, G (S/m) Temp (°C)
Measured values 39.5 0.94 22.0

900 Specified values 41.5 0.97 --
Difference (%) -4.8 -3.1 -
Measured values8 ggg to 1.39to 1.41 21.2t022.7

1800 Specified values 40.0 1.40 --
Difference (%) ae O fortosor |-

B.3 SAR- System performance check

System performance checks of the SAR test system were conducted prior to the SAR measurements.
This was done using the D900v2 and the D1800v2 dipole validation kits. The obtained results are
presented in Table B.4 and the results are within £10% of the calculated reference values as required
in IEC 62209. The temperature of the test facility during the tests was in the range 20°C to 25°C.

Table B.4. Measured and specified SAR levels for the system performance check.

8

Feauoncy Wessured (AR 19 SAR 101, o (sim) ot
Measured 8.0 5.3 39.5/0.94 08/04/07

900 Reference 8.2 5.5 41.5|0.97 --
Difference (%) [-2.8 -2.9 -4.8 |-3.1 --
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 -3.8|-0.4 --

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.

Description Serial number Calibration due date
SRM-3000 main unit A-0060 07/11/08
E-field probe for
SRM-3000 G-0023 18/10/09
EMR-300 main unit AB-0037 25/02/10
H-field probe for A-0081 27/02/10

EMR-300

Table B.6 — Instrument settings used for the SRM-3000.

Centre Resolution
frequency Mode Span bandwidth Detector
941.8 Spectrum 5 MHz 0.3 MHz RMS
MHz analyser
1829.2 Spectrum
MHz analyser 3 MHz 0.3 MHz RMS
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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.
Distance to Max SAR g (W/kg)
Frequency EUT vosition liquid Measured output
(MHz) P surfgce (m) power (dBm) Measured Normalized to maximum? output
power, 37 dBm
0.007 34.7 6.71 11.4
0.032 33.9 2.06 4.2
941.8 Front facing phantom 0.057 34.9 1.21 2.0
0.082 355 0.78 1.1
0.107 34.8 0.50 0.81
941.8 Top facing phantom 0.007 35.7 0.18 0.24
941.8 Back facing phantom 0.007 35.7 0.02 0.02
941.8 Side facing phantom 0.007 35.7 0.36 0.49
; Max SAR1oq (W/kg)
Frequency EUT iti I.Dlg(tjancre} to Measured output i
(MHz) position lquid surtacel  hower (dBm) Measured Normalized to maximum output
(m) power, 34.5 dBm
0.007 39.1 14.9 5.2
0.032 39.2 5.3 1.8
1829.2 | Front facing phantom 0.057 39.6 4.5 1.4
0.082 39.7 44 1.3
0.107 39.4 3.4 1.1
1829.2 Top facing phantom 0.007 39.8 0.34 0.10
1829.2 | Back facing phantom 0.007 39.8 0.13 0.04
1829.2 Side facing phantom 0.007 39.8 1.27 0.37

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, have been corrected by
adding 0.23 dB according to the uncertainty analysis in Table A.2.

GSM 900 BCCH (941.8 MHz) GSM 1800 BCCH (1829.2 MHz)
60,0 \ 60,0
T 50,0 N E 50,0 \
S 40,0 \‘ S 400 \
s 30,0 s 30,0 \\
m e
i 200 A‘W i 200 BT
w 10,0 -6 w 10,0 o
0,0 \ ‘ ‘ 0,0 ‘ ‘ :
0 50 100 150 200 0 50 100 150 200
Distance from antenna (cm) Distance from antenna (cm)

Figure D.1 — Measured electric field (V/m) at the broadcast channel of both GSM 900 and
GSM 1800 for distances from the antenna front ranging from 0.1 m to 1.9 m.

Table D.1 gives 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 side of the antenna radome.

Table D.1 — Results from E-field measurements at distances ranging from 0.06 m to 0.3 m from the
side of the antenna.

. E-field strength (V/m) .
Distance from E-field strength (V/m)
antenna(m) | °oM 9°°MB|_fz():H (941.8 GSM 1800 BCCH (1829.2 MHz)
0.06 271 22.9
0.1 20.8 18.8
0.2 15.6 9.5
0.3 9.7 5.5
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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.

Table D.3 — Results from H-field broadband measurements close to the antenna in different

orientations.
Distance from Orientation H-field strength (A/m)
antenna (m) (Broadband measurement)

0.1 Front 0.3

0.2 Front 0.28
0.3 Front 0.25
0.4 Front 0.22
0.5 Front 0.19
0.6 Front 0.17
0.7 Front 0.15
0.06 Side 0.1

0.1 Side 0.07
0.2 Side 0.041
0.3 Side 0.036
0.06 Bottom 0.057
0.1 Bottom 0.045

juLd uaym pajjosuodun “paniwiad SI uonNgulsip 10 uononpoidal Jayuny ON "UoSIpe sawer Aq #T0Z-82-A0N UO Papeojumop ‘Wo9'189asydalsuonduasgns ou| ‘(d4nualds) siainay uoswoy Ag owaq yg 01 pasuadl| [eusrew pawybuAdod



TR 62669 © IEC:2011(E) -39 -

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)

-Electronics: DAE3 Sn304

-Phantom: U-flat;

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

d=20 mm, Prad = 244.3 mW/Area Scan 3 (121x61x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (interpolated) = 3.72 mW/g

d=20 mm, Prad = 244.3 mW/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 52.2 V/m; Power Drift = -0.051 dB

Peak SAR (extrapolated) = 5.55 W/kg

SAR(1 g) = 3.38 mWI/g; SAR(10 g) = 1.98 mWI/g
Maximum value of SAR (measured) = 3.70 mW/g

dB
0.000

-3.08

-6.16

-9.24

-12.3

-15.4

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;

TR 62669 © IEC:2011(E)

-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=15mm, dy=15mm

Maximum value of SAR (interpolated) = 2.11 mW/g

d=20mm, Prad = 250.9 mW /Zoom Scan (7x7x7) /Cube 0: Measurement grid: dx=5mm, dy=5mm,

dz=5mm

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
Maximum value of SAR (measured) = 2.14 mW/g

dB

Figure E.2 SAR Performance Check: 0 dB =2.14mW/g

0.000
-2.14 E
-4.28 i
-6.42 ,
-8.56
10.7
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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.
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Evaluation Report Template
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Title:  Verification of RF exposure compliance of site with cellular base stations from
two different service providers.
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Site Coordinates (at Tower base): removed
Google Earth Hyperlink: removed
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Industry Canada Industry Canada
Evaluation performed by: Date of Evaluation:
Larbi Dini April 15-28, 2009
Mathieu Gemme
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1. Executive Summary

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
antenna systems at the site under evaluation

This assessment was done by Industry Canada as part of their regulatory auditing program of
radio communication and broadcasting sites. The assessment consisted of computational
modelling to determine the RF exposure compliance boundaries around the antennas, and on-
site frequency selective field strength measurements to determine the RF exposure levels in
the accessible areas.

The RF exposure compliance boundary (uncontrolled environment) was assessed to be 6m
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.

The maximum exposure level on the building adjacent to the base station was assessed to be
0.51% of Safety Code 6 limits for the uncontrolled environment. This was on the roof-top
car park.

Results are presented for this case study using both the best estimate and upper 95% CI
assessment schemes. The exposure levels reported using the upper 95% CI| assessment
scheme include the expanded 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.

2. Evaluation Overview (see Clauses 5 & 6 of the Standard)

21. Site operator information

The computational and measurements results presented in this report defined the RF
exposure compliance for the site, which contained cellular base stations from two different
service providers. These antenna panels were mounted on the roof-top of an office building.
The maximum operator output powers were 1.96 kW EIRP for CDMA, 689 W ERP for GSM
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.

Roo

Figure 1: Area map with identified measurement locations

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 10
MHz
300 MHz to /150 f/30
1.5GHz
1.5 GHz to 150 10 50
GHz
150 GHz to 300 6.67 x 10° f 3.33x10 *f
GHz

Note: Averaging time of 6 minutes
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3. Evaluation Plan (see Clauses 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 select appropriate evaluation methods for a given evaluation
purpose.

3.1.1. Determine evaluation purpose

The purpose of the survey was to verify RF exposure compliance of the radio communication
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 multiple antenna systems
at the site under evaluation.

3.1.3. Determine physical parameters

The antenna parameters are given in this clause.

Table 3: Physical parameters for the antenna systems from service provider A

Parameters

Cellular Base
Station Antenna 1

Cellular Base
Station Antenna 2

Cellular Base
Station Antenna 3

Antenna Type Number

RR33-18-04DPL4

RV33-18-04DPL4

RV65-18-00DPL2

Horizontal HPBW 33° 33° 65°
Vertical HPBW 12° 12° 6°
Directional / omni Directional Directional Directional
Orientation 40° 235° 310°

Broadcast Channels

1850 - 1990 MHz

1850 - 1990 MHz

1850 - 1990 MHz

Maximum Transmit
Power W

250 W

250 W

250 W

Typical Transmit Power

W

Table 4: Physical parameters for the antenna systems from service provider B

Cellular Base
Station Antenna

Cellular Base
Station Antenna

Cellular Base

Parameters 1 2 Station Antenna 3
Antenna Type Number | 7750.1C0.0002.00 TA-824-4-65 7250.04
Horizontal HPBW 69° / 63° 65° 65°
Vertical HPBW 14.3°/ 6.6° 19° 5.5°
Directional / 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
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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, the internal simulation
software developed by Industry Canada for verifying RF exposure compliance before actual
measurements were done at the site. The results of the simulation established the compliance
contours related to Safety Code 6 limits for the uncontrolled environment as well as providing
information on the measurement locations with highest RF exposure levels.

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. Select evaluation method

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

3.3. Complete the evaluation plan

The following tables represent a check sheet for computational and on-site measurements,
respectively.
Table 5: Computational evaluation check list
Step Description
1 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

e Determine reflection plan to study

o Enter parameters corresponding to the chosen plane
10 Analyse results

OO N|OO|D|WIN
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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 density 36 %),
time averaging over 6 minutes is required for the remaining measurements.

4 Walk around the site to make sure that no other points give a stronger field level
signal than calculated with the software Hifield.

5 Depending of the results in step 3, if the measurements are between averaging
(1£0.36), take each point of a 9 point matrix representing the cross-section of a
human body should be logged for 30 seconds. If a measurement is out of the
range (1+£0.36), then 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 using a non-metallic tripod.

3.4. General methodology- field evaluation spatially averaged (see Clause 6.2.2 of

Standard)

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
(see Clause 3.4 of this report).

The far field distance should be considered when selecting the measurement locations.
Normally if a location is in the far field of every radiating element, then an E-field probe is
sufficient. Otherwise both E-Field and H-field should be measured.

A written record should be kept of the measurement locations, reading levels and logging
time.

Measurement 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
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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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.
Table 7: Nearby stations list
Max ERP Ground Lev Rad Center
CallSign ALS 1D City (W) (m) (m) Type
SITE328792 | 7007671760 | P-PQ0207 291.9 48 77.7 ALS
SITE328792 | 7007671759 | P-PQ0207 452 48 77.7 ALS
SITE328792 | 7007671758 | P-PQ0207 452 48 77.7 ALS
E0578-
SITE413984 | 7007144866 WE 391 48 77.7 ALS
E0578-
SITE413984 | 7007144864 WE 125.7 48 77.7 ALS
E0578-
SITE413984 | 7007144865 WE 174.3 48 77.7 ALS
E0578-
SITE413984 | 7007144859 WE 314.9 48 77.7 ALS
E0578-
SITE413984 | 7007144858 WE 246.1 48 77.7 ALS
E0578-
SITE413984 | 7007144860 WE 149 48 77.7 ALS

The additional changes were:

— EIRPs were entered manually to take in account the number of channels per sector, which
is not currently handled in the internal database.

— EIRPs were corrected for PCS stations (~1900 MHz) since power is considered differently
between the database (ERP) and the HiField software (EIRP). The output power would be
under-evaluated by a factor of 1.64 if the changes were not made.

— Antenna displacements were not taken in account.

— Inactive records were excluded from the study. The service providers provided a list of
active channels at each site.

— The vertical antenna patterns are calculated using a cosine reduction for frequencies
between 30 MHz and 54 MHz and a cosine cubed reduction for frequencies greater than
54 MHz by the software.

— Antenna heights 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).
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Table 8: Percentage (%) of SC6 contour versus distance

% Safety Code Compliance Distance
Contour
100% 6 meters
50% 10 meters
25% 14 meters
10% 23 meters
4.2. Results summary — on-site measurements (spatial averaging)

According to the service providers, peak traffic time for the cellular base stations were
between noon and 1 PM as well as 5 and 6 PM. Therefore, the assessors made all
measurements between these time periods to ensure that the measured RF values were at
their maximums.

Figure 3: Location D underneath the cellular antenna panels and microwave
transmissions links facing a residential area.

Considering the temporal variation of the signals within 6 minutes was less than 20% for the E
field (or 36% for power density) during the initial site characterization, spatial averaging
measurements were taken for the remaining survey. Each point of the 9 points 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) Environment)
1 0.5 m Right 0.51 0.09 0.02 0.62
2 1.125 m Right 1.75 0.1 0.04 1.89
3 1.75 m Right 5.23 0.15 0.05 5.43
4 0.5 m Center 0.56 0.09 0.02 0.67
5 1.125 m Center 1.04 0.10 0.03 1.18
6 1.75 m Center 5.63 0.11 0.05 5.79
7 0.5 m Left 0.76 0.07 0.02 0.85
8 1.125 m Left 1.70 0.16 0.04 1.90
9 1.75 m Left 4.93 0.12 0.05 5.10
Total 23.43
9 points Spatial Avg 2.60

Table 10: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) 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 avg MHz (% of MHz (% of (% of Safety Code 6 (% of Safety
Safety Code 6 Safety Code 6 for Uncontrolled Code 6 for
for Uncontrolled for Environment) Uncontrolled
Environment) Uncontrolled Environment)
Environment)

1 0.5 m Right 1.01 0.17 0.04 1.22

2 1.125 m Right 3.43 0.21 0.07 3.71

3 1.75 m Right 10.24 0.30 0.10 10.64

4 0.5 m Center 1.09 0.18 0.04 1.31

5 1.125 m Center 2.04 0.20 0.07 2.30

6 1.75 m Center 11.04 0.21 0.09 11.35

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.

juLd usym pajjosiuooun "paniwiad si uonnguisip Jo uononpoidal Jayuny oN uosipelN sawer Ag #T0Z-8Z-A0N U0 papeojumop ‘Wod18aiisydsl suonduasgns ouj ‘(oinusaios) sisinay uoswoy] Ag owaq yg 01 pasuadl| elsrew paybuido)



- 54 - TR 62669 © IEC:2011(E)

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 building from the roof-top of the office building where
the cellular base stations antennas are mounted

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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Figure 6: Example of the 9-points spatial averaging scheme as per Safety Code 6
and as Annex | of the IEC 62232

Measurements using the 2 different spatial averaging schemes were done at locations A to G,
and the results can be found in Table 9. While the results between the 2 schemes are similar,
the 9 points spatial averaging scheme defined in Safety Code 6 is more representative of
whole-body exposure.

Table 11: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) between two different 9 points spatial averaging schemes for different

locations
Location 9 point 9 points
spatial spatial
averaging averaging per
per SC6 Annex | of
IEC 62232
A 2.47% 2.83%
B 2.56% 4.42%
C 1.48% 1.90%
D 5.10% 6.17%
E 0.11% 0.12%
F 0.36% 0.32%
G 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 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.

Appendix D includes the on-site results at each location where measurements were taken,
and finally, Appendix E contains the measurement scans for each frequency bands evaluated
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
measurement equipment uncertainty.

The maximum exposure level on the building adjacent to the base station was assessed to be
0.51% of Safety Code 6 limits for the uncontrolled environment. This was on the roof-top car
park. This assessment includes the measurement equipment uncertainty.

Based on the compliance boundary assessment, RF exposure levels assessed on the building
roof-top and adjacent buildings, and building access control, this site is determined to be in
compliance with Health Canada’s Safety Code 6 for the uncontrolled environment.
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6.1. Uncertainty analysis — field strength measurements
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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.

. Description unit | distrib. span coeff. corr. stand.
(influence type a d c factor | uncert.
quantity) t w=ald cu?
Measurement
equipment

As specified by
Combined instrument
instrument manufacturer dB normal 2.9 1.96 1 0.23 1.48 2.19
uncertainty’ for 1800-2200
MHZz?
Methodology
- Not applicable

Probe position o
in high field | ~teStpositions - 4g o0 0 1.73 1 0 0.00 | 0.000
gradients not in high

field gradients
Field |
. nfluence of
reflections
from Probe > 1m
, away from dB rect 1.5 1.73 1 0 0.87 0.750
measurer’s
. body of the

body  during measurer

measurement
No analog
meter reading

Meter reading are done —

oo of | results stored | 5 | o5 0 2.45 1 0 0.00 | 0.00
uctuating automatically
signals to memory for
downloading to
pc
Source and
environment
Averaged
uncertainty with
H 0,
ipa“a'. a95% dB | rect 1.8 1.73 1 0 1.04 | 1.08
veraging confidence
interval for a 9-
point grid
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=asd cu?
RF
propagation &
environmental Low level
clutter loss | measurements dB triang 15 245 1 0 0.61 0.375
(for low level - low clutter
environmental environment
measurements
)
Combined correction factor, 0.23
Combined standard uncertainty 2.39
Coverage factor for 95% ClI, k 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 desktop modelling software.
Table 13: Uncertainty Assessment for Desktop Computation
Source of .
. prob. semi - sens.
u_n;:lertalnty Description unit | distrib. | span divisor coeff. corr. stand.
(influence type P d ¢ factor | uncert.
quantity) t w=ald cu?
System
Variation in the T .
radiated power ransmitter
of the RF | Power can dB rect 2 1.73 1 0 1.15 1.33
vary.
source
Long cables
Cable ~ and | connect the | yg | o0 1 1.73 1 225 | 058 | 033
system losses transmitters to
the antennas.
Lossy
components
Radiation Loss | INSi4 dB | rect | 1.25 1.73 1 -1.25 072 | 052
antennas
cause
radiation loss.
Environmental
Uncertainties
Scattering and
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-meter RF extension
cable, serial number EC5D1CBA46B88AFD. The last calibration was done on July 30, 2008.
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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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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
points (meter) MHz (% of MHz (% of (% 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 0.90 0.04 0.07 1.01

2 1.125 m Right 2.39 0.07 0.11 2.57

3 1.75 m Right 3.42 0.35 0.17 3.94

4 0.5 m Center 0.79 0.05 0.09 0.93

5 1.125m 2.21 0.10 0.12 2.43

Center

6 1.75 m Center 2.49 0.35 0.16 3.00

7 0.5 m Left 0.92 0.13 0.08 1.13

8 1.125 m Left 2.46 0.44 0.12 3.02

9 1.75 m Left 2.89 1.14 0.15 4.18

Total 22.21
9 points Spatial
Avg 2.47

Table 15: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location B.

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 0.22 1.14 0.08 1.44

2 1.125 m Right 0.12 3.36 0.13 3.61

3 1.75 m Right 0.24 3.64 0.22 4.10

4 0.5 m Center 0.15 1.80 0.07 2.02

5 1.125 m Center 0.1 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 0.5 m Center 0.50 0.15 0.07 0.72

5 1.125 m Center 0.57 0.29 0.14 1.00

6 1.75 m Center 2.84 0.33 0.11 3.28

7 0.5 m Left 0.43 0.07 0.05 0.55

8 1.125 m Left 0.36 0.22 0.15 0.73

9 1.75 m Left 2.55 0.20 0.13 2.88

Total 13.36
9 points Spatial Avg 1.48

Table 17: 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 54 MHz-765 MHz Total
points MHz (% of MHz (% of (% of Safety Code 6 (% of Safety
spatial Safety Code 6 Safety Code 6 for for Uncontrolled Code 6 for

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

1 0.5 m Right 0.02 0.01 0.01 0.04

2 1.125 m Right 0.03 0.02 0.02 0.07

3 1.75 m Right 0.10 0.01 0.04 0.15

4 0.5 m Center 0.06 0.01 0.01 0.08

5 1.125 m Center 0.10 0.01 0.02 0.13

6 1.75 m Center 0.14 0.01 0.04 0.19

7 0.5 m Left 0.06 0.004 0.01 0.07

8 1.125 m Left 0.05 0.01 0.02 0.08

9 1.75 m Left 0.15 0.01 0.04 0.20

Total 1.01
9 points Spatial Avg 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

5 1.125 m Center 0.09 0.05 0.10 0.24

6 1.75 m Center 0.13 0.04 0.12 0.29

7 0.5 m Left 0.16 0.07 0.11 0.34

8 1.125 m Left 0.08 0.69 0.12 0.89

9 1.75 m Left 0.20 0.1 0.12 0.43

Total 3.36
9 points Spatial Avg 0.37

Table 19: 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 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 0.45 0.02 0.05 0.52

2 1.125 m Right 0.43 0.01 0.11 0.55

3 1.75 m Right 0.33 0.02 0.18 0.53

4 0.5 m Center 0.63 0.02 0.06 0.71

5 1.125 m Center 0.36 0.02 0.12 0.50

6 1.75 m Center 0.34 0.02 0.18 0.54

7 0.5 m Left 0.35 0.02 0.06 0.43

8 1.125 m Left 0.20 0.01 0.12 0.33

9 1.75 m Left 0.28 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.
/A narda Froqueney: 409,50

Safety Test Solutions Marker vahie: 0.0000018
an (B cmmurscasors Gompany Standard; sC6
1000 |

100 200 300 400 500 600 700
Frequency [MHz]

Figure 11: Narda SRM-3000 measurement scan for the frequency range of 54 MHz-765 MHz

Frequency: 881.49687 MHz
/A narda = Markor Vs <0,0000001 %
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100

10
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Figure 12: Narda SRM-3000 measurement scan for the 800 MHz frequency range
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Annex C
(informative)

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.
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Evaluation Report Template
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Title:  Verification of RF exposure compliance of site with cellular base station and
satellite broadcast radio repeater
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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 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 assessment was done by Industry Canada as part of
their regulatory auditing program of radio communication and broadcasting sites.

The assessment consisted of computational modelling to determine the RF exposure
compliance boundaries around the antennas, and frequency selective field strength
measurements to determine the RF exposure levels in the surrounding residential and
commercial areas. The accessible areas of the roof-top were also measured.

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 location is not accessible to the general public.

The maximum exposure level in the residential and commercial areas around the building was
assessed to be 0.044% of Safety Code 6 limits for the uncontrolled environment

Results are presented for this case study using both the best estimate and upper 95% CI
assessment schemes. The exposure levels reported using the upper 95% Cl assessment
scheme include the expanded 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.

2. Evaluation Overview (see Clause 5 & 6 of the Standard)

21. Site operator information

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‘ﬁ‘l

ATTENTION DANGER

ZOME DEMISSION EMISSION INTENSE
DE RADICFREQUEMNCES DF RADIOFREQUENCES

ENTREE INTERDITE DEFENSE D'ENTRER

Figure 3: Examples of “Caution” and “Danger” signs

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 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 the controlled environments and limits for the uncontrolled environments.
The reference limits can be summarised in Table 3 below.

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

3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A.)

3.1.

Frequency(MHz) SC6 Uncontrolled Environment SC6 Controlled Environment
Limit (Wm?) Limit (Wm)
30MHz to 300 MHz 2 10
300 MHz to 1.5GHz /150 f/30
1.5GHz to 150 GHz 10 50
150GHz to 300 GHz 6.67 x 10°f 3.33x10 " f

Note: Averaging time of 6 minutes

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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3.1.1. Determine evaluation purpose

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 Station S-DARS Transmission
Parameters Station Antennall Antennalll Repeater Link
Antenna Type TA-2304-
Number TA-824-4-90 7740.00 2BAB90 VHLP2-180
Horizontal
HPBW 90° 86° 90° -
Vertical HPBW 18° 6.6° 0° 2.1°
Directoinal /
Omni Directional Directional Directional Directional
Orientation 50°, 170°, 290° 50°, 170°, 290° 270° 214°
2330 MHz -
Broadcast 1710 MHz — 2170 MHz / 2345 MHz 17.700 GHz -
Channels 824 MHz — 896 MHz 1850 MHz — 1990 MHz 19.700 GHz
Maximum
Transmit Power
W 500 W 500 W 800 W -
Typical Transmit
Power W - 250 W 200 W -
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, no other antenna systems other than the ones located on the roof-top of the
building were found when the environment search was performed.

3.1.5. Estimate the field at the evaluation point

A computational assessment of the site was done using HiField, the internal simulation
software developed by Industry Canada for verifying RF exposure compliance before actual
measurements were done at the site. The results of the simulation established the compliance
contours related to Safety Code 6 limits for the uncontrolled environment as well as providing
information on the measurement locations with highest RF exposure levels.

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 Select evaluation method

A computational assessment and on-site frequency selective field measurements were
chosen as the evaluation methods for verifying RF exposure compliance of the site.
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Table 4: Computational evaluation check list

Step Description

1 Enter HiField project name

2 Specify study site geographic coordinates

3 Specify search area radius for nearby stations

4 Specify default vertical pattern for stations without antenna patterns

5 Adjust ground levels and radiating centers

6 Validate or exclude nearby stations

7 Use the tower editor to manage tower locations and ASML height

8 Modify, if need be, other nearby stations parameters

9 Plot SC-6 contours:

e Set reflection flat plane elevation
e Determine reflection plan to study
e Enter parameters corresponding to the chosen plane
10 Analyse results
Table 5: 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 density 36 %), time averaging over 6 minutes is required for the
remaining measurements.

4 Walk around the site to make sure that no other points give a stronger field
level signal than calculated with the software Hifield.

5 Depending of the results in step 3, if the measurements are between

averaging (1+0.36), take each point of a 9 point matrix representing the
cross-section of a human body should be logged for 30 seconds. If a
measurement is out of the range (1+0.36), then 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 using a non-
metallic tripod.
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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
(see Clause 3.4 of this report).

The far field distance should be considered when selecting the measurement locations.
Normally if a location is in the far field of every radiating element, then an E-field probe is
sufficient. Otherwise both E-Field and H-field should be measured.

A written record should be kept of the measurement locations, reading levels and logging
time.

Measurement 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.

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
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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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 6. Furthermore, several manual changes were applied prior to the simulations, and are
listed below.

Table 6: Nearby stations list

CallSign ALS ID City Max ERP (W) Ground Lev (m) Rad Center (m) | Type

XMSEU1 SAINT EU 3380.0 30 54.7 TV
SITE413825 7007143906 E0212-ST 130.4 30 61.1 ALS
SITE413825 7007143907 E0212-ST 130.4 30 61.1 ALS
SITE413825 7007143905 E0212-ST 260.7 30 61.1 ALS
SITE413825 7007143899 E0212-ST 456.3 30 61.1 ALS
SITE413825 7007143901 E0212-ST 456.3 30 61.1 ALS
SITE413825 7007143900 E0212-ST 391.1 30 61.1 ALS

VBB771 51511870001 SAINT EU 393.7 30 62.8 ALS

The additional changes were:
— EIRPs were entered manually to take in account the number of channels per sector, which
is not currently handled in the internal database.

— EIRPs were corrected for PCS stations (~1900 MHz) since power is considered differently
between the database (ERP) and the HiField software (EIRP). The output power would be
under-evaluated by a factor of 1.64 if the changes were not made.

— Antenna displacements were not taken in account.

— Inactive records were excluded from the study. The service providers provided a list of
active channels at each site.

— The vertical antenna patterns are calculated using a cosine reduction for frequencies
between 30 MHz and 54 MHz and a cosine cubed reduction for frequencies greater than
54 MHz by the software.

— Antenna heights 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.
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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% 7 meters 3 meters
25% 9 meters 6 meters
10% 15 meters 14 meters
4.2. Results summary — on-site measurements (spatial averaging)

Considering that the temporal variation of the signals during 6 minutes was less than 20% for
the E field (or 36% for the power density) during the initial site characterization, the surveyors
only took spatial averaging measurements for the remaining survey. Each point of the 9 points
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 J. This location is situated on the second level roof-top of the office building, a
few meters in front of the satellite broadcasting repeater.

=4 "
_ “404/2009 33__:_21-&

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 29.79 29.82

4 0.5 m Center 0.02 0.03 4.95 5.00

5 1.125 m Center 0.03 0.02 13.76 13.81

6 1.75 m Center 0.03 0.012 23.91 23.96

7 0.5 m Left 0.03 0.02 3.36 3.41

8 1.125 m Left 0.02 0.01 7.64 7.67

9 1.75 m Left 0.02 0.01 9.25 9.28

Total 109.85
9 points Spatial Avg 12.21

Table 9: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) 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 ) (ul el 0.06 0.04 6.98 7.08

2 1.125 m Right 0.04 0.04 25.97 26.05

3 1.75 m Right

0.04 0.02 58.39 58.45

4 0.5 m Center

0.04 0.06 9.70 9.80
5 1.125 m Center
0.06 0.04 26.97 27.07
€ o2 () (GO 0.06 0.02 46.86 46.95
7 0.5 m Left
0.06 0.04 6.59 6.68
8 1.125m Left 0.04 0.02 14.97 15.03
9 1.75 m Left
0.04 0.02 18.13 18.19
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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Figure 5: Example of the 9-points spatial averaging scheme as per Safety Code 6
and as Annex | of the IEC 62232 CDV

Measurements were done at different locations using the 2 different spatial averaging
schemes, and the results can be found in Table 10. While the results between the 2 schemes
are similar, the 9 points spatial averaging scheme defined in Safety Code 6 is more
representative of whole-body exposure.

Table 10: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) between two different 9 points spatial averaging schemes for different
locations

Location 9 point 9 points
spatial spatial
averaging averaging per

per SC6 Annex | of

IEC 62232
D 0.038% 0.040%
E 0.040% 0.040%
F 0.023% 0.017%
G 0.036% 0.028%
H 0.026% 0.027%
| 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
Cc 0.28
D 0.038
E 0.041
F 0.023
G 0.036
H 0.028
| 0.044
J 23.92
K 0.16
L 0.27
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
boundary would be located at approximately 2 meters directly in front of the satellite
broadcast repeater and 4 meters for the cellular base stations antenna panels. However,
considering this is in the near field region of the antenna, additional studies and/or
measurements to verify the location of exact compliance boundary would be required.

The maximum RF exposure value measured on the roof-top was 23.92% of the RF exposure
limit.

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% ClI

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 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.

Appendix D includes the on-site results at each location where measurements were taken,
and finally, Appendix E contains the measurement scans for each frequency bands evaluated
using the Narda SRM-3000.
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5. Conclusions

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 maximum exposure level in the residential and commercial areas around the building was
assessed to be 0.044% of Safety Code 6 limits for the uncontrolled environment. This value
includes the measurement equipment uncertainties.

Based on the RF exposure levels assessed in the residential and commercial area, the
compliance boundary assessment, and building access control, this site is determined to be in
compliance with Health Canada’s Safety Code 6 for the uncontrolled environment.
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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

. . prob. semi Lo sens.
Source of uncertf_ltnty (influence unit | distrib. | span divisor coeff. | Corr. stand.
quantity) type a d c factor | uncert.
t u=ald c?u?
Measurement equipment
Combined instrument uncertainty’
As specified by instrument
manufacturer for 1800 to 2000 dB normal 2.9 1.96 1 0.23 1.48 2.19
MHZ?
Methodology
Probe position in high field
gradients: Not applicable - test
positions not in high field dB rect 0 1.73 1 0 0.00 0.000
gradients
Field reflections from measurer’'s
body ~during ~ measurement: | g | o 1.5 1.73 1 0 0.87 | 0.750

Influence of Probe > 1m away
from body of the measurer

Meter reading error of fluctuating
signals: No analog meter reading
are done — results stored | dB triang 0 2.45 1 0 0.00 0.00
automatically to memory for
downloading to pc

Source and environment

Spatial Averaging - Averaged
uncertainty with a 95 % confidence dB rect 1.8 1.73 1 0 1.04 1.08
interval for a 9-point grid

Variation in the power of the RF
source from the nominal level
Datasheet of radio manufacturer dB rect 2 1.73 1 0 1.15 1.333
states Output Power uncertainty to
be +- 2 dB

Field reflections from movable
large objects near the source
during measurement: No moving
large objects

dB rect 0 1.73 1 0 0.00 0.000

RF propagation & environmental
clutter loss (for low level dB triang 1.5 2.45 1 0 0.61 0.375
environmental measurements)

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
Variation in the radiated power
of the RF source Transmitter dB rect 2 1.73 1 0 1.15 133
power can vary.
Cable and system losses Long
cables connect the transmitters dB rect 1 173 1 225 0.58 0.33
to the antennas.
Radiation Loss Lossy
components  inside antennas | o rect 1.25 1.73 1 1.25 0.72 0.52
cause radiation loss. ’ ’ ’ ’ ’
Environmental Uncertainties
Reflection and Scattering on top
of buildings can create hotspots
where E-fields add in-phase. dB rect 1 1.73 1 0 0.58 0.33
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-meter RF extension
cable, serial number EC5D1CBA46B88AFD. The last calibration was done on July 30, 2008.
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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.
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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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Figure 9: Azimuth view at ground level, at a height of 30 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 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.

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

avg Environment) Uncontrolled Uncontrolled Uncontrolled
Environment) Environment) Environment)
1 0.5m 0.06 0.05 4.69 4.80
Right
2 1.125 m 0.08 0.02 10.51 10.61
Right
3 1.75 m 0.11 0.09 43.79 43.99
Right
4 0.5m 0.04 0.05 1.37 1.46
Center
5 1.125 m 0.07 0.02 6.53 6.62
Center
6 1.75 m 0.11 0.01 40.01 40.13
Center
7 0.5m 0.04 0.03 2.53 2.60
Left
8 1.125 m 0.06 0.02 9.52 9.60
Left
9 1.75 m 0.07 0.01 44.05 4413
Left
Total 163.94
9 points Spatial Avg 18.22

Table 15: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location B.

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

avg Environment) Uncontrolled Environment) Environment)
Environment)
1 0.5m 0.09 0.01 0.06 0.16
Right
2 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
3 1.75 m 0.21 0.03 0.02 0.26
Right
4 0.5m 0.23 0.02 0.03 0.28
Center
5 1.125 m 0.20 0.01 0.02 0.23
Center
6 1.75 m 0.22 0.03 0.04 0.29
Center
7 0.5m 0.19 0.02 0.02 0.23
Left
8 1.125 m 0.17 0.01 0.03 0.21
Left
9 1.75 m 0.21 0.02 0.34 0.57
Left
Total 2.56
9 points Spatial Avg 0.28

Table 17: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location D.

9 Height 869 MHz -894 1930 MHz - 1990 2335.7 MHz-2341.8 Total
points (meter) 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 0.5m 0.001 0.001 0.004 0.006
Right
2 1.125 m 0.002 0.001 0.045 0.048
Right
3 1.75 m 0.003 0.001 0.046 0.050
Right
4 0.5m 0.002 0.001 0.041 0.044
Center
5 1.125 m 0.002 0.001 0.036 0.039
Center
6 1.75 m 0.003 0.002 0.039 0.044
Center
7 0.5m 0.002 0.0004 0.031 0.033
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 0.050 0.053

6 1.75 m Center 0.002 0.001 0.048 0.051

7 0.5 m Left 0.002 0.001 0.037 0.040

8 1.125 m Left 0.002 0.001 0.026 0.029

9 1.75 m Left 0.003 0.001 0.038 0.042

Total 0.365
9 points Spatial Avg 0.041

Table 19: 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 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 0.013 0.002 0.001 0.016

2 1.125 m Right 0.030 0.001 0.001 0.032

3 1.75 m Right 0.023 0.002 0.001 0.026

4 0.5 m Center 0.019 0.001 0.0004 0.020

5 1.125 m Center 0.025 0.001 0.001 0.027

6 1.75 m Center 0.019 0.002 0.001 0.022

7 0.5 m Left 0.018 0.001 0.0005 0.020

8 1.125 m Left 0.024 0.001 0.001 0.026

9 1.75 m Left 0.016 0.001 0.001 0.018

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 0.0002 0.038

5 1.125 m Center 0.018 0.003 0.0004 0.021

6 1.75 m Center 0.040 0.003 0.0006 0.044

7 0.5 m Left 0.028 0.001 0.0002 0.029

8 1.125 m Left 0.018 0.002 0.0004 0.020

9 1.75 m Left 0.029 0.004 0.0004 0.033

Total 0.323
9 points Spatial Avg 0.036

Table 21: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location H.

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 0.008 0.002 0.002 0.012

2 1.125 m Right 0.018 0.001 0.002 0.021

3 1.75 m Right 0.030 0.001 0.002 0.033

4 0.5 m Center 0.017 0.002 0.024 0.043

5 1.125 m Center 0.023 0.001 0.001 0.025

6 1.75 m Center 0.034 0.001 0.002 0.037

7 0.5 m Left 0.013 0.003 0.002 0.018

8 1.125 m Left 0.023 0.001 0.001 0.025

9 1.75 m Left 0.037 0.002 0.002 0.041

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

5 1.125 m Center 0.039 0.0004 0.0003 0.040

6 1.75 m Center 0.052 0.002 0.0003 0.054

7 0.5 m Left 0.043 0.0002 0.0003 0.044

8 1.125 m Left 0.039 0.0004 0.0003 0.040

9 1.75 m Left 0.024 0.0004 0.0003 0.025

Total 0.400
9 points Spatial Avg 0.044

Table 23: Percentage (%) of SC6 (including expanded measurement equipment
uncertainty only) at each point of the 9-points spatial averaging scheme for location K.

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 0.07 0.02 0.0004 0.09

2 1.125 m Right 0.15 0.03 0.04 0.22

3 1.75 m Right 0.02 0.01 0.03 0.06

4 0.5 m Center 0.06 0.02 0.01 0.09

5 1.125 m Center 0.17 0.01 0.01 0.19

6 1.75 m Center 0.11 0.02 0.14 0.27

7 0.5 m Left 0.08 0.01 0.01 0.10

8 1.125 m Left 0.15 0.01 0.01 0.17

9 1.75 m Left 0.17 0.02 0.10 0.29

Total 1.48
9 points Spatial Avg 0.16
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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

5 1.125 m Center 0.25 0.02 0.01 0.28

6 1.75 m Center 0.31 0.04 0.03 0.38

7 0.5 m Left 0.11 0.02 0.02 0.15

8 1.125 m Left 0.29 0.04 0.01 0.34

9 1.75 m Left 0.31 0.04 0.03 0.38

Total 2.44
9 points Spatial Avg 0.27
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10. Appendix E: Measurement Scans
This appendix contains samples measurement scans covering the GSM850, GSM1900 and
the S-DARS systems.
narda e
A m‘!’.“:«zﬂ?‘. Standard: o 5C6 GP
z
g o0m
870 C es ssquwenw[MHZ] 885 890
Figure 10: Narda SRM-3000 measurement scan for the frequency
range of 869 MHz-894 MHz (GSM 850)
/A narda s
;,M@mmm_,, Standard: 5C6 GP
*g 001
£
0.000001 A : H
‘|‘I|.. mli ( |
Figure 11: Narda SRM-3000 measurement scan for the frequency
range of 1930 MHz-1990 MHz (GSM1900)
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Frequency: 233874687 MHz
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Figure 12: Narda SRM-3000 measurement scan for the frequency
range of 2335.8 MHz-2341.4 MHz (S-DARS)
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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.
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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

Google Earth Hyperlink: removed
Evaluation laboratory: Company/Client:

EMSS Consulting Vodacom-SA (Pty) Ltd

Te Deum Building Vodacom Corporate Park,
No. 3 Messon Str. 082 Vodacom Boulevard,
Technopark Vodavalley, Midrand
Stellenbosch South Africa

South Africa

Evaluation performed by: Date of Evaluation:

Dirk Brockman & Wessel van Brakel 2 April 2008 and 9 April 2009

Identification number of original report/s:

P00-2008-01 and Evaluation of IEC PT62232 — Spatially Averaged Field on Roof-top —
Test Report Draft 01 - 04_2008

Assessor: Quality Assurance:
Dirk Brockman and Valpre Kellerman Wessel van Brakel
EMSS Consulting 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 assessment included on-site spatially averaged field strength measurement at the control
boundary and a desktop computational assessment to determine the compliance boundary.
The maximum values were compared against international safety guidelines know as ICNIRP
(International Commission on Non lonizing Radiation Protection) Guidelines.

This case study demonstrates that both measurement and computation assessment methods
are valid for this type of base station assessment.

An initial visual inspection at the site showed the potential for a significant RF field
contribution for other ambient RF sources. A wide frequency sweep established that the
ambient contribution would not be significant and hence only the RF fields from the RBS
under evaluation needed to be considered.

Prior to the on-site field strength measurements, an initial estimate of the control boundary
distance was calculated and determined to be 13.2 m from the antennas for the general public
limit and 3.2 m from the antenna for the occupational exposure limit.

Spatially averaged field strength measurements were then conducted on the roof-top at the
selected control boundary distances of 13.2m and 3.2m from the antennas. The
measurements demonstrated the actual field strength levels were well below the occupational
and general public limits allowing for the maximum operating power. This verifies that
conservative control boundaries have been selected.

A separate desktop assessment using a commercial computational tool with ray tracing was
conducted, and that determined that the distance from the antenna to general public
compliance boundary was less than 10m, and less than 1m to the occupational compliance
boundary, along the maximum exposure radial under maximum operating power.

Full uncertainty analyses were performed for both evaluation methods indicating high
confidence that actual exposure would not be higher than the relevant ICNIRP limits at the
specified control boundary distances. The best estimate assessment scheme was used for
both the desktop 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

Operator Technology
Vodacom GSM900, UMTS 2100
2.2. Site environment

Figure 2.2 Photograph of macro cell on building roof-top antenna

As shown in Figure 2.2 the three panel antennas are mounted quite low on the roof-top structure with
the whip antenna installed above the roofline.

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
level limit values as published in the ICNIRP guidelines. The limit
should not be exceeded outside the exclusion zones — therefore the
highest potential value or the worst case scenario should be used.

Comparison against limit value at | ICNIRP guidelines could be exceeded at certain locations — inside the
specific locations to check if the exclusion zone determined with IXUS.
limit has been exceeded

Establish boundary against limit Compliance boundaries should be established at certain points
value surrounding the RBS antennas at which the reference level limit

values as given in the ICNIRP guidelines is met.

3.1.2. Determine equipment under test (EUT) category

Status to be recorded

This category is defined since the evaluation needs to consider
more than one radiating RBS antenna

Complex RBS Category

3.1.3. Determine physical parameters

The antenna parameters are given in this section. An antenna with an azimuth direction of 0° radiates
directly towards the North. A positive electrical tilt means that the antenna is tilted downward.

Antenna 1
Owner 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

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)

Mechanical -1°

Tilt

Directivity Azimuth 110°

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
Electrical tilt UMTS: 3%, GSM900: 7°
Antenna 3
Owner 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: (81.1 m; 33.7 m; 24.6 m)

Mechanical Tilt | -1°

Directivity Azimuth 240°

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 (Air | UMTS and GSM900

interface)

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
Antenna gain Unknown
Beam width Unknown
Orientation Coordinates of base: (96.5 m; 35.3 m; 27 m)
Mechanical Tilt Unknown
Directivity Unknown
Dimensions Height - 3 m; Width - 0.05 m; Depth - 0.05 m
Technology Unknown
(Air interface)
Transmit Power Unknown

A frequency selective measurement is required across the frequency range 75 MHz 3 GHz to
establish whether ambient RF levels need to be considered in the assessment.

3.1.5. Establish the evaluation locations required

Evaluations are required everywhere on and just above the roof-top to determine the ICNIRP public
and occupational exclusion zones. Environment region M with multiple scatterers/absorbers was
defined (see Figure 3.1.5.2). The associated distances of regions | to Ill were determined and are
given in Table 3.1.5.1.

Table 3.1.5.1 Distances and regions

Region I-M Region II-M Region llI-M
Source GSM900: 0...5.2 m GSM900: 5.2 m...13.1 m GSM900: 5.2 m...eo
regions

UMTS: 0..12.2 m UMTS: 12.1 m... 29.18 m UMTS: 12.1 m... o
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Figure 3.1.5.2 Regions of evaluation on the source environment plane

3.1.6. Estimate the field at the evaluation point

The following basic equation was used at the evaluation points to get an idea of the expected field
values at the site:

1
E== [30F G V/m

Where d is the distance from the antenna, P, is the average power radiated from the antenna and G;
is the gain in that direction.

Estimated field values right in front of each antenna were calculated. The field-values were calculated
on the regional boundaries as determined in the previous clause.

For the GSM 900 band:

e Gain of 17 dBi was assumed at 900 MHz (from datasheets)

e Maximum power of 80 W assumed (worst case)
For the UMTS band:

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

e Maximum power of 40 W assumed (worst case)
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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
Distance from
to power emitted in the GSM900 to power emitted in the UMTS
antenna
band band

52m 67 V/m 47 Vim
12.2m 28 V/m 20 V/m
13.1m 26 V/m 19 V/im
292 m 11.8 V/im 8 V/m

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

e  Occupational — 90 V/m

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

e Occupational — 137 V/m

From the calculated field estimates a distance of 5.2 m in front of each antenna would be inside the
public exclusion zone and all other distances calculated would be outside both the public and
occupational exclusion zones.

At d = 3.8 m from the antenna the worst case E-field will be 90 V/m (ICNIRP occupational reference
level) for GSM 900 band. At d = 1.7 m from the antenna the worst case E-field will be 137 V/m
(ICNIRP occupational reference level) for UMTS band.

E-and H-fields cannot be assumed to be orthogonal in region I-M, therefore E- and H-fields should be
measured or calculated in this region/s. Also, the far field conditions are not valid in this region and
reactive power components are not negligible. This should be kept in mind during site compliance
assessments. Furthermore, the E- and H-fields are approximately orthogonal in regions 1I-M and IlI-M.
Therefore only E- or H-fields needs to be calculated.

3.2 Select 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 processing at Position A.

Figure 4.1.1: Site Plan

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-power Beam Width [°] 65
Orientation Vertically mounted
Directivity
Dimensions:
Height [m] 2.628
Width [m] 0.262
Depth [m] 0.149
Technology
Frequencies GSM (935.1 — 946.1 MHz) & UMTS (2110 — 2125 MHz)
Transmit Power GSM (80W max) & UMTS (40W max)
41.4. Decide if ambient fields are to be considered

Ambient fields at the ICNIRP occupational control boundary do not need to be included in the
evaluation as the contribution to the Total exposure should be dominated by antenna 1. Ambient fields
at the ICNIRP general public control boundary and at Position A will be included in the evaluation, but
only if those fields are not less than 20 dB below the maximum field strength from the RBS antennas.
The source environment plane regions for the roof-top antennas are shown in Figure 4.1.5. The
distances are determined as follows:

A 0.32m
Regionl: 0 - max| =% |— 0 - max (2.628711)
) 5.40m
i 54 0.32m Lém
Region II: max Dﬂz womax 9_5552 — max (2.628711) X (13.14'111)
— R 5.40m 12.95m
54 1.6m
Region lll: max D5£, e 00— max (13.1%) S
— 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.

s Antenna

Figure 4.1.5: Source Environment Plane Regions near Roof-top Antenna 2

The field at the evaluation point for the Occupational Boundary should not exceed

=131.92 V/im

Further, the field should not exceed 45.80 V/m at the General Public Boundary on the sector 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.

Figure 4.1.6: Roof-top environment

The positions on the sector line of Antenna 1 where the ICNIRP zones should be present were
determined from known simulation results to be 3.22 m and 13.10 m from Antenna 1’s front surface, on
the sector line, while position A were determined through the handheld field measurement techniques to
be a position where the contribution from both antennas 1 and 2 were roughly the same in field strength,
9.48 m perpendicular from the wall Antenna 2 is mounted on, 1.28 m from the corner between Antennas
1 and 2. All measurements subsequently performed at these measurement positions were performed
with the probe of the measuring system mounted on a non-conductive tri-pod.

4.2, Select evaluation method

Frequency selective measurements over a broad bandwidth (75 MHz — 3 GHz) were performed at
each position to determine if other EMF sources should be included in the evaluation. Although a DCS
contribution was observed, it was more than 20 dB below the maximum field strength observed, thus
only GSM and UMTS contributions were included within the evaluations.

Frequency selective measurements within the GSM and UMTS bands were performed to determine
the maximum field strength of the pilot channels from each antenna at each frequency band. Spatial
averaging over 9-points was used at each measurement position. Figure 4.2 below shows the setup at
each Measurement Position.

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 sites:

Hazard Severity | Precautions

Over exposure by RBS |4 RF Training to all personnel working on roof-tops

antennas

Dehydration and Heat Stroke 8 Wear Hat and drink enough water/fluids while
working on roof-top

Fall off roof 5 Clear communication to all personnel to keep away
from roof edges

Injuries on roof 2 Proper observation and safe working procedures in
place

Risk Severity = Probability (1 [almost no chance] — 5 [will happen]) x Seriousness (1[not serious] —
5[life threatening])
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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.

Red Zone No access without following appropriate shut-down, power-down or pass-through
procedures.
Yellow Zone Access only allowed for RF trained personnel. No access for general staff,

maintenance personnel or the public.

Transparent Zone Accessible for public.

o

Figure 5.1.2: Public and occupational exclusion zones calculated with IXUS
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Kathrein 3

Figure 5.1.3: Top view of exclusion zones and building.
Figure 5.1.4: View exclusion zones from south side of building.
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Figure 5.1.5: Top view - public and occupational caution lines surrounding antennas
Kathrein 1 and 2.

The public zones in the vicinity of antennas 1 and 2 (Kathrein 1 and 2) reaches up to 9.89 m from the
wall behind Kathrein 2 and 6.18 m from the side wall behind Kathrein 1. The occupational exclusion
zones reaches up to 0.96 m in front of each antenna. The exclusion zones in front of Kathrein 3 were
calculated at 0.32 m from the antenna to the occupational boundary, and 2.89 m from the antenna to
the general public boundary, remembering that most of the exclusion zones from this antenna are over
the edge of the building (see figure 5.1.3).

Further graphical results can be found in Appendix D of this report.

5.2. Results summary- spatially averaged field strength measurement

The results (each antenna’s, as well as Total contribution) obtained after extrapolation and spatial
averaging post-processing is shown in Table 5.2 below.

Table 5.2: Total Contribution at Measurement Positions (% of Limit Value)

Measurement Limit Value Total Contribution from Contribution
Position Contribution Antenna 1 from Antenna 2
Occupational % of ICNIRP 15.79 15.50 0.29
Line (3.22m) Occupational
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 computation assumes no RF feeder or transmission system loss for the calculation of
maximum field strength. A correction factor of -3.5dB is specified in the uncertainty table (annex A
table 7.1) to account for typical feeder and transmission system losses. This means that the results of
the desktop simulations would be up to 3.5 dB (2.2 times) less than the ICNIRP limits when including
the feeder or transmission loss.

o The desktop computation uncertainty analysis presented in Annex A Table 7.1 gives an expanded
uncertainty of 7.22dB (Cl 95%). This means a possible variation in level of + 5.3 times.

o When you consider the expanded uncertainty 7.22 dB with the correction factor of -3.5 dB,
the overall assessment is within a typical uncertainty range for desktop simulations

Field Strength Measurement - The measured RF field strength data was assessed to
establish the confidence that the relevant ICNIRP limits are not exceeded at the occupational control
boundaries (3.22 m) and general public control boundary (13.1 m). The measurement uncertainty
analysis presented in Annex A Table 8.1 gives an expanded uncertainty value of 4.05 dB (2.54 times)
(Cl1 95%) with a combined correction factor of 0 dB.

e For the occupational control boundary at 3.22 m, the best estimate field strength is 15.8%
of the limit. Increasing this value by the expanded uncertainty (2.54 times) gives a value of
40.1% of the limit — i.e. 97.5% probability that the true level is below 40.1% of the limit. This
means that there is more than 97.5% probability that at the designated occupational control
boundary the true value will be below the limit.

e For the general public control boundary at 13.1 m, the best estimate field strength is 55%
of the limit. Increasing this value by the expanded uncertainty (2.54 times) gives a value of
140% of the limit. i.e. 97.5% probability that the true level is below 140% of the limit. A quick
estimate (also look at Fig O.1 of the standard) shows that there is about 90% probability that
at the designated general 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.

juLd usym pajjosiuooun "paniwiad si uonnguisip Jo uononpoidal Jayuny oN uosipelN sawer Ag #T0Z-8Z-A0N U0 papeojumop ‘Wod18aiisydsl suonduasgns ouj ‘(oinusaios) sisinay uoswoy] Ag owaq yg 01 pasuadl| elsrew paybuido)



TR 62669 © IEC:2011(E) - 117 -

6. Conclusions

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 public limits allowing for the
maximum operating power. This verifies that conservative control boundaries have been selected

This case study demonstrates that both measurement and computation assessment methods are valid
for this type of base station assessment.

In this specific example, the compliance control boundaries have been set in accordance with the on-
site measurements. In accordance with Annex A of the IEC Standard (Table A.7: Evaluation method
ranking) the E field measurement results takes precedence over the E field ray tracing computed
results. The measurement results have demonstrated a conservative assessment and validate the
computation results.
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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 determining the direction of the antenna is not more than 10 degrees. In view of this,
the uniform uncertainty in output power density of the antenna positioning and mounting and support
structure is considered to be negligibly small and was omitted.

Table 7.1 Uncertainty Assessment for Desktop Computation

Source of Prob semi sens correct
uncertainty L. . P divisor Y ion stand.
(influence Description unit d.lrstr:::). span d coeff. factor uncert.
quantity) yp a ¢ t u=ald cu?
System
Variation in the Transmitter
radiated power dB Rect 2 1.73 1 0 1.15 1.33
of the RF source | POWer canvary.
Long cables
Cable and connect the B | Rect | 175 | 173 1 225 1.01 1.02
system losses transmitters to
the antennas.
Lossy
components
Radiation Loss inside antennas dB Rect 1.25 1.73 1 -1.25 0.72 0.52
cause radiation
loss.
Technique Uncertainties
Simplicity of
antenna models
and the method
Near-f|e!d Model | for determining dB Rect 3 173 1 0 173 3.00
Uncertainty model
parameters limit
the accuracy of
field predictions.
Environmental Uncertainties
Scattering and
reflections on
. top of buildings
Reflectionand | 1 create dB | Rect 48 1.73 1 0 277 7.68
Scattering
hotspots where
E-fields add in-
phase.
N
Combined correction factor, 7. = Zti -3.50
i=1
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 Yy Description unit | distrib. | span coeff. | correction | stand.
(influence Type a d ¢ factor uncert.
quantity) t u=a/d cu?
Measurement equipment
Calibration
(including
?niteenrr:zvleétor Manufacturer
antenna factor gzrtti)friig’?en
|ntgrpp|at|0n, values used,
variation due Verified at
to frequency accredited dB normal 1.5 1.96 1 0 0.77 0.586
response of calibration lab
probe/meter, within 1dB
;ai::s;;?cshs‘ Measurement
) ’ Uncertainty
noise and
power chain
uncertainties)
Manufacturer's
data sheet: 25
Combined Frequency
linearity points through
deviation of the complete f dB Rect 0.17 1.73 1 0 0.10 0.010
meter / cable / range,
antenna measurement
range settings -
27 -> 23 dBm
Ellipse Ratio
Isotropy of the according to
antenna Manufacturer's dB rect 1.27 1.73 1 0 0.73 0.538
data sheet
Combined -
temperature and temvxlet?z:lrt]ure
:‘;‘Sm'(?r']tge o range of dB rect 0 1.73 1 0 0.00 | 0.000
P Manufacturer’s
meter / cable / data sheet
antenna
Methodology
Probe position in _'\lt(;ts?pgls'?t?:::
high field not ipn high dB rect 0 1.73 1 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 4B | triang 0 245 1 0 0.00 | 0.000
fluctuating automatically to
signals memory for
download to pc
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ﬁ::;:teel;:lfty prob. semi | o or | Sens. )
infl Description unit | distrib. | span coeff. | correction | stand.
(in uglce Type a d ¢ factor uncert.
quantity) t u=a/d c’u?
Source and environment
Averaged
uncertainty with
Spatial a 95 %
A\F/)era in 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
Variation in the manufacturer
power of the RF states Output
source from the Power dB rect 2 1.73 1 0 1.15 1.333
nominal level uncertainty to be
+-2dB
Field reflections
from movable
large objects No moving @B | rect 0 173 1 0 0.00 | 0.000
near the source large objects
during
measurement
RF prgpagatlon Not applicable -
& environmental .
clutter loss (for high level
low level environment in dB triang 0 2.45 1 0 0.00 0.000
environmental direct line of
sight to source
measurements)
N
Combined correction factor, £, = Zti 0
i=1
Combined standard uncertainty, u, = 2.07
Coverage factor for 95% Cl, k 1.96
Expanded Uncertainty, U = k *u_ 4.06
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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 Selective Radiation Meter (SRM-3000) with tri-axial probe and 2 m RF Extension Cable.
Spectrum measurements were done and data stored in dbV/m, while UMTS data from demodulation
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.

Kathrein 1

Figure10.1: View exclusion zones from east side of building.

Figure 10.2: Top view. Public and occupational caution lines surrounding antennas Kathrein 3
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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 11.1: Power density comparison along line 1.

45 T
Ray Tracing
40 e Ful Wave |
&"' N‘\‘
l' “
N-E 35 /7 5
- ) ‘\‘
= 4 kS
g ” l/ R
‘® 4 “\
g 25 A \‘
o©
—_
$ 20
32
@ 15
/ s \\
10
f" “5
5
-1.5 -1 0.5 0 0.5 1 1.5
y [m]

Figure 11.2: Power density comparison along line 2.
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Figure 11.3: Horizontal 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.
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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 base station control
channels and extrapolation for maximum operating power.

The assessment showed that the total exposure level from the mobile base station antennas in
accessible areas of the building roof-top was lower than the specified limits at maximum traffic, as well
as at the available maximum transmitting power.

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. In this case the target uncertainty was met.

2. Evaluation Overview (see Clauses 5 & 6 of the Standard)

2.1. Overview

This case study shows compliance to the basic restrictions related to human exposure to radio
frequency electromagnetic fields, on the roof-top of a building where a mobile radio base station is
installed. After developing an evaluation plan, the electric field is measured using the spatial averaging
technique when the base station handles actual radio access calls. The measurement results show
that the total exposure ratio is less than the limits under the condition of maximum traffic at the foot of
the antenna mast.

The antenna system of a mobile base station can be mounted on an antenna tower or established on
the roof-top of a building of a business or residence. On a roof-top, it is possible that the general public
may come into close proximity to the base station antenna mast. After the base station begins
operation, the base station designer or mobile service operator is often requested to demonstrate
compliance to the guidelines for human exposure to radio frequency electromagnetic fields excited
from a base station antenna.

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 Photograph of base station on building roof-top

The macrocell installation consists of a number of antennas spread around the perimeter of the lift
motor room/stairwell of the building. The transmitting frequency covers the 800 MHz, 1500 MHz, and
2100 MHz-bands for the both 2nd generation and 3rd generation mobile communication systems. The
radio base station consists of multiband antennas in a three sector configuration. The distance from
the roof-top to the bottom of the antennas is 7 m.

24. Exposure safety limits

The exposure limits for this evaluation are derived from Article 21 (iii) Paragraph 3 of the Regulations
for Enforcement of the Japanese Radio Law. The electric field strength reference levels are
harmonised to the ICNIRP Guidelines. The reference levels from Article 21 are listed in Table 2.4.

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. 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

The purpose of this assessment is to demonstrate compliance with human exposure limits for a roof-
top-installed mobile base station.

3.1.2 Determine equipment under test (EUT) category

The mobile base station as the target radio source is categorized as a “Complex RBS,” which enables
co-operation with 2nd and 3rd generation digital mobile systems.

3.1.3 Determine physical parameters

The mobile base station as the target radio source is categorized as a “Complex RBS,” which enables
co-operation with 2nd and 3rd generation digital mobile systems. Table 3.1.3 summarizes the physical
parameters of the mobile base station. The transmission frequencies for the PDC system as the 2nd
generation and the IMT-2000 as the 3rd generation system co-exist in the 800 MHz band, 1.5 GHz
band, and 2 GHz band. Figure 3.1.4.1 shows the physical relationship of the antenna system and the
roof-top of the building. The antenna system generates a sector radio zone and comprises three
antennas mounted on masts. The antennas are based on vertical dipole linear array antennas, and
are commonly used in the 800 MHz band, 1.5 GHz band, and 2 GHz band. The height from the roof-
top to the bottom of the antenna is 7 m.

Table 3.1.3 Physical parameters for RBS as target radio source

Values
Frequency band 800 MHz 1.5 GHz 2 GHz
Wireless system PDC PDC UMTS(W-CDMA)
Number of sectors 3 3 3
Maximum RBS RF 72 W/sector 16 W/sector 16 W/sector
power
Feeder loss 3 4 5
Matching loss
(VSWR) <1.2 <1.2 <1.2
Number of transmitters Numbtl-:'r of Number of transmitters Power ratio
or Power ratio transmitters 4/sector 8X3
18/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

: I ./ Rooftop ¢
T — 7
e v) i i
T | >

Distance from foot of antenna,
16 m COCOCOC

l

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

&
5
&
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This evaluation is intended only to establish the exposure from the target radio source based on the
physical parameters. Therefore, evaluating the total exposure is not required with respect to other
radio sources including other mobile base stations and broadcast transmission sites.

However, visible inspection and wide frequency spectrum measurement were performed on the roof-
top of the building, to verify that critical conditions are not found.

Based on visible inspection, several mobile base stations are identified to be at a distance of more
than approximately 2 km from the target source. At the transmission site, TV, FM radio broadcasts,
and medium wave radio broadcasts were not identified on the roof-top. Figure 3.1.4.2 shows the
measured frequency spectrum at the roof-top using a spectrum analyser and the isotropic broadband
antenna, in the frequency range from 30 MHz to 3 GHz. The peak value of the electric field is 120
dBuV/m at the frequency of approximately 1500 MHz, and the total exposure ratio, which is weighted
with the exposure limit as a function of the frequency, is 0.04%. Based on visible inspection and the
spectrum measurement, the roof-top environment does not present critical exposure conditions even if
the field strength from the base station on the roof-top has a time variation according to the radio
traffic.

Total exposure ratio (% of standard)

18 = T 5 3 T T I P L
§ 4.3 2% . 120 461dBuV/m

=4 = e

100

Electric field strength [dBuV/m]
b2

(SR SR SR PR

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 possible that a penthouse or
roof-top based on a concrete structure causes scattering phenomena with respect to the radio
propagation. Based on these views, the roof-top is categorized as Environment-Region 0 or 1, which
indicates no scatter or one reflector.

Table 3.1.5 Distance of boundary related to source region

2L2 .2 2
—sin”j 1.61 5L 2L
Fre quency A A4 A end 1
m m L, <034 034<L,,,<2.54
[m] | [m] . % cos 3 (Lena ) | ( ena S 2.52) (L >252)
800 MHz 161.0 (f=72)
band 0.37 | 0.09 27 (0) 0.6 0.5 0.1
1.5 GHz 295.5 (f=2)
band 0.20 | 0.05 27 (0) 0.3 0.5 0.1
423.3 (f=r2)
2 GHzband | 0.14 | 0.04 27 (0) 0.2 0.5 0.2
In this case, L is the antenna largest dimension of 5.5 m and L., is the antenna diameter of 0.1
m.

3.1.6 Estimate the field at the evaluation point

The electric field strength is estimated using the formula below at the investigation point just under the
antenna and the edge of the roof.
1 —
E=—,30P, G V/m
d £

I3a\,g 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=15[m] connector

G; =20 dBi at main beam

Power ratio=10 between maximum
traffic and pilot 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 investigation point on the roof-
top is Source-Region Il.

3.2. Select evaluation method

In this assessment, the “time and spatially averaged electric field” is selected based on the following
considerations as evaluation ranking 3.

. The electric field strength from the RBS has a time variation according to the radio traffic.

. The roof-top is categorized as Environment-Region 1 in which there is a single scatterer.
Furthermore, the “frequency selective measurement” is selected based on the following consideration
as Evaluation Method Ranking 1.

. The customer requires exposure assessment based on measurement.

. The roof-top is a complex environment, i.e., the RBS has multiple transmitters and antennas
and is categorized as Environment-Region 1. Consequently, calculation of the electric field is more
difficult than the measurement.

3.3. Complete the evaluation plan

The following table represents a check sheet for the on-site measurement.
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Table 3.3 Checklist for the evaluation

Criteria

Evaluation plan activity

Check

General considerations
on safe and practical
working on site

Where the evaluation is to be performed on site:
. 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
appropriate safety protocols to mitigate them. The procedures and guidance given
in IEC 60215 shall be observed where appropriate.

Identify parameters
relevant to the evaluation

Record all parameters needed for the evaluation and any actions needed to
establish/verify their values (see Clause 6 and Annex D).

Clearly establish the evaluation configuration and assessment configuration.

Evaluation method

Ensure that the selected evaluation method(s) is/are clearly defined together with the
reasoning for their selection and clear traceability of their applicability (see Clause 6;
Annex D; Annex F; Annex G; Annex I; Annex J; Annex K; Annex N; and, Annex P).

Evaluation locations

Define the specific evaluation locations required or give sufficient guidance on how
these can be established on site (see Clause 6; Annex A; Annex B; Annex C and Annex
K).

Ensure that it is clear which evaluation methods are used for each evaluation point.

Measurement equipment

Identify measurement equipment to be used, its calibration requirements and compile
relevant documentation (Clause 6; Annex E; and, Annex N).

Computations Establish that the computational resources are available (Clause 6 and Annex F). ~
Establish that the appropriate validation work has been completed for the
implementation (Clause 6 and Annex H).

Uncertainty For any RF field strength or SAR value reported, define where it lies on the uncertainty ~

probability density function e.g. best estimate, upper 95 %, etc. (See Clause 6;
Clause 7; Annex O; and, Annex P).

Consider location on source-environment plane (see Annex B) if this affects the
uncertainty of the evaluation.

Limit evaluations

If comparison with a limit is required:

. Define the relevant limit
e  Define the assessment scheme applicable (Annex M).

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

Reporting

Establish format for the evaluation report appropriate for the evaluation purpose
considering guidance 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
carriers or the power ratio.

3.4.2 Frequency selective measurement method

The electric field measurement equipment is constructed from an isotropic electric field sensor, a
frequency selective receiver, and a code selective receiver as shown in Figure 3.4.2.1 overleaf.

The isotropic response of the electric field sensor is obtained by the following calculation with respect
to each orthogonal electric field component.

E’=E!+E, +E:

where E is the electric field strength, E, is the x component of the electric field, E, is the y component
of the electric field, and E, is the z component of the electric field.

Isotropic electric field sensor

V2
i

Portable
PC

Frequency selective receiver
x - component [ Code selective receiver

Frequency selective receiver
y - component | Code selective receiver

Frequency selective receiver
z - component Code selective receiver Carriage

J

Figure 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
N PDC _ Sector N, PDC _ Band E

2 PDC,i,j
€ppc = E
i=l =l R,j
2
N, UMTS _ Sector N UMTS _ Band E
2 _ UMTS i, j
Cumrs = E
i=1 Jj=1 R,j
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E2

_ 2
PDC,ij — (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 e/,ss: The exposure ratio for UMTS.

=

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

*  Nyuzs pana - The number of frequency bands for the UMTS.
E

umrs,i,,; - 1he electric field strength for UMTS with sector-/ and frequency band-j.

R.J: The reference electric field strength for the exposure limits at frequency band-j.
E ey, ;+ The electric field strength for the CCH of the PDC system at sector-i and frequency

band-j.
*  Nyppe, it The assigned number of traffic channels at sector-i and frequency band-j.
*  Epcy,;: The electric field strength for the CPICH of UMTS at sector-i and frequency band-j.
. ﬂi, I The power ratio for UMTS at sector-i and frequency band-j.

The total exposure ratio, e, , is the summation of the exposure from the PDC system and UMTS.
The PDC system is simultaneously operated at the frequency bands of 800 MHz and 1.5 GHz. The
electric field strength of the control channel, £, , ;, is measured by the frequency selective receiver
based on the spectrum analyser. The resolution bandwidth of the spectrum analyser is set to the
occupational bandwidth, which is approximately 21 kHz. The exposure ratio of the PDC system, ef,DC ,

is calculated by the normalization with respect to the reference electric field level at each frequency
band. On the other hand, the UMTS is operated in the single frequency band of 2 GHz in this case

study. The electric field strength of the common pilot channel, ECP,CHJ., D is measured by a code
selective receiver, which has a decode function for the code multiplexing signal. The exposure ratio of
UMTS, ef,MTS, is normalized with respect to the reference level at 2 GHz. Table 3.4.2.2 shows each

parameter which is required to calculate the total exposure ration from the measured electric field of
the pilot channels in this case study.

Table 3.4.2.2 Parameter for Total Exposure from Target Source in this 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

:Bi, 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 exposure level has time variations because the total transmission RF power from the radio base
station depends on the communication traffic. On the other hand, the time variation due to the
propagation is not significant because the roof-top is categorized as Environment-Regions 0 or 1
which means that there is no scatter or one reflector exists, respectively. The exposure level at the
maximum ftraffic is evaluated using the extrapolation technique which multiplies the measured field
strength of the pilot channels and the number of traffic channels or the power ratio.
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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

TE_—_ 0 o 0.01

Total exposure ratio e EUT 2

Figure 4.1 Height profile of total exposure ratio at foot of antenna mast
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Figure 4.2 Total exposure ratio as a function of distance from foot of antenna
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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, i.e. less than +4dB
upper target uncertainty. Therefore, the evaluation comparator values are the 0.026 and 0.01
regarding the maximum and averaged exposure ratio, respectively. The RF field strengths are
determined to be below the limit.

5. Conclusions

The assessment showed that the total exposure level from the mobile base station antennas in
accessible areas of the building roof-top was lower than the specified limits at maximum traffic, as well
as at the available maximum transmitting power.
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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.

. . unit | distrib. | span stand.
(influence quantity) type pa d ¢ uncert.
u=ad cu?

Measurement equipment

Total measurement system
(meter, cable and probe)
uncertainty supplied by
manufacturer Including
calibration, meter level, antenna

factor, antenna factor dB normal 2.5 2.00 1 1.25 1.563
interpolation, variation due to
frequency response of
probe/meter, isotropy of the
antenna, linearity deviation of
the meter / cable/ antenna, cable
loss, mismatch, noise and power
chain uncertainties)

Methodology

Total measurement methodology | dB rect 2 1.73 1 1.15 1.333
uncertainty determined to be
less than 2 dB

Source and environment

Total uncertainty due to
environmental field variations
was determined to be less than

dB triang 0.5 2.45 1 0.20 0.042

0.5 dB
U, = 1.71
Combined standard uncertainty i ,
Coverage factor for 95% Cl, k 1.96
Expanded Uncertainty, U =k X u. 3.36
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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
date
Isotropic electric field | KYORITSU CORP.
sensor KBA 6701N 0-428-1 20/08/02
Frequency selective | Rohde & SCHWARZ
receiver FH-3 100324 14/10/03
100323 14/10/03
100322 14/10/03

Code selective receiver ANRITSU
W-QUEST(32TD)AR SN6200230241 20/01/08
SN6200247505 | 20/01/08
SN6200175642 | 20/01/08

Portable PC Panasonic
Let's Note CF-Y5 6KKSA29311R

8. Appendix C (Evaluation Report) — Measurement results on-site field strength.

The PDC system employs the TD/FDMA technique and uses the 800 MHz band and 1.5GHz band for
the transmitting frequency. The frequency selective receiver measures the level of the CCH as the
pilot channels from the PDC system. UMTS, on the other hand, employs the W-CDMA radio access
scheme using the 2 GHz band for the transmitting frequency. The code selective receiver measures
the level of the CPICH. Fig. 8(a) shows the electric field strength from the pilot channels including
CCH and CPICH. The electric field strength is extrapolated to estimate the maximum level for the
designed available maximum communication traffic of the base station, as shown in Fig. 8(b). From
the extrapolated field strength, the total exposure ratios shown in Fig. 4.1 are calculated based on the
normalised reference levels for each frequency.

Height [cm] Height [em]

200 Frequency band 200 Frequency band
-— 800-MHz g 800-MHz
—_— 1.5-GHz — 1.5-GHz
— 2-GHz e 2-GHz
—— =

100 == 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.

uld usym pajjonuooun ‘panwiad si uonnguUIsIp 1o uonanpoidal Jayluny ON UoSIpeN sawer AQ #T0Z-8Z-A0N U0 PapeOojuMOP ‘W09°18311syda)suonduasgns auj ‘(d41uaIos) sisinay uoswoyl Aq owsag yg 01 pasusdl| eusrew pajybkdod



Copyrighted material licensed to BR Demo by Thomson Reuters (Scientific), Inc., subscriptions.techstreet.com, downloaded on Nov-28-2014 by James Madison. No further reproduction or distribution is permitted. Uncontrolled when print

\\

TR 62669 © IEC:2011(E)
ERICSSON

- 144 -

Evaluation Report

Stockholm, Sweden
Bjorn Hansson

Ericsson AB
3/9/2009




TR 62669 © IEC:2011(E)

— 145 -

Evaluation Report Template

Date of Report: 3rd September, 2009

Title: Compliance boundary generation for a combined LTE and GSM

site in Stockholm

Site Location: Sturegatan 8, Stockholm, Sweden

Site Coordinates (at Antenna): removed

Google Earth Hyperlink:

removed

Evaluation laboratory:

Ericsson EMF Research Laboratory
Ericsson AB

SE-164 80 Stockholm

Sweden

Company/Client:

Lars-Eric Larsson

EMF Management,

System Development & Strategy
TeliaSonera

Lagergrens gata 7,

SE- 652 26 Karlstad,

Sweden

Evaluation performed by:

Bjorn Thors

Date of Evaluation:
2009-09-01

Identification number of original report:

EAB-09:056547 Uen

Assessor:

Ln e
Bjorn Thors
Senior Research Engineer

bjorn.thors@ericsson.com
Tel: +46 10 717 18 24

Quality Assurance:

AT A —

Martin Siegbahn

Senior Research Engineer
martin.siegbahn@ericsson.com
Tel: +46 10 717 08 11

juLd uaym pajjosuodun “paniwiad SI uonNgulsip 10 uononpoidal Jayuny ON "UoSIpe sawer Aq #T0Z-82-A0N UO Papeojumop ‘Wo9'189asydalsuonduasgns ou| ‘(d4nualds) siainay uoswoy Ag owaq yg 01 pasuadl| [eusrew pawybuAdod


mailto:bjorn.thors@ericsson.com
mailto:martin.siegbahn@ericsson.com

— 146 - TR 62669 © IEC:2011(E)

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 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.

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 1.5 m height in front of the antenna.

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

This case study illustrates:

e A compliance boundary assessment for a combined GSM and LTE base station

e A compliance boundary assessment using a SAR model

2. Evaluation Overview (see Clause 5 & Annex A of the Standard)

21. Site operator information

The test results presented in this report define compliance boundaries for a combined LTE and GSM
site in Stockholm where a Kathrein 800 10544 dual band base station antenna is used for
transmission in the GSM 1800 and LTE 2600 bands. The maximum operator transmit power was
specified at 33 dBm (GSM 1800) and 42 dBm (LTE 2600). Operator technology information is given in
Table 1.

Table 1: Operator technology information

Operator Technology
TeliaSonera GSM1800, LTE 2600
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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Figure 1: Photograph showing the base station antenna subject to assessment.

2.3. Exposure safety limits

ICNIRP is a body of independent scientific experts who investigate the possible adverse effects of
exposure to non-ionising radiation. ICNIRP, in conjunction with the World Health Organisation (WHO),
developed the ICNIRP Exposure Guidelines.

The ICNIRP guidelines contain two sets of basic restrictions, one for occupational exposure
and one for the general public. Basic restrictions are given to prevent established adverse
health effects related to whole-body heat stress and excessive localized tissue heating. The
basic restrictions are given in Table 2.

Table 2: ICNIRP basic restrictions valid in the frequency range 10 MHz - 10 GHz.

Exposure Whole-body SAR Localized SAR in 10g (head and trunk
characteristics (W/kg) exposure)
(W/kg)
General public 0.08 2
exposure
Occupational exposure 04 10
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3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A. of the Standard)

3.1. Pre-evaluation review

3.1.1. 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. Determine equipment under test (EUT) category
The equipment under test is defined as a complex RBS.

3.1.3. Determine physical parameters

The physical parameters are given in Table 3.

Table 3: Physical parameters.

Transmission Technology GSM 1800 LTE 2600
Antenna type number Kathrein 800 10544
Horizontal HPBW (deg) 63 58
Vertical HPBW (deg) 7 6.5
Tilt angle (mechanical + electrical) (deg) 4+8 4+7
Directivity (dBi) 17.8 17.5
Number of antenna elements 10 10

Antenna dimensions,
height (#) x width (w) x thickness ()

1389 mm x 323 mm x 71 mm

Length over which the radiating elements are

distributed, L 1350 mm 1130 mm
Smallest radome-antenna element distance in
the axial direction (along the height of the 30 mm 110 mm
antenna), /,
Tx frequency band 1805 - 1880 MHz 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
Localized and whole-body SAR.

3.2. Select evaluation method

The evaluation method chosen for this assessment was SAR estimation.

3.3. General methodology - SAR estimation (see Clause 6.3.2.2 of the Standard)

SAR estimation formulae are given in Annex F.3 of the standard for the front (main beam), back, and
axial (above and below) directions. By identifying the variables in the formulae with the physical
parameters in Table 2, graphs for localized and whole-body SAR can be generated as function of
separation distance for each technology (GSM and LTE) separately. A combined SAR value is then
obtained by adding the individual SAR values for each technology (uncorrelated exposure).

3.4. General methodology - compliance boundary construction
(see Annex C.3 of the Standard)

The approach adopted here to construct the compliance boundary follows the procedure
described in Annex C.3.2.2 of the standard. A circular cylindrical compliance boundary is used
as illustrated in Figure 2. The antenna is not located at the center of the cylinder. Instead it is
located almost at the edge, facing towards the center of the cylinder. The size of the cylinder
is given by the diameter, D, and the height, H, according to

D=D,+t+D,
H=2D,-1)+h,

where Df, D,, and D, denote the compliance distances in the front, back and axial 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,

Cylinder diameter, D \
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Antenna thickness, ¢

gure 2: Circular cylindrical compliance boundary12,

tances in the front, back and axial directions are calculated by first
the SAR estimation formulae for LTE and GSM with the basic restrictions

of Table 1 and then solving for the distance. In the main-beam direction, two compliance
distances are calculated for localized and whole-body exposure, respectively, and the largest

compliance distance

is used to calculate the diameter of the cylinder.

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.

if— Front direction, 1800 MHz
100 F::: = = = Axial direction, 1800 MHz H
+ =+ Back direction, 1800 MHz
Front direction, 2600 MHz
= = = Axial direction, 2600 MHz
N Back direction, 2600 MHz
""""""""""""""" -| e Front direction, combined
= = = Axial direction, combined
10 = + =+ Back direction, combined
_ : I
&
= | s N
&
— 1 K
S
o]
0.1}
001 e —— " o L . : L t»; " " M
0.001 0.01 0.1 1 10

Phantom antenna separation (m)

Figure 3: Localized SAR as function of separation distance.
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Figure 4: Whole-body SAR as function of separation distance.

4.2. Compliance distance

Following the procedure described above, the height and the diameter of the circular
cylindrical compliance boundary were calculated as
D¥ :D_/%p +t+D =135Im+0.112m+0m <1.5m

H® =2(D® -1 )+h=2(0.045m-0.03m)+1.389m<1.5m
D* =Dy +t+ D) =0276m+0.112m+0m < 0.4 m

H* =2(D) -1 )+h=2(0m-0.03m)+1.389m <1.4m.

The results are summarized in Table 4.

Table 4: Dimensions of the cylindrical compliance boundaries for the specified
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.

o B o i,
... _< + 3 , 4 “ . . 5 S

i

| Compliance boundary,

“J occupational exposure

2 :

Compliance boundary,
general public exposure

Figure 5: Base station antenna subject to assessment with calculated compliance
boundaries (adult RF exposure).

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

Results are presented for this case study using the upper 95% CIl assessment scheme. The
SAR exposure level is 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.
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Annex G
(informative)

Tower case study in parkland
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
(International Commission on Non lonizing Radiation Protection) guidelines.

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.

2. Evaluation Overview (see Clauses 5 & 6 of the Standard)

2.1. Site operator information

Whilst it was not possible to identify the exact operating frequencies of all the transmitters on site it
was possible to identify the mobile operators on the site from the Ofcom sitefinder website. Vodafone
and O2 are listed as having macrocell base stations operating at a frequency of approximately 900
MHz with transmitter power levels of 20.72 and 19.1 dBW respectively.

Table 2.1: Operator technology information

Operator Technology

Vodafone GSM900, GSM1800, 3G 2100
0, GSM900, GSM1800, 3G 2100
Dream FM Broadcast FM Radio 107.7 MHz
Unknown Microwave transmission

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

Figure 2.2 Photograph of tower and immediate surrounds

Adjacent to the tower there is a water reservoir, church, and sporting field. The survey area is gently
sloping ground predominately covered with grass. There are some trees, less than 10 m in height, that
tend to border property boundaries and the nearby the sporting field. On the day of the evaluation the
temperature was approximately 20°C and the weather conditions dry and sunny.

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. The assessment findings of this report are presented as
a percentage of the levels specified in the ICNIRP guidelines.

This assessment compared results against the ICNIRP Guidelines for Time Varying Electric and
Magnetic Fields- Reference Levels.

ICNIRP permissible exposure levels vary depending on frequency. The lowest levels occur over the
frequency range 10 to 400 MHz. Permissible levels given for microwave frequencies are somewhat
higher. ICNIRP guidelines contain two levels, one for occupational exposure the other for the general
public. ICNIRP guidelines state that; ‘the occupationally exposed population consists of adults who are
generally exposed under known conditions and are trained to be aware of potential risk and to take
appropriate precautions. By contrast, the general public comprises individuals of all ages and of
varying health status, and may include particularly susceptible groups or individuals’. This can be
summarised in Table 2.3 below.

Table 2.3 ICNIRP reference levels for time varying fields

Frequency ICNIRP General Public Level (Wm™) | ICNIRP Occupational 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. Determine evaluation purpose

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 the Church Green. The maximum values would then be compared
against ICNIRP Guidelines.

3.1.2. Determine equipment under test (EUT) category

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

3.1.3. Determine physical parameters

There were a number of unidentified radio services at the tower which makes the determination of
physical parameters challenging. An on-site measurement over the frequency range 100 kHz to 3 GHz
was selected as the most appropriate given the variety of VHF and UHF antennas installed on the
tower.

3.1.4. Decide if ambient fields are to be considered

Yes. Since the measurement equipment involves a broadband probe there is no filtering of ambient
fields that are in the probe bandwidth.

3.1.5. Establish the evaluation locations required
See clause figure 3.4, clause 3.4

3.1.6. Estimate the field at the evaluation point

Experience from previous radio tower surveys like at Church Green shows the radio frequency levels
to be very low and well below the ICNIRP limits. Given the limited information on physical parameters,
and experience with similar site surveys, an estimate was not conducted.

3.1.7. Establish which parameters are to be evaluated

The maximum field strength levels are to be evaluated and then compared against the ICNIRP
guidelines for 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. ltis specifically designed for safety assessment.

2. The isotropic probe(s) used receive and evaluate signals from all directions.

3. The probes receive and evaluate signals at all frequencies (within the designated frequency
range).

It should be noted that it is possible to measure even lower levels of RF field strength using alternative
equipment, i.e. frequency selective equipment such as a spectrum analyser and appropriate antenna.
By this means very low field strengths can be measured but the measurement process is more
complicated. Equipment of this type was used to provide the plots in Appendix D.

No reference to ‘Time Averaging’ or ‘Spatial Averaging’ has been made in this report. These
procedures are usually only applied when significant field strengths approaching or exceeding the
guidelines are encountered. By employing time or spatial averaging weighting, it is possible to
effectively obtain a relaxation of a localised high field (safety guidelines are based on whole body
exposure over a period of time — typically six minutes).

The assessment values were recorded along the footpaths and sports field perimeter as shown in red
in Figure 3.4 below.

-
L

Sports field _ '

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
Path A 0.160
Path B 0.170
Path C 0.295
Sports Field 0.110

The equipment used in the survey comprised a Narda NBM550 meter and Narda probe EF0391
(frequency range 100 kHz to 3 GHz), additional readings were taken using a Narda SRM3001
frequency selective meter.

The results shown in Table 4.1 were obtained from broadband measurements using NBM550 &
EF0391 probe. The values were continuously monitored along the footpaths and within the area
shown above 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.

It should be noted that ideally a measurement survey is carried out under worst-case conditions i.e.
system(s) operating on full power. The system operating conditions at the time of the survey were
unknown so can only be assumed to be normal operating conditions.

Appendix C of this document shows the raw measurement points and values in greater detail.

4.2, Calculation of compliance boundaries

As the compliance limits were not exceeded during the survey the location of the compliance
boundaries is unknown.

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

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
recorded at the higher end of path C.

As the system operating conditions at the time of the survey were unknown it can only be assumed to
be normal operating conditions and not worst-case (full power).

To provide further information, plots taken with a frequency selective instrument are included in
Appendix D. This instrument is more sensitive than the broadband equipment used for the main
survey results and can therefore detect much lower field strength levels. It is important to keep these
readings in context and remember that the field strengths represented are tiny percentages of the
exposure guidelines. They represent a snap shot in time and the exact contribution from the
respective systems may vary over time i.e. one peak seen as higher than others in one plot may be
lower at another time.

The plots were taken using a ‘maximum hold’ setting on the meter so each peak represents a
maximum obtained over the period of the measurement. This means that a discrepancy may exist
when attempting to compare the values obtained by the broadband measurement method.

From the plots the contribution from the GSM base stations can be seen. The highest peak on the plot
is at 107.7 MHz which is a FM radio broadcast frequency. Subsequent investigation revealed that a
system transmitting Dream FM at that frequency is installed at the site.

It is worth noting that a number of the signals displayed on the plots are not transmitted by the
systems located at the site concerned but have been transmitted from elsewhere.
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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_)ufrlce of uncertta_ltnty unit | distrib. | span divisor | coeff. | corr. stand.
(influence quantity) type P d ¢ factor | uncert.

t u=a/d c2u?

Measurement equipment
Total measurement system dB normal 3.25 2.00 1 -0.55 1.63 2.641
(meter, cable and probe)
uncertainty supplied by
manufacturer

Combined temperature and dB rect 0.2 1.73 1 0 0.12 0.013
humidity response of meter /
cable / antenna

Methodology

Probe position in high field
gradients Not applicable - dB
test positions not in high field
gradients
Field reflections from
measurer’s body during
measurement Influence of
Probe > 1m away from body
of the measurer (use dB rect 1.73 1 0 0.00 0.000
CENELEC Annex G results
from simulation (worst case)
in cellular band)
Not applicable

rect 1.73 1 0 0.00 0.000

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)

Field reflections from
movable large objects near
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

dB rect 1.73 1 0 0.00 0.000

2
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.

Table 6.2 Frequency selective test equipment uncertainty data

. prob. semi Lo sens.
Sc_)urce of uncerta_lnty unit | distrib. span divisor coeff. corr. stand.
(influence quantity) type P d c factor uncert.
t u=a/d c?u?
Measurement equipment
Calibration:
Manufacturer calibration dB normal 1.5 2.00 1 0 0.75 0.563
certificate values used
Combined linearity deviation
and frequency response of | g | oot | 175 [ 173 1 0 1.01 1.021
the meter  and probe: ’ ’ ’ :
Manufacturer’s data sheet
Isotropy of the antenna:
Manufacturer's data sheet dB rect 1 1.73 1 0 0.58 0.333
Combined temperature and
humidity response of meter / dB rect 0.2 173 1 0 0.12 0.013
cable / antenna: ’ ’ ’ ’
Manufacturer’s data sheet
Methodology
Probe position in high field
gradients Not applicable - dB rect 1.73 1 0 0.00 0.000

test positions not in high field
gradients
Field reflections from
measurer’s body during
measurement Influence of
Probe > 1m away from body
of the measurer (use dB rect 1.73 1 0 0.00 0.000
CENELEC Annex G results
from simulation (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) dB 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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. prob. semi . sens.
S(_)ufrlce of uncertf_ltnty unit | distrib. | span divisor coeff. | corr. stand.
(influence quantity) type a d ¢ 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
N
Combined correction factor, 7. = Zti 0
i=1
Combined standard uncertainty, u,. = 1.39
Coverage factor for 95% ClI, k 1.96
Expanded Uncertainty, U = k X u. 2.72

7. Appendix B (Evaluation Report) — Equipment List

71. Equipment list - on-site field strength

Table 7.1. Measurement test equipment details

Measurement equipment

Monitor Type Ser. No. Cal Factor Cal due date.
Meter Narda NBM550 A-0083 N/A. 08/03/09

E Field Probe Narda EF0391 A-0076 As above 08/03/09
Meter SRM Narda SRM E-0053 N/A 26/07/08
3001/01

Probe BN Narda SRM probe E-0026 N/A 26/07/08
3501/01

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
Path A (junction of path A&B) 0.0032 0.160
Path A (running South-North) 0.0023 0.115
Path A (running South-North) 0.0023 0.115

Path A (end of path at northern 0.0015 0.075

end)

Path B (starting at western end) 0.0031 0.155
Path B (running East-West) 0.0034 0.170
Path B (running East-West) 0.0023 0.115
Path B (running East-West) 0.0024 0.120
Path B (running East-West) 0.0022 0.110
Path B (running East-West) 0.0020 0.100
Path B (running East-West) 0.0017 0.085
Path B (running East-West) 0.0013 0.065
Path B (running East-West) 0.0013 0.065

Path B (end of path at eastern 0.0012 0.060
end)
Path C (higher end) 0.0041 0.205
Path C (higher end) 0.0059 0.295
Path C (sports field level) 0.0017 0.085
Sports field 0.0017 0.085
Sports field 0.0012 0.060
Sports field 0.0007 0.035
Sports field 0.0005 0.025
Sports field 0.0010 0.050
Sports field 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?) e Iﬁ:::rtiinli?;fublic
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
Sports field 0.0022 0.110
Sports field 0.0010 0.050
Sports field 0.0015 0.075
Sports field 0.0013 0.065
Sports field 0.0008 0.040
Sports field 0.0016 0.080
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9. Appendix D: Measurement Graphs
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Figure 9.1- SRM-3001 spectrum plot 75 MHz to 3 GHz along ‘Path-C.’
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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
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.
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1. Executive Summary

This case study is the evaluation of RF exposure levels in a sports ground. The purpose of
the survey was to determine the maximum field strength contribution from a new cellular base
station following its commissioning in order to give reassurance of the low levels where the
public have regular access. This base station is one of the several located on lighting towers
scattered around the circumference of the sports ground.

The Equipment Under Test (EUT) was categorised as a Complex RBS due to the multiple
frequency bands and technologies supported. 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 desktop
computation and then verified by on-site frequency selective field strength measurements.

The results were assessed against the Non-Occupational (General Public) reference levels
defined in Australian Radiation Protection Standard (based on the ICNIRP Exposure
Guidelines 1998).

The modelled maximum cumulative RF EME levels from the RBS were 0.5% of the ARPANSA
general public exposure limit.

The measured maximum cumulative RF EME levels from the RBS were 0.04% of the
ARPANSA general public exposure limit. The measurement result verifies the conservative
outcome of the desktop modelling.

For modelling, a simple Region Ill (far-field) direct path computation of the field strength at
1.5 m above the ground was performed using a commercially available software package.
Using the standard maximum transmit power from the RBS and standard antenna parameters
defined by the Australian carriers, this software is designed to provide a conservative
estimate of the maximum potential RF field strength. This software was also used to identify
the location where the maximum field strength is expected.

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 at frequencies where the power output is
known and does not vary with traffic (control channels).

The “best estimate” assessment scheme has been applied and the calculated and measured
levels are reported including the extrapolation for maximum base station power configuration.
The uncertainty is stated for all assessments.
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2. Evaluation Overview (see Clauses 5 & 6 of the Standard)

2.1. Site operator information

The assessment results for this site use measurements to verify the desktop simulation of a
macro base station. The network carrier, Telstra, operate three mobile technologies from
this facility.

Table 2.1: Operator technology information

Operator Technology
Telstra WCDMA850, GSM 900, GSM1800
2.2, Site environment

The site is characterised by a large oval and four separate lighting towers situated along the
circumference of the oval. Each of the lighting towers has a separate macro base station
operated by a different Carrier/Operator. This evaluation considers only one of the towers,
Structure 1 from figure 1 below. Note, since one of the three sectors of the RBS points
directly across the Oval, only the contributions from this sector are considered.

. T .
Figure 1 Site photograph - oval antennas on lighting poles
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Vodafone Macro on separate
lighting tower — Not the subject
of this evaluation

Telstra Macro on lighting
tower - The subject of
4 this evaluation

Figure 2 Macro base station on light tower

2.3. Exposure safety limits

The Australian Radio Protection and Nuclear Safety Agency (ARPANSA), an agency of the
(Australian) Commonwealth Department of Health has established a Radiation Protection
Standard specifying limits for continuous exposure of the general public to RF EME
transmissions (Table 2.3). The Australian Standard is based on the ICNIRP Exposure
Guidelines.

Further information on the Australian Standard can be gained from the ARPANSA web site at
http://www.arpansa.gov.au.

The Australian Communications and Media Authority (ACMA) mandates exposure limits for
continuous exposure of the general public to RF EME. Further information can be found at the
ACMA website at http://www.acma.gov.au/standards/emr/index.htm .
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Table 2.3 Reference levels for time averaged exposure to RMS electric and magnetic fields

(unperturbed)
Erfprelli Frequency Range g;:’:eiflldth gt-ll':e:?lldth
Sl : g ° (Vim ?ms) (A/m ?ms)
100 kHz — 1 MHz 614 1.63/f N/A
1 MHz — 10 MHz 614/f 1.63/f 100 / f?
Occupational | 10MHz — 400 MHZ 61.4 0.163 1
(RF Worker) | 00 MHz — 2 GHz | 3.07 x £°° 0.00814 x 5 | £/ 400
2 GHz — 300 GHz 137 0.364 5
100 kHz — 150 kHz | 86.8 4.86 N/A
150 kHz — 1 MHz 86.8 0.729/f N/A
Non- 1 MHz — 10 MHz 86.8 / f°° 0.729/f N/A
(OG"::;:ﬁw"a' 10MHz — 400 MHz | 27.4 0.0729 0.2
Public) 400 MHz — 2 GHz 1.37 x f°° 0.00364 x f°° | £/ 2000
2 GHz — 300 GHz 61.4 0.163 1.0
Notes

1. f is frequency in MHz
2. 1 mW/cm? equals 1,000,000 nW/cm?

3. There are also applicable limits for exposure to instantaneous RMS electric and
magnetic fields (unperturbed fields). These limits are less restrictive than the limits
specified in Table 1 and as a result are not referenced in this measurement report.
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3. Evaluation Plan (see Clause 5.1, 5.2 & Annex A. of the Standard)

3.1. Pre-evaluation review

3.1.1. Determine evaluation purpose
Determine the RF EME Levels on the oval due to the Telstra Radio Base Station (RBS).

Modelling Need highest value

Measurements Need observed value, typical value and highest value
3.1.2. Determine equipment under test (EUT) category

Modelling Complex RBS

Measurements Complex RBS

3.1.3. Determine physical parameters

GSM900, 1800 and WCDMAB850 technologies present, all parameters are available including
specific BCCH frequencies for GSM900 and 1800.

The physical parameters of the site are described in the following tables, and a photograph in
Figure 3.
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Table 3.1.3.2 Telstra GSM900 Technology

Sector 1 2 3
Antenna Type MTPA890-8-ME  MTPA890-8-ME MTPA890-8-
ME
Height (m) 36 36 36
Bearing (° True North) 8 128 210
Tilt (electrical)’ . 0-6 (6) 0-6 (6) 0-6(8)
Tilt (mechanical) 0 0 0
Antennas per sector 2 2 2
Total system loss (dB)” 0 0 0
Power into ports (dBm) 44 44 44
Measurement height 1.5 1.5 1.5
AGL(m)

Table 3.1.3.3 Telstra GSM1800 Technology

Antenna Type JTX310DR  JTX310DR JTX310DR
Height (m) 38 38 38
Bearing (° True North) 8 128 210

Tilt (electrical) 0-6 0-6 0-6

Tilt (mechanical) 0 0 0
Antennas per sector 1 1 1

Total system loss (dB) 0 0 0

Power into ports (dBm) 44 44 44 44 44 44
Measurement height 1.5 1.5 1.5
AGL(m)

Table 3.1.3.4 Telstra WCDMAB850 Technology

Antenna Type CPX310R CPX310R CPX310R
Height (m) 36 36 36
Bearing (° True North) 8 128 210

Tilt (electrical)’ . 0 - 6(6) 0 -6 (6) 0-6(8)
Tilt (mechanical) 0 0 0
Antennas per sector 1 1 1

Total system loss (dB) 0 0 0

Power into ports (dBm) 45 45 45 45 45 45
Measurement height 1.5 1.5 1.5
AGL(m)
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*Notes:
1.

3.1.4.

Electrical Antenna Tilt — In Australia the agreed convention for the treatment of electrical tilts is
that if the antenna has an electrical tilt of 0-6 degrees then a 0-6 degree pattern envelope will
be used. If the electrical tilt is greater than 6 degrees than the actual electrical tilt will be used.

Mechanical Antenna Tilt — The actual mechanical antenna tilt will be used.

Power into ports — In Australia this is the standard power into each of the ports of the antenna
used by the specified technology. The number of antenna ports used for the technology will
determine the number of powers listed. This standard power is specified by each of the
carriers for each technology used and based upon an agreed configuration. The validity of
these standard powers for use was verified by ARPANSA.

Total System Loss — The system loss is accounted for in the determination of the standard
power into ports values.

Decide if ambient fields are to be considered

Ambient fields not required for inclusion for this test. Ambient fields include other operators
located on nearby lighting towers within the oval precinct and the contributions from the
Telstra RBS sectors pointing away from the oval.

3.1.5. Establish the evaluation locations required
Modelling In far field Region 1l
Measurements In far field

3.1.6. Estimate the field at the evaluation point

Estimate will be completed by modelling software package.

3.2.

Select evaluation method

Field E measurement and modelling

3.3. Complete the evaluation plan

Modelling- Simple computation parameters are well known, not much clutter in the
environment — open field, direct line of site

Measurement Simple frequency selective measurement with post processing —

Maximum hold and spatial with time averaging. Sources present at time
of measurement, RBS is operational hence post processing will be
required. Data on BCCH channels is known. Have UMTS DEMOD
application available.

Safe access to oval and access is readily available
Measurements designed to confirm actual values and check to see if modelled levels are a

fair estimate of actual.
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3.3.1. General methodology- field evaluation for maximum, time and spatially
averaged levels (see Clauses 6.2.2, 6.4, 6.5 of Standard)

The measurements were conducted on 27 May 2008 between 9.00am and 12.00pm. Measurements

were performed across the:

1. 935.2 — 943.2 MHz (Telstra GSM900) bandwidth
2. 1805 — 1820 MHz (Telstra GSM1800 WA) bandwidth
3. 880 — 890 MHz (Telstra WCDMAB850) bandwidth

Table 3.4 Number of Transceivers per Sector

Technology Transceivers per Sector
GSM900 Sector 1, 2, 3 4
GSM1800 Sector 1, 2, 3 4

WCDMAS850 Sector 1, 2, 3

Single Service Band Present

Measurements to Determine Control Channel RF EME Levels

The measurement location was determined as

being the location on the oval, where the modelled

maximum occurred. The parameters used for this calculation were based on the standard ones
specified in the ARPANSA assessment methodology. These parameters are designed to give a
conservative assessment. This location was then located using GPS co-ordinates.

At this location, the area was swept to determine the location of the maximum reading. A height of
1.5 m above ground level was chosen because this is the standard height specified in the ARPANSA
assessment methodology. The GSM900 frequency was used because calculations indicated that this
would be the highest contributor to the total power density levels due to the RBS.

Once the location of the maximum was found, a series of measurements of the maximum level and
the average level of the control channels for each technology at heights of 1.1 m, 1.5 m and 1.7 m
were performed. The probe was fixed at each of the heights using a non-conductive wooden tripod.

For the maximum level measurement the meter was set to Max Hold and once the level had stabilised

the scan was recorded.

For the average a set number of sweeps (32) were completed and then the resultant scan was

recorded.

The recorded measurements taken from the SRM-3000 were frequency - MHz and RF field strength

nW/cm2.
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4. Results (see Clause 8 of the Standard)

4.1, Results summary- desktop computer modelling

The levels due to the antennas were calculated using the Telstra Research Laboratories
(TRL) RF Map software in conjunction with the data gathered from Telstra and antenna
manufacturer specification sheets.

The procedures for making the estimates have been developed by the Australian Radiation
Protection And Nuclear Safety Agency (ARPANSA). These are documented in the ARPANSA
Technical Report; “Radio Frequency EME Exposure Levels - Prediction Methodologies” which
is available at http://www.arpansa.gov.au

Table 4.1 — Calculated RF EME levels

Maximum Cumulative Max Cumulative
Distance from the antennas at origin of Fixed Point iz Lo N AI.I carriers PTG L]
Radial at this site nW/cm?
in 360° circular bands (% of ARPANSA
exposure limits?)
Omto5m 0.022% 147
5mto 50 m 0.14% 588
50 mto 100 m 0.29% 1030
100 m to 200 m 0.28% 1030
200 m to 300 m 0.29% 1040
300 m to 400 m 0.5% 1470
400 m to 500 m 0.21% 1030
Maximum EME level
334.064 m, from the antennas at origin of Fixed Point 0.5% 1470
Radial

Table:

1. Estimation for the maximum level of RF EME at 1.5 m above the ground from the
existing antennas assuming level ground.

2. The estimated levels have been calculated on the maximum mobile phone call
capacity anticipated for this site. This estimation does not include possible radio signal
attenuation due to buildings and the general environment.

3. The actual EME levels will generally be significantly less than predicted due to path
losses and the base station automatically minimising transmitter power to only serve
established phone calls.

For further information see Appendix C- Additional Desktop Modelling Results.
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4.2, Measurement Results Summary
Table 4.2.1 Measured Levels of Control Channels (nWIcmz)
Measured RF EME Level of Control Channels (nW/cm?)
Technology Maximum Time Averaged
1.1 m 1.5 m 1.7 m 1.1 m 1.5 m 1.7 m
GSM900
(BCCH) 5.112 30.51 31.07 2.722 20.17 19.57
GSM1800
(BCCH) 1.663 1.301 2.31 1.029 0.871 1.485
WCDMAS850
(P-CPICH) 4.202 1.963 2.045 3.937 1.776 1.852

Table 4.2.2 Maximum, Time Averaged Maximum, Spatially Averaged Maximum and Time &
Spatially Averaged Levels of Control Channels (nW/cm?)

RF EME Level of Control Channels (nW/cm?)
Technology |\ imum | Tme Averaged | PSEEC, | S
Maximum Averaged
?gggﬂ? 31.07 20.17 22.23 14.15
PcpicHy | 4202 >997 = i
Maximum

Is the maximum RF EME Levels measured for each of the control channels over the three
measurement heights.

Time Averaged Maximum
Is the maximum time averaged (number of scans) RF EME Level measured for the control
channels over the three heights.

Spatially Averaged Maximum
Is the spatial average of the maximum RF EME Levels measured for each of the control
channels over the three measurement heights.

Time and Spatially Averaged
Is the spatial average of the time averaged (number of scans) RF EME Level measured for
the control channels over the three heights.
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Table 4.2.3 Extrapolation of Measured Control Channel Levels to Determlne Possible
Maximum Level RF EME Levels (nchm )

Extrapolated Possible Maximum RF EME Level (nchmz)
Technology Time Spatially Time and
Maximum Averaged Averaged Spatially
Maximum Maximum Averaged
GSM900 124.28 80.68 88.92 56.62
(BCCH)
GSM1800 9.24 5.94 7.03 4.51
(BCCH)
WCDMA850 52.53 49.21 34.21 31.52
(P-CPICH)
Al 186.05 135.83 130.16 92.65
Technologies

For GSM900 and 1800 services, the measured level of the control channel (BCCH) represents
the total power density due to the BCCH transceiver operating at maximum power. The total
possible power density is then calculated by multiplying the measured BCCH power density
by the number of transceivers present. Both the GSM900 and 1800 have 4 transceivers per
sector.

For WCDMA services the measured level of the control channel (P-CPICH) represents 8 —
12% of the possible total power density due to the transceiver. The total possible power
density is then calculated by dividing the measured P-CPICH power density by 8 and then
multiplying by 100.

Measurement uncertainty demonstrated in Appendix A

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

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

The maximum cumulative modelled RF EME level at 1.5 m above ground Ievel is estimated to
be 0.5 % of the ARPANSA general public exposure limits (or 1470 nW/cm ) The expanded
uncertainty of the modelling of the maximum RF EME level has been determined to be +3.53
dB and -5.53 dB.

The potential maximum cumulative RF EME level from extrapolating the peak spatial
maximum measurement results (first column Table 4.2.3) for the selected measurement
location is 0.04% of the ARPANSA general public exposure limits (or 186.05 nW/cm?). The
expanded uncertainty of the measured RF EME level has been determined to be +3.71 dB
and -4.61 dB.

The percentage of the standard is determined by comparing the RF EME level against the
most restrlctlve limit applicable for the frequencies currently transmitting from the RBS. This is
0.44 mW/cm? (440,000 nW/cm) is the general public exposure limit applicable to the
minimum transmit frequency of 880 MHz for the WCDMAB850 technology.

The measurement outcome verified that the desktop modelling was conservative, producing a
result that was 13% of the modelled value, at the assessment location on the oval.
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5. Conclusions
The potential maximum cumulative RF EME level from the RBS was evaluated to be below
the non-occupational ARPANSA limit using computation and measurements. Considering the
uncertainty of the computation and the measurements, the measured and computed values
are mutually consistent.
6. Appendix A (Evaluation Report): Uncertainty Analysis Field Strength Measurement
(see Clause 6, Clause 7 and Annex O of the Standard)
The expanded uncertainty for the maximum field strength measurement setup is detailed below in
Table 6.1
Table 6.1 Expanded Uncertainty (u.) for field strength measurement.
ﬁ::«:?teaic:lft prob. semi divisor | S&"S- i
- y Description unit | distrib. | span coeff. | correction | stand.
(influence type a d c factor uncert.
quantity) ¢ u=ald cu?
Measurement
equipment
Total Including dB normal 2.85 2.00 1 -0.45 1.43 2.031
measurement calibration, meter
system (meter, level, antenna
cable and factor, antenna
probe) factor
uncertainty interpolation,
supplied by variation due to
manufacturer frequency
response of
probe/meter,
isotropy of the
antenna, linearity
deviation of the
meter / cable/
antenna, cable
loss, mismatch,
noise and power
chain
uncertainties)
Combined <1.1 dB for the dB rect 0.2 1.73 1 0 0.12 0.013
temperature frequency range
and humidity 20 MHz to 3 GHz
response of when operating
meter / cable / within the
antenna temperature range
of 15° to 30° C
Methodology
Probe position | oot SORCNCIE S
in high field in high field dB rect 0 1.73 1 0 0.00 0.000
gradients in nigr
gradients
Influence of Probe
> 1m away from
Field body of the
reflections from measurer (use
measurer’s CENELEC Annex dB rect 1.5 1.73 1 0 0.87 0.750
body during G results from
measurement simulation (worst
case) in cellular
band)
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Source of prob semi sens
u_n;:lertalnty Description unit | distrib. | span divisor | . eff. | correction | stand.
(influence type a d c factor uncert.
quantity) t w=asd c?u?
No analog meter
Meter reading reading are done —
error of results stored .
fluctuating automatically to dB triang 0 2.45 1 0 0.00 0.000
signals memory for
downloading to pc
Source and
environment
Measured
Spatial maximum across
Averaging heights of 1.1, 1.5 dB rect 0 1.73 1 0 0.00 0.000
and 1.7m
o Datasheet of radio
Variation in the manufacturer
power of the states Output
RF source from Power uncertainty dB rect 2 1.73 1 0 1.15 1.333
the nominal to be +- 2 dB
level
Field
reflections from
movable large No moving large
objects near . dB rect 0 1.73 1 0 0.00 0.000
objects
the source
during
measurement
RF propagation
&
. Low level
environmental measurements -
clutter loss (for low clutter dB triang 1.5 2.45 1 0 0.61 0.375
low level .
. environment
environmental
measurements)
N -0.45
Combined correction factor, 7. = Ztl-
i=1
2.12
Combined standard uncertainty, u,. =
o 1.96
Coverage factor for 95% ClI, k
Expanded Uncertainty, U = k X u. 4.16

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.

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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7. Appendix B (Evaluation Report) — Equipment List
The equipment used in the on-site measurement included:

NARDA SRM-3000 Selective Radiation Meter
Frequency Range 100 kHz — 3 GHz
Serial Number: J-0039

NARDA 3-Axis Antenna
Frequency Range 75 MHz — 3GHz
Model Number 3501/01
Serial Number: H-0009

NARDA RF-cable SRM, Length 1.5m, 50 Ohms
Frequency Range 100 kHz — 3GHz

Model Number 3601/01

Serial Number: E-0046

TR 62669 © IEC:2011(E)
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8. Appendix C (Evaluation Report) — Additional Desktop Modelling Results

Table 8.1 Modelled levels — actual configuration

Maximum Cumulative Max Cumulative
Distance from the antennas at origin of Fixed Point == Lot - A!l Gl Power Der;sny
Radial at this site nW/cm
in 360° circular bands (% of ARPANSA
exposure limits?)
Omto5m 0.022% 147
5mto 50 m 0.14% 588
50 mto 100 m 0.29% 1030
100 m to 200 m 0.28% 1030
200 m to 300 m 0.29% 1040
300 m to 400 m 0.5% 1470
400 m to 500 m 0.21% 1030
Maximum EME level
334.064 m, from the antennas at origin of Fixed Point 0.5% 1470
Radial

The expanded uncertainty for the desktop modelling is detailed below in Table 8.2

Table 8.2 Expanded Uncertainty (u.) for field strength modelling.

Source of .
h prob. [ semi - sens. .

u_n;:lertamty Description unit | distrib. | span divisor coeff. | correction | stand.
(influence type a d ¢ factor uncert.
quantity) t u=a/d | ciu?
System
Variation in the Transmitter power
radiated power p dB rect 2 1.73 1 0 1.15 1.33

can vary.
of the RF source

Long cables

Cable and connect the dB | rect 1 1.73 1 -0.5 058 | 0.33
system losses transmitters to the

antennas.

Lossy components

Radiation Loss inside antennas | yp | o0y 1 1.73 1 0.5 058 | 0.33

cause radiation
loss.

Technique
Uncertainties

Simplicity of
antenna models
and the method for
determining model dB rect 3 1.73 1 0 1.73 3.00
parameters limit
the accuracy of
field predictions.

Near-field Model
Uncertainty

Environmental
Uncertainties

Scattering and
reflections on top
of buildings can dB rect 1 1.73 1 0 0.58 0.33
create hotspots

where E-fields add

Reflection and
Scattering
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Source of .
h prob. [ semi - sens. .
uncertainty Description unit | distrib. | span divisor | i eff. | correction | stand.
(influence type a d ¢ factor uncert.
quantity) t u=asd c?u?
in-phase.
N
Combined correction factor, 7. = Zti -1.00
i=1
Combined standard uncertainty, u, = 2.31
Coverage factor for 95% CI, k | 1.96
Expanded Uncertainty, U=k Xu. | 4.53
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9. Appendix D: Sample Measurement Scans

This appendix contains sample measurement scans covering the GSM900, GSM1800 and
WCDMAS850 systems.

A. waﬁgasq,m,qn, Flnt min: 92517656 MHz Freguency: 92918437 MHz
[ ————— Fint masx 943 19219 WHz Mlarker Valus: 9945 pWiiicm®
Int. Walue: 1257 nWfcm®
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100000

10000

- WNNN

o1
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936 937 938 939 940 am 942 943
Freguency [MHz]

Isotropic Result

Figure 9.1 Scan 1 — GSM900 — 1.7m

A Q,f!,':g,asa,m,m, Flnt min: 1304 .98 MHz Frequency: 1812.50 MHz
an (B Gommunications Gompany FlInt max 182002 MHz Marker Walue 432 0 Mcm®
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1000000
100000
10000
1000
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H
& 10
g
1
JAVAWR! L
=X ]
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Isotropic Result

Figure 9.2 Scan 2 - GSM1800 1.7m
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Figure 9.3 Scan 3 - WCDMAS850 1.7m
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Figure 9.4 Scan 4 —- WCDMA850 — DEMOD function
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Annex |
(informative)

In-building base station case study
This annex contains the In-building base station case study, referred to in 4.9. This evaluation

report is presented as issued by China mobile and retains its original structure, formatting,
layout and numbering. The standard referred to in the report is IEC 62232.
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Evaluation Report Template

Date of Report: Aug 2009

Title: Verification of RF exposure compliance of site with indoor distributed antenna
in indoor building coverage (IBC) system

Site Location: a building in Beijing, China

Site Coordinates: removed

Google Earth Hyperlink: removed

Evaluation laboratory: Company/Client:

1I" ”E i ,-\ 4 China Mobile

Electroblagrass Eraironmen] Lak

Evaluation performed by: Date of Evaluation:
Ma Wenhua Song zhiyuan Aug 5~10, 2009

He Jiwei  Hu Yaxi
Zhang Dongchen
7hu Wentao

Identification number of original report:

Assessor: Quality Assurance:

Ma Huaxing Gao Peng
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1 Executive Summary

The purpose of this case study is to verify RF exposure compliance in publically accessible
areas for an indoor distributed antenna system. The system comprises a number of antennas
mounted on the ceiling of each floor of the occupied office building. The Equipments Under
Test (EUT) are the individual radiating antennas on each floor. 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 People's Republic of China (GB 8702-88).

This assessment was conducted using Computational evaluation and on-site Broadband field
strength measurement. The final results were based on the field strength measurement.

The maximum RF exposure level measured was 13.83pW/cm2 with 2.26dB expanded
uncertainty on the 14th floor. This is less than the RF exposure reference limits; therefore, the
distributed antenna system installed in this building is in compliance with National standard
8702-88 of People's Republic of China (GB 8702-88).

The “best estimate” assessment scheme has been applied for this assessment. The measured
levels are reported and the expanded uncertainty is stated.

2 Evaluation Overview (see Clause 5 & 6 of the Standard)

21 Site operator information

The computational and measurements results presented in this report defined the RF
exposure compliance in an office building, which contained a distributed antenna system for
indoor building coverage. This indoor distributed antenna system is mounted on the ceiling of
each floor. In most cases, the maximum output power at the antenna port is 15dBm EIRP. In
this building, only GSM900 Technology by China Mobile is available.

Table 1: Operator technology information

Operator Technology

China Mobile GSM 900

2.2 Site environment

The measurement evaluated five of the IBC antennas. Photographs of the antennas in-situ
are shown in Figures 2- 5. Further, a photograph and specific information about the antenna
type is listed in Table 2.
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Figure 1: Area map with the identified measurement locations

Table 2: Specific information of the chosen indoor antennas

Antenna number Location Antenna Dimension [1]/[2] Height
1 Meeting Hall 12mm/10mm 3.6m
2 14th floor 12mm/10mm 2.3m
3 14th floor 12mm/10mm 23m
4 Canteen 12mm/10mm 2.7m
5 2nd floor 12mm/10mm 27m

Note:

The antenna

dimensions [1]

and [2] are shown

in the right.

[2]
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Figure 2: Photograph of the indoor antenna in the meeting hall
Figure 3: Photograph of the indoor antenna on the 14th floor
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Figure 4: Photograph of the indoor antenna in the canteen
Figure 5: Photograph of the indoor antenna on the 2nd floor
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According to the exposure safety requirements of the National standard 8702-88 of People's
Republic of China (GB 8702-88), titled Regulations for Electromagnetic Radiation Protection,
operators must ensure that their radio communication antenna systems comply at all times
with its regulatory limits.

The GB 8702-88 permissible exposure limits vary depending on frequency. The lowest limits
occur over the frequency range 30 to 3000 MHz. The standard contains two tiers: limits for RF
and microwave exposed workers, and limits for persons not classed as RF and microwaves
exposed workers including the general public. The GB8702-88 standard state that; ‘exposure
to the public is potentially 24 hours a day for 7 days a week, compared with 8 hours a day, 5
days a week for RF and microwave exposed workers’. The reference limits for the General
Public and RF exposed workers are summarized in Tables 3and 4 respectively.

Table 3: GB8702-88 reference limits for the general public

Frequency Electric field Magnetic field Power density
(MHz) intensity intensity (W/m?)
(V/Im) (A/m)
0.1t03 40 0.1 4t
7]
30 to 3000 12% 0.032% 0.4
3000 to 15000 0.22/,/f @ 0.001/4/f @ f/7500
15000 to 30000 27" 0.073% 2
Note: Averaging time of 6 minutes

Notes: [1] An equivalent value of plane wave for reference.

[2] Value with rounding approximation and for reference only.

Table 4: GB8702-88 reference limits for the RF exposed workers

Frequency Electric field Magnetic field Power density
(MHz) intensity intensity (W/m?)
(V/m) (A/m)
0.1t03 87 0.25 20"
7]
31030 150 /[ f 0.40/./f 60/t
30 to 3000 28" 0.075% 2
3000 to 15000 0_5/J7[21 0_0015/\/7[21 /1500
15000 to 30000 61" 0.16" 10
Note: Averaging time of 6 minutes

Notes: [1] An equivalent value of plane wave for reference.

[2] Value with rounding approximation and for reference only.
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3 Evaluation Plan (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 select appropriate evaluation methods for a given evaluation
purpose.

3141 Determine evaluation purpose

The purpose of the survey is to verify RF exposure compliance of the indoor distributed
antennas.

3.1.2 Determine equipment under test (EUT) category

The Equipments Under Test (EUT) are each of the individual antennas that together form the
complete low power distributed antenna system. There are no other radiating sources at the
site under evaluation.

313 Determine physical parameters
The antenna parameters are given in this section.
Table 5: Physical parameters

Parameters Indoor distributed antenna
Model IBC Omni
Frequency range 824-960 MHz
Input impedance 50 Q
VSWR <1.5
Gain 3(dBi)
Horizontal HPBW 360°

824 MHz~960 MHz 60°~110°
1710 MHz~2500 MHz 30°~65°

Directivity Omni directional

50 W into system
15 dBm into any individual antenna

Vertical HPBW

Maximum power

Polarization Vertical
Dimensions ®120 mmx100 mm
Weight 410 g

314 Decide if ambient fields are to be considered

The indoor distributed antenna is mounted on the ceiling. There are no other sources of RF
fields in line-of-sight. In this case, ambient fields need not be evaluated.

3.1.5 Estimate the field at the evaluation point

Computational evaluation of the site was performed to estimate the RF field strength before
actual measurement. The result of the computational evaluation estimates the RF field
strength at the evaluation site.
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3.1.6 Establish which parameters are to be evaluated

The power density value (S) is determined for each measurement locations, and the
expanded uncertainty of measurement is analyzed too.

3.2 Select evaluation method

Computational evaluation and on-site Broadband field measurement are chosen as the
evaluation methods for verifying RF exposure compliance of the site.

3.3  Complete the evaluation plan

The following tables represent a check sheet for computation and on-site measurement,
respectively.

Table 6: Computational evaluation check-list

Step Description
1 Use the formula in Annex F2.3
2 Specify power at the antenna port and antenna gain
3 Specify the distance d from the measurement location to the
antenna
4 Calculate S corresponding to different d
5 Analyze results

Table 7: On-site measurement check-list

Step Description
1 On each location, ensure the probe occupy the expected position
2 Then, take measurements for a total of 30 seconds.
3 Record the strongest field level of the temporal variations of the
signals.
4 Repeat step 2&3 for 10 times.
5 Repeat steps 1 to 4, for every unique location.

3.4 Methodology of on-site measurement

Where on-site measurement is required to verify RF exposure compliance, the following steps
should be taken into account:

1. In the indoor environment, the RF field of antenna close to the antenna suffers few
disturbances compared with outdoor antennas. Therefore an environment search does
not need to be performed.

2. Ensure that the measurement is performed during the normal working time of the IBC.
8:00~20:00 is the proposed measurement time.

3. Broadband equipment is prepared for on-site measurements.

4. Computational evaluation should be made to estimate RF levels for the surveyed
antenna as a way to identify approximately the locations to be measured.

5. Normally the locations are in the far field of every radiating element, so the E-field
(Power Density) probe is sufficient.

6. A written record should be kept of the measurement locations, distance and reading
levels.

7. Measurement uncertainties must be taken into account during the survey.

8. Normally the probe is mounted on a non-metallic tripod at a height of 1.8m.
Occasionally, the evaluation may require the probe to be held by the surveyor. Under
such conditions, the probe should be held away from the surveyor and pointed
towards the antenna being evaluated. Further, the surveyor should be standing away
from other objects and neither directly in front nor behind the probe relative to the
antenna position.

9. Normally the measurement locations are chosen horizontally, and start from the
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10.

projection of the antenna on the plane which is parallel to the ground at a height of
1.8m. These are shown as measurement points A-F in Figure 3.4. With the possibility
of maintenance personnel working in proximity to the ceiling,(for example dome light
maintenance), another group of measurement locations was required. These
measurement points, labelled as points G-K in Figure 3.4 below, were positioned
parallel to the ground 30cm from the ceiling. Further details can be found in Appendix
B.

Normally, a scan of approximately 30 seconds should be considered sufficient,
provided the probe has a fast enough response time.

|
center of the |
antenna [
|
pd ceiling
i
|
indoor distributed : L d d 30cm
antenna t ,"""""
R R A S ———————
| o G H I J K
ldldldldld
****]I ******** ‘***'***&***&***&***. *********************
4 B C D E F
i
|
|
180cm
ground

Figure 3.4 Testing points for on-site measurement
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4 Results (see Clause 8 of the Standard)

4.1 Results summary-computational evaluation

The RF exposure levels due to each antenna have been calculated. The computational
evaluation was performed using the data provided in Table 8. The results of the computational
evaluation concluded that the estimated Power Density (uW/cm?) was considerably less than
the limits of GB8702-88 for general public exposure.

Table 8: Input parameters list

Power at antenna port Antenna gain Measurement
(dBm) (dBi) location(from the antenna)
(cm)
15 3 20
15 3 40
15 3 60
13 3 20
13 3 40
13 3 60
10 3 20
10 3 40
10 3 60

Table 9: Computational results list (uW/cm?

Antenna power (dBm) 15 13 10
Measurement location
20 12.55 7.92 3.97
40 3.14 1.98 0.99
60 1.40 0.88 0.44
80 0.78 0.50 0.25
100 0.50 0.32 0.16
120 0.35 0.22 0.11
140 0.26 0.16 0.08
160 0.20 0.12 0.06

4.2 Results summary — on-site measurement

Considering the distributed antennas are mounted on the ceiling and that the closest point of
human access would be the head, spatial averaging is not required. Each location is tested 10
times for 30 seconds per time with the peak level recorded.

Six measurement points are chosen for each indoor antenna as described in Appendix B.
This RF evaluation measurement is carried out on the 2nd, 14th, 15th floor respectively with

Narda NBM-550. Tables 10-14 represent the measurement value of 11 points for each
antenna. The uncertainty assessment is presented in appendix A.
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421 Antenna 1
Location: 15th floor; Antenna Height: 3.6m

Table 10 Results for antenna 1

Test | Average, uW/cm?
points (10 readings)
A 0.20
B <0.10
C 0.10
D 0.20
E 0.30
F 0.20
G 4.36
H 6.45
| 1.59
J 2.36
K 0.48

4.2.2 Antenna 2
Location: 14th floor; Antenna height: 2.3m

Table 11 Results for antenna 2

Test Average, pW/cm?
pOintS (10 readings)
A 0.60
B 1.35
C 2.92
D 2.63
E 2.02
F 2.24
G 7.10
H 13.83
I 2.56
J 6.83
K 6.61
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423 Antenna 3
Location: 14th floor; Antenna height: 2.3m

Table 12 Results for antenna 3

Test | Average, uW/cm?
points (10 readings)
A 0.53
B 0.48
C 1.75
D 3.62
E 0.90
F 1.49
G 5.38
H 8.12
| 8.60
J 7.50
K 3.74

424 Antenna 4
Location: 2nd floor; Antenna height: 2.7m

Table 13 Results for antenna 4

Test | Average, pW/cm?
points (10 readings)
A 0.23
B 0.47
C 0.55
D 0.83
E 0.63
F 0.37
G 5.79
H 8.15
| 2.16
J 2.71
K 0.52
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4.2.5 Antenna 5
Location: 2nd floor; Antenna height: 2.7m

Table 14 Results for antenna 5

Test Average, pW/cm?
points (10 readings)
A 0.17
B 0.40
C 0.39
D 0.20
E 0.18
F 0.10
G 0.12
H 0.13
' 0.10
J <0.10
K 0.10

As the previous tables illustrate, the RF field strength levels from the on-site measurements
are less than the limits for the public exposure as defined in GB8702-88. As such these
evaluation locations were deemed safe to the general public. The results indicate that the
exposure levels are inversely proportional to the height of the antennas; a fact confirmed by
the maximum measured values on the 14th floor where the ceiling height is the lowest.

4.3 Assessment scheme - interpretation of results (see Clause 8 and Annex M of the

Standard)

The “best estimate” assessment scheme has been applied for this assessment. The measured
levels are reported and the expanded uncertainty is stated.
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5 Conclusions

The maximum value measured by the surveyors is 13.83uW/cm2 with 2.26dB expanded
uncertainty. Even at this location, which was on the 14th floor, the RF field strength was
significantly less than the general public limits of GB8702-88. With the measurement position
being 2.0m from the floor, and the space above the measurement location inaccessible to the
general public, this building was found to be in compliance with the National standard 8702-88
of People's Republic of China (GB 8702-88).
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6 Appendix A - Uncertainty Analysis

The expanded uncertainty for the maximum field strength measurement setup is detailed below in

Table 6.1

Table 6.1 Expanded Uncertainty (u.) for field strength measurement NBM550 with EF0391.

ﬁ::«:?teaic:lft prob. semi divisor | S€NS: ;
- y Description unit | distrib. | span coeff. | correction | stand.
fl
(in utgtnce type B d ¢ factor uncert.
quantity) t u=a/d c?u?
Measurement
equipment
Calibration Manufacturer dB normal 1.5 2.00 1 0 0.75 0.563
calibration
certificate values
used
Linearity
deviation ofthe | Manufacturer's | 4 | rect | 05 | 173 1 0 029 | 0.083
probe
Frequency
response of Manufacturer’s
the meter and data sheet dB rect 1 1.73 1 0 0.58 0.333
probe
Isotropy of the | Manufacturer's 1 gg | rect 1 1.73 1 0 0.58 | 0.333
Combined
temperature
and humidity Manufacturer's |5 | o0t | 02 | 1.73 1 0 012 | 0.013
response of data sheet
meter / cable /
antenna
Methodology
Probe position | oot S8R0
in high field in high field dB rect 1.73 1 0 0.00 0.000
gradients g
gradients
Influence of Probe
. > 1m away from
Field . body of the
reflections
from measurer (use
measurer's CENELEC Annex dB rect 1.73 1 0 0.00 0.000
. G results from
body during . -
simulation (worst
measurement .
case) in cellular
band)
No analog meter
Meter reading reading are done
error of — results stored .
fluctuating automatically to dB triang 2.45 1 0 0.00 0.000
signals memory for
downloading to pc
Source and
environment
i\‘/’::?@:mg B | rect 1.73 1 0 0.00 | 0.000
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ﬁ::«::teaic:lft prob. semi divisor | 3€NS: i
infl y Description unit | distrib. | span coeff. | correction | stand.
(influence type B d ¢ factor uncert.
quantity) t w=ald cu?
o Datasheet of radio
Variation in the manufacturer
power of the states Output
RF source from | power uncerfainty dB rect 1.73 1 0 0.00 0.000
the nominal to be +- 2 dB
level
Field
reflections
from movable No moving large
large objects ob.ecﬂs 9 dB rect 1.73 1 0 0.00 | 0.000
near the )
source during
measurement
RF propagation
& [Not applicable -
environmental high level
clutter loss (for environment in dB triang 2.45 1 0 0.00 0.000
low level direct line of sight
environmental to source?]
measurements)
N
Combined correction factor, 7. = Zti 0.00
i=1
Combined standard uncertainty, u,. =
1.15
Coverage factor for 95% Cl, k 1.96
Expanded Uncertainty, U = k X u. 2.26
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7 Appendix B- On-site measurement
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180cm
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Figure B.1 Testing points for on-site measurement

When on-site measurements are required to verify RF exposure compliance, the following
steps should to be taken into account:

1.

Prior to on-site measurement, the surveyor should walk around under the indoor ceiling-
mounted antenna using the Narda SRM-550 to find the maximum RF exposure orientation
(assuming the antenna is the centre of the area evaluated);

Figure B.1shows the eleven distributed measurement points which were selected at each
measurement location. The distributed measurement points, labelled A-F, spaced 20cm
apart were 1.8m above the ground/floor with Point A being just below the centre of the
evaluated antenna. Additional measurement points G-K, were located 30cm from the
ceiling and parallel to the ground. Point G being 20cm away from point O, which is below
the edge of the indoor distributed antenna (noting that O is not test point).

Each point was tested 10 times, with a measurement period of 30 seconds.

According to the result of the on-site measurements, the location where RF exposure is
the strongest will be identified.
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Table B.1 Template of test data records

oE (V/im) oPD (uW/cm?)
Test
points Measured values average
112 |3|4|5|6|7[8|9]10
A
B
C
D
E
F

8 Appendix C- Equipment List

NARDA Broadband Meter (NBM-550) with tri-axial probe and a tripod. The last calibration was
performed on Oct 17, 2008.
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9 Appendix D- Uncertainty Analysis Tools

The evaluation was conducted using a self-developed uncertainty analysis tool — Uncertainty
Calculation Software. A screenshot of the software is shown in Figure D.1.

Y Uncertainty calculation software

Frpunded Uncertainty

Figure D.1 Uncertainty calculation software

END OF CASE STUDIES
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Annex J
(informative)

Evaluation template and sample uncertainty table

J.1  Evaluation template

Below is an embedded document template which may be used for evaluations. It is based on
the format for the case studies presented within this document and is provided in the
Microsoft Word (97-2003) doc format.

O]
A
Evaluation
template.doc

J.2 Sample uncertainty table

Below is an embedded document table spreadsheet to assist with measurement uncertainty. It
is based on the uncertainty Tables of the Standard and may be of assistance for evaluations.
It is provided in the Microsoft Excel (97-2003) format.

=

IEC62232
Uncertainty Tables.xl|
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		Date of Report:       
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		Site Location:        






		Site Coordinates (at Antenna):           insert coordinates Lat Long/UTM and Datum (e.g. WGS-84)



		Google Earth Hyperlink:                      



		Evaluation laboratory:




		Company/Client:
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		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 
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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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MBD00160978.unknown



MBD0016134D.unknown



MBD00161F63.unknown



MBD00160E26.unknown



MBD0015F572.unknown
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