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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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 INTERNATIONAL ELECTROTECHNICAL COMMISSION  283 

____________ 284 

 285 

MEASUREMENT PROCEDURE FOR THE ASSESSMENT  286 

OF SPECIFIC ABSORPTION RATE OF HUMAN EXPOSURE  287 

TO RADIO FREQUENCY FIELDS FROM HAND-HELD AND  288 

BODY-MOUNTED WIRELESS COMMUNICATION DEVICES –  289 

 290 

Part 3: Vector measurement-based systems  291 

(Frequency range of 300 MHz to 6 GHz) 292 

 293 

FOREWORD 294 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 295 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 296 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 297 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 298 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC document(s)”). Their 299 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 300 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 301 
with the IEC also participate in this preparation.  302 

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the 303 
IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a consensus 304 
development process, approved by the American National Standards Institute, which brings together volunteers 305 
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members 306 
of IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote 307 
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the 308 
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly 309 
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see 310 
https://standards.ieee.org/ipr/disclaimers.html for more information). 311 

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two 312 
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms 313 
of that agreement.  314 

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of 315 
opinion on the relevant subjects since each technical committee has representation from all interested IEC 316 
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies 317 
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially 318 
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards 319 
document is given by the IEEE Standards Association (IEEE SA) Standards Board. 320 

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC National 321 
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical 322 
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they 323 
are used or for any misinterpretation by any end user. 324 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 325 
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional 326 
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional 327 
publication shall be clearly indicated in the latter. 328 

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity 329 
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible 330 
for any services carried out by independent certification bodies. 331 

6) All users should ensure that they have the latest edition of this publication. 332 

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual 333 
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and 334 
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for any 335 
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for 336 
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE 337 
Publication or any other IEC or IEEE Publications.  338 

8) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is 339 
indispensable for the correct application of this publication. 340 
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material 341 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or 342 
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying 343 
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or 344 
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with 345 
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. 346 
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk 347 
of infringement of such rights, is entirely their own responsibility. 348 

 349 

IEC technical committee 106: “Methods for the assessment of electric, magnetic and 350 
electromagnetic fields associated with human exposure” and “IEEE International Committee on 351 
Electromagnetic Safety (ICES) - technical committee 34 have jointly prepared this 352 
IEC/IEEE 62209-3 Ed.2 dual-logo standard. 353 

This second edition cancels and replaces the first edition that was published as an IEC standard 354 
in 2019. This edition constitutes a technical revision.  355 

This edition includes the following significant technical changes with respect to the previous 356 
edition: 357 

– Extension of lower end of frequency range to 300 MHz; 358 

– Updated procedures for SAR measurement of simultaneous transmission, with correlated 359 
and uncorrelated signals; 360 

– Considerations for SAR assessments of 5G NR applications; 361 

– Novel procedure for system validation based on Gaussian process interpolation; 362 

– Consolidated annexes describing evaluation of contributing parameters for measurement 363 
uncertainty estimation and restructured separately for system manufacturer and for user 364 
purposes; 365 

– New annex on frequency-dependency of basic SAR calculation formula; 366 

– Various editorial changes for reorganization, renumbering, and consolidation of some 367 
subclauses. 368 

 369 

The text of this International Standard is based on the following IEC documents: 370 

FDIS Report on voting 

106/…/FDIS 106/…/RVD 

 371 
Full information on the voting for its approval can be found in the report on voting indicated in 372 
the above table. 373 

The language used for the development of this International Standard is English. 374 

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part 2, 375 
available at www.iec.ch/members_experts/refdocs. The main document types developed by IEC 376 
are described in greater detail at www.iec.ch/publications/. 377 

 378 
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This standard contains attached files for the folliwng items. These files are available in the 379 
supporting documents folder at: 380 
www.iec.ch/tc106/supportingdocuments. 381 

• four *.IGS files of inner and outer surfaces for the left and right halves extracted from 382 
the CAD model of the SAM phantom (see A.1.2); 383 

• GPI-model for system validation (Clause D.4); 384 

• reference antennas described in Annex E; 385 

• analytical functions that are to be used for the evaluation of the reconstruction algorithm 386 
uncertainty in Table J.1. 387 

 388 

The IEC Technical Committee and IEEE Technical Committee have decided that the contents 389 
of this document will remain unchanged until the stability date indicated on the IEC website 390 
under webstore.iec.ch in the data related to the specific document. At this date, the document 391 
will be 392 

• reconfirmed, 393 

• withdrawn, 394 

• replaced by a revised edition, or 395 

• amended. 396 

 397 

IMPORTANT – The “colour inside” logo on the cover page of this document indicates that it 
contains colours which are considered to be useful for the correct understanding of its 
contents. Users should therefore print this document using a colour printer. 

 398 

 399 
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INTRODUCTION 400 

This document specifies the requirements for vector measurement-based systems to measure 401 
the specific absorption rate (SAR) of devices that are used in close proximity to the human body 402 
or head.  403 

Because SAR measurement systems are used for showing compliance with national and 404 
international exposure limits, the test procedures have to be standardized. This standardization 405 
aims at achieving accurate and reliable results for determining RF exposure compliance. 406 

Vector measurement-based systems and the associated protocols can differ from traditional 407 
SAR measurement systems and protocols. These systems use field reconstruction methods, 408 
allowing the application of indirect measurement approaches in which the SAR is evaluated in 409 
three dimensions from a limited number of measurement points that may be located in a limited 410 
part of the volume of interest. Such SAR assessment approaches can result in significantly 411 
reduced SAR measurement times. 412 

 413 

  414 
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MEASUREMENT PROCEDURE FOR THE ASSESSMENT  415 

OF SPECIFIC ABSORPTION RATE OF HUMAN EXPOSURE  416 

TO RADIO FREQUENCY FIELDS FROM HAND-HELD AND  417 

BODY-MOUNTED WIRELESS COMMUNICATION DEVICES –  418 

 419 

Part 3: Vector measurement-based systems  420 

(Frequency range of 300 MHz to 6 GHz) 421 

 422 

1 Scope 423 

This part of IEC 62209 specifies measurement protocols and test procedures for the 424 
reproducible measurement of peak spatial-average specific absorption rate (psSAR) induced 425 
inside a simplified model of a human head or body by radio-frequency (RF) transmitting devices, 426 
with a specified measurement uncertainty. Requirements are provided for psSAR assessment 427 
using vector measurement-based systems. A vector measurement-based system may be a 428 
scanning system or an array system. Such systems determine the psSAR by three-dimensional 429 
(3D) field reconstruction within the volume of interest in accordance with the requirements 430 
herein for the measurement system, calibration, uncertainty assessment and validation 431 
methods. The protocols and procedures apply for the psSAR assessments cover a significant 432 
majority of people including children during use of wireless communication devices operated in 433 
close proximity to the head or body. 434 

This document is applicable for SAR evaluations of wireless communication devices intended 435 
to be used at positions near the human head or body at distances up to and including 200 mm. 436 
This document may be employed to evaluate SAR compliance of different types of wireless 437 
communication devices used next to the ear, in front of the face, mounted on the body, 438 
combined with other RF-transmitting or non-transmitting devices or accessories (e.g. belt-clip), 439 
or embedded in garments. The overall applicable frequency range is from 300 MHz to 6 GHz.  440 

The wireless communication device categories covered include but are not limited to mobile 441 
telephones, cordless microphones, auxiliary broadcast devices and radio transmitters in 442 
personal computers, desktop and laptop devices, multi-band, multi-antenna, and push-to-talk 443 
devices. 444 

 445 
  446 
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2 Normative references 447 

The following documents are referred to in the text in such a way that some or all of their content 448 
constitutes requirements of this document. For dated references, only the edition cited applies. 449 
For undated references, the latest edition of the referenced document (including any 450 
amendments) applies. 451 

IEC TR 62630:2010, Guidance for evaluating exposure from multiple electromagnetic sources 452 

IEC/IEEE 62209-1528:2020, Measurement procedure for the assessment of specific absorption 453 
rate of human exposure to radio frequency fields from hand-held and body-worn wireless 454 
communication devices - Human models, instrumentation and procedures (Frequency range of 455 
4 MHz to 10 GHz) 456 

IEC/IEEE 62704-1, Determining the peak spatial-average specific absorption rate (SAR) in the 457 
human body from wireless communications devices, 30 MHz to 6 GHz – Part 1: General 458 
requirements for using the finite difference time-domain (FDTD) method for SAR calculations 459 

IEC 62479, Assessment of the compliance of low-power electronic and electrical equipment 460 
with the basic restrictions related to human exposure to electromagnetic fields  461 
(10 MHz to 300 GHz) 462 

ISO/IEC Guide 98-1:2009, Uncertainty of measurement – Part 1: Introduction to the expression 463 
of uncertainty in measurement 464 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 465 
uncertainty in measurement (GUM:1995) 466 

 467 

 468 
  469 
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3 Terms and definitions 470 

For the purposes of this document, the terms and definitions given in IEC/IEEE 471 
62209-1528:2020 and the following apply.  472 

ISO, IEC, and IEEE maintain terminological databases for use in standardization at the following 473 
addresses: 474 

• IEC Electropedia: available at http://www.electropedia.org/ 475 

• ISO Online browsing platform: available at http://www.iso.org/obp 476 

• IEEE Dictionary Online: available at http://dictionary.ieee.org 477 

3.1  478 
accessory 479 
optional components or attachments that can be used in conjunction with the device under test 480 
(DUT) 481 

EXAMPLE 1 Accessories for holding, affixing, or otherwise carrying, wearing or attaching the device, as well as 482 
providing a specific use condition on the body of the user (e.g. a belt-clip, wrist-strap or any other body strap, or 483 
lanyard for wearing the device using a necklace). 484 

EXAMPLE 2 Electronic accessories for performing specialised tasks or which provide additional features (e.g. GPS 485 
modules, outboard printers, MP3 players, cameras or viewing devices). 486 

EXAMPLE 3 Electronic accessories providing audio or video input or output (e.g. headsets, microphones, cameras). 487 

EXAMPLE 4 Accessories providing enhanced RF capability to the device (e.g. original, replacement, or auxiliary 488 
antennas). 489 

EXAMPLE 5 Batteries and related DC power components. 490 

EXAMPLE 6 Combinations of accessories, where two or more of the above are combined within one component. 491 

3.2  492 
basic restriction 493 
human exposure limits for compliance with time-varying electric, magnetic, and electromagnetic 494 
fields measured inside the body that are based on established adverse health effects 495 

Note 1 to entry:  Within the scope of this document, the physical quantity used as a basic restriction is the specific 496 
absorption rate (SAR). 497 

3.3  498 
body-worn device 499 
device containing one or more wireless transmitters or transceivers which is positioned in close 500 
proximity to a person’s torso or limbs (excluding the head) by means of a carrying accessory to 501 
support intended use operations  502 

Note 1 to entry: This document uses the term body-worn synonymously for the term body-mounted, which was 503 
employed in earlier versions. 504 

3.4  505 
body-supported device 506 
device containing one or more wireless transmitters or transceivers, with intended use that 507 
includes transmitting with any portion of the device being held directly against a user’s body 508 

3.5  509 
boundary effect 510 
change in the sensitivity of an electric-field probe when the probe tip is located close (less than 511 
one probe-tip diameter) to media boundaries 512 

Note 1 to entry: This effect is caused by distortion of the scattered field at the probe tip due to the nearby phantom 513 
dielectric surface. This effect can be compensated if the probe orientation with respect to the phantom surface is 514 
known. 515 
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3.6  516 
cable 517 
assembly of one or more conductors and/or optical fibres, with a protective covering and 518 
possibly filling, insulating and protective material 519 

[Electropedia] 520 

3.7  521 
channel 522 
specific sub-division of the transmit frequency range according to the operating parameters of 523 
a particular wireless technology 524 

Note 1 to entry: The number of RF channels and the corresponding channel bandwidth can vary among individual 525 
wireless technologies. For the purpose of this standard, SAR measurements are performed at specific channels; for 526 
example, the high, middle, and low channels of the transmission band. 527 

3.8  528 
conservative exposure 529 
estimate of the psSAR, including uncertainties as specified in this document, representative of 530 
and slightly higher than expected to occur in the head or body of a significant majority of the 531 
human population during intended use of a wireless transmitting device 532 

3.9  533 
constant-envelope mode 534 
transmission mode where the signal amplitude over the channel bandwidth does not vary with 535 
time 536 

3.10  537 
correlated signals 538 
electromagnetic fields, associated to distinct signal waveforms, yielding non-zero time-domain 539 
correlation integral at some time instant  540 

Note 1 to entry: Details are specified in IEC TR 62630:2010. 541 

3.11  542 
desktop device 543 
device placed or mounted on a desk, table, or similar supporting structure, with antennas that 544 
are intended to be operated at or closer than 200 mm from the human body 545 

3.12  546 
device holder 547 
fixture constructed of low-loss dielectric material that is used to hold the device under test in 548 
the required test position during SAR measurement 549 

3.13  550 
device under test (DUT) 551 
device containing one or more wireless transmitters or transceivers that is tested according the 552 
methods of this document  553 

Note 1 to entry: A device under test can be further categorised as a body-worn, body-supported, desktop, front-of-554 
face, hand-held, limb-worn, clothing-integrated, or generic device. 555 

3.14  556 
duty factor  557 
proportion of time that a transmitter transmits over a specified period  558 

3.15  559 
frequency band 560 
transmitting frequency range associated with a specific wireless operating mode 561 

Note 1 to entry:  The frequency band is often referred to using rounded figures, however the actual frequency 562 
allocation can be slightly different, e.g. the GSM 850 MHz band actually uses 824 MHz to 849 MHz and 869 MHz to 563 
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894 MHz, the GSM 900 MHz band actually uses 880 MHz to 915 MHz and 925 MHz to 960 MHz. In other cases, the 564 
official 3GPP nomenclature might be used, for instance LTE Band 12 (uplink 699 MHz to 716 MHz; downlink 729 MHz 565 
to 746 MHz). 566 

3.16  567 
front-of-face device 568 
hand-held device containing one or more wireless transmitters or transceivers operated in close 569 
proximity to the face 570 

3.17  571 
generic device 572 
device that cannot be categorised as belonging to any of the specific device categories 573 

3.18  574 
hand-held device 575 
portable device which is operated in a user’s hand at a distance of over 200 mm from the head 576 
or torso during its intended use 577 

3.19  578 
handset 579 
wireless communication device intended to be held in the hand and operated next to the ear, 580 
consisting of an acoustic output or earphone and an acoustic input or microphone, and 581 
containing a radio transmitter and receiver 582 

Note 1 to entry: For synonym terms such as “mobile phone,” the terms “mobile” and “portable” have specific but 583 
generic meanings in IEC 60050 – mobile: capable of operating while being moved (IEC 60050-151: 151-16-46); 584 
portable: capable to be carried by one person (IEC 60050 151: 151-16-47). The term “portable” often implies the 585 
ability to operate when carried on the user. These definitions are used interchangeably in various wireless regulations 586 
and industry specifications, in some cases referring to types of wireless communication devices and in other cases 587 
to intended use. 588 

3.20  589 
host  590 
equipment that needs to be operated with a wireless device or module during testing to provide 591 
transmitting functionality according to its intended use 592 

3.21  593 
intended use 594 
use conditions for which a product is intended according to the full range of available functions, 595 
in accordance with the specifications, instructions and information provided by the manufacturer 596 
in the user documentation 597 

3.22  598 
limb-worn device 599 
device containing one or more wireless transmitters or transceivers, with intended use that 600 
includes being strapped onto the arm or leg of the user while transmitting  601 

Note 1 to entry: Limb-worn device types include wrist-worn, ankle-worn, and forearm-worn devices. Some regulatory 602 
jurisdictions specify different requirements for devices worn on limbs away from the wrists or ankles. 603 

3.23  604 
linearity error 605 
maximum deviation of a measured quantity from the expected linear dependency over the 606 
measurement range 607 

3.24  608 
drift 609 
continuous or incremental change in the measured quantity over time, due to changes in 610 
metrological properties of a measuring instrument 611 
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3.25 measurement uncertainty 612 

3.25.1  613 
uncertainty evaluation 614 
<Type A> evaluation of uncertainty by the statistical analysis of series of observations 615 
(measurements) 616 

3.25.2  617 
uncertainty evaluation 618 
<Type B> evaluation of uncertainty by means other than the statistical analysis of series of 619 
observations (measurements) 620 

3.25.3  621 
standard uncertainty 622 
estimated standard deviation of a measurement result, equal to the positive square root of the 623 
estimated variance 624 

3.25.4  625 
combined uncertainty 626 
estimated standard deviation of the measurement result obtained by combining the individual 627 
standard uncertainties of both Type A and Type B evaluations using the usual “root-sum-628 
squares” method of combining standard deviations that were obtained by taking the positive 629 
square root of the estimated variances 630 

3.25.5  631 
expanded uncertainty 632 
quantity defining an interval about the result of a measurement that is expected to encompass 633 
a distribution of values within a specified confidence interval that could reasonably be attributed 634 
to the measured quantity 635 

3.26  636 
multi-band <wireless communication device> 637 
wireless communication device, capable of operating in more than one frequency band 638 
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3.27  639 
operating mode 640 
wireless protocol or standard used by a device to communicate with another terminal or device 641 
over the wireless network 642 

Note 1 to entry: The operating mode includes all parameters to establish the communication over the wireless 643 
network. The specific operating mode parameters include, but are not limited to, communication standard, frequency 644 
band, channel, signal modulation, communications protocol, data rate, bandwidth, number and positions of time slots, 645 
and number and positions of resource blocks. Some operating modes do not have some of these parameters. 646 

Note 2 to entry: Modern handsets, terminals, and devices can have multiple operating modes for individual or 647 
simultaneous transmission. Examples of operating modes include wireless protocols such as GSM, EDGE, EVDO, 648 
GPRS, CDMA, WCDMA, LTE, 5G NR, Bluetooth®1, Wi-Fi®2. Multiple operating modes can operate in one or more 649 
frequency bands, e.g. a DUT could support both multiple wireless technologies in a frequency band and also allow 650 
multiple wireless transmission modes within a wireless technology, such as GSM, GPRS, EDGE, or WCDMA and 651 
HSPA, or 5G NR. 652 

3.28 power 653 

3.28.1  654 
output power 655 
power at the output of the RF transmitter when the antenna, or a load with the same input 656 
impedance as the antenna, is connected to it 657 

3.28.2  658 
loaded radiated output power 659 
radiated output power when the DUT is placed in a SAR test position against the phantom 660 

Note 1 to entry:  Maximum loaded radiated output power within test channels is typically tested using a Total 661 
Radiated Power (TRP) measurement system. Alternatively it is calculated by multiplying for each channel the 662 
conducted power by transmission coefficient of the antenna in the given test position. Relative maximum loaded 663 
output power typically is also measured by SAR measurement systems. 664 

3.29  665 
secondary peak SAR value 666 
in an area scan measurement, interpolated local SAR maximum that is smaller than the global 667 
peak SAR value  668 

3.30  669 
peak spatial-average SAR (psSAR) 670 
maximum SAR averaged within a local region based on a specific averaging mass, e.g. any 1 g 671 
or 10 g of tissue in the shape of a cube 672 

Note 1 to entry: In this document, the terms psSAR (over 1 g or 10 g) and the terms 1 g SAR and 10 g SAR are 673 
used interchangeably. 674 

___________ 

1  Bluetooth® is a trademark of the Bluetooth Special Interest Group (SIG). This information is given for the 
convenience of users of this document and does not constitute an endorsement by IEC. 

2  Wi-Fi® is a trademark of the Wi-Fi Alliance. This information is given for the convenience of users of this 
document and does not constitute an endorsement by IEC. 
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3.31  675 
penetration depth 676 
depth at which the SAR of an associated incident plane wave, penetrating into a homogeneous 677 
lossy medium, is reduced to 1/e2 of its value just beneath the surface of the medium 678 

Note 1 to entry: For a plane-wave incident normally on a planar half-space, the E-field penetration depth δ is given 679 
as:  680 
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  681 

where 682 

ω is the angular frequency; 683 
μ0 is the magnetic permeability of vacuum, in henry per metre; 684 
ε0 is the dielectric permittivity of vacuum, in farad per metre; 685 

rε ′  is the relative dielectric permittivity of the lossy medium, unitless; 686 
σ is the electrical conductivity of the lossy medium, in siemens per metre. 687 

3.32  688 
phantom 689 
physical model with an equivalent human anatomy and comprised of a tissue-equivalent 690 
medium with dielectric properties specified in this document  691 

3.33  692 
pinna 693 
cartilaginous projecting portion of the outer ear, consisting of the helix, lobule, and anti-helix 694 

3.34  695 
production variation 696 
the range in output power among DUT production samples when set to transmit at the maximum 697 
level 698 

3.35  699 
push-to-talk device 700 
hand-held radio transceiver that enables a user to operate a mechanical switch to toggle 701 
between radio transmission and reception (simplex operating mode)  702 

3.36  703 
test configuration 704 
set of DUT parameters applicable to the SAR measurement, consisting of the position of the 705 
DUT on the applicable phantom, the DUT use configuration (e.g. antenna position), and 706 
operating mode 707 

3.37  708 
tune-up specification 709 
output power tolerance when setting a sample of the DUT to transmit at the maximum output 710 
power level 711 

3.38  712 
probe 713 
Input device of a measuring instrument, generally made as a separate unit and connected to it 714 
by means of a flexible cable, which transmits the measurand in a suitable form 715 

3.39  716 
vector probe 717 
probe that measures both the amplitude and phase of an electric field or a magnetic field 718 
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3.40  719 
scalar probe 720 
probe that measures only the amplitude of an electric field or a magnetic field 721 

3.41  722 
vector measurement-based system 723 
system consisting of multiple sensors that together provide information about the amplitude 724 
distribution or the amplitude and phase distribution of an electric field or a magnetic field to 725 
reconstruct SAR over a specified volume (volume of interest) 726 

Note 1 to entry: Throughout this document the term “measurement system” generally refers to vector measurement-727 
based system. 728 

3.42  729 
analysis bandwidth <of a signal analyser> 730 
maximum frequency span of observation for a system capable of spectral analysis  731 

Note 1 to entry: The analysis bandwidth is generally characterized by a specific flatness (± a tolerance) of the 732 
responses of the system in the specified range of frequencies. 733 

3.43  734 
array system 735 
array measurement system 736 
vector measurement-based system comprised of multiple vector probes or scalar probes that 737 
are located at fixed positions on a two-dimensional or three-dimensional regular or irregular 738 
grid to obtain the measurement data needed to reconstruct the total electromagnetic field within 739 
and outside the scanned region and in the volume of interest 740 

3.44  741 
scanning system 742 
scanning measurement system 743 
vector measurement-based system comprised of one or more vector probes or scalar probes 744 
that are physically scanned on a two-dimensional or three-dimensional regular or irregular grid 745 
to obtain the measurement data needed to reconstruct the total electromagnetic field within and 746 
outside the scanned region and in the volume of interest with an automatic positioning system 747 
capable of placing the measurement probe at specified positions 748 

Note 1 to entry:  For purposes of this document, the vector measurement and field reconstruction aspects are 749 
amended compared to definition 3.48 scanning system of IEC/IEEE 62209-1528:2020.     750 

3.45  751 
volume of interest 752 
region inside the phantom in which the peak spatial-averaging SAR cubes are induced by the 753 
transmitter mounted to the phantom 754 

Note 1 to entry: In the context of this standard, this includes at a minimum the volume as composed of the projection 755 
of the device onto the phantom surface with sidewalls normal to this surface having a backside parallel to the surface 756 
of the phantom in a distance of at least the side length of the spatial peak SAR 10 g cube, i.e. 21,5 mm. 757 
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3.46  758 
specific absorption rate, SAR 759 
measurand of the time rate at which electromagnetic energy is absorbed by the human body 760 
when exposed to a radio frequency electromagnetic field 761 

Note 1 to entry: Annex M describes considerations on frequency dependencies of SAR. 762 

Note 2 to entry: SAR in the tissue-equivalent medium can be determined by the rate of temperature increase or by 763 
electric field strength measurements, according to the following formulas: 764 

 h
0t

TSAR c
t =

∂
=

∂
  765 

 
2σESAR
ρ

=   766 

where: 767 

SAR is the specific absorption rate in watt per kilogram; 768 
E is the RMS value of the electric field strength in the tissue-equivalent medium in volt per metre; 769 
σ is the electrical conductivity of the tissue-equivalent medium in siemens per metre; 770 
ρ is the mass density of the tissue-equivalent medium in kilogram per cubic metre; 771 
ch is the specific heat capacity of the tissue-equivalent medium in joule per kilogram per kelvin; 772 

0t

T
t =

∂
∂

 is the initial time derivative of temperature in the tissue-equivalent medium in kelvin per second. 773 

3.47  774 
maximum measurement area (flat phantom) 775 
outer surface of the flat phantom shell aligned with the planar probe array and whose size is 776 
equal to the physical size (length times width) of the planar probe array 777 

 778 
  779 
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4 Symbols and abbreviated terms 780 

4.1 Physical quantities 781 

The International System of Units (SI) is used throughout this document. 782 

Symbol Quantity Unit Dimensions 

σ Electric conductivity siemens per metre S/m 

E Electric field strength volt per metre V/m 

f Frequency hertz Hz 

ρ Mass density kilogram per cubic metre kg/m3 

δ Penetration depth metre m 

µ Permeability henry per metre H/m 

ch Specific heat capacity joule per kilogram per kelvin J/(kg K) 

ε Permittivity farad per metre F/m 

SAR Specific absorption rate watt per kilogram W/kg 

T Temperature kelvin K 

λ Wavelength metre m 

NOTE In this document, temperature is quantified in degrees Celsius, as determined by: T (°C) = T (K) – 273,15 K. 783 

4.2 Constants 784 

Symbol Physical constant Magnitude 

c0 Speed of light in vacuum 2,998 × 108 m/s 

ε0 Permittivity of free space 8,854 × 10−12 F/m 

µ0 Permeability of free space 4π × 10−7 H/m 

 785 
  786 

Full document details: 23/30436008 DC

http://www.avadocuments.com/doc/23-30436008-dc
http://www.avadocuments.com/doc/23-30436008-dc


 – 23 – 
IEC/IEEE CD 62209-3/ED2 © IEC/IEEE 2023                                                       106/601/CD  

4.3 Abbreviated terms 787 

4G Fourth generation wireless technology 

5G NR Fifth generation new radio (3GPP) 

CAD Computer aided design 

CDMA Code division multiple access 

CP-OFDM Cyclic Prefix OFDM 

CW Continuous wave 

DC Dual Connectivity 

DFT Discrete Fourier Transform 

DFT-s-OFDM DFT spread OFDM 

DUT  Device under test 

EDGE Enhanced Data rates for GSM Evolution 

E-field Electric field strength 

E-UTRA Evolved UMTS Terrestrial Radio Access 

ERP  Ear reference point 

FDMA Frequency division multiple access 

FDTD Finite-difference time-domain 

GPRS General Packet Radio Service 

GSM  Global System for Mobile Communications 

H-field Magnetic field strength 

LTE  Long Term Evolution 

MIMO Multiple input multiple output 

NR New Radio 

OFDM Orthogonal frequency-division multiplexing 

PAPR Peak to Average Power Ratio 

POSIX Portable Operating System Interface 

psSAR Peak spatial-average SAR 

PTT Push-to-talk 

RF  Radio frequency 

RMS Root mean square 

RSS Root sum square 

SAM Specific anthropomorphic mannequin 

SAR Specific absorption rate 

TX Transmission 

UL Uplink 

UMTS Universal Mobile Telecommunications System 

VPIFA Vertical planar inverted F-antenna 

WCDMA Wideband code division multiple access 

WiMax Worldwide Interoperability for Microwave Access 

WLAN Wireless local area network 

 788 
  789 
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5 Overview of the measurement procedure 790 

The objective of Clause 5 is to give the user of this document a quick overview of the test 791 
procedures in this document. The user of the document shall refer to the respective clauses for 792 
more details when using the flowchart presented in Figure 1 and the evaluation plan checklist 793 
for the device under test (DUT) in Table 1.  794 

 795 

 796 

Figure 1 – Evaluation plan checklist 797 

 798 

SAR measurement preparation and procedures

Evaluation plan check list (Table 1)

Preliminary actions

Measurement system verification / validation

Tissue equivalent liquid dielectric properties 
check (Clause 6.2.3 / A.1.3 / Table A.1)

Measurement preparation (Clause 7) / General procedures (8.2)

Uncertainty assessment review for
dielectric properties (I.2.14)

System check (7.3 / Annex D.3 / Figs. D.11, D.12) System validation (Clause D.4)

DUT setup

Device preparation and test frequencies (8.1) DUT positioning (Clause 10)

Single frequency transmission (8.2.3, 8.3) Multiple frequencies transmission (Clause 9)

SAR distribution summation

Formula (5) (9.2.3)

SAR measurements for simultaneous transmission
SAR measurements for correlated 

signals: Type 1 signals (9.3.2),
Type 2 signals (9.3.3)

Uncertainty evaluation (Clause 11)

Reporting SAR results (Clause 12)

SAR measurements
for uncorrelated signals (9.2)
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Table 1 – Evaluation plan checklist 799 

Stage Evaluation steps Action 

• Evaluation 
plan check-list 

• Planning of 
the 
measurement 
configurations 

• What type of device is being evaluated? 
• Review of antenna(s) contained and wireless technologies 

supported, singly or in combination. 
• What are the test positions applicable? 
• Working under laboratory conditions and following good 

laboratory practice and documentation, prepare to perform 
the necessary evaluation. 

• There should be a check that the measurement system 
meets the system requirements, including validation, 
reporting of the reconstruction algorithm and reporting of 
the measurement uncertainty. 

Complete check-list 
based on evaluation 
plan (Table 1, Figure 1). 

• Preliminary 
actions and 
measurement 
system check 

• A measurement of the tissue-equivalent medium dielectric 
properties shall be performed for systems with open 
phantoms, and the result shall be recorded. 

• Follow individual system protocol and requirements for 
sealed phantoms. 

• System check shall be performed to verify that system 
components are working correctly (Clause D.3). 

Perform dielectric 
measurements of tissue-
equivalent medium as 
well as perform system 
check before starting a 
project and repeat 
according to 7.3 

• DUT set-up 
• Preparation of 

DUT 

• The protocol for SAR assessment specifies all the 
configurations of operational conditions that should be 
tested. The essential steps include: 

• Preparing the DUT by establishing a connection to a 
network simulator.  

• Configuring the DUT to operate on the appropriate test 
frequencies.  

• Positioning the DUT in relation to the phantom.  

Ensure the DUT is 
configured in the correct 
way and radiating 
appropriately when 
positioned against the 
phantom. 

• SAR 
measurement 
procedures 

• General SAR 
procedure 

• This stage is the actual SAR measurement procedure. 
• The procedure is sequential to ensure that the highest 

value of the psSAR of a DUT is captured. 
• This is done by a systematic process looking at all device 

test positions, configurations and operating modes in all 
frequency bands accordingly (8.2.2).  

• Scanning systems (8.2.3.2) or array systems (8.2.3.3) are 
used. Specific system or implementation techniques are 
often used to either reduce or accelerate the measurement 
process. 

Determine highest SAR 
and ensure the rationale 
for test reduction is 
recorded and reported 
when used. 

• Measurement 
uncertainty 
evaluation 

• Guidelines and approximation formulas are provided 
(Clause 11), enabling the estimation of each individual 
uncertainty component. 

• The uncertainty budget shall cover the appropriate 
frequency range with regards to equipment used in the 
SAR system. 

• Uncertainty budget templates are provided in  Table 3, 
Table 4, Table 5, and Table 6 (11.3.3). 

Evaluate uncertainty 
contributions and 
complete the uncertainty 
analysis. 

• Reporting SAR 
results 

• The final report describes the results of the evaluations, 
provides sufficient technical details to allow for 
repeatability of the evaluations performed and reports the 
results by comparison with the relevant limit (Clause 12). 

• The results in the test report can serve as demonstration of 
compliance with the requirements of this document. 

Prepare the final report 
and consider the 
requirements listed in 
Clause 12. 

 800 
  801 
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6 Measurement system specifications 802 

6.1 General requirements 803 

A vector measurement-based system consists of the phantom (a SAM phantom representing 804 
the human head and/or a flat phantom representing the human body) filled with tissue-805 
equivalent medium, the electronic measurement instrumentation, one or multiple vector probes 806 
and/or scalar probes, a field reconstruction algorithm (Annex C) and DUT holder.  807 

a) The vector measurement-based system may be a scanning system or an array system, and 808 
shall meet the following requirements: 809 

1) The phantoms are filled with the required homogeneous tissue-equivalent medium (6.2.3 810 
and Annex A, also IEC/IEEE 62209-1528:2020). When scanning probes are used, the 811 
tissue-equivalent medium shall be a low-viscosity fluid to allow free movement of the 812 
probes in the phantom. For systems using a fixed probe-array specific considerations to 813 
ensure long term stability of the tissue-equivalent medium apply (7.2). 814 

2) The psSAR shall be assessed from the SAR distribution induced in the volume of interest 815 
from the electromagnetic fields produced by the DUT.  816 

3) The vector measurement-based system shall reconstruct the SAR in the volume of 817 
interest from the measured electric field (E-field) or magnetic field (H-field) components 818 
that can include amplitude and phase in frequency or time domain (see Annex C). 819 

4) The specified frequency range and bandwidth of the measurement system shall be 820 
inclusive of the corresponding operating parameters of the DUT under test. 821 

5) The information obtained from the measured fields shall be used to reconstruct the SAR 822 
distribution and to determine psSAR with an uncertainty meeting the requirements of 823 
this document. 824 

6) The manufacturer of the measurement system shall validate and document the field 825 
reconstruction algorithms. The measurement system shall meet the validation 826 
requirements specified in Annex D and shall have quantified and documented 827 
measurement uncertainties. 828 

7) The measurement system calibration shall be traceable to national standards and with 829 
quantified and documented measurement uncertainties. 830 

b) The tests shall be performed in a laboratory conforming to the following environmental 831 
conditions: 832 

1) The ambient temperature shall be within the range of 18 °C to 25 °C.  833 

2) In open phantom systems where tissue-equivalent medium is in direct contact with air, 834 
the tissue-equivalent medium dielectric properties shall be verified regularly following 835 
the procedures described in IEC/IEEE 62209-1528. 836 

3) In hermetically sealed systems, the measurement system manufacturer shall provide 837 
either 838 

i) a procedure for the accurate measurement of dielectric properties, or  839 

ii) documentation of the dielectric properties and corresponding medium temperature 840 
and ambient temperature that were measured for the specific phantom when it was 841 
manufactured or during system recalibration.  842 

4) In hermetically sealed systems, the measurement system manufacturer shall document 843 
and make available the information on the stability of the dielectric properties of the 844 
tissue-equivalent medium over a period of time that is equal to or greater than the 845 
calibration interval of the SAR measurement system. 846 

5) Prior to measuring tissue-equivalent medium dielectric properties and SAR 847 
measurements, the DUT, test equipment, tissue equivalent medium and phantom shall 848 
have been kept in the laboratory for their temperatures to have stabilized (i.e. they shall 849 
not have been recently moved from another area with a different ambient temperature, 850 
such as a refrigerator or storage area). 851 

6) The temperature of the tissue-equivalent medium and the ambient environment shall 852 
satisfy all of the following requirements: 853 
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i) It shall be ensured that the medium is in thermal equilibrium before the first 854 
measurements (guidance shall be provided by the manufacturer). 855 

ii) For open phantoms, the medium temperature shall not vary by more than 2 °C 856 
between the SAR measurement and the dielectric properties measurement.  857 

iii) For open phantoms, the medium temperature shall not vary by that which will cause 858 
a change of 5 % or more in either permittivity or conductivity. 859 

iv) For sealed phantoms, the ambient temperature shall not vary by more than 2 °C from 860 
the temperature during calibration during the measurements 861 

v) For all phantoms, the temperature shall not vary by more than that which will cause 862 
the relative permittivity or conductivity to deviate beyond the acceptable tolerance of 863 
the targets. 864 

vi) Temperature sensitivity uncertainty contributions of the tissue-equivalent medium or 865 
ambient temperature shall be determined (I.2.14.5). 866 

 867 

NOTE 1 The tissue-equivalent medium might have a large inertia of temperature. 868 

NOTE 2 A larger ambient temperature variation can be tolerated provided the appropriate uncertainty is 869 
considered. 870 

7) The effect of reflections from cables, test equipment, or other reflectors shall be 871 
determined using the SAR system check procedure with and without reflectors present 872 
or where necessary with the judicious placement of absorbing materials and/or the use 873 
of ferrite beads on cables. 874 

8) SAR measurements of the DUT shall be performed only when the effects of reflections, 875 
secondary RF transmitters, etc., result in a psSAR (for 1 g or 10 g mass, whichever is 876 
applicable to the test) of less than 0,012 W/kg by measuring the psSAR at 877 
(approximately) 0,4 W/kg (used to establish the preceding 3 % limit) using the SAR 878 
system check procedure. When the effect of cables and reflectors is more than 0,012 879 
W/kg, ferrite beads, RF absorbers and other mitigation techniques shall be applied to 880 
reduce the SAR error.  881 

If the preceding requirement cannot be achieved, and provided it can be demonstrated 882 
that the SAR contribution due to reflections determined by the system check procedure 883 
is less than 10 % of the SAR measured for the DUT, then a value higher than 3 % 884 
(0,012 W/kg) shall be considered in the uncertainty budget in the “RF ambient 885 
conditions” row. If the effects of reflections are demonstrated, the requirement on 886 
reflections shall be met at least every year or whenever the system check shows 887 
unexpected results.  888 

9) During testing the DUT shall not be connected to any wireless network other than a base 889 
station simulator in the lab. 890 

c) In addition, the following system validation requirements apply: 891 

1) System validation according to the full protocol specified in Annex D shall be annually 892 
performed for each measurement system (i.e. consisting of all parts, including all 893 
sensors, the dielectric medium, phantom shell, electronics, algorithms and scanning 894 
procedure) by the test laboratory and when a new system is put into operation and 895 
whenever hardware or software modifications have been made to the system that can 896 
affect the validation results (e.g. updated field reconstruction algorithms, update 897 
electronics or updated probe types used in a scanning system). Annex D apply to both 898 
scanning systems and array systems. After routine calibration of the system, system 899 
validation per Annex D is required. The antennas used for system validation shall be 900 
designed and validated to meet the requirements specified in this document (see 901 
Annex E). 902 

NOTE 3 The comprehensive system validation is normally performed by the system manufacturer and a random 903 
subset selection by the users at the user facilities following Annex D.  904 

2) Where this document explicitly specifies performance characteristics for the 905 
measurement system or a part of the measurement system, the manufacturer of the 906 
system or of the part, or the system integrator shall document conformity with the 907 
provisions of this document. 908 
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3) Measurement uncertainties and associated parameters are specified in 11.2. 909 

6.2 Phantom specifications 910 

6.2.1 Head phantom specifications – shell 911 

The SAM phantom shall be used as the head phantom. The rationale for the SAM phantom and 912 
the geometrical properties of the SAM phantom are provided in Annex A. The head SAR 913 
procedures in this document are applicable with the SAM phantom requirements of IEC/IEEE 914 
62209-1528. For some system configurations, this might not be restricted to a sagittally-915 
bisected horizontal SAM phantom. The phantom container may be open (i.e. the tissue-916 
equivalent medium is in direct contact with air) or hermetically sealed. 917 

6.2.2 Body phantom specifications – shell 918 

The flat phantom for representing a human body shall comply with requirements specified in 919 
Annex A. The phantom container may be open (i.e. the tissue-equivalent medium is in direct 920 
contact with air) or hermetically sealed. 921 

6.2.3 Tissue-equivalent medium properties 922 

The phantom shall be filled with tissue-equivalent medium with the required dielectric 923 
properties. The dielectric properties shall be evaluated and compared with the values given in 924 
Table A.1 using linear interpolation. Regardless of the type of system, the measured dielectric 925 
properties, not the values of Table A.1, shall be used in the SAR calculations. For an open 926 
phantom, the equipment and procedures in Annex H of IEC/IEEE 62209-1528:2020 shall be 927 
used. 928 

To minimize reflections from the tissue-equivalent medium surface that is distal from the 929 
measurement (phantom) surface in an open phantom, the depth of the medium should be at 930 
least 15 cm from the flat phantom inner surface or from the SAM phantom inner surface above 931 
the ear reference point. In such case, the uncertainty due to such reflections may be neglected 932 
in the uncertainty budget. A medium depth of less than 15 cm may be used if it is demonstrated 933 
(e.g. using numerical simulations) that the effect on psSAR is less than 1 % under worst-case 934 
conditions. If it is more than 1 % but less than 5 %, detailed evaluation of the maximum 935 
uncertainty shall be documented and added to the uncertainty budget. The effect of the medium 936 
depth shall not exceed 5 %. Hermetically sealed phantoms shall comply with the requirements 937 
in Annex A. 938 

6.3 Measurement system requirements 939 

6.3.1 General 940 

The vector measurement-based system may be a scanning system or an array system. The 941 
requirements for scanning systems are provided in 6.3.2, and the requirements for array 942 
systems are provided in 6.3.3.  943 

6.3.2 Scanning measurement system specifications 944 

Scanning measurement system uses a single scalar probe or vector probe or an array of probes 945 
on a robot to scan the field inside the phantom on a two-dimensional or three-dimensional 946 
regular or irregular grid. It uses the measured field points to reconstruct the field according to 947 
the requirement of 6.5, in order to assess the psSAR values. The grid resolution may be 948 
selected according to system knowledge (e.g. frequency), or according to information gained 949 
during the scan process (e.g. peak search). 950 

The scanning measurement system shall comply with the following: 951 

a) The probe and scanning system and the reconstruction algorithm shall allow the 952 
determination of the spatial SAR distribution in the required regions of the phantom with 953 
known uncertainty with the phantom in the near-field of a source antenna that is placed 954 
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outside the phantom. The requirements on the measurement uncertainty are provided in 955 
11.2. 956 

b) The measurement system manufacturer shall provide documentation to the user specifying 957 
the measurement region and frequency range where the requirements of this document for 958 
determination of the psSAR distribution are met. The region should include the entire 959 
phantom volume that is exposed by the DUT. 960 

NOTE 1 For example, 7.4.2 of IEC/IEEE 62209-1528:2020 specifies a minimum measurement volume of 30 mm 961 
by 30 mm by 30 mm for f ≤ 3 GHz, and 22 mm by 22 mm by 22 mm for f > 3 GHz. 962 

c) The spatial resolution of the fixed or adaptive measurement grid and the reconstruction 963 
algorithm shall allow the fields to be reconstructed with the specified reconstruction 964 
uncertainty of Clause 11 within the manufacturer-specified measurement region for all test 965 
configurations defined in Annex D. 966 

d) The accuracy of the probe positioning and orientation at measurement points shall be 967 
documented by the system manufacturer and the related uncertainty shall be evaluated 968 
according to I.2.10. 969 

e) All uncertainty contributions as specified in Clause 11 shall be assessed and documented. 970 

f) The uncertainty budget shall be valid and the maximum measurement uncertainty within the 971 
specified tolerance for a measurement system dynamic range covering average SAR values 972 
from 0,1 W/kg to 100 W/kg for CW and from 0,1 W/kg to 10 W/kg for all modulations. This 973 
requirement applies to the psSAR within the specified measurement region. 974 

NOTE 2 The upper limit of 10 W/kg for modulated signals and 100 W/kg for CW signals takes into account that 975 
some modulated signals have a peak-to-average ratio of 10 dB or higher. 976 

g) The probe shall be calibrated for the applicable use conditions (i.e. complex permittivity of 977 
the phantom, frequency, temperature, etc.) according to the requirements of Annex B. It is 978 
allowed to calibrate the probe separately from the measurement system, provided that the 979 
electrical interface characteristics between the probe and readout electronics are specified 980 
and implemented during measurements. 981 

h) The scanning method shall be documented, including whether it performs two-dimensional 982 
or three-dimensional scans within the phantom volume, and the algorithm for determining 983 
the measurement grid if it does not measure a fixed grid. 984 

i) Any boundary-effect corrections shall be documented. The document shall include the 985 
method and the verification that the applied corrections are valid for any scanning position 986 
(distance to the boundary and orientation of the sensors with respect to the surface) and 987 
consistent with the boundary-effect uncertainty. The extent of the measurement region 988 
consistent with the boundary-effect uncertainty shall be indicated in the software. 989 

j) The scan region shall find the primary and all secondary SAR peaks covering the area 990 
projected by the DUT onto the phantom. 991 

k) The linearity for local SAR shall be evaluated in the range of 0,1 W/kg to 100 W/kg (RMS 992 
for CW signals). 993 

 994 

6.3.3 Array measurement system specifications  995 

Array measurement systems consist of a fixed array of sensors to measure the field inside the 996 
phantom. Unlike a scanning system, the sensors in an array system are at fixed locations. It 997 
uses the measured field points to reconstruct the field in order to assess the psSAR values.  998 

The array measurement system shall comply with the following items. 999 

a) The measurement system manufacturer shall provide documentation to the user specifying 1000 
the measurement region on the phantom surface and frequency range where all the 1001 
requirements of this document are met for the determination of the psSAR10g distribution 1002 

and including compliance with the validation acceptance criteria of Annex D.  1003 
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The measurement regions of the flat phantom and head phantom should be larger than the 1004 
dimensions of the DUT but the psSAR10g measurement region shall not be smaller than 1005 

160 mm × 80 mm.  1006 

In case the DUT is larger than the measurement region, the uncertainty shall be determined 1007 
for each of the configurations being measured. 1008 

b) The measurement system manufacturer shall mark the extent of the measurement region 1009 
on the flat phantom and document this region as well as the frequency range where the 1010 
requirements of this document are met. The marking is also required for the head phantoms 1011 
to identify if the exposure by the DUT is correctly measured when positioned as specified in 1012 
the test procedure. Markings shall be such that phantom shell requirements of this document 1013 
are still respected. The measurement and the reconstruction algorithm shall allow the fields 1014 
to be reconstructed with the specified reconstruction uncertainty of Clause 11 within the 1015 
manufacturer-specified measurement region per item a) for all test configurations specified 1016 
in Annex D. 1017 

c) The deviation of the locations of the probes in the array from their specified locations shall 1018 
be documented and the related uncertainty shall be evaluated according to I.2.10. These 1019 
positions shall not vary by more than ± 0,1 mm as a function of temperature and pressure.  1020 

d) The spatial resolution of the measurement grid and the reconstruction algorithm shall allow 1021 
the reconstruction of the fields anywhere to the boundary between the tissue-equivalent 1022 
medium and the phantom shell within the specified measurement region. The manufacturer 1023 
shall document the types and spatial distribution of probes in the array. In particular, for 1024 
each probe in the array, it shall be specified:  1025 

1) its location within the phantom;  1026 

2) whether it is sensitive to incident magnetic field or electric field;  1027 

3) which polarizations of the incident field it is designed to receive;  1028 

4) whether they measure amplitude of the field only or amplitude and phase. 1029 

e) All relevant uncertainty contributions as specified in Clause 11 shall be assessed and 1030 
documented. 1031 

f) The uncertainty budget shall be valid and the maximum measurement uncertainty within the 1032 
specified tolerance for a measurement system dynamic range covering average SAR values 1033 
from 0,1 W/kg to 100 W/kg for all modulations. 1 g and 10 g SAR cubes can be located 1034 
anywhere in the specified measurement region.  1035 

g) The probe-array shall be calibrated at the operating frequency range and temperature range 1036 
specified for the system in test configurations equivalent to the use conditions  1037 
(i.e. complex permittivity of the phantom, frequency, temperature, etc.) according to the 1038 
requirements of Annex B. The probe-array shall be calibrated in the final phantom assembly, 1039 
with the same or electrically equivalent read-out electronics used for the system and 1040 
identical type of equipment (amplifiers, filtering, data acquisition, etc.), at the operating 1041 
frequencies and temperature range, with one of the methods described in  1042 
Annex B. 1043 

h) The linearity for local SAR shall be evaluated in the range of 0,1 W/kg to 100 W/kg (RMS 1044 
for CW signals). 1045 

 1046 

6.3.4 Measurement system dynamic range 1047 

The required measurement system dynamic range is established by that the lower detection 1048 
limit shall be at most 0,01 W/kg, and the maximum detection limit shall be at least 100 W/kg. 1049 
Users shall be alerted if the measured instantaneous SAR exceeds the maximum detection limit 1050 
of the measurement system. 1051 

NOTE The lower detection limit of 0,01 W/kg and the maximum detection limit of 100 W/kg apply to local SAR values 1052 
as measured using a CW signal without time averaging and without spatial averaging.  1053 

– The maximum detection limit of 100 W/kg is established based on the following considerations. 1054 

• for the purposes of compliance evaluations, the evaluated time-averaged and peak spatial-averaged SAR 1055 
are compared to the appropriate regulatory limit. Therefore, the system must be able to accurately measure 1056 
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values that meet or exceed these limits. Examples of such limits for general-population/uncontrolled 1057 
exposure are 1.6 W/kg for 1 g psSAR in the head or body [40], 2 W/kg for 10 g psSAR in the head or torso 1058 
[36], and 4 W/kg for 10 g psSAR in the extremities [40] or limbs [36].  1059 

• the psSAR can be several dB below the measured local peak SAR, and 1060 

• the time-averaged SAR can be 10 dB or more below the peak value for some measured communication 1061 
signals (i.e. peak-to-average power ratios of some signals exceed 10 dB). 1062 

– The maximum detection limit might need to be higher than 100 W/kg in some cases, such as when measuring 1063 
against occupational/controlled exposure limits, or for very sharp SAR distributions where the ratio between the 1064 
peak SAR and the spatial-average SAR is high.  1065 

– The lower detection limit of 0,01 W/kg is approximately 3 % of the 0,4 W/kg lower limit of the uncertainty 1066 
evaluation, where 3 % is the maximum noise tolerance. In other words, it is established as the maximum 1067 
acceptable noise level for SAR measurements within the dynamic range covered by the uncertainty budget. 1068 

 1069 

6.4 Device holder specification 1070 

The device holder shall permit the DUT to be positioned according to the specifications given 1071 
in IEC/IEEE 62209-1528. It shall be made of low loss and low permittivity material(s): loss 1072 
tangent tan δ ≤ 0,05 and relative permittivity εr ≤ 5.  1073 

With array systems using a sealed flat phantom that is oriented upward (open phantoms face 1074 
downward to hold the tissue-equivalent medium), a holder might not be needed in certain test 1075 
positions. The DUT may for example be disposed over the flat phantom, in direct contact with 1076 
the phantom, or using a spacer providing a separation distance. 1077 

If spacers are used between the DUT and the phantom to provide the required position or 1078 
separation distance, they shall not contain metal and shall be made of low loss and low 1079 
permittivity material(s): loss tangent tan δ ≤ 0,005 and relative permittivity εr ≤ 1,1.  1080 

When the highest SAR is greater than 75 % of the compliance limit and the DUT has been 1081 
measured in contact with the device holder, the highest SAR test condition among all frequency 1082 
bands and positions shall be tested again for each single transmitter, without using the holder. 1083 
In this case, the DUT position shall be realized by using low-loss foam material and non-1084 
conductive adhesive (e.g. tape or elastic bands). Both the psSAR both with and without holder 1085 
conditions shall be reported. If the difference between these values is greater than the 1086 
expanded (k = 2) uncertainty for measurement repeatability, then all SAR test conditions that 1087 
are within the expanded (k = 2) uncertainty (see Clause 11) relative to the compliance limit shall 1088 
be measured without the holder. 1089 

Refer to 6.3 of IEC/IEEE 62209-1528:2020 concerning effects of the hand on the exposure of 1090 
the head phantom.  1091 

 1092 

6.5 Reconstruction algorithm and peak spatial-averaging specifications 1093 

The purpose of the reconstruction algorithm is to determine the distribution of the SAR values 1094 
in the volume of interest such that the psSAR can be evaluated with a measurement uncertainty 1095 
within ±30 % using the electric fields and/or magnetic fields measured by the vector 1096 
measurement-based system.  1097 

NOTE Unlike SAR measurement systems specified in IEC/IEEE 62209-1528, a vector measurement-based system 1098 
does not determine the psSAR directly from measurement results at points on a 3D grid covering the peak spatial 1099 
averaging volume. 1100 

Reconstruction methods are described in Annex C and are applicable to both scanning systems 1101 
and array systems. 1102 

The following requirements on reconstruction and psSAR shall be met: 1103 
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a) The reconstruction algorithm shall determine the SAR distribution in the phantom from the 1104 
measured electric field and/or magnetic field measured by the sensors.  1105 

b) The SAR distribution shall be determined within the volume of interest containing all SAR 1106 
peaks (primary and secondary). 1107 

c) The averaging volume shall be in the shape of a cube, except that the front face of the 1108 
averaging volume shall conform to the phantom shell and the back face shall be equally 1109 
distorted (Figure 2). The four side walls of the cube shall be parallel to the line normal to 1110 
the phantom at the centre of the front face of the averaging volume. 1111 

d) The software of the measurement system shall provide error messages to the user if the 1112 
psSAR is outside the spatial region for which the measurement uncertainty requirements of 1113 
this document are not met. 1114 

 1115 

 1116 

Figure 2 – Illustration of the shape and orientation of the distorted cubic volume 1117 
for computing psSAR relative to a curved phantom surface 1118 

 1119 
  1120 
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7 Measurement system preparation and laboratory preparation 1121 

7.1 General 1122 

All measurements should be carried out using good laboratory practice, e.g. in accordance with 1123 
[1], or any other local and national requirements for device certification. Interlaboratory 1124 
comparisons can be used to compare the results from several laboratories in order to evaluate 1125 
the performance of SAR measurement systems (Annex G). 1126 

7.2 Preparation of tissue-equivalent medium 1127 

The tissue-equivalent medium shall yield relative permittivity εr and conductivity σ values within 1128 

±10 % of the target values at the frequencies at which the SAR is measured. The methods of 1129 
I.3.7 shall be used to correct the measured SAR for the deviations in permittivity and 1130 
conductivity.  1131 

For systems using open phantoms, the dielectric properties of the tissue-equivalent medium 1132 
shall be measured within 24 h before the SAR measurements and every two days of continuous 1133 
use. The dielectric properties of the tissue-equivalent medium may be measured less frequently 1134 
(but not less than once per week) if the laboratory can document compliance with dielectric 1135 
properties of the tissue-equivalent medium as specified in IEC/IEEE 62209-1528:2020.  1136 

If the tissue-equivalent medium is in a hermetically sealed phantom, the test laboratory might 1137 
not be able to directly measure the dielectric properties of the tissue-equivalent medium. In this 1138 
case, the manufacturer of the measurement system shall document compliance with dielectric 1139 
properties of the tissue-equivalent medium during production, as specified in IEC/IEEE 1140 
62209-1528:2020, as well as the procedure and measurement interval when it is longer than 1141 
the validity period of the system calibration.  1142 

7.3 System check 1143 

A system check according to the procedures of Annex D shall be completed before performing 1144 
SAR measurements for the DUT. The purpose of the system check is to verify that the system 1145 
operates within its specifications. The system check is a test of repeatability with a calibrated 1146 
antenna to ensure that the system works correctly during the compliance test. The system check 1147 
shall be performed in order to detect possible drift over short time periods and other 1148 
uncertainties in the system, such as: 1149 

– unacceptable changes in the parameters of the tissue-equivalent medium, e.g. due to water 1150 
evaporation or temperature changes; 1151 

– component failures; 1152 

– component drift; 1153 

– operator errors in the set-up or the software parameters; 1154 

– adverse conditions in the system, e.g. RF interference; 1155 

– adverse conditions in the test environment. 1156 

The system check procedure shall be performed on the same SAR measurement system, using 1157 
the same SAR probe, tissue-equivalent medium and software version as the SAR evaluation of 1158 
the DUT. The measurement shall include each frequency band tested according to the 1159 
procedures of Annex D. 1160 

7.4 Probe calibration 1161 

The probe shall be calibrated over its dynamic range, and the probe output shall include probe 1162 
linearity compensation. The linearity compensation in general depends on the operating mode, 1163 
(see [33], [34]). 1164 

 1165 
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8 Protocol for SAR assessments 1166 

8.1 Preparation of the DUT 1167 

8.1.1 General 1168 

Any radiating element(s), battery, and accessories shall be those specified by the manufacturer, 1169 
and documented in the measurement report. The battery shall be fully charged before each 1170 
measurement, and the DUT positioned without external connections or cables that are not 1171 
required for normal operation. 1172 

The RF output power and frequency (channel) shall be controlled by a wireless link to a base 1173 
station or network simulator for supported operating modes. When a wireless link cannot be 1174 
established with a base station simulator, test software and internal test codes may be used. 1175 

NOTE 1 Some national regulatory agencies might require that for tests performed on prototypes, verification be 1176 
undertaken by the device manufacturer to ensure the commercial version has the exact same mechanical, electrical, 1177 
and operating characteristics as the tested prototype. 1178 

The DUT shall be set to transmit at the highest time-averaged output power level, within the 1179 
range of the product’s tune-up specifications and production variations. 1180 

NOTE 2 For testing of wireless power transfer devices, other preparation procedures should be applied, as specified 1181 
in [32]. 1182 

For devices that can monitor and control their transmit power to maintain the time-average SAR 1183 
below the applicable SAR limit, and devices using proximity or other sensor technologies for 1184 
exposure mitigation, see IEC/IEEE 62209-1528:2020. 1185 

8.1.2 Requirements on power and signal 1186 

The objectives of 8.1.2 are: 1187 

• To determine that SAR of the DUT is evaluated at its maximum power level, taking into 1188 
consideration device maximum output power tolerance ad production variations; 1189 

• To correctly apply probe linearity compensation for time-varying signals, and that the signal 1190 
is sampled correctly. 1191 

The power requirements are as follows: 1192 

a) The maximum time-averaged power levels of the DUT shall be verified by the device 1193 
manufacturer, e.g. by conducted power tests with a fully charged battery, to support SAR 1194 
scaling. Conducted power shall be measured at such a location of the power feeding network 1195 
of the antenna that the measured conducted power is linearly related to the power radiated 1196 
by the antenna, and hence linearly related to the SAR. Typically this condition is fulfilled if 1197 
there are no non-linear electronic components between the conducted power measurement 1198 
point and the antenna radiating element. 1199 

b) All applicable operating modes shall be considered for testing, although testing of some 1200 
operating modes might not be required. 1201 

c) A DUT operating in constant-envelope modes shall be tested at the maximum output power 1202 
of its CW-equivalent (carrier) signal. 1203 

d) A DUT operating in pulsed-envelope modes shall be tested using the same pulse 1204 
characteristics (duty factor, pulse period). If the DUT is capable of transmitting several 1205 
modes by varying the pulse characteristics (e.g. transmission in multiple slots) in a wireless 1206 
technology, the signal with the highest time-average output power per frequency band shall 1207 
be tested, after considering the maximum output power of the DUT for each mode. 1208 

e) If the pulsed-envelope mode has a long pulse period such that the lowest frequency 1209 
component of the signal envelope is below the low-pass filter cut-off frequency of the SAR 1210 
measurement acquisition sub-system, the integration time and/or sample acquisition period 1211 
shall be chosen to accurately measure the RMS of the signal, e.g. by using an integral 1212 
number of pulse periods to avoid aliasing. 1213 
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f) A DUT in operating modes where the envelope of the signal varies randomly with time (e.g. 1214 
CDMA, OFDM) shall be tested in the mode resulting in the maximum time-averaged output 1215 
power transmitted by the device for each wireless technology. 1216 

g) If the DUT cannot operate for the duration of the SAR measurement at its highest time-1217 
averaged output power level, within the range of the product’s tune-up specifications and 1218 
production variations, the following shall be applied: 1219 

1) The DUT may be operated at a lower output power or lower duty factor, then the SAR 1220 
shall be scaled to the required highest time-averaged output power level. However, when 1221 
the DUT is configured in a lower output power level, the time-averaged output power 1222 
shall be within the tolerance range specified for the device. 1223 

2) Devices that operate with dual-output amplifiers, where both amplifiers are not required 1224 
when operating at low power levels, or those that are designed to operate intermittently 1225 
at very low duty factors, might require additional considerations to ensure SAR can be 1226 
scaled linearly. 1227 

NOTE Some regulatory authorities might impose additional requirements on the maximum time-averaged output 1228 
power reduction allowed for device SAR testing. 1229 

The procedure for power scaling is given in 8.3. 1230 

8.1.3 Antenna configuration 1231 

For devices that employ one or more external antennas with variable positions (e.g. extended, 1232 
retracted, or rotated antennas), these shall be positioned in accordance with the user 1233 
instructions provided by the manufacturer. If no intended antenna position is specified, tests 1234 
shall be performed with the antenna(s) oriented to obtain the highest exposure condition while 1235 
maintaining the device in the positions of Clause 10. For antennas that can be extended, testing 1236 
shall be performed with the antenna fully extended and fully retracted. The antenna 1237 
configurations shall be documented in the measurement report. All transmit diversity antennas 1238 
shall be tested for SAR. 1239 

 1240 

8.1.4 Options and accessories 1241 

Other accessories that affect the RF output power or RF current distribution of the DUT when 1242 
used next to the head or body shall be tested according to the intended use conditions specified 1243 
by the manufacturer. For example, (a) optional antennas, (b) optional battery packs that change 1244 
the wireless communication device performance or SAR, etc., (c) adapters, hubs, etc., that 1245 
contain electrically conductive parts, or (d) any other kind of wires that are connected, e.g. to a 1246 
DUT used next to the body, during intended use. NFC or wireless charging options generally 1247 
do not require SAR measurement, but their influence on the SAR of other transmitters shall be 1248 
considered. 1249 

 1250 
  1251 
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8.1.5 Test frequencies for DUT 1252 

A DUT shall be compliant with applicable exposure standards at all transmitting frequencies. 1253 
However, testing at every channel is impractical and unnecessary. The purpose of 8.1.5 is to 1254 
define a practical subset of channels where SAR measurements are to be performed. This 1255 
subset of channels is chosen to give a characterization of a DUT for comparison with applicable 1256 
exposure standards. 1257 

Before performing testing using the specific channels required by this document, the maximum 1258 
output power of the channels shall be verified to determine that the selected channels are 1259 
producing the highest rated output of the device. The process used to establish the channels 1260 
for testing purposes shall be documented in the measurement report. 1261 

For each operating mode of a wireless technology used by the DUT: 1262 

a) tests shall be performed at the channel producing the highest rated output power, or at the 1263 
channel producing the highest loaded radiated output power (see 3.28.2) of each test 1264 
position. If the channel with highest loaded radiated output power maximum of each test 1265 
position is tested in this step a), then step b) and step c) are not required if the width of the 1266 
transmit frequency band (∆f = fhigh – flow) does not exceed 10 % of its centre frequency fc; 1267 

b) when the width of the transmit frequency band exceeds 1 % of its centre frequency fc, the 1268 

channels at the lowest and highest frequencies of the transmit band shall also be tested. 1269 

c) when the width of the transmit frequency band exceeds 10 % of its centre frequency, the 1270 
following formula shall be used to determine the number of channels, Nc, to be tested 1271 

according to Formula (1): 1272 

 ( )c high low c = 2  roundup 10  + 1N f f f × × − 
 (1) 

 1273 

where 1274 

fc  is the centre frequency of the channel that is closest to the centre frequency of the 1275 

transmission band in Hz; 1276 
fhigh is the centre frequency of the channel at the highest frequency of the transmission band 1277 

in Hz; 1278 
flow is the centre frequency of the channel at the lowest frequency of the transmission band in 1279 

Hz; 1280 
Nc is the number of channels. 1281 

NOTE 1 The function roundup(x) rounds its argument x to the next highest integer. Thus, the number of channels, 1282 
Nc, will always be an odd number. 1283 

NOTE 2 National regulatory agencies might have different requirements on the number and selection criteria of 1284 
channels to be tested per transmission band, according to frequency allocations and other wireless technology 1285 
requirements. For example: 1286 

 ( ) 0.2
high low c

c
c

100
round

100
f f fN

f

 −   =      

 1287 

The number of channels, Nc, should be equally spaced and shall meet the preceding 1288 

requirements. 1289 

 1290 
  1291 
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8.2 Measurement procedures 1292 

8.2.1 DUT positioning relative to phantom 1293 

DUT positioning specifications for SAR measurements using a flat phantom and the SAM head 1294 
phantom are provided in Clause 10. 1295 

 1296 

8.2.2 Tests to be performed 1297 

In order to determine the highest value of the psSAR of a device, all device positions, 1298 
configurations and operational modes shall be tested for each frequency band according to step 1299 
1 through step 4 as follows.  1300 

Step 1: The tests shall be performed at the channel that is closest to the centre of the 1301 
transmit frequency band (fc) for: 1302 

a) the following positions  1303 

1) all device positions on the body phantom (if testing of DUT against body phantom is 1304 
required); 1305 

2) all cheek and tilt positions on the left and right head phantoms (if testing of DUT against 1306 
head phantom is required);  1307 

b) all physical configurations of the DUT for each device position per Step 1a), 1308 

NOTE Examples of physical configurations are device slide or cover open and closed, or antenna extended and 1309 
retracted.  1310 

c) all operational modes, e.g. modulations and multiplexing modes, for each device position in 1311 
step 1 a) and configuration(s) of Step 1 b) in each frequency band; 1312 

d) all antennas used.  1313 

Step 2: For the test condition providing the highest psSAR determined in step 1, perform the 1314 
tests at all other test frequencies as required by 8.1.5 (e.g. lowest and highest channels). In 1315 
addition, for each device position, configuration and operating mode where the psSAR value 1316 
determined in Step 1 a), step to Step 1 d) is greater than or equal to half of the applicable SAR 1317 
limit, testing of other channels of 8.1.5 is required, as well. 1318 

Step 3: When the highest SAR is greater than 75 % of the compliance limit and the DUT has 1319 
been measured in contact with the device holder, the highest SAR test condition among all 1320 
frequency bands and positions shall be tested again for each single transmitter, without using 1321 
the holder. In this case, the DUT position shall be realized by using low-loss foam material and 1322 
non-conductive adhesive (e.g. tape or elastic bands). 1323 

Step 4: Examine all data to determine the highest value of the psSAR found in Step 1 to Step 1324 
3 for each operation mode in each frequency band.  1325 

 1326 
  1327 
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8.2.3 Measurements 1328 

8.2.3.1 General 1329 

Subclause 8.2.3 provides the procedure to be performed for each of the test conditions 1330 
described in 8.2.2. For scanning systems, the measurement procedure of 8.2.3.2 shall be 1331 
applied. For array systems, the measurement procedure of 8.2.3.3 shall be applied. 1332 

Commercial devices typically have output power drifts within ±5 %. Some devices could have 1333 
significant fluctuations in output power that are not classifiable as undesirable power drift but 1334 
rather are a characteristic of the normal operating behaviour of the device. In these cases, 1335 
methods such as power scaling shall be applied with the aim of ensuring that an accurate and 1336 
conservative SAR is obtained. 1337 

Because of the differences in the array systems versus scanning systems, the drift requirements 1338 
are different. 1339 

8.2.3.2 Measurement procedure for scanning systems 1340 

If a scanning measurement system is used, the following procedure and requirements shall be 1341 
applied: 1342 

a) Take a reference measurement with a fully charged battery at a specific location within the 1343 
phantom.  1344 

b) Measure the electric field or magnetic field within the volume of interest. 1345 

c) If applicable to the method, refine the scanning with higher spatial resolution at the location 1346 
of interest. 1347 

d) Apply the reconstruction algorithm to reconstruct the field for determining the psSAR 1348 
distributions. 1349 

e) Apply the averaging algorithm as described in 6.5 to determine the psSAR. 1350 

f) The reference measurement in step a) shall be repeated at the end of each measurement. 1351 
The relative difference between the first and each subsequent reference measurement 1352 
should be within 5 %. If the SAR difference exceeds 5 % then the measurements shall be 1353 
repeated with fully charged battery, or all SAR values shall be increased by the absolute 1354 
percentage difference between the first and last reference measurement.  1355 

g) Add the upper-bound percentage allowed (i.e. otherwise full re-test needed). 1356 

8.2.3.3 Measurement procedure for array systems 1357 

If an array system is used, the following procedure and requirements shall be applied: 1358 

a) Measure the electric field or magnetic field over the measurement region. 1359 

b) Apply the reconstruction algorithm to reconstruct the SAR distribution in the volume of 1360 
interest. 1361 

c) Apply the averaging algorithm as described in 6.5 to determine the psSAR. 1362 

d) If a sequence of different configurations is evaluated without recharging the battery, then 1363 
the first measurement shall be repeated at the end of each measurement and the relative 1364 
difference between the first and last measurement shall be within the repeatability tolerance 1365 
of the system (see 11.2) but not larger than 5 %. If the SAR difference exceeds 5 % then 1366 
the measurements shall be repeated with fully charged battery, or all SAR values shall be 1367 
increased by the absolute percentage difference between the first and last measurement. 1368 

 1369 

8.2.4 SAR measurements for simultaneous transmission 1370 

Requirements and procedures for SAR measurements of DUTs capable of simultaneous 1371 
transmission are provided in Clause 9. 1372 
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8.3 SAR scaling procedure for power or signal variations 1373 

SAR scaling is the extrapolation of the SAR of a DUT determined with a tested operating mode 1374 
(modX) to a SAR of the same device in the same exposure test position and frequency channel 1375 

with a different operating mode (modY). The difference can be in the power level, operating 1376 

mode, or both. The time-averaged RF output power ratio of modX and modY shall both be 1377 

determined either by measuring the average power, or by numerical integration of the power 1378 
envelope if the signals are sufficiently well known. SAR scaling is possible if: 1379 

a) The same RF amplifier stage is used for modX and modY; 1380 

b) The same antenna is used for modX and modY, and MIMO or other antenna diversity 1381 

techniques are not applied; 1382 

c) The probe modulation response uncertainty has been evaluated for the modulated signal 1383 
modX, and the SAR has been determined for modX; 1384 

d) The time-averaged RF output power ratio (Rp) of modX and modY after the RF amplifier stage 1385 

is known, according to Formula (2): 1386 

 
max, Y

p
X

mod

mod

P
R

P
=  (2) 

 1387 

where Pmax,modY corresponds to the highest time-averaged output power setting. If the two 1388 

signals differ in operating mode, then the test signal will be set at maximum time-averaged 1389 
output power: PmodX = Pmax,modX. 1390 

The factor Rp shall be determined by experimental means (e.g. measurement using an 1391 

average power meter).  1392 

e) The RF carrier frequency of modX is the same as for modY; 1393 

f) The RF signal bandwidth ratio Rm of modX and modY satisfies Formula (3): 1394 
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= − × ≤  (3) 

 1395 

g) The channel bandwidths of modX and modY are each within 5 % of the carrier frequency; 1396 

If the preceding requirements are fulfilled, a scaling of the SAR from modX and modY shall be 1397 

performed according to Formula (4), and scaling uncertainty shall be determined as specified 1398 
in Clause 11:  1399 

 Y Xmod m modSAR R SAR= ×  (4) 

 1400 

When the approach in this subclause is used, it shall be stated in the measurement report that 1401 
points a) through g) are satisfied.  1402 

For devices supporting PTT modes or other technology-specific TDD operations, the maximum 1403 
duty factor shall be assessed. 1404 

 1405 
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9 SAR measurements for simultaneous transmission 1406 

9.1 General 1407 

DUTs with multiple antennas or multiple transmitters (with single or multiple antennas) 1408 
transmitting simultaneously require special test considerations. The methods to combine the 1409 
fields in order to determine the combined SAR distribution differ depending on whether the 1410 
corresponding RF transmitters emit waveforms that are correlated or uncorrelated in time. 1411 

9.2 SAR measurements for uncorrelated signals 1412 

9.2.1 General 1413 

The simultaneous transmission signals are uncorrelated if they differ in frequency, modulation 1414 
or both.   1415 

Spatial summation of the SAR distributions according to Formula (5) (see 9.2.3) shall be used 1416 
to determine the combined SAR of the simultaneous transmission signals.  1417 

The spatial separation of the SAR distributions impacts the combined SAR. SAR combination 1418 
can be exempt if the SAR distributions do not overlap, i.e. when the maxima are separated to 1419 
such an extent that the maximum psSAR values of each distributions will not increase by more 1420 
than 5 % when the SAR distributions from all the other simultaneous transmission signals would 1421 
be added according to Formula (5), and if the maximum psSAR value of among all simultaneous 1422 
transmissions is lower than 95 % of the SAR compliance limit. 1423 

 1424 
  1425 
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9.2.2 SAR measurement procedure 1426 

The following procedure shall be applied for SAR testing of uncorrelated simultaneous 1427 
transmission signals for all applicable simultaneous transmission scenarios:  1428 

a) Determine the uncorrelated transmit signals that are supported and intended to be 1429 
transmitted simultaneously by the DUT for the evaluated scenario. All the evaluated 1430 
operating conditions shall be identical or conservative for the intended operation of the DUT 1431 
while transmitting simultaneously. If the SAR distribution(s) is/are readily measured 1432 
according to 8.2, it/they can be spatially combined according to step g). 1433 

b) Configure the DUT to transmit the signal(s) determined in step a). The signals may be 1434 
configured to be transmitted simultaneously, sequentially, or in a combination of both by the 1435 
DUT.  1436 

c) Switch on the transmit signal(s), using radio communication tester as necessary to establish 1437 
the transmission. 1438 

d) Position the DUT on the phantom. 1439 

e) Measure the SAR distribution(s).  1440 

f) Repeat steps b) to e) until all transmit signals are measured for the evaluated scenario. 1441 

g) Combine the SAR distributions spatially using Formula (5) of 9.2.3 for the evaluated 1442 
scenario. 1443 

NOTE The DUT possible simultaneous transmissions within a single or multiple wireless operating modes can 1444 
include for example WWAN (2G, 3G, 4G, and 5G (SA or NSA), WLAN (IEEE Std 802.11, 2.45 GHz or 5 GHz), and 1445 
WPAN (IEEE Std 802.15). 1446 

 1447 

9.2.3 Procedure for summation of SAR distributions 1448 

When two or more signals are uncorrelated (e.g. transmission at different frequencies, 1449 
modulations, or data streams), the combined SART at each location, r, in the phantom is 1450 

calculated from simple summation of the SAR values of the N individual transmitters (Formula 1451 
(5)): 1452 

 ( ) ( )T
1

N

k
k

SAR r SAR r
=

= ∑   (5) 

 1453 

where the subscript T denotes total SAR 1454 

Prior to averaging and search of the psSAR, each SAR distribution shall be assessed 1455 
separately. After field reconstruction and determination of the individual SAR distributions, 1456 
SARk(r), the summation given in Formula (5) is performed. The averaging and search 1457 

procedures for the peak-spatial average SAR are then performed. 1458 

 1459 
  1460 
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9.3 SAR measurements for correlated signals 1461 

9.3.1 General 1462 

If multiple antennas are used to transmit signals at the same frequency and using the same 1463 
modulation, these signals could be correlated. There are two types of correlated signals, as 1464 
shown in Table 2. 1465 

The first type, referred to as type 1, are signals with relative phases unchanged during a 1466 
relatively long duration compared with symbol duration. These types of signals can be found in 1467 
MIMO spatial multiplexing techniques and phased array antenna systems where the relative 1468 
phases of signals fed to the antennas are controlled to form the radiation pattern towards 1469 
specific directions.  1470 

The second type, referred to as type 2, are signals with relative phases changed quickly in a 1471 
relatively short time period. Such signals can be found in systems utilizing MIMO transmit 1472 
diversity techniques. The relative phases of signals will be changed from symbols to symbols 1473 
due to functions such as space-time block codes in MIMO schemes. No specified direction is 1474 
formed during normal communications. 1475 

 1476 

Table 2 – Two types of correlated signals 1477 

Item Type 1 Type 2 

Description Signals with relative phases unchanged for a long 
duration compared with symbol duration. 

Signals with relative phases that vary 
quickly over a relatively short period. 

Typical use 

MIMO spatial multiplexing techniques and phased 
arrays, where the relative phases of signals fed to 
the antennas are controlled to achieve optimal 
antenna patterns. Once the antenna pattern is 
determined, the relative phases will stay constant 
for relatively long duration. 

MIMO transmit diversity techniques where 
the relative phases of signals will be 
changed from symbol to symbol using 
space time coding. 

Applications 
Wireless Charging, Location services, NR and LTE 
using beamforming or spatial multiplexing 
techniques 

NR and LTE using transmit diversity 
techniques, IEEE Std 802.11n, IEEE Std 
802.11ac, WiMAX, HSPA+, etc. 

 1478 

9.3.2 Measurement procedure for Type 1 correlated signals 1479 

There are four methods of measuring the SAR from type 1 correlated signals. 1480 

a) Summation of the field magnitudes from the individual sources, leading to upper bounds on 1481 
the SAR (see 6.5.2.2 of IEC TR 62630:2010). 1482 

b) Combination of the magnitudes of the local field components (see 6.5.2.3 of IEC TR 1483 
62630:2010). 1484 

c) Estimation of the magnitude of the vector sum of the individual fields (see 6.5.1 of IEC TR 1485 
62630:2010) 1486 

d) Setting the sources at maximum power levels and sweeping through the possible phase 1487 
combinations. Sweeping all source phases across their respective ranges allows capturing 1488 
the maximum realized RMS value over the measurement domain (see 6.5.1 of IEC TR 1489 
62630:2010). 1490 

NOTE The procedures and advantages of each method are described in IEC TR 62630:2010. 1491 

The procedures of c) and d) are preferred as they both give the same accurate result without 1492 
overestimation. The procedures of a) and b) are alternative methods that may be used and 1493 
provide an overestimation for the SAR value. Procedure a) gives the highest overestimation. 1494 
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The manufacturer of the SAR measurement system shall document the method used for SAR 1495 
measurement of type 1 correlated signals. 1496 

For the procedure of c), the following considerations shall be taken into account to perform the 1497 
SAR measurements. In case of N antennas emitting correlated signals and vector (amplitude 1498 
and phase) measurements, the following procedure leads to the determination of the psSAR 1499 
value for all the possible configurations: 1500 

Step 1: Perform N measurements of the electric field phasor meas

1

N

m mi i
i

w
=

= ∑E E , with 1, , .m N=    1501 

miw  is the excitations weight of the i-th MIMO antenna used for the m-th measurement. 1502 

From one field scan to the other in Step 1, the phase reference undergoes a shift that is 1503 
introduced by the change in the illuminating field topologies in an unpredictable manner. As 1504 
a result, additional “test” measurements are required in order to align the phase references 1505 
of all of the N measurements. 1506 

• Step 2: Perform at least one “test” measurement test

1

N

m ti i
i

w
=

= ∑E E  with excitation weights 1507 

different from the ones used in Step 1. 1508 

Step 3: Use the fields measured in Step 1 and Step 2 in order to to align the phase reference 1509 
of the different measurements. This is achieved by introducing a set of phase shifts mβ  (with 1510 

2, ,m N=  ) on the measured fields meas
mE  and by minimizing the following cost function 1511 

(Formula  (6)): 1512 
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 1513 

where 1514 
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 1515 

T contains the excitation weights of the test measurement test
mE . 1516 
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• Step 4: Retrieve the electric field iE  corresponding to each individual antenna of the MIMO 1517 

system as follows (Formula (7)): 1518 

 
( )

( )

j

j

meas
1

1 meas min
2 22 1

meas min
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expN
N N
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 
   
   ⋅
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 

 

EE
EE

W
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 (7) 

 1519 

where ( )min min
2 , , Nβ β  is the solution giving the minimum of ( )2, , Nf β β . 1520 

The phase reference of the first measurement is considered here as a reference for the 1521 
phase alignment in the formulations of Formula (6) and Formula (7), i.e. 1 0β = . 1522 

• Step 5: Calculate the total electric field tot
1

N

i i
i

w
=

= ∑E E  corresponding to any MIMO 1523 

excitation scheme. 1524 

• Step 6: For each field totE , compute the corresponding peak spatial-averaged SAR. 1525 

 1526 

9.3.3 Measurement procedure for Type 2 correlated signals 1527 

There are two methods of measuring the SAR from type 2 correlated signals: 1528 

a) Measurement with all signals transmitting simultaneously. 1529 

b) Sequential measurement of N configurations followed by simultaneous measurement at 1530 
multiple locations. 1531 

Both methods give the same result. The choice of method a) or method b) is based on the 1532 
capability of the measurement system. The manufacturer of the SAR measurement system shall 1533 
document the method used for SAR measurement of type 2 correlated signals. 1534 

For method a), the procedure is as follows: 1535 

1) Configure the DUT to transmit the type 2 correlated signal, with all signals on. 1536 

2) Set the integration time so that the measured value will be stable within the integration 1537 
time uncertainty (see I.4.4). A longer integration time can be needed compared to the 1538 
measurement of single signals. 1539 

3) Measure the SAR as per 8.2.3. 1540 

For method b) the assessment of the SAR of such configurations comes down to the 1541 

determination of the individual SAR ( )( ), ,iSAR x y z  resulting from each antenna of the system, 1542 

together with the time averaged value ( ) 2
is t  of the squared amplitude of the signals that 1543 

are injected in these antennas. 1544 

Considering these observations, the following procedure allows for the assessment of the SAR 1545 
of type 2 MIMO systems composed of N antennas. The following procedure shall be applied: 1546 

• Step 1 – Configuration with slow relative phase variations: 1547 

a) Set the DUT to operate in a configuration with a stable relative phase distribution. 1548 

b) Measure at each point (x, y, z) of the measurement domain, the individual local SAR 1549 

( )( ), ,iSAR x y z  distributions corresponding to an independent excitation of each antenna 1550 

of the MIMO device. 1551 
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• Step 2 - Configuration with fast relative phase variations: 1552 

a) Set the DUT in the considered type 2 configuration with quick relative phase variations. 1553 

b) Measure the local instantaneous SAR ( )( ), , ,k k kSAR x y z t  at K points 1554 

( ), , , ( ),k k kx y z K N≥  of the sensor grid, for a duration T that is sufficiently large in order 1555 

to obtain the convergence of the averaged local SAR ( ), , ,k k kSAR x y z t . 1556 

c) Using these averaged SAR values ( ), , ,k k kSAR x y z t  and the individual SAR of the 1557 

MIMO antennas ( )( ), ,iSAR x y z  obtained in step 1, calculate the time averaged value 1558 

( ) 2
i is t α=  of the squared amplitude of the excitation signals, and this by minimizing 1559 

the following expression Formula (8): 1560 

 
1 1

min ( , , , ) ( , , )
i

K N

α k k k i i k k k
k i

SAR x y z t α SAR x y z
= =

−∑ ∑  (8) 

 1561 

From the values of iα , calculate the SAR value ( ), , ,SAR x y z t  at every point (x, y, z) of the 1562 

measurement domain using Formula (9): 1563 

 
1

( , , , ) ( , , )
N

i i
i

SAR x y z t α SAR x y z
=

= ∑  (9) 

 1564 

 1565 
  1566 
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10 Position of the DUT in relation to the phantom 1567 

10.1 Test distance and positioning relative to the flat phantom 1568 

10.1.1 General 1569 

Subclause 10.1 describes how the DUT, with or without accessories, shall be positioned, 1570 
oriented, and configured relative to the phantom for SAR measurement. The specified test 1571 
position(s) is (are) applicable for device-to-phantom surface separations up to and including 1572 
200 mm. 1573 

Subclause 10.1 describes positioning procedures for the following device types: 1574 

• devices that are large relative to phantom surface area (10.1.4) 1575 

• devices used with body-worn accessories (10.1.5); 1576 

• devices with hinged or swivel antenna (10.1.6); 1577 

• devices used next to or against the body without an accessory (10.1.7); 1578 

• desktop device (10.1.8); 1579 

• front-of-face device (10.1.9); 1580 

• hand-held usage of the device, not at the head or torso (10.1.10); 1581 

• limb-worn device (10.1.11); 1582 

• clothing-integrated device (10.1.12). 1583 

• generic device (10.1.13); 1584 

NOTE The figures provided in 10.1 are for illustration purposes only, and are not to scale or representative of the 1585 
areas that need SAR measurement. 1586 

10.1.2 DUT-to-phantom separation distance 1587 

When performing measurements against the flat phantom, the DUT to phantom separation 1588 
distance may be set according to the following hierarchy: 1589 

a) Regulatory requirement: When there is a national regulatory requirement that specifies the 1590 
DUT separation distance to the phantom, the DUT shall be positioned according to this 1591 
requirement. 1592 

b)  “Intended use distance” specified by the manufacturer: When there is no regulatory 1593 
requirement, the intended use condition or distance specified by the manufacturer shall be 1594 
used. This information shall be acquired from the user documentation accompanying the 1595 
DUT. 1596 

c) Default separation distance: When there is neither a regulatory requirement nor an intended 1597 
use distance specified by the manufacturer, the DUT shall be measured with each 1598 
accessible face in direct contact with the surface of the phantom (see also 10.1.13 generic 1599 
device). 1600 

The stated separation distance may be determined with the carry accessory attached to the 1601 
DUT, when such condition is tested; see 10.1.5. 1602 

Care should be taken to ensure precise positioning at the applicable separation distances, for 1603 
example using calibrated gauge blocks or similar means to ensure repeatability. 1604 

Full document details: 23/30436008 DC

http://www.avadocuments.com/doc/23-30436008-dc
http://www.avadocuments.com/doc/23-30436008-dc


 – 47 – 
IEC/IEEE CD 62209-3/ED2 © IEC/IEEE 2023                                                       106/601/CD  

10.1.3 DUT reference points 1605 

General guidance to identify the orientation of a DUT, or when placed in a carry accessory for 1606 
positioning to the flat phantom, is as follows. P1, P2, P3, and P4 are defined as the midpoint 1607 
on each edge of the surface facing the phantom as shown in Figure 3. Line P1-P2 and 1608 
Line P3-P4 shall be parallel to the phantom surface such that the distance between P1 and the 1609 
phantom surface is equal to the distance between P2 and the phantom surface. Similarly, the 1610 
distance between P3 and the phantom surface shall be equal to the distance between P4 and 1611 
the phantom surface. The separation distance is defined as the distance between the phantom 1612 
shell and the closest point on the DUT when positioned as specified in the preceding sentences. 1613 
This general guidance might need to be adapted for specific designs, such as devices or carry 1614 
accessories with curved surfaces, that require the device to be positioned differently for testing. 1615 
Clear details of the actual test positions used shall be fully documented in the measurement 1616 
report. 1617 

  1618 

Figure 3 –Designation of DUT reference points 1619 

 1620 
  1621 
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10.1.4 Positions of the DUT in relation to the flat phantom for large DUT 1622 

If the DUT is larger than the measurement regions of each phantom specified in 6.2.2, the 1623 
following applies. 1624 

a) The DUT shall be shifted such that the SAR distribution of the DUT can be covered by 1625 
multiple area scans. When the DUT is shifted, the RF coupling between the DUT and 1626 
phantom could change, resulting in a different SAR distribution compared to the one using 1627 
a larger phantom. A larger phantom, however, might not be representative of the significant 1628 
majority of exposure situations involving people (see NOTE in 6.2.4 of IEC/IEEE 1629 
62209-1528:2020). 1630 

b) To limit differences in the measured SAR due to coupling variations, two successive scans 1631 
shall have an overlapping area of at least one third the size of the combined area, as shown 1632 
in Figure 4. 1633 

c) In the overlapping area, the SAR distribution shall be similar such that the SAR difference 1634 
at any point relative to the DUT geometry is less than the expanded uncertainty for 1635 
repeatability. Otherwise, the DUT shall be shifted by a smaller amount such that the SAR 1636 
difference is within the uncertainty. 1637 

Formula (10) and Formula (11) provide the minimum number of tests to perform for a DUT with 1638 
dimensions greater than or equal to the dimensions of the measurement area, when successive 1639 
SAR evaluations with one third overlapping section are combined: 1640 

 tests sublength subwidthN N N= ×  (10) 

 tests
1 1roundup 1 roundup 1
3 3

L WN
L W
′ ′      = × + × × +      

      
 (11) 

 1641 

where 1642 

L′  is the length of the DUT; 1643 

W′  is the length of the DUT; 1644 

L  is the length of the measurement area specified by the system manufacturer; 1645 

W  is the width of the measurement area specified by the system manufacturer; 1646 

Ntests is the number of tests performed on DUT sub-divisions for a complete SAR evaluation 1647 

of the DUT; 1648 

Nsublength is the number of sub-divisions of the DUT length; 1649 

Nsubwidth is the number of sub-divisions of the DUT width. 1650 

Shifting is not needed if the radiating structures are small compared to the DUT and the 1651 
phantom and/or the first area scan shows that the SAR distribution is entirely captured within 1652 
the scanning area. In the situation where shifting was omitted, the rationale shall be clearly 1653 
documented in the measurement report. 1654 

 1655 
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