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Preface 1 

 2 
 3 
This technical guideline, entitled GL-01, Issue 4, Guidelines for the Measurement of Radio Frequency 4 

Fields at Frequencies From 3 kHz to 300 GHz, replaces GL-01, Issue 3, published in March 2015. Issue 5 
4 has been revised in its entirety to be in accordance with the latest version of Health Canada’s Safety 6 
Code 6 (SC6) guidelines. 7 
 8 

Listed below are the main changes: 9 

• Section 3.1, Incorporating time division duplex (TDD) frame structures in simulations 10 

• Section 3.2, Clarified site characterization procedures 11 

• Section 3.2, Clarified assessment procedure for frequencies above 3GHz 12 

• Section 4.4, Consideration for the use of the actual maximum power for simulations 13 

• Section 4.5, Clarified radar transmitting sites procedures  14 

• Annex C, Incorporating traffic load on cellular systems for field measurements 15 

• Various editorial changes. 16 

 17 
Issued under the authority of  18 
the Minister of Innovation, Science and Industry  19 

 20 
 21 
 22 
 23 

____________________________________  24 
MARTIN PROULX 25 
Director General  26 
Engineering, Planning and Standards Branch 27 

 28 
 29 
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 31 

 32 
 33 
 34 
____________________________________  35 

SUSAN HART 36 
Director General  37 
Spectrum Management Operations Branch 38 
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This document uses the following abbreviations and acronyms: 75 
 76 

AM – Amplitude modulation  77 
BPR – Broadcasting Procedures and Rules 78 
BS – Base station 79 
CPC – Client Procedures Circulars 80 

FM – Frequency modulation 81 
FDD – Frequency division duplex 82 
FTP – File transfer protocol 83 
GL – Guidelines 84 

IEEE – Institute of Electrical and Electronics Engineers 85 
IEC – International Electrotechnical Commission 86 
MIMO – multiple-input, multiple-output 87 
MDS – Multipoint distribution services 88 

NS – Nerve stimulation 89 
PCS – Personal communications services 90 
RF – Radio frequency 91 
RMS – Root mean square 92 

SC6 – Safety Code 6  93 
SAR – Specific absorption rate 94 
TDD – Time division duplex 95 
TN – Technical note 96 

UHF – Ultra high frequency 97 
UE – Uncontrolled environment 98 
VHF – Very high frequency 99 
 100 
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1.0  Purpose 117 

 118 

This guideline describes the measurement procedures for different types of radiocommunication and 119 
broadcasting installations when verifying compliance with the “uncontrolled environment” requirements 120 
(including limits, access control, etc.) as set out in Health Canada’s Limits of Human Exposure to 121 
Radiofrequency Electromagnetic Energy in the Frequency Range from 3 kHz to 300 GHz – commonly 122 

known as Safety Code 6. These measurement procedures were developed in consultation with Health 123 
Canada. 124 
 125 
This document is intended for people working in the radiocommunication and broadcasting industry 126 

with the assumption that the surveyor has a basic knowledge of electromagnetic field theory and 127 
practice, including an understanding of  radio frequency (RF) safety. These procedures do not extend to 128 
measurements in the very low frequency band (below 3 kHz). 129 
 130 

 131 

2.0 Introduction 132 

 133 
As a condition of authorization, under Innovation, Science and Economic Development Canada’s 134 
(hereinafter referred to as ISED or the Department) tower siting policy, entitled Radiocommunication 135 
and Broadcasting Antenna Systems (CPC-2-0-03), compliance with Safety Code 6 (SC6) is an ongoing 136 

obligation and includes the consideration of combined effects of nearby antenna installations within the 137 
local radio environment. To determine compliance of these radio installations, ISED has developed 138 
various tools, guidelines and documents. 139 
 140 

At any time, antenna installation proponents and operators may be required, as directed by ISED, to 141 
demonstrate compliance with the uncontrolled environment (UE) limits which are specified in SC6 and, 142 
where necessary, implement corrective measures (as outlined in CPC-2-0-20 entitled Radio Frequency 143 
(RF) Fields — Signs and Access Control). In order to demonstrate compliance, detailed calculations, 144 

computer simulations, and/or site surveys (measurements) may be required.  In addition, all antenna 145 
installation proponents and operators are required to facilitate ISED’s access to sites to conduct 146 
compliance audits.  Compliance with SC6, including the implementation of access control measures and 147 
signage, must be undertaken with the highest regard for ensuring the safety and protection of the general 148 

public. 149 
 150 
It is the responsibility of all proponents and operators of antenna installations to ensure that all 151 
radiocommunication and broadcasting installations, including all guy-wires and associated anchor 152 

points, comply with the UE limits at all times. Site compliance is based on the maximum possible RF 153 
emissions for the entire site, including the combined effects of nearby installations within the local 154 
radio environment, not only the proponent’s or operator’s own installation . Each proponent and operator 155 
at a given site, including those utilizing licence-exempt equipment, are responsible for ensuring the site 156 

complies with SC6 requirements. As part of this shared responsibility, each proponent and operator is 157 
expected to openly share their system installation parameters and work cooperatively with the other 158 
proponents and operators to ensure accurate and consistent analysis. 159 
  160 

This document (GL-01) is used by the Department to assess compliance with the SC6 limits. It  covers 161 
the measurement procedures for broadcasting and radiocommunication antenna system installations, 162 
including microwave, land mobile, paging, cellular, radar installations, etc.  163 

https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf08777.html#sec7.1
https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf08777.html#sec7.1
https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf10249.html
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 164 
Technical Note TN-261, entitled Safety Code 6 (SC6) Radio Frequency Exposure Compliance 165 
Evaluation Template (Uncontrolled Environment Exposure Limits), is an evaluation tool used by the 166 
Department to quickly assess the RF exposure compliance for simple radiocommunication antenna sites 167 

using mathematical calculations. 168 
 169 
The Department’s publication Broadcasting Procedures and Rules BPR-1, entitled General Rules, 170 
specifies the broadcasting application requirements to demonstrate compliance with SC6. BPR-1 171 

contains the description of the required analysis and alternatives depending on the RF exposure results 172 
submitted by the applicant. 173 
 174 
As indicated above, the Department uses various tools for conducting SC6 compliance evaluation for 175 

radio communication and broadcasting sites. Applicants and operators may employ prediction methods  176 
or other computational modelling software that take into consideration the near-field and far-field 177 
regions of antennas. Any prediction model used to demonstrate compliance must be based on sound 178 
engineering practices and must take into consideration  the applicable SC6 UE exposure limits when 179 

analyzing  the impact of radiocommunication and broadcasting stations located within the local radio 180 
environment. 181 
 182 
 183 

2.1 Measurement Equipment 184 
 185 
The latest version of IEEE Std C95.3, IEEE Recommended Practice for Measurements and 186 
Computations of Radio Frequency Electromagnetic Fields With Respect to Human Exposure to Such 187 

Fields, 100 kHz-300 GHz, or IEC 62232, Determination of RF field strength and SAR in the vicinity of 188 
radiocommunication base stations for the purpose of evaluating human exposure , should be consulted 189 
when determining the type and specification of the measurement equipment to be used when performing 190 
RF exposure measurements. 191 

 192 
 193 
2.2 Measurements 194 
 195 

The procedures presented in this document are used to verify compliance with the UE limits as set out in 196 
SC6 for the following: 197 
1. measurements of radiated electromagnetic (EM) fields; 198 
2. measurements of re-radiated EM fields; and 199 

3. measurements of induced and contact currents.  200 
 201 
 202 
2.3 Near-Field and Far-Field Regions 203 

 204 
The space around a radiating antenna can be divided essentially into two regions, the near-field region 205 
and the far-field region. For an antenna with a maximum overall dimension that is small compared to the 206 
wavelength (i.e. electrically small antennas), the near-field region is mostly reactive and the electric and 207 

magnetic field components store energy while producing little radiation. This stored energy is 208 
transferred periodically between the antenna and the near-field. The reactive near-field region extends 209 
from the antenna up to a distance “R.” 210 
 211 

https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html
https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf01326.html
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𝑅 =
𝜆

2𝜋
        (eq. 2.1) 212 

 213 

where “” is the wavelength. 214 

 215 
There is no general formula for estimation of the field strength in the near-field for small antennas. 216 
Exact calculations can be made only for well-defined sources, such as dipoles and monopoles. 217 
 218 

For electrically large antennas, the near-field region consists of the reactive field extending to the 219 
distance obtained in equation 2.1, followed by a radiating region. In the radiating near-field, the field 220 
strength does not necessarily decrease steadily with distance away from the antenna, but may exhibit an 221 
oscillatory character. The criterion commonly used to define the distance from the source at which the 222 

far-field begins is that the phase of the fields from all points on the radiating antenna does not differ by 223 

more than /16 (22.5 degrees). The distance from the antenna corresponding to this criterion is: 224 
 225 

𝑅 =
2⋅𝐷2

𝜆
      (eq. 2.2) 226 

 227 
where “D” is the largest dimension of the antenna (m) (usually taken as the length). 228 

 229 

However, as indicated in the SC6 Technical Guide, a larger phase difference (> /16) is acceptable in  230 
estimating where the far-field zone begins for the purpose evaluating compliance with SC6 limits. This 231 

assumption will result in a shorter distance where the far-field zone begins and is acceptable to use for 232 
estimating the worst-case scenario. Therefore, a realistic practical distance from a large antenna (e.g. a 233 
parabolic reflector) where the far-field begins, which provides close agreement with experimental 234 
results, can be obtained using the following relationship: 235 

 236 

𝑅 = 0.5
𝐷2

𝜆
      (eq. 2.3) 237 

 238 
 239 
In the far-field region, the electric (E) field and magnetic (H) field are orthogonal and are interrelated 240 

with each other by a constant, the free-space impedance (377). Therefore, by measuring one field, we 241 

can derive the other. However, when measurements are conducted in the near-field, the electric (E) field 242 
and magnetic (H) field need to be assessed separately as they are not related by a simple mathematical 243 
expression. 244 

 245 
Note:  Far-field measurements are only valid when the measurements are performed in the far-field 

region of all radiating elements located at the site under study. 

 246 
Further information on near-field and far-field regions can be found in the appendix of TN-261. 247 
 248 
 249 

2.4 Radiocommunication Services 250 
 251 
In general, the measurement locations for services operating below 48 MHz will typically be in the near-252 
field, implying that the measurement of both the electric (E) fields and the magnetic (H) fields is 253 
required. For services operating above 48 MHz, as the wavelengths of the electromagnetic fields are 254 

relatively short and the dimensions of the antenna are relatively small, the measurement locations will 255 

https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html
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usually be in the far-field region. As a result, measurements of only the electric (E) field or the magnetic 256 
(H) field will normally be sufficient to assess compliance. In addition to field measurements, induced 257 
current and contact current may also be required for services operating up to 110 MHz. 258 
 259 

 260 

3.0 General Measurement Procedures for RF Exposure Compliance Assessments 261 

 262 
As outlined in SC6, the basic restrictions shall not be exceeded. The basic restrictions are specified:  263 
 264 

1. to prevent the occurrence of nerve stimulation (NS), which is defined in terms of internal “in 265 

tissue” electric field strength from 3 kHz to 10 MHz; and 266 
2. to prevent the occurrence of thermal effects, which is defined in terms of specific absorption rate  267 

(SAR) from 100 kHz to 6 GHz as well as power density from 6 GHz to 300 GHz. 268 
 269 

It is important to note that, in practice, direct measurement of internal electric fields (NS), SAR or 270 
absorbed power density is only feasible under laboratory conditions or through modelling and is very 271 
difficult to perform in a field environment. Therefore, reference levels, which are derived from the basic 272 
restrictions, are specified in SC6 in terms of external unperturbed electric and magnetic field strength, 273 

power density, as well as induced and contact currents to ensure compliance with the corresponding 274 
basic restrictions. These reference levels are quantities that can be assessed in the field either by means 275 
of measurements or calculations.   276 
 277 

When verifying compliance with SC6 requirements, the reference levels (UE limits) shown in Annex A 278 
will be used. From 3 kHz to 10 MHz, the reference levels are based on nerve stimulation (NS) and/or 279 
specific absorption rate (SAR). Assessments against NS-based limits involve instantaneous 280 
measurements (defined in this document as 30 seconds), whereas assessments against SAR-based limits 281 

involve time averaged measurements for a period of 6 minutes. From 10 MHz to 6 GHz, the reference 282 
levels are based on SAR only and measurement are averaged over 6 minutes. Above 6 GHz, the 283 
reference limits are based on power density. From 6 GHz to 15 GHz measurements are averaged over 6 284 
minutes. Above 15GHz, the reference period is frequency dependent. 285 

 286 
Sections 3.1 – 3.4 provide general measurement procedures to determine compliance with SAR-based 287 
limits.   288 
 289 

3.1 Overview of Radio Frequency Compliance Measurement Procedures  290 
 291 
To assess SC6 compliance with respect to the UE limits (in areas accessible to the public) at a specific 292 
site with radiocommunication and/or broadcasting antenna system installations, the following steps 293 

should be followed.  294 
 295 
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 296 

Step 4 - Positioning the measurement equipment

Step 5 - Site characterization

Step 6 – Walkaround inspection reveals areas 

with RF levels        

Step 7 - Temporal 

variation present?

Step 9 – Detailed spatial 

averaging

Yes

Step 11 – E field >25% of 

SC6 limit ?

Step 12 - Contact and induced 

current measurement

Step 13 - Write reports 

or keep records

* includes measurement uncertainties

No

No

No

Step 8 – Scanned spatial 

averaging

Step 10 - Frequencies 

operating at 110 MHz or 

below?

Step 2 - Prediction of RF levels

Step 3 - Selection of measurement equipment

Step 1 - Environment Search

No
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Step 1: Environment Search 297 
Prior to on-site measurements, a radio environment search should be performed and data  298 
should be gathered for services located within the specified distance from the sites under consideration. 299 
In particular, the surveyor should gather all data for broadcasting stations within a radius of 1 km; and 300 

all data for terrestrial fixed transmitter stations in the land mobile, cellular,  microwave, radar, 301 
radiolocation services, etc., within a radius of 100 metres.  302 
 303 
Step 2: Prediction of RF levels 304 

A prediction can be made to estimate RF levels for the site being surveyed and would be  305 
beneficial in identifying approximate locations with high RF to be measured. The prediction can be 306 
performed using TN-261 or other computational modelling software that take into consideration the 307 
near-field and far-field regions, as well as the applicable SC6 UE exposure limits. 308 

 309 
When modelling time division duplex (TDD) systems using predictions, the maximum transmitted 310 
power (or EIRP) may be reduced by the duty cycle factor to account for the lower downlink resource 311 
allocation and better align with measurements. For example, a TDD site with 75% downlink  and 25% 312 

uplink may be modelled with 75% of the maximum transmitted power for computation of the time 313 
averaged RF exposure values. However, in certain situations, the Department may require that the 314 
assessment be done using 100% of the maximum transmitted power. For FDD systems, 100% of the 315 
maximum transmitted power shall be used.   316 

 317 

 318 
Step 3: Selection of measurement equipment 319 
Depending on the frequency bands present at the site and the results of the radio environment search, 320 

either frequency selective and/or broadband equipment can be selected for on-site measurements. 321 
 322 
The far-field distance should be considered when selecting the measurement locations. Normally, if a 323 
location is in the far-field of every radiating element present at the site, then E-field measurements are 324 

sufficient. Otherwise, for situations where the public has access to the near-field, both the E-field and H-325 
field should be measured.  326 
 327 
Steps 4 and 5: Measurement equipment positioning and site characterisation  328 

To determine if time averaging is required for detailed measurements at the site, the surveyor should 329 
initiate a characterization of the various transmissions present at the site in order to quantify the 330 
temporal variation of the RF signals (see Section 3.2.1). 331 
 332 

Note: Through numerous measurement audits, the Department observed that signals are generally 
non-uniform in the first 2 metres above ground (spatial variation). Therefore, spatial averaging 

between 0.2 and 1.8 metres above ground, rooftop, etc., is required for all detailed 
measurements from 100kHz to 3 GHz. When assessing installations at 3 GHz and above, the 
spatial maximum between 0.2 and 1.8 metres is required (see Section 3.2.3). 

Note: When the maximum RF exposure, using worst case assumptions (maximum EIRP) in the 
theoretical analysis, is below 50% of the UE limit (in areas accessible to the general public), 
the site is generally considered compliant and on-site measurements are typically not required. 

However, should the Departmental officer require additional information on the site’s RF 
exposure compliance, they may direct the applicant to conduct  measurements to demonstrate 
compliance and/or implement mitigation measures. 
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 333 
Step 6: Identification of locations ≥ 50% of the UE limits (walkaround) 334 
The locations identified in step 2 may be used as a starting point for the walkaround inspection of the 335 
site (see Section 3.2.2). The walkaround should be performed to establish the RF levels at the site and 336 

more specifically to identify locations with RF levels ≥ 50% of the UE limits where specific 337 
measurements (scanned spatial or detailed spatial) must be performed. The layout of the walkaround 338 
will be dependent on the site under consideration and must cover the entire site. The walkaround 339 
inspection should normally be based on, but not limited to, locations  identified in step 2. In addition, 340 

other locations accessible to the general public (e.g. nearby walking trails, viewpoints, resting areas, 341 
etc.) must also be covered by the walkaround inspection. Close attention must  be paid to publicly 342 
accessible areas in close proximity to the guy wire anchor points (minimum clearance for measurements 343 
is 20 cm) where high levels of re-radiation can occur. 344 

 345 
Measurement equipment uncertainties must be taken into account for the walkaround and detailed 346 
measurements below. 347 
 348 

Steps 7 to 9: Detailed measurement 349 
On-site measurements should be taken with a clear view of the antennas when possible and at least 20 350 
cm from any objects to avoid coupling effects. Note that for AM sites there are additional requirements 351 
outlined in Section 4.2. In the case of rooftop sites, the measurements should be taken, at a minimum, at 352 

locations where a member of the general public could be exposed to the main or side lobes of the 353 
antennas. 354 
 355 
Steps 10 to 12: Induced and contact currents considerations 356 

Induced and contact current measurement considerations are required if the site being surveyed has 357 
transmitters operating at 110 MHz or below.  358 
 359 
Step 13: Reporting 360 

A comprehensive report should be compiled according to the requirements defined in GL-08. 361 
  362 
 363 
3.2 Field Strength and Power Density Measurement Procedures  364 

3.2.1  Site Characterization (Temporal Variation)  365 

 366 
As indicated in step 5 of Section 3.1, the surveyor should initially characterize the transmission site with 367 
regard to the temporal variation of the RF signals. To do so, the survey equipment should be placed (in 368 
the far-field) at the location where the highest RF levels are expected based on the theoretical evaluation 369 

or quick scan of the area around the site being assessed.   370 
 371 

Note: At the chosen location, the signal should be strong enough, at least 10% (including 
measurement equipment uncertainty) to determine if the signal variation is significant (if 
applicable). When the RF levels at the site are below 10% of the SC6 uncontrolled environment 

limit, including measurement equipment  uncertainty, it may be difficult to quantify the signal 
variation. In this case, the surveyor may assume that the field is constant and carry on with 
scanned spatial averaging measurements as per Section 3.2.3.1 for site information purposes.  

 372 
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The probe should be installed on a non-conductive tripod at a height of between 1 metre and 1.8 metres 373 
above the reference plane where the measurements are taken (ground level, rooftop, etc.)  374 
 375 
In order to characterize the temporal variation of the RF signal at site, measurements across the target 376 

frequency range are performed continuously over a period of 6 minutes and the average, maximum and 377 
minimum field strength (or power density) is recorded. Should the field strength vary by less than or 378 

equal to 20% (or 36% in the case of power density), the RF signal is considered to be constant and 379 

scanned spatial averaging measurements (see Section 3.2.3.1) will be required for the RF exposure 380 
assessment. This will normally be encountered for broadcasting sites such as FM stations. Alternatively, 381 
should the variation be greater than the thresholds mentioned above, the signal is considered to be 382 
temporally variant. In this case, detailed spatial averaging measurements (see Section 3.2.3.2) will be 383 

required for the RF exposure assessment. 384 
 385 

Note: Transients in the measurement equipment or instantaneous sporadic electrostatic effects can 
create spikes in the measured RF signal. When determining the signal variations in time, the 
temporal peaks created by such spikes should not be considered.  

 386 
An example for the quantification of temporal variation has been provided below: 387 

 388 
1) Capture the average, maximum and minimum power density (or electric field strength) across the 389 

target frequency range at the test location 390 
 391 

2) If the measured average power density from the RF signal is 40% of the SC6 limit, and if the 392 
minimum and maximum measured power density is 32% and 51% of the SC6 limit 393 

 394 
3) Temporal variation on the upper bound = │Max - Avg│ / Avg =  (│ 51% - 40%│/40%) = 27.5% 395 

 396 
4) Temporal variation on the lower bound = │Min - Avg │/ Avg (│ 32% - 40%│/40%) = 20% 397 
 398 
5) Since the maximum temporal variation of 27.5% is less than the threshold of 36%, the RF signal is 399 

considered to be constant. In this case RF exposure can be assessed using scanned spatial averaging 400 
measurements 401 

3.2.2  Walk-around Inspection 402 

 403 
Once the temporal characterization is completed, the surveyor must initiate a walk around of the entire 404 

site with the survey equipment, as introduced in Section 3.1, step 6, to identify potential locations for 405 
detailed compliance assessment. The results of the theoretical evaluation may be used as a starting point 406 
for the walkaround inspection. Normally, the walkaround inspection is done by holding the survey 407 
equipment (i.e., probe or antenna) away from the body and pointing towards the installation being 408 

assessed. There should be no other object located within a few metres of the surveyor. The height of the 409 
survey equipment should be swept vertically in one continuous motion between 0.2 metres and 410 
1.8 metres above ground level or the horizontal reference plane where the measurements are being 411 
taken.  412 

 413 
The minimum number of detailed measurements required will depend on the number of locations ≥ 50% 414 
found during the walk-around inspection as described in the table below.  415 
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 416 
 417 

Number of locations ≥ 

50% 

Minimum number of locations 

for detailed measurements  

0 to 4 Highest 4 locations 

More than 4 Each location ≥ 50% 

 418 
As shown in the Table above, if the walkaround inspection reveals 0 - 4 locations with RF exposure 419 

levels ≥ 50%, then detailed measurements shall be performed for the highest 4 locations (based on RF 420 
exposure level). If the walkaround inspection reveals more the 4 locations with RF exposure levels ≥ 421 
50%, then detailed measurements shall be performed at each location ≥ 50%. 422 
 423 

3.2.3  Detailed Measurement 424 

 425 
For the measurement locations identified in Section 3.2.2, time and spatial averaging should be 426 
performed from 100 kHz to 3 GHz and the spatial maximum should be measured at 3 GHz and above. 427 
Depending on the results of the site characterization regarding temporal variation (see Section 3.2.1), 428 

time and spatial averaging over a vertical line representing the vertical extent of a human body can 429 
either be obtained through a quick scan (see Figure 1) or through a 5-point discrete measurements (see 430 
Figure 2) as described in the next two sections. 431 
 432 

Note: The surveyor must ensure the proper configuration of the measurement equipment for all SC6 
measurements. For example, measurement equipment used in a multi-frequency environment 

should preferably be capable of summing the normalized exposure levels of all frequencies 
present by providing the total normalized exposure level. If direct field strength or power 
density measurements are envisaged, measurements must be done separately for each 

frequency, as the SC6 limits vary with the frequency. 

 
When conducting detailed field strength/power density measurements (e.g. for FM, Digital 
Radio, VHF/UHF/Digital TV, MDS and cellular transmitting sites), the measurement mode 
should be set to average root-mean-square (RMS). 

 433 

3.2.3.1   Time Averaging Not Required (Scanned Spatial Averaging) 434 
 435 
If the temporal characterization of the site (see Section 3.2.1) reveals that time averaging measurements 436 
are not required, a single continuous sweep with an isotropic probe over the vertical extent of a human 437 

body (from 0.2 metres to 1.8 metres) shall be done in order to determine the scanned spatial average 438 
value from 100kHz to 3GHz. Normally, continuous scanned spatial averaging for approximately 439 
30 seconds (from 0.2 metres to 1.8 metres) may be considered provided that the probe has a fast 440 
response time (i.e. 1 second or less). For probes with a response time greater than 1 second, the speed of 441 
the vertical scan shall be such that a minimum of at least 30 samples are taken when  performing the 442 

scanned spatial averaging measurements. 443 
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 444 
 445 

Figure 1: Spatial averaging scan over the vertical extent of a human body (from 20 cm to 1.8 m) 446 

for a uniform electric field 447 
 448 

 449 

Note: If a single axis probe/antenna is being used instead of an isotropic one , all three orthogonal 
axes will need to be measured separately and summed as per eq. 3.4 below. In most situations, 

it implies that a detailed spatial averaging will need to be performed. 
 450 

3.2.3.2  Time Averaging Required (Detailed Spatial Averaging) 451 
 452 
If time averaging measurements are required, each point on a 5-point vertical line representing the 453 
vertical extent of a human body must be measured and time-averaged over a period of 6 minutes. The 454 

5 points should be evenly spaced (see Figure 2 below). Using the time-averaged value for each point of 455 
the 5-point vertical line determined below, the spatial average (for frequencies from 100kHz – 3GHz) is 456 
calculated for that specific measurement location by taking the average of the 5 points. The probe shall 457 
be set on a non-metallic tripod when performing these detailed spatial averaging measurements.  458 

 459 
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 460 
Figure 2: Example of a grid for measurements of a non-uniform signal level and the calculation of 461 

the average value as a percentage of SC6 limits(UE)   462 
 463 
The following three equations show how to calculate the spatial average using the 5-point vertical line. 464 

The first equation (eq. 3.1) is based on equipment that is capable of directly measuring the total 465 
exposure in percentage of the limit, whereas the other two equations (eq. 3.2 and eq 3.3) are based 466 
respectively on power density and field strength measurements. Measurement equipment uncertainty 467 
shall also be considered when applying these equations. 468 

 469 
(A) Calculating spatial average (100 kHz – 3 GHz) with total exposure values in normalized percentage: 470 
 471 
The test point is compliant if: 472 

 473 
1

5
∑ (

𝐸𝑥%𝐴𝑣𝑔

100
)
𝑗

5
𝑗=1 ≤ 1    (eq. 3.1) 474 

 475 
where: (Ex%Avg)j is the time-averaged total exposure in normalized percentage at the  476 
 point j on the vertical line. 477 
 478 

Eq. 3.1 should be used for measurements in the far field. This first equation assumes that the equipment  479 
is internally using the square of the field values to determine the normalized exposure level. 480 

 481 
(B) Calculating spatial average (100 kHz – 3 GHz) using power density measurements: 482 

 483 
The test point is compliant if:  484 
 485 

∑ (
𝑆𝐴𝑣𝑔,𝑖

𝑆𝑆𝐶6,𝑖
)𝑁

𝑖=1 ≤ 1 with 𝑆𝐴𝑣𝑔𝑖 =
1

5
∑ (𝑆𝑇𝐴𝑣𝑔,𝑖)𝑗
5
𝑗=1   (eq. 3.2) 486 

 487 
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 488 
where: N is the total number of frequencies at the site 489 

SAvgi is the spatial average of the power density for the ith frequency 490 
(STAvg,i)j is the time-averaged power density for the ith frequency and at the point j 491 

on the vertical line 492 
SSC6,i is the SC6 power density limit for the ith frequency 493 
 494 

Eq. 3.2 can also be used for measurements in the far field only because the equipment is measuring E-495 

Field and converting to power densities using the impedance of free space (377 Ω), which is only true in 496 
the far-field.  497 

 498 
 499 

(C) Calculating spatial average (100 kHz – 3 GHz) using field strength measurements: 500 
 501 
The test point is compliant if:  502 
 503 

∑ (
𝐸𝐴𝑣𝑔𝑖

𝐸𝑆𝐶6,𝑖
)
2

𝑁
𝑖=1 ≤ 1 with 𝐸𝐴𝑣𝑔𝑖 = √

1

5
∑ (𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)

25
𝑗=1   (eq. 3.3) 504 

 505 

where: N is the total number of frequencies at the site 506 
EAvgi is the spatial average of the field strength for the ith frequency 507 
(EAvgRMS,i)j is the time-averaged RMS field strength for the ith frequency and at the 508 
point j on the vertical line 509 

ESC6,i is the SC6 electric field strength limit for the ith frequency 510 
 511 
Eq. 3.3 may be used for measurements performed in near-field and far-field regions. 512 
 513 

 514 
In an environment with multiple frequency bands, the measurement equipment is typically capable of 515 
summing the combined exposure values without manual calculation by the user.   516 
 517 

If single axis measurements are taken, each 6-minute time-averaged RMS field strength measurement 518 
(EAvgRMS,i)j should be evaluated by combining the three axis contributions based on the following 519 
equation: 520 
 521 

(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)𝑗 = √∑ [(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)𝑗,𝑘]
3
𝑘=1

2
                      (eq. 3.4) 522 

 523 

where: (EAvgRMS,i)j,k  is the time-averaged RMS field strength for the ith frequency and at the point j on the 524 
vertical line along the axis k (k= x, y and z axis). 525 
 526 
3.2.3.3  Spatial maximum above 3GHz 527 

 528 
When the main RF contributions are from sources above 3GHz, spatial averaging should not be 529 
performed given that it may not be conservative enough with respect to peak spatial average SAR limit 530 
over 1 gram of tissue. Instead, the spatial maximum across 5 discrete points on a vertical line should be 531 

used to assess compliance with Safety Code 6. 532 
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According to the site characterization with respect to temporal variation, if time averaging is not 533 
required, discrete measurements at each point on a 5-point vertical line may be considered, representing 534 
the vertical extent of the human body. The measurement at each point should be based on the average of 535 
a minimum of 10 samples. Of the 5 measurement points, the highest value should be used to compare to 536 

the SC6 limit for UE. When time averaging is required, each point on a 5-point vertical line should be 537 
measured and time-averaged over a period of 6 minutes (see Figure 2). Of the 5 time-averaged levels 538 
measured, only the highest level should be used to compare to the SC6 limits for UE. 539 
 540 

In order to demonstrate compliance, the same equations described in Section 3.2.3.2 are applicable 541 
except that only the highest of the 5 levels is used as in the following: 542 
 543 
(A) Using normalized exposure levels, the test point is compliant if: 544 

 545 

 
𝐸𝑥%𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆

100
≤ 1  (eq. 3.5) 546 

  547 
 where: Ex%Pk_AvgRMS is the highest of the 5 time-averaged total exposure in normalized 548 
percentage among the measurements taken on the vertical line. 549 

 550 
Similarly, eq. 3.5 should be used for measurements in the far field. This equation assumes that the 551 
equipment  is internally using the square of the field values to determine the normalized exposure level. 552 
 553 

(B) Using direct measurement of power densities, the total normalized exposure level for each point j of 554 
the vertical line must first be determined (by adding the normalized contribution for each frequency i at 555 
that point). Among the 5 points, only the highest value of the total normalized exposure level associated 556 
with each point is kept. This highest value should be smaller or equal to 1 in order to ensure compliance 557 

with SC6. 558 
 559 
Using the following equation, the test point is compliant if: 560 

 𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 ≤ 1 where 𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 = 𝑚𝑎𝑥𝑗=1𝑡𝑜5[∑ (
𝑆𝐴𝑣𝑔𝑅𝑀𝑆,𝑖,𝑗

𝑆𝑆𝐶6,𝑖
)𝑁

𝑖=1 ]561 

 (eq.3.6) 562 
 563 
 where: N is the total number of frequencies at the site 564 
  SAvgRMS,i,j is the time-averaged power density for the ith frequency at point j on  565 

  the vertical line 566 
   SSC6,i is the SC6 power density limit for the ith frequency 567 
  ExNormPk_AvgRMS is the highest value among the 5 points on the vertical line of the  568 
  total normalized exposure level associated with each point. 569 

 570 
Again, eq. 3.6 can also be used for measurements in the far field. As the equipment is measuring  E-field 571 
and converting to power densities using the impedance of free space (377 Ω), which is only true in the 572 
far-field. 573 

 574 
(C) using direct field measurements, similarly, the total normalized exposure level for each point j of the 575 
vertical line is first determined (by adding the normalized contribution for each frequency i at that 576 
point). Among the 5 points, only the highest value of the total normalized exposure level associated with 577 

each point is kept. This highest value should be smaller or equal to 1 in order to ensure compliance with 578 
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SC6. 579 
 580 
Using the following equation, the test point is compliant if: 581 

 𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 ≤ 1 where 𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 = 𝑚𝑎𝑥𝑗=1𝑡𝑜5[∑ (
𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖,𝑗

𝐸𝑆𝐶6,𝑖
)
2

𝑁
𝑖=1 ] (eq. 582 

3.7) 583 
 584 
 where: N is the total number of frequencies at the site 585 
  EAvgRMS,i,j is the time-averaged field strength for the ith frequency at point j on  586 

  the vertical line  587 
  ESC6,i is the SC6 electric field strength limit for the ith frequency 588 
  ExNormPk_AvgRMS is the highest value among the 5 points on the vertical line of the  589 
  total normalized exposure level associated with each point. 590 

 591 
Finally, eq. 3.7 may be used for measurements performed in near-field and far-field regions.   592 
 593 
If single axis measurements are performed, for each point j on the vertical line, the time-averaged field 594 

strength of each axis (EAvgRMS,i,j)k is combined (for the ith frequency). The resulting total field strength for 595 
that frequency at that point (EAvgRMS,i,j) is then compared to the SC6 field strength limit for that frequency 596 
(ESC6,i.). This gives the normalized exposure level for the ith frequency at point j. The normalized 597 
contribution of each frequency at point j is added in order to obtain the total normalized exposure level 598 

at point j. This process is repeated for each of the 5 points on the vertical line. Among the 5 points, the 599 
highest value of the total exposure level associated with each point is kept. This highest value should be 600 
smaller or equal to 1 in order to ensure compliance with SC6. 601 
 602 

Using the following equation, the test point is compliant if: 603 

𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 ≤ 1 where: 𝐸𝑥𝑁𝑜𝑟𝑚𝑃𝑘_𝐴𝑣𝑔𝑅𝑀𝑆 = 𝑚𝑎𝑥𝑗=1𝑡𝑜5 [∑ (
𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖,𝑗

𝐸𝑆𝐶6,𝑖
)
2

𝑁
𝑖=1 ]  604 

    605 

   and where:𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖,𝑗 = √∑ [(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖,𝑗)𝑘]
3
𝑘=1

2
   (eq. 3.8) 606 

 607 
 where:  N is the total number of frequencies at the site 608 
  (EAvgRMS,i,j)k  is the time-averaged field strength for the ith frequency at point j  609 
  on the vertical line along the axis k (k= x, y and z) 610 

  EAvgRMS,i,j is the time-averaged field strength for the ith frequency at point j on  611 
  the vertical line  612 
  ESC6,i is the SC6 electric field strength limit for the ith frequency 613 
  ExNormPk_AvgRMS is the highest value among the 5 points on the vertical line of the  614 

  total normalized exposure level associated to each point.  615 
 616 

3.2.3.4  Applying Measurement Equipment Uncertainty  617 
 618 

As indicated in step 6 of Section 3.1, the measurement equipment uncertainty should be added to each 619 
measurement before determining compliance (see Annex B). The following two examples show how to 620 
consider the uncertainty of the measurement equipment.  621 
 622 



Guidelines for the Measurement of Radio Frequency 
Fields at Frequencies From 3 kHz to 300 GHz GL-01 

 

16 

Example 1: 623 
 624 
The meter shows a reading of 25% of the SC6 limit for UE. If the measurement equipment has an 625 
uncertainty of ±3 dB, the percentage could be as high as 50% of the SC6 limit for UE. Therefore, the 626 

location should be considered for detailed measurements (see Section 3.2.3). 627 
  628 
Example 2: 629 
 630 

The meter shows a reading of 10% of the SC6 limit for UE. If the measurement equipment has an 631 
uncertainty of ±3 dB, the percentage could be as high as 20% of the SC6 limit for UE. Therefore, the 632 
location does not need to be considered for detailed measurements. 633 
 634 

3.3 Induced and Contact Current Measurement Procedures 635 
 636 
Induced and contact current measurement are required if the transmitters within the  radio environment 637 
have operating frequencies of 110 MHz or below. Within strong RF fields, close attention must be given 638 

to metallic objects, including guy-wires and anchor points, as induced and contact currents as well as re-639 
radiated RF emissions can be present at levels which exceed the UE limits. Since neither numerical 640 
analysis methods, nor current computational modeling simulations, are able to accurately assess the 641 
levels present at these locations, operators of these site may have to conduct measurements in order to 642 

demonstrate compliance.  643 
 644 

Note: When measuring the levels of RF emissions, induced current, or contact current for the purpose 
of determining compliance with the UE limits of SC6, the measurement equipment uncertainty 
must be added to the measured level. 

 645 
Under certain conditions, the induced current can exceed the limits specified in Table A.4 of Annex A, 646 

even though the electric field strengths are below the limits specified in tables A.1 and A.3 of Annex A. 647 
These conditions may occur even when the electric field strength is as low as 25% of the exposure limit. 648 
Therefore, induced current through a single foot should be measured by using a clamp-on current probe 649 
or a low-profile platform consisting of two parallel conductive plates isolated from each other with one 650 

located above the other when the electric field is 25% of the UE limit or higher. The initial induced 651 
current measurements should be taken at the locations with the highest field strength. 652 
For frequencies between 400 kHz and 110 MHz, a SAR-based induced current limit over a 6-minute 653 
reference period should be used and the following steps should be followed when induced current 654 

measurements are required and performed with a clamp-on current probe:  655 
 656 
(1) The surveyor should visit each location with strong field exposure as identified during the walkaround 657 

inspection (see Section 3.2.2 of this guideline). The identified locations should be logged (e.g. 658 

photos, geographical coordinates, description of area). 659 
 660 
(2)  At each location identified in step 1, the surveyor should be standing upright and without touching 661 

any metallic objects. The clamp-on probe should be clamped around his/her ankle. The surveyor 662 

should modify the position of his/her arms to find the maximum reading. The measurement 663 
equipment uncertainty must be added to the measured average RMS current then the square of this 664 
value is compared to the square of the induced current limit for UE specified in Table A.4 of Annex 665 
A. If time averaging is required based on the site characterization (temporal variation) described in 666 
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Section 3.2.1, the average RMS value should be obtained over a reference period of 6 minutes, 667 
otherwise 30 seconds is considered sufficient (see note below). 668 

 669 
Similarly, the contact current can exceed the current limits specified in Table A.5 of Annex A, even 670 

though the electric field strengths, which are the major contributor to the contact current, are below the 671 
limits as specified in tables A.1 and A.3 of Annex A. These conditions may occur when the electric field 672 
strength is as low as 25% of the exposure limit. For any conducting metallic object that a person may 673 
come in contact with and that is located in a high-intensity RF field, contact currents should be measured 674 

when the electric field strength is 25% of the UE limits or higher. An electric circuit having the 675 
impedance of the human body or a clamp-on current probe should be used for measurements.  676 
 677 
For frequencies between 100 kHz and 10 MHz (e.g. AM stations), a SAR-based contact current limit 678 

with an instantaneous reference period should be used. As such, a measurement time of approximately 679 
30 seconds may be considered to evaluate the maximum RMS contact current (including measurement 680 
equipment uncertainty). However, depending on the site characterization (temporal variation), the 681 
measurement time may be extended to 6 minutes to ensure that the maximum RMS value is captured. To 682 

assess compliance, the square of the maximum RMS value (obtained over either the 6 -minute or 683 
30-second time period) should be compared to the square of the SAR-based contact current limit 684 
specified in Table A.5. 685 
 686 

For frequencies between 10 MHz and 110 MHz (e.g. FM and television transmitting sites (TV 687 
channels 2 to 6)), a SAR-based contact current limit with a 6-minute reference period should be used. As 688 
such, the clamp-on probe should be set to average RMS and the square of the measured contact current 689 
value (including measurement equipment uncertainty) should be compared with the square of the SAR-690 

based contact current limit specified in Table A.5. If time averaging is required based on the site 691 
characterization (temporal variation) described in Section 3.2.1, the average RMS value should be 692 
obtained over a reference period of 6 minutes, otherwise 30 seconds is considered sufficient (see note 693 
below).  694 

 695 
The following steps should be followed when contact current measurements are required and performed 696 
with a contact current probe.   697 
 698 

Note: For any conducting metallic object located near a high-intensity RF field source such as AM 

installations, the measurements should not be performed using the clamp-on current probe 
given that the measurements results could be excessively over the contact current limits for the 
controlled environment and pose a risk to the surveyor. 

 699 
(1) Perform a visual inspection of the area around the antenna site for conductive object that can be 700 

accessible to the general public. The identified locations should be logged (e.g. photos, geographical 701 

coordinates, description of structure). 702 
 703 
(2) Conduct E-field or H-field measurements near the conductive object no closer than the 704 

recommended minimum separation distances (e.g. 20 cm). If the applicable E-field or H-field limits 705 

are exceeded, then the conductive object should be deemed to be an over-exposure point 706 
(non-compliance) and no further measurements are required. Otherwise, proceed to step 3 and use a 707 
contact current probe. 708 

 709 
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(3) Determine the contact current by following the operational guidelines of the measurement equipment 710 
for a continuous reference period of 6 minutes or 30 seconds as described in the second note below 711 
and compare the square of the measured average or maximum RMS contact current (including 712 
measurement equipment uncertainty) with the square of the contact current limit for UE specified in 713 

Table A.5. 714 
 715 

Note: Some contact current instrument, such as clamp-on probe around the wrist, may require the 
surveyor to be part of the circuit. In these situations, for additional precaution, the surveyor may 
opt to wear an insulating glove (fabric or rubber) prior to touching the structure under test with 

the index. If the contact current limits are exceeded wearing the glove, then the conductive 
object should be deemed to be an over-exposure point (non-compliance) and no further 
measurements are required. However, if the contact current is within the limits, repeat the 
measurement without the glove as described in step 3. 

 716 
 717 

Note: A continuous reference period of 6 minutes is applicable for frequencies between 400 kHz and 

110 MHz for induced current limits (see Table A.4 of Annex A) and between 10 and 110 MHz 
for contact current limits (see Table A.5 of Annex A). Consequently, the site characterization 
with respect to temporal variation (see Section 3.2.1) will determine if time averaging is 
required. When time averaging is required, the average RMS induced and contact current 

measurements will be determined over a continuous reference period of 6 minutes. When time 
averaging is not required, the average RMS induced and contact current measurements may be 
determined over a continuous reference period of 30 seconds. However, if the induced and 

contact current measurement values vary significantly (e.g. more than 20%) in spite of the site 

characterization (temporal variation), the averaging time should be expanded to 6 minutes. 

 718 
 719 

720 
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4.0  Specific Measurements Procedures 721 
 722 
This section provides the measurement procedures for specific types of transmitting sites. Unless 723 
otherwise specified, the general measurement procedures detailed in Section 3 are applicable. 724 

 725 
4.1 Measurement Procedures for FM, Digital Radio, VHF/UHF/Digital TV and MDS 726 

Transmitting Sites 727 
 728 

The general measurement procedures, described in Section 3, for verifying compliance with SC6 are 729 
applicable to FM, digital radio, VHH/UHF/digital TV and MDS transmitting sites.   730 
 731 
In the case of induced and contact currents, measurement considerations are required if transmitters 732 

within the environment in question have operating frequencies below 110 MHz (see Section 3.3). 733 
 734 
4.2 Measurement Procedures for AM Transmitting Sites 735 
 736 

Both NS-based and SAR-based field strength limits and current limits may apply to an AM station 737 
depending on its operating frequency (see tables A.1, A.2, A.4 and A.5 of Annex A). Therefore, the 738 
applicable reference periods will either be instantaneous or 6 minutes. In this document, instantaneous 739 
reference periods are considered by capturing the maximum RMS field or maximum RMS current 740 

values normally over a period of 30 seconds, whereas a 6-minute reference period implies the 741 
measurement of the average RMS field or average RMS current values over this time period. As RF 742 
measurements for AM stations are typically taken in the near-field region, both electric and magnetic 743 
field strengths should be measured when performing detailed measurements. In addition, measurements 744 

shall be done using a non-metallic tripod and a minimum of at least 5 metres separation should be 745 
maintained between the measuring equipment and the surveyor to minimize the impact of the surveyor 746 
on the results. When performing the measurements, it is recommended to use a fibre optic cable to link 747 
the probe to the main surveying equipment. 748 

 749 
Due to the distances between the radiators (towers) in AM arrays, each tower must be assessed 750 
separately. For each tower, a practical radial distance can be established, where measurement can begin 751 
and proceed towards the tower up to the point where public access is restricted (see AM procedure in 752 

BPR-1). Fifty percent (50%) of the most stringent electric and magnetic field strength limit (lower 753 
value) between the NS-based limit and the SAR-based limit should be selected (see tables A.1 and A.2 754 
in Annex A) when determining the initial measurement distance based on the AM procedure described 755 
in BPR-1. When the BPR-1 method is used, the measurement zone for each tower should be determined 756 

using the proposed transmitter power at its base. Although this is only an approximate method, it is 757 
sufficiently accurate in most cases.  758 
 759 
The SC6 UE limits are typically found to lie along a locus generally circular or slightly egg-shaped 760 

around the foot of each tower. For a detailed measurement, a minimum of four (4) readings should be 761 
taken along each radial for each tower, moving inwards from the maximum measurement radius. In 762 
general, only the tower with the highest radiated power needs to be considered. If SC6 limits for UE are 763 
exceeded in areas accessible to the general public for   tower, the other towers will need to be considered 764 

in order of decreasing tower radiated power. The calculated measurement radius may need to be 765 
extended if readings at the starting point already exceed the SC6 limit for UE. 766 
 767 
As indicated above, SAR-based and NS-based field strength limits may apply depending on the 768 

http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf01326.html
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operating frequency of the AM station. Section 3.2 should be referenced when determining compliance 769 
with SAR-based field strength limits. As the radiated power from an AM station varies with modulation, 770 
continuous time averaging measurement over 6 minutes will likely be required. However, site 771 
characterization with respect to temporal variation (see Section 3.2.1) will confirm whether time 772 

averaging is needed. If time averaging is not required, the measurement time may be reduced to 773 
30 seconds. To assess compliance, with SAR-based limits, the average of the squares of the average 774 
RMS field strength value (obtained over either the 6-minute or 30-second time period) taken for each of 775 
the points on the 5-point vertical line should be compared to the square of the SAR-based field strength 776 

limit (see note below for the calculations).  777 
 778 
For NS-based field strength limits, the site characterization, the walkaround inspection and the spatial 779 
averaging methodology of sections 3.2.1 to 3.2.3 are also applicable. As Safety Code 6 requires an 780 

instantaneous reference period to assess compliance with NS-based field strength limits, the maximum 781 
RMS field strength over a measurement time of approximately 30 seconds should be measured. 782 
However, depending on the site characterization (temporal variation), the measurement time may be 783 
extended to 6 minutes to ensure that the maximum RMS value is captured. To assess compliance, with 784 

the NS-based limits, the average of the maximum RMS field strength value (obtained over either the 6-785 
minute or 30-second time period) taken for each of the points on the 5-point vertical line should be 786 
compared to the NS-based field strength limit (see note below for the calculations).   787 
 788 

Note: For NS-based limits, the spatial average is performed by summing the 5 spatial samples of field 789 
strengths arithmetically and dividing the result by the number of samples. In the following 790 
equation, a single operating frequency is considered. However, the equation is also valid for 791 
multiple frequencies if the applicable SC6 limit is the same for all frequencies.  792 

 793 

  
𝐸𝑁𝑆

𝐸𝑆𝐶6−𝑁𝑆
≤ 1 to comply with the limits and where 𝐸𝑁𝑆 =

1

5
∑ (𝐸𝑀𝑎𝑥𝑅𝑀𝑆)𝑗
5
𝑗=1  (eq. 4.1) 794 

 795 

In the above equation, (EMaxRMS)j  is the maximum RMS E-field strength at the point j on the vertical line 796 
and ESC6-NS is the NS-based SC6 limit for the E-field. The same equation applies to H-field 797 
measurements.   798 
 799 

If single axis probes are used, the 3 axis measurements must be combined as follows: 800 
 801 

  (𝐸𝑀𝑎𝑥𝑅𝑀𝑆)𝑗 = √∑ [(𝐸𝑀𝑎𝑥𝑅𝑀𝑆)𝑗,𝑘]
3
𝑘=1

2
  (eq. 4.2) 802 

 803 
 where: (EMaxRMS) j,k is the maximum RMS E-field at the point j on the vertical line along  804 
      the axis k (k=x, y and z axis). 805 
 806 

Finally, for a site with multiple frequencies and multiple applicable SC6 limits when using a single axis 807 
probe, the following general equations are used where i denotes the ith group of frequencies having the 808 
same NS-based SC6 limit ESC6-NS,i : 809 
 810 

∑ [
𝐸𝑁𝑆,𝑖

𝐸𝑆𝐶6−𝑁𝑆,𝑖
]𝑁

𝑖=1 ≤ 1 with𝐸𝑁𝑆,𝑖 =
1

5
∑ (𝐸𝑀𝑎𝑥𝑅𝑀𝑆,𝑖)𝑗
5
𝑗=1 and with(𝐸𝑀𝑎𝑥𝑅𝑀𝑆,𝑖)𝑗 = √∑ [(𝐸𝑀𝑎𝑥𝑅𝑀𝑆,𝑖)𝑗,𝑘]

3
𝑘=1

2
 811 

(eq.4.3) 812 
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 813 
For SAR-based limits, spatial averaging value is based on an RMS calculation of measured field 814 
strengths. As indicated above, time-averaged RMS field strength measurements over 6 minutes will also 815 
likely be required for AM stations when performing SAR-based measurements. The following general 816 

equation applies where the indexes have the same definitions as the above equations and where the 817 
SAR-based SC6 limit for the ith group of frequencies having the same limit is represented by  818 
ESC6-SAR,i:  819 
 820 

∑ [(
𝐸𝑆𝐴𝑅,𝑖

𝐸𝑆𝐶6−𝑆𝐴𝑅,𝑖
)
2

]𝑁
𝑖−1 ≤ 1 with𝐸𝑆𝐴𝑅,𝑖 = √

1

5
∑ [(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)𝑗]

25
𝑗=1  and with(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)𝑗 =821 

√. ∑ [(𝐸𝐴𝑣𝑔𝑅𝑀𝑆,𝑖)𝑗,𝑘]
3
𝑘=1

2
 (eq. 4.4) 822 

 823 

The same equations apply to NS- and SAR-based H-field measurements. 824 
 825 

 826 
For AM stations, both induced and contact current measurements should also be taken . The 827 

measurement procedures detailed in Section 3.3 should be referenced for the measurement steps. For 828 
contact current, given that instantaneous SAR-based measurements are required for AM stations 829 
operating frequencies, a measurement time of approximately 30 seconds may be considered to evaluate 830 
the maximum RMS contact current. However, depending on the site characterization with respect to 831 

temporal variation (see Section 3.2.1), the measurement time may be extended to 6 minutes to ensure 832 
that the maximum RMS value is captured. To assess compliance, the square of the maximum RMS 833 
value (obtained over either the 6-minute or 30-second time period) should be compared to the square of 834 
the SAR-based contact current limit. For the induced current, an SAR-based limit also applies, but the 835 

reference period is 6 minutes. However, site characterization with respect to temporal variation (see 836 
Section 3.2.1) will confirm whether time averaging over 6 minutes is needed. If not, the averaging time 837 
may be reduced to 30 seconds. To assess compliance, the square of the average RMS value (obtained 838 
over either the 6-minute or 30-second time period) should be compared to the square of the SAR-based 839 

induced current limit. 840 
 841 
4.3 Measurement Procedures for Microwave Transmitting Sites (Fixed Point-to-Point) 842 
 843 
When field strength measurements are required for microwave transmitting sites, the following 844 

considerations are applicable: 845 
 846 
If the radiator is not highly directional (i.e. beamwidth > 5 degrees), assume that far-field conditions 847 
exist beyond a one-metre distance for frequencies above 300 MHz. If it is estimated that far-field 848 

conditions exist, SC6 permits the measurement of E, H or power density (PD). 849 
 850 
If it is estimated that near-field conditions exist, SC6 requires separate E and H measurements within the 851 
operating range of commercially available survey equipment. However, if it is unknown whether near-852 

field or far-field conditions exist, then the surveyor should assume near-field conditions and measure 853 
both E- and H-fields separately. 854 
 855 
The measurement procedures described in Section 3 for determining SC6 compliance are also applicable 856 

for microwave transmitting sites, excluding the induced and contact current measurements, which are 857 
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not applicable to frequency ranges above 110 MHz.  858 
 859 
 860 
4.4 Measurement Procedures for Land Mobile, Cellular and Microwave Point-to-Multipoint 861 

Transmitting Sites 862 
 863 
This section applies to transmitting facilities involving land mobile, cellular and microwave point-to-864 
multipoint services operating at frequencies above 10 MHz. 865 

 866 
The general measurement procedures described in Section 3 for determining SC6 compliance are also 867 
applicable to these types of sites. In cases of induced and contact currents (see Section 3.3), 868 
measurement considerations are required if transmitters within the environment in question use 869 

operating frequencies at or below 110 MHz . 870 
 871 
For cellular transmitting sites, the complexity in performing field measurements representing the worst-872 
case exposure condition depends with the technologies employed, number of frequencies, operators and 873 

traffic load. For some complex cellular transmitting sites, computational modelling, may be used as an 874 
alternative to demonstrate RF exposure compliance.  875 
 876 
It is noted that traffic patterns may vary across cellular networks based on factors such as population 877 

density, time of day, special events etc. Hence, the theoretical maximum transmitted power or EIRP for 878 
RF exposure compliance assessments may be overly conservative and could lead to large compliance 879 
boundaries. In order to reflect a more realistic RF exposure condition, the actual maximum transmitted 880 
power or EIRP (which is a function of the network traffic load) may be used instead. This approach may 881 

be considered, provided that the base station remains compliant (using power limiting mechanisms) even 882 
with increases in the network traffic load. As such, computational assessments based on the actual 883 
maximum transmitted power or EIRP may be considered only if implemented along with power limiting 884 
mechanisms on the base station. The successful network implementation of such power limiting 885 

mechanisms must first be demonstrated (accounting for various deployment configurations) to the 886 
department based on sound engineering practices before being accepted. The validation of such 887 
mechanisms should clearly show that traffic load variations do not increase RF exposure at the 888 
measurement location. This will involve comparing the RF exposure at various load levels with and 889 

without the power limiting mechanism activated. 890 
 891 
Should the computational model indicate that the contribution of cellular (specifically 4G and 5G) 892 
service to the overall RF exposure is greater than 50% of the SC6 UE limit, then specific measurements 893 

may be requested, taking into account the worst case configuration for the site. The principles for the 894 
worst case measurement procedure have described in Annex C. 895 
 896 

4.4.1  Underground base station/antenna installations 897 

 898 

Underground base station/antenna installation such as those used by cellular carriers integrated into  899 
manhole covers or other similar deployment will be assessed differently than typical cellular antenna 900 
installations. Since a person could actually be in contact with  antennas deployed in this manner by 901 
standing on it or be located within 20 cm of such antenna, a SAR evaluation would be required.  This 902 

will normally be done as part of this antenna system’s certification process which is not in scope of GL-903 
01. In addition to the SAR evaluation, the general measurement procedures described in Section 3 904 
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should be used to demonstrate the E- and H-fields stemming for these installations are in compliance 905 
with the SC6 limits for UE. 906 
 907 
 908 

 909 
4.5 Measurement Procedures for Radar Transmitting Sites 910 
 911 
The measurement procedures described in Section 3 for determining SC6 compliance also apply to these 912 

types of sites. To ensure general public protection, measurements must be performed under the worst 913 
case operational mode of the radar considering parameters such as: stationary mode vs rotational mode, 914 
tilt angle and vertical movement, pulse duty cycle (e.g. pulse duration and repetition frequency), 915 
rotational duty cycle (rotation speed, beam width), etc. 916 

 917 
When measurements are conducted on a scanning/rotating antenna, the survey equipment must be 918 
appropriately selected in order for the equipment integration time (response time) is smaller than the 919 
radar illumination time during signal sweeps (time on target). Otherwise, the measured exposure levels 920 

may have to be adjusted. 921 
 922 
In addition to average power measurements, SC6 also specifies limits over the pulse duration that must 923 
be verified for compliance. The limit in power density over the pulse duration is 1000 times the 924 

applicable power density reference level. Similarly, the limit for the squared electric and magnetic fields 925 
and the squared induced and contact currents over the pulse duration is 1000 times the applicable 926 
squared reference level. Please refer to the Notes referenced in SC6 tables 5, 6, 7 and 8 for further 927 
details. 928 

 929 
When measurements are planned at radar sites, special care must be taken due to the possibility of 930 
extremely high powers involved. 931 
 932 

In cases where there is a predicted or known risk of overexposure to survey personnel, one of the 933 
following four survey approaches may be used depending on the risk assessment: 934 

 935 

(a) For high-risk cases, a horn antenna can be placed inside the measurement area (while the radar 936 
transmitter is OFF) and connected to a spectrum analyzer with a low-loss cable of sufficient length 937 
to permit data to be taken without risk of overexposure. An attenuator may be required to protect the 938 

spectrum analyzer from possible damage. 939 

 940 

(b) For medium-risk cases, survey equipment may be placed on a tripod inside the measurement area 941 
(while the radar transmitter is OFF) and the meter is read with binoculars or via an optical link.  942 

 943 

(c) For low-risk cases, the survey probe may be used for an initial assessment. 944 

 945 

(d) Alternately, where it is not necessary that the transmitter operate at full power, the transmitter may 946 
be operated at a reduced power level and the data adjusted to take into account this power reduction. 947 

 948 

Where test procedures require a stationary radar beam, by precaution, personnel must be vacated from 949 
inhabited areas that will be radiated by, either the main beam, or secondary lobes or reflections from the 950 

https://www.canada.ca/en/health-canada/services/publications/health-risks-safety/limits-human-exposure-radiofrequency-electromagnetic-energy-range-3-300.html
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main beam or secondary lobes. 951 

 952 

For measurements on a scanning/rotating antenna, ensure that there is sufficient clearance between a 953 
scanning/rotating antenna and survey personnel to avoid physical injury. Throughout the survey, survey 954 
personnel should be in constant communication with the radar operator in order to implement parameter  955 
changes required by the test program and to be able to quickly curtail transmitter operation in case of 956 

emergency. 957 

 958 

 959 

5.0 Reporting Requirements 960 

 961 

GL-08, Guidelines for the Preparation of Radio Frequency (RF) Exposure Compliance Reports for 962 
Radiocommunication and Broadcasting Antenna Systems, should be used when reporting the RF 963 
exposure measurement survey. 964 

965 
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Annex A — Reference Levels for Safety Code 6 (SC6) Limits for Uncontrolled 1004 

Environments (UE) 1005 

 1006 
Table A.1 – Electric Field Strength Limits for the UE From 3 kHz to 10 MHz 1007 

 1008 

 

Frequency Range  

Electric Field 

Strength  

(V/m RMS) 

 

Reference 

Period  

 

Basis for Limit 

0.003-10 MHz 83 Instantaneous Based on Nerve Stimulation 

1.1 - 10 MHz 87/f0.5 6 min Based on Specific Absorption Rate 

Note: Frequency, f, is in MHz 1009 

 1010 
 1011 
Table A.2 – Magnetic Field Strength Limits for the UE From 3 kHz to 10 MHz 1012 
 1013 

 

Frequency Range  

Magnetic Field 

Strength  

(A/m RMS) 

 

Reference 

Period 

 

Basis for Limit 

0.003-10 MHz 90 Instantaneous Based on Nerve Stimulation 

0.1 - 10 MHz 0.73/f 6 min Based on Specific Absorption Rate 

Note: Frequency, f, is in MHz 1014 
 1015 

 1016 
Table A.3 – Field Strength/Power Density Limits for the UE From 10 MHz to 300 GHz 1017 
 1018 

 

Frequency Range  

Electric Field 

Strength  

(V/m RMS) 

Magnetic Field 

Strength  

(A/m RMS) 

 

Power Density 

(W/m2) 

Reference 

Period 

(minutes) 

10 - 20 MHz 27.46 0.0728 2 6 

20- 48 MHz 58.07/f0.25 0.1540/f0.25 8.944/f0.5 6 

48 - 300 MHz 22.06 0.05852 1.291 6 

300 – 6 000 MHz 3.142f0.3417 0.008335f0.3417 0.02619 f0.6834 6 

6 000 – 15 000 MHz 61.4 0.163 10 6 

15 000 – 150 000 

MHz 

61.4 0.163 10 616000/f1.2 

150 000 – 300 000 
MHz 

0.158f0.5 4.21 x 10-4f0.5 6.67 x 10-5f 616000/f1.2 

Note: Frequency, f, is in MHz 1019 
 1020 

 1021 
 1022 
 1023 
 1024 

 1025 
 1026 
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Table A.4 – Induced Current Limits for the UE 1027 
 1028 

 

Frequency Range 

(MHz) 

 

 

Induced Current (mA, RMS)  

Through a Single Foot 

Reference 

Period 

 

Note 

0.003 - 0.4 100 f Instantaneous Based on Nerve Stimulation 

0.4 - 110  40 6 min Based on Specific Absorption Rate 

Note 1: Where the assessment is made of the current flowing through both feet, the results shall be 1029 
compared to twice the limits for a single foot.  1030 

Note 2: Frequency, f, is in MHz. 1031 
 1032 

 1033 
Table A.5 – Contact Current Limits for the UE 1034 
 1035 

Frequency Range 

(MHz) 

 

Contact Current (mA, RMS) 

for Finger-Touch  
Reference 

Period 

Note 

0.003 - 0.1 200 f Instantaneous Based on Nerve Stimulation  

0.1 - 10 20 Instantaneous Based on Specific Absorption Rate 

10 - 110  20 6 min Based on Specific Absorption Rate  

Note: Frequency, f, is in MHz 1036 

1037 
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Annex B — Measurement Equipment Uncertainties 1038 

 1039 

Measurement Uncertainties 1040 

 1041 

Measurement uncertainties are the result of actual measurement uncertainties and/or equipment 1042 
uncertainties. 1043 
 1044 

Related Documents 1045 

 1046 
For additional information on measurement uncertainties, refer to Measurement Good Practice Guides 1047 

by the National Physical Laboratory. 1048 
 1049 

Actual Measurement Uncertainties 1050 

 1051 
Actual measurement uncertainties can be minimized by following proper measuring practices and 1052 
procedures. 1053 
 1054 

Measurement Equipment Uncertainties 1055 

 1056 

Measurement equipment uncertainties are primarily due to the design of the equipment. They can also 1057 
be affected by other factors, such as environmental conditions, temperature, humidity, etc. Proper 1058 
calibration of the equipment can largely eliminate the bias errors and a careful selection of equipment 1059 
type and measuring method can reduce the value of this uncertainty factor.  1060 

 1061 
Requirements for Compliance with Safety Code 6  1062 
 1063 
a. The equipment selected must be of recognized commercial type. 1064 

 1065 
b.Proper calibration of the equipment must be performed in accordance with the manufacturers’ 1066 
recommended calibration period. 1067 
 1068 

c. Correct measurement procedures must be followed. 1069 
 1070 

If the measured RF levels plus the manufacturers’ specified measurement equipment uncertainty factor 1071 
are below the Safety Code 6 (SC6) limits for uncontrolled environments, these exposure levels will be 1072 

accepted as measured and the site is deemed to be SC6 compliant.  1073 
 1074 
If the measured RF levels plus the manufacturers’ specified measurement equipment uncertainty factor 1075 
exceed the SC6 limits for uncontrolled environments, then corrective remedies must be taken to comply 1076 

with SC6 requirements (see Client Procedures Circular CPC-2-0-20, Radio Frequency (RF) Fields – 1077 
Sign and Access Control). Alternatively, single frequency measurement of all frequencies present at the 1078 
site can be conducted and summed together as described in Health Canada’s Technical Guide and 1079 
detailed in this document to improve the measurement equipment uncertainty factor. 1080 

 1081 
 1082 
  1083 
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Annex C – Worst case measurement procedures for Cellular base stations 1084 

 1085 

RF exposure from 4G and 5G cellular base stations can vary depending on the traffic load. Generating 1086 
worst case RF exposure conditions in the field requires maximizing traffic loading on the base station(s) 1087 
or sector(s) being assessed. In addition, for cellular base stations that incorporate massive MIMO 1088 
antenna systems with beamforming capabilities, measuring the worst case RF exposure is typically 1089 

achieved by directing the high gain traffic beam(s) towards the surveyor.  1090 
 1091 
The worst case RF exposure for 4G and 5G cellular transmitting sites may be assessed in field using one 1092 
of the following approaches: 1093 

 1094 
1) Using dedicated user equipment (e.g. smartphone) 1095 

 1096 
2) Using base station features 1097 

 1098 
Measurement Procedures using dedicated user equipment 1099 
 1100 

In order to generate the worst case RF exposure from a base station without detailed knowledge of 1101 

network parameters, user equipment running a continuous full buffer downlink traffic session (e.g.: iPerf 1102 

session or downloading a large file over ftp) may be used by the surveyor based on the principles 1103 

outlined below. 1104 

1. Setup field measurement equipment at the location of interest that was identified through 1105 

calculations or computations.  1106 

2. Perform site characterization as per section 3.2.1 1107 

3. Run a baseline measurement as detailed in section 3.2.3 and record the RF exposure 1108 

4. Place the user equipment at least 2m from the measurement equipment and ensure that it is 1109 

locked to the operating frequency being assessed 1110 

5. Generate full buffer downlink traffic on the target operating frequency using a suitable 1111 

application (e.g.: iPerf or ftp) on the user equipment  1112 

6. Confirm that the measured operating frequency is loaded by comparing with the result obtained 1113 

in Step 3 or using BS counters  1114 

7. Perform a detailed RF exposure measurement  as detailed in section 3.2. with full buffer 1115 

downlink traffic  1116 

8. Ensure that continuous downlink traffic is triggered by the user equipment for the entire duration 1117 

of the test 1118 

9. Repeat steps 1 – 8 for each operating frequency present at the test location 1119 

10. In the measurement report capture the following metrics, in addition to those outlined in GL-08: 1120 

a. Baseline RF exposure measurement 1121 

b. RF exposure with user equipment traffic  1122 

c. Application used to generate traffic load 1123 

  1124 
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Measurement Procedures using base station features 1125 
 1126 
Base station features can also be used to generate worst case RF exposure conditions in field by 1127 
directing a high gain traffic beam at maximum downlink traffic load towards the location under test. The 1128 

principles to assess worst case RF exposure using base station features have been detailed below: 1129 
 1130 

1) Setup field measurement gear at the location of interest that was identified through calculations 1131 
or computations. Perform site characterization as per section 3.2.1  1132 

2) Run a baseline measurement as detailed in section 3.2.3 and record the RF exposure 1133 

3) Simulate 100% downlink physical resource block loading on the frequency band being assessed 1134 

using base station features 1135 

4) If the base station utilizes massive MIMO antennas with beamforming, leverage base station 1136 

features to direct the traffic beam towards the measurement location. This will likely be an 1137 

iterative process where the surveyor monitors the signal strength as the base station sweeps the 1138 

traffic beam across its coverage area   1139 

5) Once the worst case configuration has been implemented, perform a detailed RF exposure 1140 

measurement as detailed in section 3.2.3 1141 

6) Repeat steps 1 – 5 for each operating frequency being measured 1142 

7) In the measurement report capture the following metrics, in addition to those outlined in GL-08: 1143 

a. Baseline RF exposure measurement 1144 

b. RF exposure with base station features  1145 

c. Any relevant base station parameters (% load, beam azimuth and tilt) 1146 


