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GLOSSARY 

 

CMA1998 Communications and Multimedia Act 1998 (Act 588) 

 

Commission Malaysian Communications and Multimedia Commission 

 

EMF Electromagnetic Field 

 

ICNIRP International Commission on Non-Ionizing Radiation Protection 

 

MS EMF Mandatory Standard for Electromagnetic Field Emission from 

 Radiocommunications Infrastructure (Determination No. 1 of 2010) 

 

MTSFB Malaysian Technical Standards Forum Bhd 

 

PI Public Inquiry 

 

RF EMF Radio Frequency Electromagnetic Field 

 

Technical Codes MTSFB 077, Final Draft Technical Code on Prediction and Measurement 

of RF EMF Exposure from Base Station, and MTSFB 088, Final Draft 

Technical Code on Prediction and Measurements of RF EMF Exposure 

from Terrestrial Radio and Television Broadcasting Transmitter Stations 
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PREAMBLE 

 

1. The present Mandatory Standard for Electromagnetic Field Emission from 

Radiocommunications Infrastructure (Determination No. 1 of 2010) came into force on 

1 January 2011.  

 

2. For the purpose of revising the MS EMF, the Commission took into consideration initial 

feedbacks from the relevant working groups under Malaysian Technical Standards 

Forum Bhd (MTSFB), inputs from a survey on the current issue and future needs with 

regards to RF EMF compliance with relevant government agencies and findings from 

a benchmark study on the regulatory practices in other countries (i.e. United States of 

America, United Kingdom, Germany, France and Australia). 

 

3. The proposed revision of the MS EMF also takes into the consideration of the following: 

 

a) Evolution of Wireless Technology: The MS EMF was enforced from 1 January 

2011 taking into account the landscape and situation at that time. It is timely to 

revise the MS EMF in view of the rapid deployment of wireless technology in 

Malaysia since the enforcement of the MS EMF and future rollout of new 

technology such as 5G. 

 

b) Latest Revision of the ICNIRP Guidelines: The International Commission on 

Non-Ionizing Radiation Protection (ICNIRP) issued latest ICNIRP Guidelines for 

Limiting Exposure to Electromagnetic Fields (100 kHz to 300 GHz) in March 

2020, thus it is timely to update the EMF exposure limits in the MS EMF by 

making reference to the latest guideline. 

 

c) Enhancement of RF EMF reporting method: To address the gap on the 

compliance to the MS EMF.  
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PUBLIC INQUIRY PROCESS 

 

4. Section 58(2) of the CMA1998 provides that the Commission may hold a public inquiry 

if it is satisfied that the matter is of significant interest to either the public or to current 

or prospective licensees under the CMA1998. The objective of such a public inquiry is 

to inform as well as to invite views of the public and the licensees under the CMA1998 

on the matter at hand. 

 

5. The Commission is of the view that it is appropriate in the circumstances to hold a 

public inquiry under section 58(2)(b) of the CMA1998 in order to obtain industry and 

public comment, and to promote transparency in the exercise of its powers. 

 

6. Under section 61(1)(d) of the CMA1998, the Public Inquiry period shall be a minimum 

of forty-five (45) days, within which public submissions are invited. In the present Public 

Inquiry, licensees and the public are to formulate and submit their views on the matter 

within the stipulated period. 

 

7. The Commission shall take into consideration all submissions received within the 

Public Inquiry period. The Commission is required under section 65 of the CMA1998 

to publish a report setting out its findings as a result of any inquiry it conducted, and 

such report shall be published within thirty (30) days of the conclusion of the inquiry. 

The Commission shall summarise the submissions received and publish the same in 

the report. 
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15. The addition of new paragraphs on the requirements regarding Submission of EMF 

Compliance Declaration and EMF Compliance Report are as follows: 

 

a) EMF Compliance Declaration and EMF Compliance Report shall be submitted to 

the Commission; 

 

b) EMF Compliance Declaration and EMF Compliance Report shall be submitted 

within the specified timeline; 

 

c) the validity period of EMF Compliance Declaration and EMF Compliance Report 

are specified; and 

 

d) service providers shall publish and maintain the EMF Compliance Declaration 

and the EMF Compliance Report in their geospatial mapping website. 

 

16. The addition of new paragraphs on the requirements regarding Precautionary and 

Safety Preventive Measures are as follows: 

 

a) provision of proper precautionary and preventive measures for protection of the 

public and workers, from exposure to the EMF;  

 

b) signage with appropriate size for sites using millimetre wave (mm Wave) 

transmitter(s); 

 

c) statement to guide the public to obtain information regarding EMF at the site; and 

 

d) the need of service providers/site owners to ensure only the EMF trained 

personnel are allowed into the site. 

 

17. The details of changes and justifications are presented in Table 1 of this PI Paper. 
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Table 1. Proposed revision to the MS EMF  
 

Paragraph 
no. of 

existing 
MS EMF 

Item 
Type of 
changes Proposed revision to the MS EMF Remark / Rationale / Justification 

6 
7 

EMF Exposure 
Limit 

 

Modification 
 
 

EMF Exposure Limits in Tables 1 and 2 of the MS 
EMF have been modified in line with Table 5 of 
the ICNIRP Guidelines, 2020. 
 
Please note that Table 5 of the ICNIRP 
Guidelines, 2020 has been inserted in the revised 
MS EMF. 
 
 
 

The ICNIRP Guidelines provide protection against 
all scientifically substantiated adverse health 
effects due to exposure in the 100 kHz to 300 GHz 
range. The new guidelines provide better and 
more details exposure guidance in particular for 
the higher frequency range, above 6 GHz, which 
is of importance to 5G and future technologies. It 
also provides new restrictions to better protect 
against excessive temperature rise in the body. 
 
Reason for selection of Table 5 of the ICNIRP 
Guidelines, 2020: 
a) Table 5 refers to reference level for exposure 

over the whole body (suitable for transmission 
from base station to human), meanwhile Table 
6 and Table 7 refer to reference levels for local 
exposure, when the transmitter is in very close 
distance with the human body. 

 
b) The scope of the MS EMF covers base 

stations transmitters, repeaters and broadcast 
transmitters. Thus, other devices (user 
equipment) such as mobile phones or indoor 
routers are not included, which justifies that 
local exposure is not required to be included. 
All outdoor transmitters are positioned higher 
than a typical human height, which clarifies 
why whole body exposure is used. 
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Paragraph 
no. of 

existing 
MS EMF 

Item 
Type of 
changes Proposed revision to the MS EMF Remark / Rationale / Justification 

c) The reference levels of Table 6 are higher 
than in Table 5, which indicates that roughly, 
if the requirement of Table 5 is met, thus it will 
comply with Table 6 too. This is due to the 
basic restrictions for local exposure SAR 
(head, limb) as shown in Table 2 that are 
higher as compared to whole-body SAR. 

 
Note: Refer to the ICNIRP Guidelines for Table 2, 
5, 6 and 7 
 

8 
9 
 

Compliance 
Procedures 

Modification 
 
 

6. The EMF Compliance Assessment shall 
be required for the followings:  

(a) transmitters with an Effective Isotropic 
Radiated Power (EIRP) greater than 10 
Watt (W); and 

 
(b) transmitters with an EIRP above 2 W but 

not greater or equal to 10 W that is 
installed at the height of below 2.2 
meters from public walkway. 

 
7. The EMF Compliance Assessment is not 
required for transmitters with an EIRP above 2 W 
but not greater or equal to 10 W that is installed 
at a minimum height of 2.2 meters from public 
walkway, and no further action is deemed 
necessary. 
  
8. Transmitters with a maximum EIRP of 2 
W or less are classified as inherently compliant 
and no further action is deemed necessary. 

Based on theoretical calculation at 1 m from the 
antenna point, the RF field strength level is far 
below than the EMF exposure limit.  
 
Transmitter with a maximum EIRP of 2 W or less; 
or transmitter with an EIRP above 2 W but not 
greater or equal to 10 W which is installed in 
accordance with IEC 62232 is classified as comply 
to the ICNIRP exposure limit. Thus, no further RF 
exposure assessment is required. 
 
Based on our benchmark study, the IEC 62232 is 
one of the key standards referred when specifying 
the evaluation and calculation methods that 
should be used when installing radio equipment 
for use on frequencies from 110 MHz to 100 GHz. 
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Paragraph 
no. of 

existing 
MS EMF 

Item 
Type of 
changes Proposed revision to the MS EMF Remark / Rationale / Justification 

New 
paragraph 

EMF Compliance 
Declaration 

Addendum 
 
 

9. The Service Providers are required to 
make an EMF Compliance Declaration which 
shall be based on the EMF Compliance 
Assessment and the EMF Compliance Report. 
The EMF Compliance Declaration shall be valid 
up to two (2) years or when there are any 
configuration changes on the RCI, whichever 
comes first. 
 

New requirement to provide confidence to the 
public that the site is safe and proof of 
accountability by the Service Providers of such 
claims with necessary evidence.  
 

10 
11 
12 
13 
14 
15 
16 
17 

EMF Compliance 
Assessment 

Modification 
 
 

EMF Compliance Assessment can be either by 
Prediction methods OR On-site measurement  
 
10. The EMF Compliance Assessment shall 
be conducted based on the following methods: 
 

(a) Prediction methods: 
 

(i) calculation for single RCI; 
 
(ii) advanced computation using a 

simulation software for complex RCI; 
 

OR 
 

(b) On-site measurement. 
 

This paragraph is intended to provide alternative 
method for RF EMF Compliance Assessment.  
 
For complex or shared site, the service provider 
may opt for either prediction method or on-site 
measurement, wherever suitable. The service 
provider shall ensure the means selected is 
suitable for the task and meet the requirements. 
 

New 
paragraph 

 

EMF Compliance 
Assessment 

Addendum 
 
 

11. The details on prediction methods and 
on-site measurement are described in the 
Technical Code on Prediction and Measurement 
of RF EMF Exposure from Base Station (MTSFB 
077) and the Technical Code on Prediction and 
Measurement of RF EMF Exposure from 

The details on both methods are described and 
referenced to the Technical Codes. Since the 
methods are procedures in nature, it is more 
practical for it to be described in the Technical 
Codes.  
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Paragraph 
no. of 

existing 
MS EMF 

Item 
Type of 
changes Proposed revision to the MS EMF Remark / Rationale / Justification 

Terrestrial Radio and Television Broadcasting 
Transmitter Stations (MTSFB 088). 
 

The Technical Codes takes into consideration 
latest technology and requirements. 
 
The Technical Codes will be subjected to review 
from time to time to cater for latest needs. 
 

New 
paragraphs 

 
 
 

EMF Compliance 
Report 

Addendum 
 
 

12. The EMF Compliance Report as 
described in the MTSFB 077 and the MTSFB 088 
shall be verified by the appointed organisation, as 
duly notified by the Commission, prior to its 
submission to the Commission. The EMF 
Compliance Report shall be valid up to two (2) 
years from the submission of the same to the 
Commission or when there are any configuration 
changes on the RCI, whichever comes first. 
 
13. For multiple sites having RCI with similar 
technical specification(s), the Service Providers 
are allowed to use the same EMF Compliance 
Report if the Service Providers are able to 
demonstrate the similarity of the sites. 
 
 

EMF Compliance Report need to be verified by the 
appointed organisation to ensure the reliability and 
accuracy of the EMF Compliance Report. The 
validity of EMF Compliance Report is specified to 
ensure the EMF Compliance Report is always up 
to date.  

 
Paragraph 13 is introduced to enhance the 
regulatory requirements for the efficient use of 
resources. Service providers may not need to 
conduct simulation or on­site measurement for 
each site considering that multiple sites may have 
similar technical specifications and settings. Thus, 
the same EMF Compliance Report is allowed to 
be used as evidence, provided that  
service providers are able to demonstrate the 
similarity of the sites. 
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Shared Sites Modification 
 
 

14. The categories of Shared Sites for base 
station are described in the MTSFB 077.  
 
15. The Shared Sites for broadcasting 
transmitter station are described in the MTSFB 
088. 
 

The determination of the RF owner for a shared 
site and its principles have been revised and are 
referred to the relevant Technical Codes 
developed by the MTSFB. 
 
The modification of paragraph 16 is to give clear 
definition and guidance on the appointment of RF 
owner. 
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Paragraph 
no. of 

existing 
MS EMF 

Item 
Type of 
changes Proposed revision to the MS EMF Remark / Rationale / Justification 

(d) for any configuration changes on the 
RCI, within two (2) months after the said 
changes; and 

 
(e) for the renewal of the EMF Compliance 

Declaration and/or the EMF Compliance 
Report as specified in paragraph 23 of 
this Determination, at least one (1) month 
before the expiry of the existing EMF 
Compliance Declaration and/or EMF 
Compliance Report. 

 
23. The EMF Compliance Declaration and 
the EMF Compliance Report shall be void if there 
are any configuration changes on the RCI or has 
exceeded the validity of two (2) years, whichever 
comes first. Under such circumstances, a new 
EMF Compliance Declaration and EMF 
Compliance Report shall be submitted as 
specified in paragraph 19 and subparagraph 
22(e) of this Determination. 
 
24. The EMF Compliance Declaration may 
be exempted for sites that had already submitted 
the EMF Compliance Report before this 
Determination comes into operation, unless there 
are any configuration changes on the RCI or the 
EMF Compliance Report has exceeded the two 
(2) years period from its submission date. 
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18. The following documents which are attached with this PI Paper are meant for Public 

Inquiry reference purpose only: 

 

a) MTSFB 077, Final Draft Technical Code on Prediction and Measurement of RF 

EMF Exposure from Base Station (Annex 1); and  

 

b) MTSFB 088, Final Draft Technical Code on Prediction and Measurement of RF 

EMF Exposure from Terrestrial Radio and Television Broadcasting Transmitter 

Stations (Annex 2). 

 

 

QUESTION 2: THE COMMISSION SEEK VIEWS ON THE PROPOSED MODIFICATION 

TO THE MANDATORY STANDARD FOR ELECTROMAGNETIC FIELD 

EMISSION FROM RADIOCOMMUNICATIONS INFRASTRUCTURE AS 

STATED IN TABLE 1. 

 

QUESTION 3: THE COMMISSION SEEK VIEWS ON THE PROPOSED ADDENDUM TO 

THE MANDATORY STANDARD FOR ELECTROMAGNETIC FIELD 

EMISSION FROM RADIOCOMMUNICATIONS INFRASTRUCTURE AS 

STATED IN TABLE 1. 

 

QUESTION 4: THE COMMISSION SEEK VIEWS ON THE PROPOSED DELETION OF 

PARAGRAPHS FROM THE EXISTING MANDATORY STANDARD FOR 

ELECTROMAGNETIC FIELD EMISSION FROM 

RADIOCOMMUNICATIONS INFRASTRUCTURE AS STATED IN  

TABLE 1. 
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EMF Electromagnetic Fields 

FDTD Finite-Difference Time-Domain 

FF Far-field 

H-field Magnetic field 

ICNIRP International Commission on Non-Ionizing Radiation Protection 

IEC International Electrotechnical Commission 

IMT International Mobile Telecommunications 

ITU International Telecommunication Union 

MIMO Multiple-Input and Multiple-Output 

MOM Method of Moments 

MR Multiple-Region 

MR-FDTD Multiple-Region Finite-Difference Time 

NEC Numeric Electromagnetic Code 

NF Near-field 

NR New Radio 

NSA Non-Standalone 

PBCH Physical Broadcast Channel 

PEL Permissible Exposure Limit 

POI Point of Investigation 

PSS Primary Synchronisation Signal 

RE Resource Element 

RF Radio Frequency 

rms root mean square 

SAR Specific Absorption Rate 

SCS Sub-Carrier Spacing 

SI International System of Units 

SINR Signal-To-Interference-Plus-Noise Ratio 

SSB Synchronisation Signal Block  

SSS Secondary Synchronisation Signal 

TDD Time Division Duplex 

UEEUT User Equipment 

UL Uplink 

WHO World Health Organisation 
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Exposure limits for EMF workers are higher than for the general public because workers are adults who 
are generally exposed under known conditions and are trained to be aware of potential risk and to take 
appropriate precautions. Anyone who is not at work would be regarded as a member of the public and 
the public exposure limits apply. 
 
 
6. Shared sites 
 
BS shared site can be divided into the following categories: 
 
a) tower/pole BS; 
 
Multiple service providers or systems installed within a tower or pole. The tower or pole may be in the 
form of steel mono leg, 3-legged, 4-legged (Figure 1(a)), guyed wire or in other shape or material 
specifically built for communication purpose. 
 
b) dual-function BS; and 
 
Multiple service providers or systems installed within an infrastructure meant for certain usage other 
than communication. The infrastructure may be in form of minaret, street light pole, water tank 
(Figure 1(b)), advertising board (Figure 1(c)), etc. 
 
c) rooftop BS. 
 
Multiple service providers or systems installed within rooftop (Figure 1(d)) or wall with 60 m to 100 m 
vicinity radius (depending on the site scenario and location). The building may be a single, double or 
multi-storey with any size or shape. 
 
Figure 1 shows the examples of shared site. 
 

 
 

Figure 1a. 4-legged tower  

 
 

Figure 1b. Water tank  

 
 

Figure 1c. Billboard 

 
 

Figure 1d. Rooftop 
 

Figure 1. Illustration of shared sites 
 
6.1 Determination of Radio Frequency (RF) owner at shared site 
 
In view of the existence of multiple service providers at one BS, there is a need to appoint a RF owner 
to ease EMF compliance related works such as to generate and submit the latest simulation report. 
Nevertheless, the compliance with EMF exposure limit is the responsibility of all sharing parties whereby 
any non-compliance should be resolved amicably. 
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Table 6. EMF exposure calculation information 
 

Type Descriptions 

BS information 

a) BS ID; 
b) BS address; 
c) Global Positioning System (GPS) coordinate; and 
d) date of commission. 

Technical parameters 

a) BS type - Tower/pole, dual function or rooftop; 
b) BS height in meter; 
c) electrical tilt and mechanical tilt in degree; 
d) antenna transmit gain in dB; 
e) antenna vertical bandwidth beam in degree; 
f) antenna side lobe attenuation in dB; 
g) antenna type, model and manufacturer; and 
h) transmitter power output in Watt. 

Other technical parameters 

Uncertainty estimation analysis, consist of: 
a) cable, connector and combiner loss in dB; 
b) scattering from nearby object and ground in dB; 
c) mismatch between antenna and its feed in dB; and 
d) antenna radiation pattern data. 

Calculation tool information 
a) version, model and manufacturer (if any); 
b) operator name and designation; and 
c) date and time of calculation report. 

 
8.2  Compliance by advanced computation 
 
Advanced computational electromagnetic mapping using a simulation software is required for complex 
sites where there are 2 or more transmitters or antennas. The simulation results are to be presented in 
the form of field strength or power densities that are calculated according to the plane of interest, and 
expressed in terms of numerical values and percentage of the exposure limit. Based on the simulated 
results, it is required for the EMF measurements to be performed if the power density values are found 
to exceed the stipulated exposure limit.  
 
8.2.1 Advanced computation methods  
 
For complex scattering environment, exclusion zones for multiple antennas in close proximity are drawn 
by software simulation based on methodologies as proposed in IEC 62232, ITU-T K.52 and ITU-T K.61.  
 
There are several methods for determining compliance with exposure limits: 
 
a) Finite-Difference Time-Domain (FDTD);  
 
b) Multiple-Region Finite-Difference Time-Domain (MR/FDTD);  
 
c) ray tracing model;  
 
d) hybrid ray tracing/FDTD methods; and  

 
e) NF antenna models such as Method of Moments (MOM) and the Numeric Electromagnetic Code 

(NEC). 
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The guidance in selecting appropriate computation methods to assess compliance with EMF levels is 
shown in Table 7, which shall depend on the following factors:  
 
a) the field zone where the exposure evaluation is required;  
 
b) the quantities being evaluated; and  
 
c) the topology of the environment where the exposure occurs. 
 

Table 7. Selection of numerical techniques 
 

Field zone Topology Evaluated 
quantity 

Suitable numerical 
technique 

NF Open Field FDTD, MOM 

NF Open SAR FDTD 

NF Closed, multiple scatterers Field FDTD, MOM 

NF Closed, multiple scatterers SAR FDTD, MR/MOM 

FF Open Field Ray tracing, MOM 

FF 
Multiple scatterers  

(complex urban environment) 
Field Ray tracing 

NOTE: More detailed information on numerical techniques can be found in IEC 62232. 

 
8.2.2 Software estimation of uncertainty 
 
Every method requires uncertainty analysis report to be submitted together with the simulation report. 
The software estimation of uncertainty involves 4 tasks: 
 
a) identification of all sources of uncertainty that may reasonably be expected to cause significant 

variation or uncertainty in the evaluation; 
 
b) for each source of uncertainty, an estimation of the probability distribution type and parameter; 
 
c) specification of how the sources of uncertainty are combined to provide a total uncertainty value (a 

mathematical model which defines how the influence quantities are combined or added); and 
 
d) determine the best estimate of the evaluation and expanded uncertainty for a 95 % confidence 

interval. 
 
8.2.3 Validation of EMF simulation report  
 
The simulation software shall be validated with reference example stated in IEC 62232 depending on 
the choice of computational method used. If the maximum deviation from the reference results is within 
± 3 dB, the simulation package has passed the validation. The validation report of the software algorithm 
for each version and model shall be registered to MCMC. The latest simulation software validation 
registration is required for the updated version or/and model. 
 
Simulation software operator shall be trained and training certificate shall be provided for verification 
purpose. Software operator name and designation shall be available in simulation report. A simulation 
software (EMF estimator) as described in ITU-T K.70 should be used. 
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8.2.4 Exclusion zone indicators  
 
The simulation report shall provide clear information on zoning as defined in ITU K.52 that classifies 
potential exposure to EMF as belonging to one of the three following zones; compliance zone, 
occupational zone and exceedance zone.  
 
In the examples shown in Figure 3, the red zone indicates the exceedance zone, where no person is 
allowed into this area without following the appropriate shut-down, power-down or safe pass-through 
procedures. The yellow zone indicates the occupational zone, where only the RF trained personnel are 
allowed, on the condition that they follow the relevant site access procedures. The area outside the 
yellow zone (white zone) is open for public access.  
 

  
 

Figure 3. An example of simulated exclusion zone 
 
The examples of simulation models illustrating the exclusion zones for various antenna structures are 
shown in Figure 4. 
 
 

 

 

 

 

 

Tower/mast Building rooftop Oil and gas platform 
 

Figure 4. Examples of computed exclusion zone in simulation tool based on real antenna 
structures 
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8.2.5 EMF simulation report  
 
The simulation report which contains the following data and technical parameters for technical and 
public viewers as elaborated and explained in Annex A shall be submitted: 
 
a) base station information; 

 
b) Radiocommunications Infrastructure (RCI) technical parameters; 

 
c) other technical parameters for uncertainty estimation analysis 

 
d) cut-plane figures; 
 
e) simulation software information; and 
 
f) blueprint to scale. 
 
The computations and assessments of the exposure level shall consider the following conditions: 
 
a) the maximum emission conditions (e.g. maximum EIRP, gain and beamwidth of the antenna 

system; 
 
b) the simultaneous presence of several EMF sources, even at different frequencies; and 
 
c) various characteristics of the installation, such as the antenna location, antenna height, beam 

direction, beam tilt. 
 
Templates of simulation report are shown in Annex B and C. If there are more than 30 sites of simulation 
reports, the summary report shall be prepared as in Annex D. 
 
 
9. On-site measurement  
 
On-site measurement can be performed to analyse and confirm the actual EMF exposure at site and 
its surrounding areas. The measurement shall comply with the Permissible Exposure Limit (PEL) as 
stated in the relevant Mandatory Standard issued by MCMC. This clause specifies the techniques and 
instrumentation for the on-site EMF measurement.   
 
9.1 In-situ EMF measurement 
 
In-situ measurement is a measurement of the RF exposure level in the vicinity of the BS. Measurement 
or evaluation shall be made in the areas, which are known to be accessible by public and workers, and 
shall be performed at one location or area, known as the measurement area. The in-situ measurement 
method shall be in accordance to the IEC 62332. 
 
9.1.1 NF measurement 
 
NF measurement is conducted to determine the EMF exposure level for workers. For NF measurement, 
both E-field and H-field intensities shall be measured and compared to the PEL as specified in the     
ITU-T K.61.   
 
9.1.2 FF measurement 
 
FF measurement is conducted to determine the EMF exposure for the public. For FF measurement, 
only electric field strength (E-field)  or power density shall be measured and compared to the permissible 
exposure limit to human, and shall be in accordance to the ITU-T K.61. 
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9.1.5 Probe selection 
 
General consideration in probe selection is the frequency range. It can be a broadband probe or a 
narrowband probe. This depends on the EMF sources intended to be measured (single source and 
multiple EMF sources). Broadband measurement will provide one set of field strength measurement for 
all frequency range and sources at the measurement area while narrowband measurement will require 
separate sets of field strength values of each source and frequencies at the measurement area. The 
choice of the measurement type depends on the objective of the in-situ evaluation as stated in the      
IEC 62232. 
 
The dimension of probe sensor should be less than a wavelength at the highest operating frequency. 
According to ITU-T K.61, a non-directional probe is preferred in conducting EMF measurement.  
 
9.1.6 Measurement method 
 
The details of the measurement method in accordance to IEC 62232, ITU-T K.61 and ITU-T K.100 are 
as follows: 
 
a) measurements shall be conducted by personnel with specific training on EMF instrumentations and 

techniques; 
 
b) visual inspection shall be conducted before the measurement start; 

 
c) physical condition of the EMF source at the site must be recorded (number of antenna, height of 

the structure, type of the antenna) and photo of the site must be taken for record on the day of the 
measurement; 
 

d) the parameters that shall be considered during the assessment are as follows: 
 

i) frequency range; 
  
ii) type of antenna; 
 
iii) transmitting power; 
 
iv) dimension of the antenna; and 
 
v) distance. 

 
e) identification of RF source and measurement points; 
 
f) the locations of measurement selected shall be based on the worst-case situation (nearest 

accessible location facing the antenna beam) and popular public places (residential area, 
playground, bus stops). 

 
Distance from the EMF source to the measurement point must be recorded as reference. The NF 
or FF region shall be determined before selecting the measurement point. EMF measurement shall 
be conducted at various location points and should be mapped with the exact location (with 
longitude and latitude coordinate). This process is called EMF mapping and through this, we can 
see the EMF exposure level variations over the distance and at the selected measurement points. 
The layout plan must be sketched for any measurement conducted in the building; 

 
g) EMF measurement instruments shall match with the EMF sources frequency range and suit to FF 

or NF region which appropriate equipment and probes shall be selected based on the intended 
frequency range; 
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h) the measurement shall be carried out at 1.5 m to 2 m from the ground/floor which the measurement 
probe should be mounted on a wooden tripod; 

 
i) inspection or measurement point shall be selected at least 3 probe lengths or 0.2 m away from any 

conducting or reflecting objects; 
 
j) for each point, measurement shall be taken for 6 min by using broadband and selective spectrum 

analyser with root mean square (rms) detector using appropriate probe (according to frequency 
used by each telco service); and 

 
k) results shall be recorded in power density (µWatts/cm2) to represent the PEL. 
 
Measurement for shared site shall consider the number of RF sources available at the site. Information 
on the individual frequency of the RF source used by each service provider shall be obtained before 
the measurement. Broadband measurement is required to determine the total electromagnetic field 
around the site. Individual frequency measurement using the selective spectrum analyser can be 
conducted if needed. The PEL calculation for the shared sites shall be determined by using the lowest 
frequency used by the shared service provider as a consideration of the worst-case scenario.  
 
9.1.7 Measurement report 
 
A template of measurement report is as per Annex E. A measurement report shall consist of the 
following information: 
 
a) introduction; 

 
b) objective; 
 
c) scope of the measurement; 
 
d) description of survey site and radiation source; 
 
e) safety guideline and exposure limit; 
 
f) standard measurement equipment; 
 
g) method of measurement; 
 
h) results and discussion; 
 
i) conclusion; 
 
j) attachment; and 
 
k) report verification. 
 
9.2 5G New Radio (NR) base station EMF measurement 
 
In 5G New Radio (NR), the signalling and data signals transmit on different beam. Even if the beam 
width of signalling and data beam are different, a good correlation (constant factor) between signalling 
and data is in the range of directions, where half power beam width of signalling and data overlap. 
Towards the maximum angles of the beams, high differences up to 30 dB or more occur between 
signalling and data field strength.  This may result in an underestimation of the maximum field strength, 
if only the signalling is measured. There are many different modes for the signalling pattern and beam 
width. The exact mode must be known for any correlation, which should be provided by the network 
provider. 
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The assessment method should consider for the maximum emission approach rather than just the 
current emission approach for 5G on-site EMF measurement. The measurement needs to identify and 
decode carriers and beams of the 5G site. Estimation/calculation of the worst-case EMF exposure at 
the 5G site shall be made using extrapolation factor. To evaluate the exposure level for maximum traffic 
conditions by extrapolation, it is important that the transmitted power of the received signal or channel 
is not dependent on the amount of traffic. The measurement should be made using a known antenna 
(where antenna factor is available). A quick survey at the BS should be made to ensure no emissions 
from other transmitters in the area.   
 
The method described in this section is based on the guidelines stated in the IEC 62232, in which the 
radiation pattern and the power per Resource Element (RE) for the Synchronisation Signal Block (SSB) 
are the same as the traffic channels (or any other signal transmitted by the BS). Otherwise, an additional 
extrapolation factor should be considered in the extrapolation to account for the possible difference in 
the antenna gain and power. Considerations which should be made for 5G NR EMF measurement are 
discussed in the following sub-sections. 
 
9.2.1 Beam/gain offset between Synchronisation Signal Block (SSB) and data beams 
 
The 5G NR UE specific beams have a much lower beam width and/or more power as compared to SSB 
beams to further increase the SINR. The corresponding data either to be measured with the RF scanner 
or to be requested from the network operators or network vendors. Figure 6 illustrates the multi-beam 
signals transmitting from the 5G NR base station antenna. 
 

 
 

Figure 6. Multi-beam signal from the same antenna sector in 5G NR 
 

9.2.2 Uplink (UL) and Downlink (DL) relation factor 
 
In the case of TDD, the relation between Uplink (UL) and Downlink (DL) significantly affects the radiated 
power by the 5G NR base station. In the case, if more slots are reserved for UL, the radiated power 
decreases. The relation factor depends on the network configuration, which may be requested from the 
network operators. An exception is the 5G NSA networks, where the 5G NR carrier may be used for DL 
only. An example of Uplink (DL) and Downlink (DL) sequences in the 5G NR TDD network is shown in 
Figure 7. 
 

 
 

Figure 7. Example of UL/DL sequence in 5G NR TDD standalone network 







MCMC MTSFB TC GXXX:XXXX 
(MTSFB 077:2020) 

25 

Table 10. FBW for each combination of BS channel bandwidth and SSB subcarrier spacing 
(SCS) for mm-Wave signals 

 

SCS 
(kHz) 

Bandwidth (MHz) 

50 100 200 400 

60 792 1,584 3,168 N/A 

120 384 792 1,584 3,168 

 
In order to distinguish between the contribution of different cells, ESSB should correspond to the field 
strength per RE of the decoded SSB. Figure 10 shows the setup to measure the total sum of the SSB 
beams electric field.  
 
 
 

 
 

Figure 10. Total sum up measurement for all SSBs beams electric field 
 
In general, the EMF measurement method for 5G NR can be summarised into 5 steps: 
 
a) 5G NR signal scan overview to identify the channels; 
 
b) identification of the reference frequency position of the SSB, which contains the 5G NR always on 

signals, SCS of the SSB and the channel bandwidth of the signal under test;  
 
c) measurement of the electric field strength per RE of the SSB; 
 
d) measurement of the time averaged instantaneous exposure level; and 
 
e) extrapolation of the electric field strength per RE to the (theoretical) maximum electric field level, 

based on a fully occupied 5G NR channel. 
  

Same PCI 
source with 

different 
SSB indices 
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Figure 11 illustrates the test flow to measure the 5G EMF of a massive MIMO 5G NR base station. 
 

 
 

Figure 11. The process flow of the 5G EMF base station measurement and maximum 
exposure extrapolation with massive MIMO consideration 
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Annex A 
(normative) 

 
 

Technical requirements in EMF simulation report 
 
 
The following data and technical details are required in the EMF simulation report: 
 
a) base station information 

 
i) Radiocommunication Infrastructure (RCI) ID; 

 
ii) RCI address; 

 
iii) GPS coordinate; and 

 
iv) date of commission. 

 
b) RCI technical parameters 

 
i) RCI type - Tower/pole, dual function or rooftop; 

 
ii) RCI height in meter; 

 
iii) electrical tilt and mechanical tilt in degree; 

 
iv) antenna transmit gain in dBi; 

 
v) antenna vertical bandwidth beam in degree; 

 
vi) antenna side lobe attenuation in dB; 

 
vii) antenna type, model and make; 

 
viii) antenna GPS position; and 

 
ix) transmitter power output in Watt. 

 
c) other technical parameters for uncertainty estimation analysis 
 

i) cable, connector and combiner loss in dB; 
 

ii) scattering from nearby objects and ground in dB; 
 

iii) mismatch between antenna and its feed in dB; and 
 

iv) antenna radiation pattern data. 
 
d) cut-plane figures as described in Table A.1 and Figure A.1 

 
i) orthoslice at ground level; 

 
ii) orthoslice at rooftop level; and  
 
iii) exclusion zone crossover with adjacent building. 
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Table A.1. The description of the required cut-plane figures 

 
Cut-plane type Description 

Orthoslice at ground level 
Horizontal plane 2 m above ground level in term of power density 
or emission percentage against exposure limits. Legend with 
logarithmic rainbow colour scale shall be marked clearly. 

Orthoslice at rooftop level  
(not applicable for tower BS) 

Horizontal plane 2 m above rooftop level in term of power density 
or emission percentage against exposure limits. Legend with 
logarithmic rainbow colour scale shall be marked clearly. 

Exclusion zone crossover with 
adjacent building: 

At antenna height level to analyse the crossover within adjacent 
nearby building in close vicinity, in term of power density or 
emission percentage against exposure limits. Legend with 
logarithmic rainbow colour scale shall be marked clearly. 

NOTE: Public, occupational, and exceedance exposure limits shall be marked clearly. 

 

  
  

  
 

 
Figure A.1. Othoslice method 
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Annex B 
(informative) 

 
 

EMF simulation report sample for rooftop 
 
 
The EMF simulation report sample for rooftop are as follows. 
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Annex C 
(informative) 

 
 

EMF simulation report sample for oil and gas 
 
 
The EMF simulation report sample for oil and gas are as follows. 
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Annex D 
(informative) 

 
 

EMF summary report template 
 
 
The EMF summary report template are as follows. 
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Annex E 
(informative) 

 
 

EMF measurement report template 
 
 
The EMF measurement report template are as follows. 
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