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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote intern
bperation on all questions concerning standardization in the electrical and electronic(fields. To this €&
ddition to other activities, IEC publishes International Standards, Technical Specificatiens, Technical R
licly Available Specifications (PAS) and Guides (hereafter referred to as *EC Publication(s)")
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreeméent between the two organiza

formal decisions or agreements of IEC on technical matters express$, ‘@s nearly as possible, an interr
sensus of opinion on the relevant subjects since each technicak committee has representation f
rested IEC National Committees.

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

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
sparently to the maximum extent possible in theirnational and regional publications. Any divergence b
IEC Publication and the corresponding national or regional publication shall be clearly indicated in thd

itself does not provide any attestation [@f.¢onformity. Independent certification bodies provide con

ices carried out by independent certification bodies.
Lsers should ensure that they have:the latest edition of this publication.

liability shall attach to IEC of its directors, employees, servants or agents including individual expe|
mbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any natute whatsoever, whether direct or indirect, or for costs (including legal feqg
lenses arising out of-the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the Normative references cited in this publication. Use of the referenced publica
spensable for the correct application of this publication.

draws attention to the possibility that the implementation of this document may involve the us¢g
ent(s). [ECtakes no position concerning the evidence, validity or applicability of any claimed patent r
bect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
bé required to implement this document. However, implementers are cautioned that this may not re
latest information, which may be obtained from the patent database available at https://patents.iec.

prising
ational
nd and
eports,

Their
plt with
liaising

the IEC also participate in this preparation. IEC collaborates closely with" the International Organization for

ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

of (a)
ghts in
, which
resent
h. IEC

sha

Il not be held responsible for identifying any or all such patent rights.

IEC TR 63424-1 has been prepared by IEC technical committee 106: Methods for the
assessment of electric, magnetic and electromagnetic fields associated with human exposure.

Itis a

Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

106/658/DTR 106/673/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63424 series, published under the general title Validation of dynamic
power control and exposure time-averaging algorithms, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related o the
specific document. At this date, the document will be

e refonfirmed,
e withdrawn, or

e reyised.

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

The concept of dynamic power control and exposure time-averaging (DPC-ETA) has been
introduced recently to enable wireless devices to maintain SAR compliance in real-time.
DPC-ETA enables a SAR assessment that is more representative of the user exposure. The
procedures in IEC/IEEE 62209-1528:2020 require device under test (DUT) to maintain a fixed
output power and transmission duty factor during SAR measurement to establish the correct
SAR distribution to determine SAR compliance. When devices are tested at a fixed maximum
output power and transmission duty factor for worst-case exposure and continuous use, a
reduction in maximum power is often necessary to satisfy SAR compliance. This can result in
undesirable device performance with poor link budget and low data throughput.

In DP
and ti
the lif

expogure condition to maintain SAR compliance during actual use. When the._maximum
ged power is ensured by DPC-ETA, brief durations of higher instantaneous power dan be
appligd while the maximum time-averaged power is not exceeded.

avera

NOTE

SAR lirpits or can differ and vary with frequency.

The D
radiat]

C-ETA, SAR compliance is determined according to power recorded by the RF 'm

ear SAR to power relationship established for a wireless operating mode and sy

I The time-averaging windows required by national regulations can be the 'same as those establis

ed power measurement methods described in Annex;A and Annex B. The crite

odem

me-averaged over a specified window duration. Device output power controlis)based on

ecific
time-

hed for

PC-ETA algorithms are validated using power control test'sequences with conductgd and

ia for

correlpting power measurement results with expected DPC-ETA behaviour of the test

sequgnces are also described. The measuremeni'system validation and system

check

consi:linerations are discussed in Annex C. The correlation of radiated power and single-point

SAR
radiat]

NOTE

providgs recent information for users to address specific testing needs. It is possible that it is not able to
s to all issues that are being identified Jor explored. The improvements realized from experiences in applying
this dqcument for DPC-ETA algorithm_(validation, including any adjustments needed to validate dev
hensive uncertainty analyses, .that*need further considerations, can be addressed in a subsequent revision

solutio

comprg
of this

P For the purposes of this document, tesfdaboratories and users are referred to as user(s). This do

Hocument.

easurement is illustrated in Annex D. The SAR methods that can be applied instead of
ed power measurement are described in Annex F. Guidance for validation of capacitive
proximity sensor triggering with time-averaged“detection are provided in Annex E.

tument
provide

ces or
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VALIDATION OF DYNAMIC POWER CONTROL
AND EXPOSURE TIME-AVERAGING ALGORITHMS -

Part 1: Cellular network implementations
for SAR at frequencies up to 6 GHz

1 Scope

This

(dyna
wirele
avera
minut

SAR

consi<|ieration. The device output power is controlled by DPC-ETA t6_maintain SAR comp
|

in rea
1528:

Quasi
algori
DPC-
to co

validdtion, including wireless mode transitions, calldrop, handover, discontinuous transmi
multaneous transmission are described~Considerations for measurement automation to

and s
acqui
provig
result
proce
appro
meas
includ

NOTE
near-fig
duratio

NOTE
power
techno
Commy
New R

bart of IEC 63424 describes the methods for validating dynamic power confrd
mic) exposure time-averaging (DPC-ETA) algorithms used in RF modem \chips
ss devices. The DPC-ETA implementations are exposure-based, wherexSAR is
ped according to power recorded by the RF modem. Time-averaging windows up

compliance results with all relevant design and operating, tolerances taker

-time. While SAR compliance is evaluated independently by applying IEC/IEEE 6
D020 [1]7, this document contains information for algorithin, validation.

-static and dynamic power control test sequences, are described in this documeg
hm validation. The test sequences are sent fromf@ radio communication tester (RC
ETA responses are measured with conducted.and radiated power measurement meg
nfirm algorithm functionality. Test sequences for wireless configurations that

e time-aligned results for correlation with power changes in the test sequencs
ed. DPC-ETA algorithms are validated by correlating the normalized power measur
5 with the expected behaviours of\an implementation for the applied test sequenceq
dures in this document also support algorithm validation of modular transmitters us
priate test platform. Guidance for using SAR methods in place of radiated
irements and capacitive_proximity sensor triggering with time-averaged detection ar
ed.

A separate documientwill be considered to validate DPC-ETA implementations above 6 GHz, acco
Id millimetre-wave band power density exposure requirements. Substantially shorter time-averaging
hs, on the ordenof a’few seconds, can be required to satisfy some national regulatory requirements.

P The scope of this document is limited to cellular network technologies that have RF modem trans
dictated, by a base station and therefore can be tested using RCT test sequences. Cellular 1
ogies.(also referred to as wireless wide area networks (WWAN)) include Global System for
nicatiohs (GSM), Universal Mobile Telecommunication System (UMTS), Long-Term Evolution (LTE)
hdie/ (NR), including other related 2G, 3G, 4G, and 5G specifications, respectively. A separate docum

be cons

| and
bts of
time-
to six

s consistent with applicable SAR limits and regulatory policies tare considergd for
frequgncies up to 6 GHz. The DPC-ETA power control parameters are-'€stablished bas

ed on

into
iance
2209-

nt for
) and
thods
need
5sion,

s are
ement
5. The
ng an
bower
e also

ding to
ivindow

nission
etwork
Mobile
and 5G
ent will

bidered for \/qlldahnn DPC.ETA implementations-for wireless local area network /\I\II AN\ fnr\hnr\lr\gln

5, such

as those based on the IEEE 802.11 standards series. With WLAN technologies, the transmlt power is dlctated
independently by the RF modem and can be specific to each power control implementation, requiring different testing
approaches.

NOTE 3 The procedures in this document can also be considered for 3GPP [2] 5G NR FR1 bands above 6 GHz.

NOTE 4 This document does not address algorithm validation for simultaneous transmission configurations
involving transmitters that are not controlled by DPC-ETA operations in the RF modem. These are evaluated

accordi

1

ng to regulatory requirements.

Numbers in square brackets refer to the Bibliography.
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2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |ELC Electropedia: available at https://www.electropedia.org/
e ISP Online browsing platform: available at https://www.iso.org/obp

3.1
dynamic power control
DPC
powef control algorithm used in RF modem chipset of wireless devices-according to descriptions
in thi§ document

Note 1|to entry: Transmitter power control is based on power measured and{ecorded by the RF modem acg¢ording
to the |inear SAR and power relationship of individual wireless mode cenfigurations and exposure condiffons to
maintajn time-averaged power below a specified threshold for continupus_exposure and SAR compliance.

3.2
exposure time-averaging
ETA
time-averaging algorithm used in RF modem chipset of wireless devices for calculating|time-
averaped exposure according to measured and recorded power

Note 1|to entry: The recorded power is time-avefaged over a specified time window according to the SAR [limit or
regulatpry requirements. The calculated time-averaged power is used in DPC-ETA implementations as feedpack to
adjust [transmitter power dynamically in real*time. For the purposes of algorithm validation, simple arithmetic
averag|ng, or other suitable types of averaging accepted by the regulator, are covered by the procedures|in this
document.

3.3
dynamic power control.and exposure time-averaging
DPC-ETA

algorithms used in_ RE)modem chipset of wireless devices according to 3.1 and 3.2 to gnsure
SAR ¢ompliance fer‘continuous exposure based on time-averaged power over a specified time
window duration

3.4
RF mpdem
wireless transcelver mcorporated i the chipset of wirefess devices that supports the wireless
protocol and operations

Note 1 to entry: RF modems include, for example, GSM, UMTS, LTE, and 5G NR to support the wireless modes
specified by 3GPP protocols.

3.5

wireless operating mode

wireless operating configurations used in RF modems, according to parameters defined by
wireless protocols (e.g. 3GPP), for transmission within the wireless network and infrastructure

Note 1 to entry: The parameters include the RF channel frequency, channel bandwidth, signal modulation and other
transmission protocol specifications (e.g. power requirements, carrier aggregation, etc.) for communication with other
devices in the network.
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3.6

proximity sensor

capacitive sensor or multiple capacitive sensors for detection of user proximity from the DUT,
for the purpose of limiting transmitter power in order to ensure conformity with RF exposure
limits

3.7

specific absorption rate

SAR

measure of the rate at which energy is absorbed by the human body when exposed to a radio
frequency electromagnetic field

3.8
outpyt power
power at the output of the RF transmitter when the antenna, or a load with the lsame|input
impedance as the antenna, is connected to it

3.9
conducted power
powel delivered by the power amplifier of the device to 50 Q matched.load

Note 1|to entry: For the purposes of this document, conducted power is.measured at the antenna porf using
equipment with 50 Q input impedance.

3.10
powef control algorithm
DPC-ETA protocol used in a DUT to set and adjust theroutput power of the transmitter to gatisfy
SAR ¢ompliance

3.11
radiated power
powel measured with the DUT transmitting using its built-in antenna while operating|in an
anecHoic chamber, according to the DPC-ETA algorithm validation procedures described |n this
document

3.12
time-averaging
averaping of power recorded by the RF modem or measured by test equipment over a spgcified
time window

Note 1|to entry: The“calculated time-averaged power is used by the RF modem for power control to enjsure a
maximyim time-ayeraged power is not exceeded for continuous exposure.

3.13
maxirrlum time-averaged output power

Plimit
maximum time-averaged power allowed for continuous exposure

Note 1 to entry: For the purposes of this document, a specified P, .. includes all tolerances that are relevant to
DPC-ETA operations, which corresponds to a not-to-exceed value. The P;_.. stored in the DUT is typically a nominal
value without including the tolerance. The measured P .. can be higher or lower than the nominal value, but within

the specified DPC-ETA tolerance and does not exceed the specified P ..
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time-averaging window
time window

TWavg

time interval used to calculate time-averaged power and determine time-averaged exposure

Note 1 to entry: For the purposes of this document, time-averaged exposure is determined according to th
averaging requirements specified by SAR limits and regulatory policies. A frequency-dependent time-averaging
window can be required by some national regulations.

3.15

maximum instantaneous output power

P

Note 1|to entry: For algorithm validation, a specified P
i.e. itis|a not-to-exceed value. The P___stored in a DUT is typically the nominal value without jacléding the tol
The mgasured P can be higher or lower than the nominal value, but within the specified DPC-ETA tolerar
does npt exceed the specified P__. .

Note 2|to entry: Compare with IEC 60050-192:2015, 192-13-05: "instantaneous/value: value of a time dep
variablg at a given instant".

3.16

SAR farget
SARtarget

peak
mode|and exposure condition

Note 1|to entry: The tolerances for a measured P,

limit target”
3.17
SAR reported
SAReported
peak gpatial-average SAR value corresponding to the minimum (specified Pj;,;;, specified

obtairjed by scaling measured $4R,.4et @ssociated with measured Py, of a wireless opej
mode|and exposure condijtion.

3.18

optional output power threshold

P

ctrl

DPC-ETA power control parameter, in addition to P, and Pjimit

Note 1[to“entry: Depending on the DPC-ETA implementation, it can be used to specify a low power thresl
power antrol or a minimum pawer level far power delleanf Thiscan be an internal parameter with na QEM

max
maxi

2024

e time-

r]\um output power a transmitter supports for the intended operations

max INcludes all tolerances relevant to DPC-ETA ope

max

max

spatial-average SAR value corresponding to th® measured Pj;,;; of a wireless ope

also-apply to the SAR

ations;
brance.
ce and

endent

rating

Pmax)
rating

old for

access

or not required at all for some implementations.

3.19

power control test sequence
test sequence described in this document for DPC-ETA algorithm validation

Note 1 to entry: Quasi-static and dynamic test sequences are used to validate algorithm functionality and
control continuity in steady-state and dynamic operating conditions. The test sequences are sent by the RCT under
program control of the automated measurement setup to enable time-aligned recording of measured responses and
power requests in the test sequences.

3.20

dynamic test sequence
test cycle where the requested power levels consist of many changes

power
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3.21
quasi-static test sequence
test cycle where the requested power levels consist of one or two changes

EXAMPLE Request a power level of 0 dBm for a given period, followed by P for a given period.

max

3.22

random test sequence

test cycle where there are hundreds of pseudo-random independent power level and radio
access technology (RAT) change requests, designed to stress test and validate the dynamic
response of the dynamic power control and exposure time-averaging algorithm

3.23
frequpncy band
<radigp access technology> transmitting frequency range associated with a, radio access
technplogy (RAT)

3.24
channel
<freq:I:ency> specific sub-division of the transmit frequency rangede€fined for a radio access
technplogy (RAT) according to the operating parameters of a particular wireless technplogy,
such @s signal characteristics and channel bandwidth

3.25
normalized time-averaged output power
measyired power normalized by the measured Pj;;¢

Note 1|to entry: The purpose is to enable measured responses to be compared and correlated acrops test
configurations with different power control parameters, time<averaging windows, or DPC-ETA, and wireless operating
characjeristics, such as during a call drop, handover;.discontinuous transmission, or simultaneous transmission
conditipns.

3.26
host device
final groduct or equipment with DPC-ETA algorithm operating in the RF modem of its trangmitter

Note 1|to entry: For modular transmitters with built-in DPC-ETA, a representative test platform is necesdary for
algoritim validation testing with, conducted and radiated power measurements. When DPC-ETA is trigggred by
proximity sensors through imiediate triggering, the triggering is controlled by the host device and is copfirmed
according to IEC/IEEE 62209<1528:2020 [1] procedures.

3.27
duty factor

pulsel duty factor
ratio of thé average pulse duration to the reciprocal of the pulse repetition frequency in a|pulse
sequgnce

Note 1 to entry: For DPC-ETA algorithm validation, this is determined by the transmission scheme corresponding
to the TDMA time slots in GSM/GPRS, or DL:UL configurations used in TDD for LTE and NR. When these duty factors
apply, slot-based burst power is used to set specific TDMA and TDD power request levels in the test sequence
according to RCT and wireless protocol requirements, and frame-based averaged power is measured according to
the power measurement equipment configurations.

[SOURCE: IEC 60050-702:1992 [3], 702-03-09, modified — Note to entry has been added.]

3.28

test configuration

combination of wireless operating mode and associated exposure condition (SAR test position
or distance)

Note 1 to entry: Algorithm validation is performed using the test configurations defined by the DPC-ETA power
control parameters.
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3.28.1

defau

It test configuration

2024

test configurations that are tested for algorithm validation according to the selection criteria
described in this document

Note 1 to entry: Other test configurations that need testing according to regulatory policies or other device operating

require

3.29

ments can be selected using the "additional test configuration" criteria described in this document.

device under test

DUT

device containing one or more wireless transmitters or transceivers that is tested according to

d SAR
des all
omatic
blished
s. The
espect
f a test

the methods of this document

3.30

DPC-ETA tolerance

Tc

aggregate of all tolerances that are relevant for DPC-ETA operations

Note 1|to entry: For algorithm validation, all tolerances that are relevant for DPC-ETA operations are conslidered.
The tolerance for maximum output power is normally considered for SAR compliance\by scaling the measurg
to the maximum output power allowed by the tune-up specifications. This tolerance for SAR compliance incly
DPC-EJ'A tolerances and other relevant tolerances, such as algorithm performance, TXAGC (transmitter au
gain cqntrol), and device-to-device and production variations. These toleranicé€s can be specified and esta
differently for products from different manufacturers. The tolerances of intefest can vary with regulatory polici
power gontrol parameters used by the algorithm validation procedures in\this document are considered with
to the gpecified, nominal, and measured values, according to tolerancés allowed by the P .. and SARy, 461 O
configyration.

4 Symbols and abbreviated terms

4.1 Physical quantities

The Ipternational System of Units (Sl)-is‘used throughout this document.

Symbpl Quantity Unit Dimensions

P power watt W

SAR specific absorption rate watt per kilogram W/kg
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4.2 Abbreviated terms

3GPP 3rd Generation Partnership Project

5G fifth generation

CA carrier aggregation

CcC component carrier

CDMA code division multiple access

DL downlink

DUT device under test

EDGE. Enhanced Data rates for GSM Fvolution
EN-DC E-UTRA New Radio Dual Connectivity
E-UTRA Evolved UMTS Terrestrial Radio Access (3GPP)
FDD frequency division duplexing

FR1 Frequency Range 1 (3GPP 5G NR)?
GPIB general purpose interface bus

GPRY General Packet Radio Service

GSM Global System for Mobile Communications
LTE Long Term Evolution

MIMQ multiple input multiple output

NR New Radio (3GPP)

NR DPS New Radio Dynamic Power Sharing

NR EPS New Radio Equal Power Sharing

NR NBA New Radio Non-standalone

NR SA New Radio Standalone

OEM original equipment manufacturer.

OTA over the air

PC personal computer

psSAR peak spatial-average SAR

RAT radio access technology

RCT radio comniunication tester

RF radio frequency

SAR specific absorption rate

TDD time division duplexing

TDMA time division multiple access

TER total exposure ratio

TxAGC transmitter automatic gain control
UMTS Universal Mobile Telecommunications System
UL uplink

WCDMA wideband code division multiple access
WLAN wireless local area network

2 3GPP 5G NR FRf1 presently spans 410 MHz to 7 125 MHz; before 2019 FR1 was 450 MHz to 6 000 MHz,
sometimes informally called “5G sub-6 GHz.”
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5 Dynamic power control and exposure time-averaging implementation
operation descriptions

5.1 General

RF modem chipset-based DPC-ETA implementations are used by wireless devices to mitigate
the conservative SAR measured with existing methods. It enables a device to dynamically
manage the output power of one or more transmitters. The power recorded by the RF modem
is applied according to the linear SAR to power relationship of a specific wireless configuration
and exposure condition to ensure SAR compliance in real-time for a time-averaging window
specified by the applicable SAR limit or regulatory policies. Either a fixed or frequency
dependgenttime-averagire-wirdow—op—te—sbmirttes—eanbeused—Arovervew—eftheDPC-
ETA ¢perating characteristics and configurable parameters supported by this document are
descrlbed in 5.2 and 5.3.

5.2 |General algorithm operation overview

The implementations considered in this document are based on 3GPP technhologies, including
simulfaneous transmissions with multiple transmitters and antennas. Output power is manpaged
by DRC-ETA in a controlled manner, over time, according to bothiinstantaneous and|time-
averaped power to determine actual user exposure. Regardless_of*how the wireless ngtwork
requepsts a transmitter to change output power, a DPC-ETA\enabled device has Ruilt-in
capalilities to accept network power change requests or limit'power increases at the device
level fo ensure the maximum time-averaged power is not excéeded to ensure SAR complfance.

DPC-ETA is designed to operate seamlessly across)transmission schemes, such as TDMA,
TDD or FDD. For most implementations, other than“the power control parameter and|time-
averaping window values, the same DPC-ETA algorithms are applied across all wireless modes,
frequg¢ncy bands and transmission configurations controlled by the RF modem chipset. When
identical hardware and firmware are usedy the configurations that need validation can be
reducpd.

The power control parameters in 5,3 are established according to the SAR and power
relatignship of wireless operating modes and exposure conditions. It is typical for DUTs to
operate at power levels based_on nominal specifications according to a defined tuhne-up
tolerance. The measured SAR is scaled to the tune-up tolerance limit to determine compljance.
The ODPC-ETA power control parameters stored in DUTs are based on nominal valuegq. The
actual parameters usedby the device can deviate from the stored nominal values, but within
the DPC-ETA tolerance{7c). SAR compliance is ensured if reported SAR (SAR¢porteq) If l€SS

than fhe RF exposure limit specified by the regulator. The power measured during algorithm
validation is normalized to the measured Pt (Pjimit.m) (s€€ 5.3.2 b)) to correlate megsured

respopses with) the expected DPC-ETA behaviour of the implementation. The tolerpnces
generglly jnclude both power independent and power dependent components, where the power
indepgndent tolerances are expected to be mostly cancelled out in the normalization prgcess.
The remaining tolerances can result in the normalized ratios exceeding 1.0. To ensure|(DPC-
ETA operates within the tolerances supported by the P);,;; n,, the procedures described in 6.10

are applied to ensure the normalized ratios calculated from the measured nominal values
remain within the tolerance range for the Pj;,;; and corresponding SARy, e Used for the wireless

mode.

NOTE Tune-up tolerance is the range of variations allowed for the maximum nominal output power in a wireless
operating mode.
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5.3 Configurable parameters
5.3.1 General

DPC-ETA parameters vary with each combination of wireless operating mode, frequency band,
exposure condition or test distance, and antenna configuration; they are instantaneous
maximum power (P,54), Maximum time-averaged power (P);t), intermediate or optional output
power threshold (Pcy), SAR target (SAR,get) @and time-averaging window (Twy,,g). All relevant
tolerances that can influence DPC-ETA operations are considered in DPC-ETA tolerance (7¢)
and they are included in the power control parameters to determine the specified values. For
example, if there is no tolerance for P 5y, Pjimit» aNd Py s €tc., the exact values would be used

S “i 211G reasturet—Paramete s O ;GG‘“ v;i;ﬁ‘ aen orerancqesS are
idd to the parameters, the nominal values would be lower than the specified values<by the
DPC-ETA tolerance Tc; therefore, for the purposes of algorithm validation, specified values
corregpond to the maximum values including tolerances. In this document, the spegcified
eters with all relevant tolerances included are used to determine the power-levels |n test
sequgnces sent by the RCT to ensure the power control restrictions, e.g. associated with|Py; it

can bg triggered for algorithm validation. The nominal parameters stored.in the device during
produgtion are applied by DPC-ETA for power control according to the allowed tolerances. The
powel measured for the parameters used by a device is expected, to“remain within the | DPC-
ETA tplerance of nominal values. The measured SAR associated with measured Py;;; is gcaled

to the|minimum of specified Pjj,;; and specified P,y (MinimumdPiinit specified: Pmax,specifigd)) t0
detersTine SARgported- SAR compliance is demonstrated if the"S4R ¢p0rt6q IS l€SS than the RF
expodure limit specified by the regulator. The measured,power is normalized by the Plimit.m

based on nominal values, to compare and correlate DPC-ETA responses. The normalization
tolerance is determined according to the tolerances allowed by the SAR, e associated with

the Pjymitm (see 6.10). Since the values of specified parameters with tolerance includgd are

highef than the nominal values and DPC-ETA operates according to nominal parameters $tored
in the|device, normalizing measured results by the Pt specifieq ¢aN lead to lower ratios due to

unintgnded offsets in the normalization.

In geperal, the tolerances applicable to the power control parameters include both power
indepgndent and power dependent components. For example, TxAGC tolerance gererally
varieq with power and can be.-specified either separately or included in the tune-up tolgrance
by the manufacturer. When“SAR is measured at a fixed power level, TXAGC tolerance is
generglly not of significant concern. For DPC-ETA algorithm validation, varying power |Jevels
are uged in the test sequéences. When the measured power is normalized by the Py f,, the

powel independent {{olerance components are expected to mostly cancel out in the|ratio.
Howeyer, the power dependent components, such as TxAGC tolerance, are expecfed to
influepce the caleulated ratios. When the time-averaged power is near Pj;, the power

deperndent tolerances can result in normalized ratios > 1,0. For lower normalization ratio values,
the tdlerance can also introduce discrepancies for correlating measured responses with the
expedted algorithm behaviour. Therefore, the worst-case TxAGC tolerance across all relevant
powettevelsisapphed—Theproceduresin6-10-arcappliedtoensurethe-highestvatueof the

normalized ratio in a test configuration is within the tolerance range supported by the Pyt
and associated SAR,get-

NOTE 1 The relevant device tolerances that can influence algorithm validation (for example, tune-up, TxAGC,
algorithm design and operation, device-to-device or production tolerances, and measurement tolerances) would need
consideration. Comprehensive uncertainty analyses are not addressed in this document due to DPC-ETA
implementation specifics that are typically unavailable to the users (test laboratories), and because device
manufacturers can use different tolerance criteria. The relevant algorithm validation and measurement tolerances
(k =1) described in this document are applied directly to the measured results in accordance with regulatory
requirements.
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All parameters (P45 Plimit @nd Pt ) measured for a DUT cannot exceed the specified values

for the algorithm validation results to be valid. When the measured results are normalized by
an unstable or incorrect P;,;; value due to DUT or measurement tolerance concerns, it can also

introduce unintended biases and inconsistent results (e.g. normalized ratio > 1,0). It is important
to ensure that all values of Pj,;; , are accurate and reliable (see A.2.9 for P,y measurement

requirements).

NOTE 2 Depending on the DPC-ETA implementation, regulatory policies can require specific tolerance
considerations for algorithm validation.

5.3.2 DPC-ETA power control parameters applicable to existing implementations

The OPC-ETA power control parameters applicable to existing implementations are.des¢ribed
in the[following list. These configurable parameters can be initiated by network conditions or be
triggered by host device operating requirements.

a) P.x is the maximum instantaneous output power; it is the maximum,output power a
trgnsmitter can sustain at any instant. The measured P ., (Ppaxm) cannot excegd the
specified Ppay (Pmax,specified) While remaining within the tolerancerange of S4R; gt

b) Pt is the maximum time-averaged output power across-theé time-averaging wjndow
(TWavg)- The Pjimitm is based on the nominal value and, a specified tolerance frange
established by the SAR;, 4t for devices (i.e. < SAR g4 1eq) t0 €nsure all operations remain
SAR compliant. The Pj,;; , cannot exceed the Py specifieq: Which is the highest|time-
averaged power level allowed for continuous usewhen DPC-ETA is active.

NQTE 1 With items a) and b), for TDMA and TDD configrations, consistent use of slot-burst power and|frame-

average power for both P and P, . avoids unintended duty factor offsets and incorrect normalizgtion of

mgasured responses due to mixing of power typeswsed (see 6.10 and 7.5).

NQTE 2 With items a) and b), when the Plimit-specified is higher than P ax.specified for a wireless mode, DRC-ETA
cap become transparent and inactive because a transmitter is unable to operate above P__ Undgr such
cirpumstances, the higher P .. cannot beymeasured; therefore, P is used instead. Thus, SAR complignce is
based on the P ax specified (see 6.10 and A.2.6 for exceptions due to tolerances) as demonstrated using
SAR e orted: obtained by scaling SAByghget to the corresponding minimum (P”mit,speciﬂed, Pmax’speciﬂed). Because of
tolerances associated with the(nominal parameters (P, and P, .), the P, . used by the device can Become
lower than the corresponding P, ., and DPC-ETA can become active. Testing of such configurations can require

adflitional guidance from.the manufacturer, and in accordance with regulatory policies, to adjust the prodedures
of fhis document for algorithm validation.

C) SARiarget is thesl'g or 10 g psSAR corresponding to the Py, o, of a wireless operatingimode

and exposure condition. The SAR compliance results can be subject to further scallng to
in¢lude alkrelevant tolerances for DPC-ETA operations. For algorithm validation, when Pj; it

is less\than Pp,y, SAR5get COrresponds to the Piini y; otherwise, SARy, g6 COrresponds to
the P .. - (see 6.10 for normalization tolerance considerations). The SAR compliahce is
demonstrated using SAR obtained by scaling SAR,4e¢ to the corresponding

reported’
minimum (Plimit,specified' Pmax,specified)'

d) P is an optional parameter in certain DPC-ETA implementations. It typically specifies the
nominal power level for maintaining a sustained connection according to instantaneous or
time-averaged power, or both, and DPC-ETA power control conditions. In some cases,
multiple parameters can be used, for example, an optional threshold value (P,) and a fixed
minimum power setting (P),,). These power levels need confirmation to ensure they are

enforced by the algorithm according to the functionality of the implementation.

NOTE 3 When P, is not used at all, for the purposes of applying the DPC-ETA algorithm validation test
sequences in Annex A, a value of P, = P = 7 % (Ppa ~ Pimit)» With all values in dBm, is considered to
configure the test sequences, with » < 1 and consistent with regulatory policies; for example, n = 0,5.
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The preceding parameters can be named differently in individual implementations. The
functionalities of each parameter are confirmed to be equivalent to those described above
before applying this document for algorithm validation. The nominal parameters are generally
stored in non-volatile memory of the device or RF modem, with no user access under normal
use conditions, and used for algorithm validation measurements. The measured DPC-ETA
parameters are reviewed and confirmed to remain within the tolerance range supported by the
nominal values. lllustration of the output power characteristics of a simple DPC-ETA
implementation is depicted in Figure 1.
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Figure-1 — lllustration of the output power characteristics
of a simple DPC-ETA implementation
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6 Algorithm validation considerations

6.1

General

2024

SAR compliance and algorithm validation are evaluated independently to simplify the
measurement requirements. The algorithm validation approach used in this document enables

the SAR measurement procedures in

IEC/IEEE 62209-1528:2020 [1] to be applied for

compliance testing. SAR is measured at a fixed maximum time-averaged output power (see
Pjimit in 5.3) for continuous use and scaled to include all DPC-ETA tolerances and other relevant

tolerances to determine compliance. For algorithm validation, the relevant tolerances, such as
algorithm performance, design, device-to-device or production variations, and certain power
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6.3 SAR linearity

The measured SAR is associated with a specific power level in a separate process that is
independent of the SAR measurement. This requires the same output power condition to be
maintained for both SAR and power measurements. The measured SAR with a device coupled
to a phantom at maximum output power condition is associated with the conducted power
measured at the antenna port, also at maximum output conditions. It has been demonstrated
and accepted that a linear relationship applies between SAR and power for a specific wireless
operating configuration and exposure condition. Linearity is important for SAR compliance
results to be scalable with power and for DPC-ETA power control. The tolerances of power
dependent parameters, such as transmitter automatic gain control (TXAGC), can be fully
accounted for according to the worst-case value across all relevant power levels to establish
power control parameters for ensuring the tolerances for SAR and P);,,;; are always maiptained.

The npeasurement equipment non-linearity associated with signal modulation is aceounted for
in SAR probe calibration and therefore mitigated, and device output compression s addrgssed
by 3GPP conformity testing requirements; therefore, the impact from these is expected|to be
insignfificant.

6.4 |Test sequences

Two types of test sequences are used for algorithm validation. Quasi-static test sequencgs are
appligd to verify fundamental algorithm operations and transitions across wireless modes,
frequg¢ncy bands and conditions with different P, and Pjj,;; 000wy, 4. Dynamic test sequences

with varying output power and time intervals in the power requests are used to confirm|DPC-
ETA qgperation in a dynamic manner. Both types of test sequences are applicable and relevant
for algorithm validation. Quasi-static test sequences are used to validate all test configurdtions.
Dynamic test sequences are more complex, which. can require certain interpretatigns to
correlpte measured results with expected algorithmrbehaviour; therefore, these are mainly used
in selected test configurations. The test sequences described in Annex A are considergd for
algorithm validation.

NOTE When other test sequences are required by national regulations, algorithm validation is pefformed
according to those regulatory requirements.

A testlsequence can include multiple’wireless modes and test configurations to verify simjilar or
related DPC-ETA operating conditions, sequentially in a single test to streamline the alggrithm
validdtion testing process. For transitional operations across wireless modes or frequency
bandg, different Py, Pjifit:Petrt @nd Twyyg Values can apply. The power control parameters

befor¢ and after each—tiransition are both verified by the measured power. The DPC-ETA
paranjeters are typically triggered by normal network operating conditions, similar to thpse in
test sequences sent.from the RCT for algorithm validation. However, a device can suppor{ host-
managed triggefing, such as sensing mechanisms or other host-controlled conditions, fpr the
device to initiate'DPC-ETA power control parameter changes for different exposure conditions
(e.g. distanteor position) or requirements imposed by transmitters not controlled by DPCFETA.
When| a,configuration has already been considered for validation, the DPC-ETA paramefers in
host-mhanaged configurations can be confirmed by power measurement or other suitable means
to minimize further testing. Other than identifying the relevant testing concerns and providing
general recommendations, specific test sequences are not considered for the following:

a) DPC-ETA transitions triggered by changes in antenna configurations; for example, transmit
diversity (see 7.8) or dynamic antenna tuning implementations;

b) DPC-ETA transitions triggered by conditions managed by the host device; for example,
changes in exposure conditions detected by sensors (see 7.7);

NOTE 2 The dynamics of DPC-ETA do not apply to semi-static or duty factor-based power control with proximity
sensor or similar mechanisms where the procedures in IEC/IEEE 62209-1528:2020 [1] are applicable.

c) power-up, fail-safe and malfunctioning (see 6.13).

NOTE 3 As DPC-ETA responses at power-up and during fail safe/malfunctioning or other device specific conditions
are generally design dependent, additional validation can be required by national regulations.
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Power measurement

DPC-ETA responses to power control test sequences are recorded by conducted power,
radiated power or SAR measurements. Conducted power is measured at the DUT antenna port,
radiated power is measured with the device operating in a suitable size anechoic chamber (see
B.9.2) and SAR is measured with the device operating beside the phantom (see Annex F). The
same measurement equipment can be used for conducted and radiated power measurements.
The test setup also applies to the transitional and simultaneous transmission configurations.

All algorithm validation configurations are tested with quasi-static test sequences using
conducted power measurement. Conducted power measured at the antenna port is not

influe

nced hy the haost device or antenna Provided the same RE hardware is used betwe

n the

RF m
anten
tissue
powe
SAR4

pdem and antenna port, conducted power is independent of host device configurati
ha. Introducing the host device, antenna, and path loss (free space in radiated
simulating liquid in SAR measurement setup) possibly does not impact ‘the dy
control at the antenna port. Host device and antenna influence the relationship be
get and Pjinmit, Which is fixed for a given host configuration, antenna, transmitting freq

expogure condition and separation distance. Therefore, DPC-ETA functiopality can be val

in any
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= SAReported)- These measurement setups are validated using a known source p
ming DPC-ETA validation. Equivalency between these setups and correlation be

radiated measurement setup and SAR measurement setup is described in Annex D
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| configurations of measurement equipment,/tést setup and power measur
ories, such as directional couplers, combiner/splitters, circulators, and filter|
bed in Annex B. The SAR measurement methods are described in Annex F.

National regulations can require confirming DPC-ETA functionality in more than one setup.
Measurement rate
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control test sequences. It has been determined that 7p,,, < 0,1 s is applical

measurements with the quasi-static and dynamic test sequences described in this document.
This is less than 0,2 % of the 50 s to 360 s time-averaging window durations currently specified
by SAR limits and regulatory policies. When multiple Twayg values are used in test

configurations involving multiple frequency bands during simultaneous transmission, the value

of TPavg used in the measurements is set to a multiple of the corresponding Tw

avg

values to

synchronize time-averaging calculations across Twavg windows; for example, 0,1 s is a multiple

of 50 5,60 s, 100 s, or 360 s time windows. For the purposes of the procedures in this document,
a periodic and fixed power measurement rate is applied throughout a measurement, to ensure
consistency in calculating time-averaged power by simple summation and averaging. Otherwise,
each measured power is time integrated over the corresponding Tp,,y before summing over

Twayg and then divided by Tw,,4 to determine time-averaged power (i.e. X (P; % Tpayg ;) =

P

X
avg

Twayg)- This applies when a consistent 7p,,, is not maintained due to equipment

coordination in the measurement automation. The time-averaging of measured power according
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to a periodic or fixed Tpavg in the measurement implies that simple averaging is applied to
correlate results and maintain consistency in applying acceptance criteria.

NOTE In the determination of TPayg < 0,1 s, the 0,1 s is an example and longer measurement intervals can be

applied according to regulatory policies and system validation results, with typical recommendation for much less
than 1 s. Also, SAR methods described in Annex F can require longer measurement intervals depending on the SAR
system (for example, scanning probe or sensor array systems).

The time-averaging scheme used in the RF modem can differ from regulatory requirements.
Depending on regulatory policies, independent post-processing can be applied to calculate
time-averaged power using a specific averaging scheme, instead of the variant used in the RF
modem. Since post-processing of measured results does not change the power control
behaViour, this would not be equivalent to using values recorded and applied by the device for
feedbpck and power adjustments. When applicable, regulatory guidance can also’|allow
corregtion factors to be applied for using specific averaging schemes.

6.7 Measurement automation

Time plignment between power requests initiated by the RCT and measured power samples is
done [for correlating power change requests and DPC-ETA responses? Operating the| tests
manuglly can be difficult and is not supported by the procedurés.in this document| Test
automation enables all operations to be recorded with accurate time alignment. After proggram
contrgl of the test equipment and accuracy of the power recording’and time-averaging prpcess
are VJIidated to ensure the automation has been implemented correctly, a simple verification

test of procedure with known results can be used to confirm’the automated test setup, before

validating a DUT.

6.8 |DPC-ETA power control and time-averaging calculations during transitions

Quasit-static test sequences and conducted power measurement are used to verify trans|tional
operalions. Continuity of power control during transitions across wireless operating modes,
frequ¢ncy bands with the same or different 7w, , exposure/use conditions, and any|other

condifions where different P 5, or P;,i»0r both are specified, is demonstrated during alggrithm

validation. Besides RF modeme-initiated transitions, DPC-ETA implementations that slipport
host dlevice-initiated transitions triggered by sensors, or other conditions determined by the
host, [ are also considered~for algorithm validation. During periods of discontihuous
transmissions or conditions “initiated by host device triggered DPC-ETA transitions) both
instantaneous and time-averaged power are verified before and after the transition, according
to the|corresponding power control parameters and time-averaging window.

For trpnsitional opérations that involve different time-averaging windows, the time-averaging
procefures applied are verified during algorithm validation. Regardless of how time-averaging
is performed\by the DPC-ETA algorithm in the DUT, for algorithm validation the same criteria
are used to,calculate time-averaged power from measured responses across transitiong with

differgnt TWavg- This ensures results are processed consistently according to the same|time-
avera&mm—vaﬂmmpm—mmm fteria, i aati ' i = ssing

variations across measurement systems used by test laboratories.

When transitioning across test configurations, such as during handover, discontinuous
transmission, call drop or frequency bands with different Twayg the following are applied to

ensure time-averaging is calculated consistently across a transition. For handover or frequency
band switching, a connection to the next wireless mode is established before the previous
configuration is disconnected. This allows a seamless transition without a transmission gap.
However, a short transmission gap can be introduced for call drops and discontinuous
transmissions or due to RCT configuration requirements. These are considered according to
the correct Tw,,4 values.
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Time-averaged power is calculated at the power measurement rate of Tpavg: Each time power
is measured, time-averaged power is calculated according to Tw,,4. For example, with Tp,,, =
0,1s and Twayg = 100 s, 1 000 power measurement samples are time-averaged at 0,1 s

intervals. Each measurement sample is scaled by 1/1 000 and then summed to determine the
time-averaged power. For Tw,,q = 60 s, the measurement samples are scaled by 1/600. If there

is a transmission gap, it is considered as part of the initial segment before the next segment is
applied. When different Twayg apply, time-averaged power across the transmission gap is

calculated using the initial Tw,,4 until the next connection is established. For example, when
transitioning from Tw,,q = 100 s to Tw,,q = 60 s, with a transmission gap in between, the gap
is time-averaged according to a 100 s window. When transitioning from one Twayg to a different
Tw power measurement is separated into two segments of power measurements:

avg

- first power measurement versus time corresponds to the first 7w, where the-megsured
pawer is zero after the transition (i.e. in Formula (1): P, 4(¢) = 0 or ¢ > transition time)

— second power measurement versus time corresponds to the second’ Tw,,,, whefe the
measured power is zero before the transition (i.e. in Formula (1): Py»(f) = 0 or ¢ > trarnsition
time).

The iptegral in Formula (1) is converted in summation in Fofmula (2) for discrete power
measyirement rate of Tpavg: These two power measurement samples are scalgd by

corregponding Tp,,g/Twayg (€.9. 1/N1 = 1/1 000 for 100 s Ty, g, 1/N2 = 1/600 for 60 s Twyg),
then power measurement samples are summed, and normalized to the applicable P, ir] each

segment of the transition to obtain time-averaged normalization ratio versus time for| each
segment. Then, both segments are summed versus*“time to verify that the aggregate|time-
averapged normalization ratio (i.e. max(R) in Formula-(1) and Formula (2) ) is within the tolgrance.

1 B4 1 Byo(t
R(t) = If bl |y, jf ba() |y, )
TW1avg t=-Twlavg Fl’imit1,m TWZan 1-Tw2avg Plimit2,m

wherg
R(¢) is the exposure ratio as function of time;
Tw ag is the time~averaging window for transmission 1, expressed in seconds;
TWZaVg is the time-averaging window for transmission 2, expressed in seconds;
Py (2 is(the (conducted) power for transmission 1, expressed in watts;
Piyo(t is the (conducted power for transmission 2, expressed in watts;
Plimitikem is the measured maximum time-averaged power for transmission 1. expressed in

watts;

Plimit2 m is the measured maximum time-averaged power for transmission 2, expressed in
watts.

Bimit1,m Rimit2,m

1 i By (i 1 i Byo (i
R"":mZi_NM{ ”(’)}ﬁ z-_m{ ‘2(’)} @
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Since the measured S4Ry,.4et Can be different between transmitters before and after transition,
the normalization ratio in Formula (2) can be scaled by SAR;.qe/SAR)m;; to determine
time-averaged SAR normalized to the SAR)yi; (S4Rgyg norm) @s shown in Formula (3).
Formula (3) can be used for any transitional cases (see Clause 7), including when Twayg is the
same before and after transition (i.e. N1 = N2) and for simultaneous transmission configurations.

. 1 i Pyq (i) SARtargeH,m 1 i Pyo(i) SARtargetZ,m |
SARavg,norm(l) :—121-_]\,1“ I X IR +—2 i-N2+1| R X 7 (3)
N imitt,m  SARimit1 N imitzm  SARimit2
SAR ¢ompliance can be verified using Formula (4).
SAR1 SAR?
maX(SARan‘norm(i)) < max( reported 7 reportedJ (4)
SARimit1 SARjmit

When|algorithm validation for simultaneous transmission involve§-adding and removing wifeless
configurations with different Tw,,,, each transmission is considered separately accordjng to

criterip described above (also see 7.6). The different P, g-and Pj;,;; values used in the wireless

modep are applied to satisfy maximum aggregate power requirements for DPC-ETA power
contrgl and SAR compliance; for example, transitioning from LTE to 5G NR NSA (see 7.6.2).

For simultaneous transmission analysis with radios not controlled by the DPC-ETA alg¢rithm
(for example, WLAN+WWAN compliance where only WWAN operations use DPC-ETA power
contrgl), additional consideration for simultaneous transmission SAR compliance is gerjerally
unnedessary during algorithm validation. The measured SAR values of simultapeous
transmission configurations are scaled, either separately or as an aggregate (in a volume $can),
with tplerances included, and the DPC-ETA power control parameters are established pased
on thg SAR compliance results: Ensuring power control and time-averaging calculations gcross
transitions are within the tolefance allowed by the measured P);,;; and corresponding SAR, get

is sufficient for algorithm yvalidation.

6.9 |Test reduction

Depending on thenDPC-ETA implementation, when the same power control algorithm ig used
for alll wireless ‘operating modes and frequency bands, validation can be performed only for a
subsdt of these configurations, upon demonstration or justification of algorithm opefration
indepgndence across wireless configurations and frequency bands. In addition, validatjon of
algorithm continuity across discontinuous transmissions, transitions due to host device
triggered power control changes or other similar configurations can be streamlined when such
operations are also independent across wireless modes and frequency bands.

6.10 Normalization of measured power

All power measurement results are normalized to the maximum measured time-averaged power
(Plimit.m) @s shown in Formula (5), for continuous operation, according to the time-averaging

window (TWavg) to correlate measured responses across wireless modes, frequency bands and
transitional configurations. Normalized power P, (#) in Formula (5) is time-averaged over
Twayg @s shown in Formula (6), and the highest of this ratio R ,, (see Formula (7)) is verified
to be within the DPC-ETA tolerance Tc¢ as part of algorithm validation.
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P, (1)
Brorm(?) = Pltx—
imit,m

RO =——["_ Rom(®dr

T Wavg 1=Twayg

2024

(5)

(6)

Ryax = max (R(t))

By (Twavg) = Rmax * Himitm = Plimit,specified

max.specified and the time-ave|
cannot exceed the Pjiyit specified fOr the Twy, 4 used as.shown in Formula (8). Hov

become higher than 1,0 or outside the tolerance range allowed by the SAR;;yet-
leasured instantaneous power is higher than>P);,i;, the number of such occurreng

nction with the power dependent tolerances, can result in somewhat higher calc
Since the power level of P, is used invall test sequences for this document, the h

the tolerance range allowed by Pyt (i.€. < Pligit specified) @8Nd SAR5get (i-€. < SAR g

irement equipment (range and calibration) possibly do not fully cancel out i
production variations,"”can be addressed or characterized differently across manufac

consideration. ‘After the tolerances for algorithm validation are identified, accord
acturer andiregulatory requirements, these are aggregated into the single paramet

get (ILE2S8AR o 0rteq) O @ test configuration.

of the W

(7)

(8)
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Jhe tolerances included in 7c are determined according to both the P__ . .. and P, ..

test configurations.

To avoid potential confusion in simultaneous transmission configurations where both the
normalization ratio and total exposure ratio (TER) are used, where tolerance is generally not
applicable to TER, RF modem manufacturers have recommended that the normalization ratio
is scaled by SAR4get/SAR)imit, to further distinguish this from TER and to minimize potential
misinterpretation of test results. Formulas (5), (6) and (8) scaled by SAR,get/SAR|imit are

represented by Formulas (9), (10) and (11), respectively.

By (1) y SARtarget,m
Rimitm ~ SARjmit

SARpomm (t) =

(9)
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The u
SARy,

1

SARavg,norm (t)=—F

SA4 t)d¢
T Ji- g SAForm ) (10)

(11)

SARyy, et,m SARceported
Max (S4Rayg norm (1)) = max[RmaX x = < P

SARjimit SARjimit

5e of 1,0 as a nominal ratio or a scaled ratio to determine the tolerance range_ allowed by
get are equivalent and can be applied in accordance with regulatory policies. |n the

following, consistent use of nominal (stored) and measured values of P ~and Pj, is
determined by regulatory requirements. S4Rysget norm 1S the corresponding)SAR ,4et/S4R imits

and R
a test

Lax IS the highest ratio calculated from the measured time-averagedpower and Pj;. it ,, of

configuration.

it,m

a) Regardless of whether the nominal (stored) or measured values of P ,, and Py;,; are|used,
Td represents the aggregate of all DPC-ETA relevant talerances. For ratios scalped by

1)

ngrmalized SAR target, SAR; g6t norm = SARtarget/SAR|imigithe following conditions apply.

When Plimit < Pmax:

SARtarget,norm x (1,0 = Tc) < (Rmax X SARtarget,norm) < minimum (SARtarget,norm x (1,0 +
Tc), SARgported!SAR imit) applies.

This situation generally corresponds to-the normal DPC-ETA operating conditions|.

For example, if SARzget = 1,2 WIKGL SAR)jmit = 1,6 W/Kg, SAR gported = 1,52 Wikg, Tc =
26 %, with Pjjnit < Pmax and R 5= 1,07, the adjusted ratio is 1,07 x 0,75 = 0,802 5,
which is within the range of 0,75 + 26 % or [0,56, 0,945]. In this case, Tc = 26 % is
approximately 1,0 dB (k = 2 standard deviations uncertainty); typical values of 4,9 dB
(k = 2 std. dev. uncertainty) for TXxAGC tolerance and 0,5 dB (k = 2 std. dev. uncerfainty)
for power independent and algorithm tolerances (root sum square of 23 % and 1R % =
26 %) are assumed. ‘Device-to-device or production tolerances are not considered.
Alternatively, if SAR 5 get = 0,8 W/kg (e.g. to allow SAR margins for Wi-Fi), SAR,¢pbrteq =
1,04 W/kg, for the same S4R;,;; and Tc¢, but with R, = 0,70; the adjusted ratio is| 0,7 x

0,5 = 0,355-which is outside the range of 0,5 + 26 % or [0,37, 0,63]. Thus, this [is not
within the(tolerance range (7c) allowed by the SAR,yet-

When Pmax < Plimit < Pmax X (1,0 + TC):

SARtarget,norm x (1,0 - Te) < (Rmax X SARtarget,norm) < minimum (SARtarget,norm x (1.0 +

Tc), SAR gported/SAR imit) applies, as SAR gporeq COrresponds to minimum (Pjinit specified:
Prax,specified)- This is the condition when Py, > Py by less than Tc, where DPC-ETA
can become active due to tolerances. It is applied when algorithm validation testing is
performed for this condition according to regulatory policies.

When Plimit 2 Pmax X (1,0 + TC):

(Rmax * SARtarget,norm) < SARreported/SARlimit applies. This is the condition when Py >
Ppax by more than Tc, where DPC-ETA is expected to be inactive. It is applied when

algorithm validation testing is performed according to regulatory policies to address
specific algorithm implementation concerns.

NOTE 2 Power cannot be measured when P, .. 2 P__ . Manufacturer and regulatory guidance are used to
determine the algorithm validation measurement requirements.
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b) For ratios not scaled by SAR,get norm- the following conditions apply.
1) When Pjinit < Prax:
(1 - TC) < Rmax < minimum {(1,0 + TC), Plimit,specified/PIimit,m} applieS.

For example, if Tc = 26 % and Pt < P
1,0 £ 26 % or [0,74, 1,26].
Alternatively, if R, = 0,70, this is outside the range of [0,74, 1,26]. Thus, this
within the tolerance range (7c) allowed by the SAR;yet-

max:

2) When Pmax < Plimit < Pmax X (1,0 + TC):

2024

with R, = 1,07, this is within the range of

is not

(1 = Tc) < Ryax < minimum {(1 + Tc), minimum (Plimit,specified’ Pmax,specified)/PI
applies.
3) When Pl|m|t = (Pmax + TC):

Rmax < Pmax,specified/PIimit,m applies.

During transition test cases, there is a configuration before the transition”and a configu
after {he transition that can have different DPC-ETA parameters (P Pmax: SARtarget’

Beforg¢ the transition, the above criteria are confirmed using jhe *parameters of the
configuration. Immediately after the transition and while stilwithin 7w, of the

imit,m}

ration
etc.).
initial
initial

configuration, the above criteria are assessed with both configurations. R, is calculated as

shown in Formula (1).The maximum while considering’,both configurations is used 4§
acceptance criteria. After the transition and beyond Twavg of the first configuration, the ¢

are cgnfirmed using the parameters of the second configuration.

Mixing of specified and measured parameters ¢an introduce unintended offsets that can
in incprrect normalization ratios and renderthe algorithm validation invalid. In the proce
of thig document, all measured results are qormalized by the Pyt - In addition, the med

respohses and the corresponding Pj;,;; €&n be subject to power measurement tolerances,
the ngrmalized ratios can be affectedyby small variations in measured results, especially
(see |A.2.9 for Pj,: measurement considerations). In applying the measurement

procedures of Annex C, it is-ensured that the Pp oy, Plimitms Potrl,ms Pminm are with
tolerapce range allowed by Pj;,i;- Taking power measurement tolerances into consideratio
calculated ratios of Puay m/Piimitm: Petr,m/Plimit,m: @4 Prin m/Plimit,m €an provide

indications of the power dependent tolerances when compared to ratios calculated
specified parameters.”In addition, and if applicable, P, is also verified according to exp

behayiour of the DPC-ETA implementation.

NOTE 3 When, P and P

max limit
test copfiguration (wireless mode, conducted or radiated method, test sequence, and DPC-ETA parameters)

are measured with the same measurement setup used for the algorithm va

s the
riteria

result
dures
sured

where
Piimit
check
n the
n, the
some

from
ected

idation
where

all attepuations in the measurement chain are the same for both P___ and P, .., except for certain power dep

endent

measurement tolerances, the attenuations are expected to mostly cancel out in the normalization.

For TDMA and TDD configurations, the P,,, and P used in the test sequences are based

on slot-based burst power to match wireless protocol used in the RCT. However,
consistent with power measurement equipment and the measurement rate (7p,,g) used, f

to be
rame-

averaged power is measured. Provided burst-averaged and frame-averaged power are applied
consistently on the network/RCT side and the measurement equipment (response) side, the
duty factor cancels out and becomes transparent in the normalization process. Otherwise,
erroneous results, due to unintended offsets from mixing frame-averaged and burst power in

the normalization, would render the measurement results invalid.
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6.11 Simultaneous transmission with other transmitters in host device

Simultaneous transmission of transmitters and antennas controlled by the RF modem is also
managed by DPC-ETA. For devices with other transmitters that are not controlled by DPC-ETA
and not addressed by this document, such as Wi-Fi and Bluetooth, simultaneous transmission
is managed by the host device, according to the sum of the exposure ratios of the transmitters
or other time-averaging and power control criteria. For such devices, the DPC-ETA controlled
SAR levels are typically lowered, to provide a sufficient margin for the host device to ensure
SAR compliance for simultaneous transmission.

NOTE Simultaneous transmissions are typically transmitted using separate antennas, therefore the SAR
distributions possibly do not overlap and in this case they do not add up in the local sum of exposure ratios. In some
cases, fhe SAR maximum is nof co-located with the anienna; this is especially the case when the DUT chasgis acts
as radifitor, typically at frequencies lower than 1 GHz.

6.12 | Modular transmitter test platform

The ppwer measurement methods described in this document can be applied toboth standalone
host products and modular transmitters incorporating DPC-ETA in the IRFF modem. A test
platform representative of a typical host device is used to interface with_.aymodular transmitter
to pefform DPC-ETA algorithm validation. A wide range of power eontrol parameters], with
varying offsets between the parameters, can be considered for conducted power measur¢ment
using|a modular test platform. Conducted power measured at theantenna port is not influenced
by thg host device or antenna. Provided the same RF hardwarelis,used between the RF nmodem
and dntenna port, conducted power is independent of hdst*device configurations arld, as
appropriate, the results can be used to support multiple- host devices that operate withlin the
subsdt of conducted power measured for the DPC<ETA configurations. A represerjtative
antenpa is used in a modular test platform to correlate’radiated power and conducted power
measyrements according to normalized results. Regulatory policies can require indepgndent
radiated power measurements for individual host‘platforms or devices.

6.13 |Power-up and fail-safe considerations
6.13.1 General

Powef-up and fail-safe concerns _can be addressed differently according to the design|of an
indivigual product, and regulatoryyrequirements. Examples of how these can be addressed are
provided in 6.13.2 and 6.13.3.

6.13.2 Power-up and-reboot

When| power records.for the previous Tw,,q are unavailable during power-up, reset, or r¢boot,

rvativeness—of DPC-ETA response and behaviour can need consideration. Under
circumstances where multiple reboots can be applied in close succession, depending ¢n the
appligable Twavg’ there can be a slight potential that time-averaged power would not be
calcullatéd correctly for brief moments. This is different than emerging from a prolonged period
of dis i issi i ecord

of the previous Tw,,q is possibly unavailable but is known to be zero.

During reboot, wireless protocols generally allow a higher than normally used output power, to
ensure the initial connection can be reliably established with the network. Limiting device output
power would be generally counter-productive, and can potentially result in longer and higher
exposure, especially for a low P);,,;;. Therefore, it would be desirable to initiate any device-

imposed power restriction immediately after a connection has been established during reboot,
and DPC-ETA can assume Pj;,;; has been reached before the reconnection; or according to

other assumptions accepted by regulatory policies, to apply subsequent power control. If
feasible, the ability of a device to record shutdown time can enable DPC-ETA to determine the
last power off duration, to maintain DPC-ETA control continuity when the device is initialized at
reboot.
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6.13.3 Fail-safe and malfunctioning

Under circumstances when a device can malfunction and DPC-ETA functionality can be
impacted, a conservative default power setting can be applied to ensure SAR compliance
regardless of DPC-ETA conditions. Instead of prohibiting a device from operating, a default
power setting based on the power level necessary to maintain SAR compliance for all relevant
exposure conditions in the corresponding wireless modes can be considered for some non-
critical malfunctions or failure conditions.

NOTE It would be helpful to report the conservative default power setting's power level in the test report, as well
as implement in the compliance test DUT the possibility to enable and disable this power level.

7 Tpst sequence considerations

71 Basic algorithm validation with quasi-static test sequences

The bpsic DPC-ETA operations are verified in steady state with quasi-static-power contrpl test
sequgnces. After it has been confirmed that each power step change has.reached steady| state
for 0,p x Twg,q or 20 s, whichever is smaller, the next power change(is’initiated. DP¢-ETA

respopses are measured with conducted power for quasi-static test séguences. Radiated power
measyrement is applied only to selected test configurations. “Correct test setug and
measyrement configurations are confirmed by correlated DPC-ETA responses, bas¢d on
normalized results of the same test configuration and test ‘sequence, for conducted power
measyred at the antenna port and radiated power measurediin an anechoic chamber.

Depending on the intended power control functionality’ of the implementation, steady}state
condifions are determined according to the operating characteristics of the algorithm. For
example, if the output power can continue to oscillate within a narrow range when regching
steady state, it would require a longer duration to observe such conditions to establish an
averape value to determine the steady-statéceondition. In allowing the power control to [reach
steady state, the DPC-ETA responses arevwell defined with little to no ambiguity to correlate
power requests with responses recorded’ by the power measurements. The quasi-static test
sequgnce and test procedures are,.described in Clause A.3. The power levels in thg test
sequgnce are specified relative t0™P.x, Pjimit» and P to enable the same test seqpuence

specification to be applied to. wireless operating modes and frequency bands with different
powel control parameter values:

7.2 |Dynamic test sequences for validation of rapid power changes

Undef normal network” conditions, a device can receive power control requests to increase or
decrepse poweryaccording to propagation characteristics and environmental conditiops. In
deeply faded conditions, the network can request a device to operate at maximum power (Pp,,4)-
Thesg power*changes are often rapid and unpredictable. Depending on the time-averaged
power caledlated from power recorded by the RF modem, DPC-ETA can limit device o¢utput
powel tevensure Pj..i; and the allowed tolerances are not exceeded. The power adjustments
made by DPC-ETA can be highly dependent on both instantaneous and time-averaged power
over the time-averaging window. The power control is not expected to reach steady state.

An appropriately configured power control test sequence, with a sufficiently wide range of power
step changes and varying time intervals, is applied to verify DPC-ETA behaviour in rapid power
change conditions. In addition to using pre-configured power control test sequences, random
test sequences with both the power amplitude and request interval modulated by random
numbers are also considered to alleviate testing bias. The measured power is normalized,
reviewed, and correlated with the expected behaviour of the DPC-ETA implementation
according to power requests in the test sequence. The recommended dynamic test sequence
and test procedures are described in Clause A.5.
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7.3 Transition between wireless operating modes

As a device transitions across wireless modes and frequency bands (e.g. in a handover),
different DPC-ETA parameters are applied for power control according to the SAR and power
relationships of the operating configurations. Depending on regulatory requirements, different
time-averaging windows can be used before and after the transition. Algorithm validation for
transitional operations are tested with quasi-static test sequences and conducted power
measurements. The applied test sequences are configured to enable DPC-ETA to establish a
steady-state time-averaged power close to Py, for 0,2 x Tw,,4 or 20 s, both before and after
the transition. This is confirmed by monitoring or displaying both the measured (instantaneous)
conducted power and calculated time-averaged power through the measurement automation
process. Upon reaching steady state, the transition is initiated by the user, with power measured
continuously through the transition, until steady state is reached again.

When| the measurements are completed, the measured power is normalized tp the
corregponding Pt ; Of the wireless modes (see 5.3, 6.10, and A.2.9) before "and after the

transifion. The instantaneous power requested in the test sequence and the calculated|time-
averaped power for the time-averaging window(s) used are all normalizedhto‘the correspdnding
Pjimit.hh @nd plotted. The instantaneous and time-averaged power are'\both correlated [o the

expedted behaviour of the DPC-ETA implementation for the applied test sequence. The|P 4y,
Piimit:|and Tw,,4 applied before and after the transition are verified by the plot. When different
Twayg values are used, the time-averaging schemes used by th€ device can vary in calcylating

time-gveraged power across the transition, for example, simple versus weighted averaging.
To mgintain validation acceptance consistency, time-averagings of the measured resppnses
are pg@st-processed according to criteria described in 6;8,)Guidance for wireless mode selgction
of trapsitional operations is included in Clause A.5.

7.4 |Transition between discontinuous transmission conditions

The grocedures in 7.3 for algorithm validation of transitional operations can be applled to
condifions with sporadic and discontinuQus transmissions or a dropped call. A quasi-stat|c test
sequdgnce with the desired discontinuous transmission intervals and durations is applied. [When
there [is no transition between wireless modes or frequency bands, only one set of DPC-ETA
paranjeters and time-averaging window is involved. The measurement results are normplized
and plotted to confirm power gontrol continuity according to the transmission and idling intervals
in the|test sequence. The measured instantaneous power and calculated time-averaged power
are verified against the power control parameters (all normalized) before correlating with the
expedted behaviour of(the DPC-ETA implementation for the applied test sequence.

7.5 |Transitiontbetween TDMA, TDD, and FDD transmission conditions

When| TDMAor TDD applies to a wireless mode, the inherent duty factor included [n the
transmissjon-needs verification to ensure it is correctly accounted for in the power contrpl and
time-gveraging operations. The power control parameters, especially P ,, and Py, cgn be
specifred—witthrorwithoutthe—duty factor—whereasthemeasured—SAR usuattyinctudes  duty
factor. For the purposes of algorithm validation, slot-burst averaged power is applied to test
sequences and frame-averaged power is measured for TDMA and TDD configurations. The duty
factor would cancel out and become transparent in the normalization process provided burst
and frame-based duty factors are applied consistently. The power measurement equipment is
configured with the proper triggering for the specific wireless mode to measure frame-averaged
power at a rate of 7p,,q < 0,1 s. The measured and time-averaged power are normalized to the

Pjimit m» for plotting and correlation with the expected behaviour of the implementation for the
applied test sequence.
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When multiple transmission duty factors are supported by a wireless technology or RAT, the
highest and lowest duty factor are used in the test sequences for algorithm validation. In
addition to continuous transmission at a fixed duty factor, transitional operations for TDMA and
TDD are also verified; for example, handover, dropped call or discontinuous transmissions are
verified according to 7.3 and 7.4. Power control continuity for transitions between TDMA/TDD
and FDD can be confirmed according to this subclause 7.5 and 7.3.

For transition between GSM and LTE, manual intervention can be done for the RCT to establish
the connections, e.g. a reset or manual initiation. Therefore, transition between GSM/TDMA
and LTE FDD/TDD for 2G/3G to 4G is confirmed indirectly through validation of transition
between GSM/UMTS and UMTS/LTE. The procedures for quasi-static and dynamic test
sequanees—tn+—andZare-appHedio-standalone FDMAard D B-modes—A-quasi-stalc test

sequgnce is applied to transitional operations according to 7.3 and 7.4.

7.6 Transition between simultaneous transmitters and antennas

7.6.1 General

The cpmbination of transmitters and antennas supported by DPC-ETA(nd the correspgnding
simulfaneous transmission configurations are considered to determine algorithm valigation
requirements. The DPC-ETA power control parameters used for\the wireless mode$ and
expogure conditions in standalone and simultaneous transmission configurations can be
differgnt. Depending on the frequency bands and regulatory_requirements, different|time-
averaping windows can apply to individual signals in\the simultaneous transmjssion
combination.

The ¢onsideration for algorithm validation of simufltaneous transmission is limited fo the
transmitters and antennas that are under direct control of DPC-ETA in the RF modem. Power
contrgl continuity and algorithm functionaglity are verified by sequentially 4gdding
transritters/antennas to the applicable simultaneous transmission combination and| then
remoying the transmitter/antennas from the combination in the same order (first addef first
remoyed). When transmitters/antennasare added or removed from the combination, the
maximum power allowed for each™ transmitter/antenna and DPC-ETA power control
requirements can change to satisfy aggregate power specification for the combination.
Depending on the SARi4 get aNd"Pjim;t established for the transmitters and antennas |n the

simulfaneous transmission combinations, DPC-ETA power control parameters can be sp€cified
consdrvatively for all configurations in the combination or separately for sub-groups |n the
combination. The configurable parameters need review to determine how to apply test
sequgnces for algorithim validation.

The criteria for yalidating simultaneous transmission power control continuity are described in
Clause A.7. Aquasi-static test sequence is used to — one at a time — add transmitters fo and
remoye transmitters from the simultaneous transmission combination. The normplized
instantaneous and time-averaged output power are both observed through the measurg¢ment
automation process to ensure steady state is reached, for 0,2 x Tw,,4 or 20 s, before initiating

the transition to add or remove the next transmitter in the combination. The P, ,, and P;;; of

individual transmitters/antennas can change as transmitters/antennas are added or removed.
The RCT is configured to request the applicable P for all the transmitters/antennas.

max

Different DPC-ETA power control parameters and time-averaging windows can apply to each
transmitter/antenna in the combination. In order to analyse the power measurement results to
verify algorithm functionality and power control continuity, power is measured independently for
each transmitter/antenna and normalized to the corresponding Pjini;m- This would require

multiple sets of power meters or spectrum analysers, directional couplers, or multiple RCTs to
support multiple wireless technologies. Synchronization of the RCTs and power meters is done
to ensure the power change requests and power measurements are time aligned to correlate
results with the expected behaviour of the implementation for the applied test sequence.
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7.6.2 5G NR NSA EN-DC

For 5G NR operating in non-standalone (NSA) mode with E-UTRA NR — Dual Connectivity (EN-
DC) in FR1 (e.g. [4]), an LTE anchor is used to coordinate network control traffic for the NR
data transmission. Provided the aggregate power is not exceeded, either LTE or NR can
transmit at maximum output power according to the Dynamic Power Sharing or at half the
maximum power for Equal Power Sharing schemes specified by 3GPP. The power control
parameters established for LTE and NR are based on separate SAR to power relationships;
however, LTE is the primary carrier with preference over NR in network power control. In
applying the quasi-static test sequence, different power level combinations are considered for
LTE and NR, within the range of allowed aggregate power to validate power control continuity
according to the expected behaviour of the implementation for the applied test sequence. When
differ{nt time-averaging windows are used for the frequency bands (see 6.8), the normaplized

time-gveraged power for LTE and NR are considered separately to satisfy the normaligzation

tolerapce described in 6.10 and in accordance with regulatory policies.

7.6.3 Carrier aggregation

For carrier aggregation (CA) in LTE and NR, the power allowed for the component carrierg (CC)
is determined by the network (primary versus secondary), the number ‘of CCs and headroom
availgble from the maximum aggregate power. Depending on whether intra-band or intef-band
CA ard contiguous or non-contiguous CCs are used and how these are managed by DPCF-ETA,
additipnal considerations are done if algorithm validation is exgeuted. When P, ,, and Pl are

based on the aggregate power allowed for the CCs, for intrazband CA the power of all C(ds can
be eapily accounted for by the RF modem to calculate time-averaged power. For inter-bapd CA
with ¢Cs in multiple frequency bands, different P .., £yt and time-averaging window values

can ble used for the CCs and how each is controlléd by DPC-ETA can be implemeritation
deperndent.

7.7 |Transitions initiated by host triggered conditions

Host device triggered conditions, such as/proximity sensors or other mechanisms, can bg used
to initlate DPC-ETA transitions. The triggering is independently controlled by the host deyice to
informp DPC-ETA to switch to a new*set of power control parameters, usually due to changes in
expodqure conditions. The triggering conditions are validated independently according to
regulatory policies or suitable-procedures. When the DPC-ETA functionality and power dontrol
continuity of host triggered “configurations are the same as other transitional opergtions,
additipnal algorithm validation can be avoided provided it is confirmed that the DPC-ETA
paranmeters are correctlyapplied by the RF modem. This can be verified in conjunction with
other ftransitional opérations with a quasi-static test sequence.

NOTE | The DPC-ETA procedures in this document are applicable when the power control and sensor triggering
functionalities are operating independently within the corresponding assembilies.

7.8 |Transition between diversity antennas

The SAR To power relationship is different for diversity antennas due o anfenna locations and
types. A separate set of power control parameters is established for each antenna. This is
equivalent to a transition in operating configuration, where the wireless mode remains the same,
but the exposure condition is different. DPC-ETA algorithm functionality can be validated by
applying the transitional test sequence and procedures in 7.3.
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8 Validation test setup and procedures

8.1 General

Conducted and radiated power measurements are used to measure instantaneous responses
from power requests in the test sequences and to calculate time-averaged responses. Both
conducted and radiated power measurements are performed in a controlled manner, to
circumvent propagation path loss and environmental influences associated with closed loop
power control conditions using SAR methods. See Annex F for further information on algorithm
validations, and Annex D for correlation between single-point SAR and radiated power
measurements The same power measurement test setup, test equipment and measurement
rithm
vaI|dt|on crlter|a for dlfferent DPC- ETA and network operatlng conflguratlons are descrl bed in
Clausg 7. The test sequences and measurement considerations are described in Annex A.

The [insertion losses due to passive components, such as directional coiplers,
combiner/splitters, filters, cables, etc., in each measurement chain are quantified or caliprated
out t¢ ensure the measured results can be properly compensated.nFor radiated power
measyirements, the path loss between the DUT and the RCT/measurement antenna i$ also
accounted for along with the passive components to ensure the power-levels specified by the
test dequences are correctly applied by the RCT and DUT. The ‘measurement automation
proceps and test equipment involved are validated to ensure therrecorded power is time-aligned
with the power requests in the test sequences. Each of the/measurement configurgtions,
including standalone and transitional operations, TDMA/TDB modes, different time-avefaging
s, and simultaneous transmission configuration§; can be verified using a DUT with
known test results before system deployment.

8.2 |Conducted power measurement

Condlicted power is measured at the antenna.port of the DUT. It is measured for the wifeless
modes and exposure conditions that require algorithm validation according to the quasitstatic
and dynamic test sequences. Quasi-static test sequences are used to verify basic alggrithm
functipnality in steady-state conditions-with easily identifiable DPC-ETA responses. Dyhamic
test sequences are used to verify DPC-ETA power control continuity for rapid power change
condifions in typical network configurations, where steady state is not expected. Quasiistatic
equences are also used:with conducted power measurements to verify transitional
ions, such as handover, call drop, discontinuous and simultaneous transmjssion
condifions. Dynamic test.sequences are only applied to selected test configurations, to migimize
certaip interpretations (requiring details that are unavailable to the user, to correlate megsured
respopses with expected behaviour of a DPC-ETA implementation for the applied test seqlence.
The tgst setup for.conducted power measurement is described in Clause B.8.

8.3 |Radiated power measurement

Radia ed power |s measured with the devrce in a mlnlature or Iarger size anechoic chamber.

i a test
range (CATR) method can generally be used Instead of the connectron at the antenna port of
a DUT, it is replaced with a connection to an antenna inside the anechoic chamber for the RCT
to transmit test sequences to the DUT. The same antenna is also used to support power
measurement with the same or similar setup used (outside the anechoic chamber) for conducted
power measurement. The test setup for radiated power measurement is described in Clause B.9.

NOTE Commercially available CATR chambers are intended for 5G NR FR2 (above 24 GHz) measurements and
most have shielding and other specifications as low as 500 MHz. For the purposes of DPC-ETA algorithm validation,
other than the RF shielding and operating characteristics, many of the 5G NR millimetre-wave band specifications
for the chambers are generally irrelevant. Before a chamber is used, its effectiveness is verified with a known device
using the actual radiated power measurement algorithm validation test setup.
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Before each radiated power measurement, P);,;; is measured in the same radiated test setup

for normalizing the test results. The DUT and RCT/measurement antenna are kept stationary
and undisturbed for measurements of both P);,,;; and the test sequence. Any shift or movement

would require P; ;i to be re-measured. The signal level at the RCT is compensated to account

for attenuations due to passive components in the measurement chain and propagation or path
losses inside the anechoic chamber, to ensure the requested power is transmitted by the DUT.

9 Post-processing and correlation of measurement results

The conducted and radiated (instantaneous) power measurement results are each normalized
to the| corresponding P;,,;; measured with the respective methods before the test sequepce is

initiated. The instantaneous power is time-averaged over the applicable 7w, |atf each
measyrement interval Tpavg (see 6.8). Until a sufficient number of power samples (TWavg/ Tpavg)

is avajilable, the time-averaged power in quasi-static test sequences would lag until steady state
is reached. Dynamic test sequences are generally initiated at a steady-state condition with time-
averaped power between P, and Pt

ctrl

The requested power in the test sequence is normalized to the Pjjfspecifieq @nd included|in the

same| plot showing both normalized instantaneous and time-averaged power (measpred).
Depending on the test configuration (for example, standalone wireless mode, trangitions
betwgen wireless modes, frequency band or due to call drop, handover, discontihuous
transrpission, or simultaneous transmission, etc.), both instantaneous and time-averaged power
are cqrrelated with the expected DPC-ETA responses af'the implementation for the appligd test
sequdgnce. The instantaneous power is compared with/the power requests in the test seqlience
to corffirm algorithm functionality. As the time-averaged power approaches Pj;;;, the megsured

instarftaneous power is managed by DPC-ETA to-ensure Py, is not exceeded. If P, is also

used for power control, its intended functionality is also verified. When the requested power is
noticgably lower than P);,;;, DPC-ETA would adjust the instantaneous power, according fo the

intended behaviour of the implementationyto manage a desired time-averaged power level and
maintain a sustained connection, or. as requested by the test sequence. Within the power
measfirement tolerance of the test equipment, instantaneous power cannot exceed P, ,}, and

time-gveraged power cannot ex¢eed Pj,;;. For TDMA and TDD configurations, it is impprtant
for both P, and Pyt to be consistently specified and measured according to slot-based burst

and flame-averaged power, to avoid unintended and incorrect offsets introduced by the¢ duty
factorf When multiple frequency bands are involved in transitional test configurations, it heeds
to be [confirmed that{the correct time-averaging windows are applied. The transition befween
time windows, and\resulting tightening or relaxation of power control margins, also|need
confirmation accerding to the changes in Tw,,q values.

The cprresponding levels of the normalized P, (Prax/Plimit): Plimit @nd Py, are identified on

each plot/according to regulatory policies on how normalization and measurement tolergnces
can be applied. The multiple seis of P,,,, Plimit» and P used in transitional operations are

also identified on the plots according to regulatory policies. Any discrepancies are analysed
and reviewed (for example, due to possible power control or algorithm implementation
tolerances that possibly have not been included), to address algorithm functionality or
measurement issues to ensure the results are valid.

NOTE The plots of normalized results for conducted and radiated power measurements are expected to be almost
identical; therefore, it would be desirable to use side by side plots instead of putting both on the same plot where
one curve can be covered by the other. The number and types of plots included in test reports can vary according to
regulatory policies; e.g. only a subset of the plots can be needed for all measured results.
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10 Validation and measurement tolerance considerations

In applying this document, all tolerances that can influence DPC-ETA need consideration for
the algorithm validation. The DUT related tolerances can include output power (tune-up and
TxAGC) tolerances, algorithm operation tolerances, and other product design tolerances (e.g.
host device triggered transitions) or device-to-device variations. When the measured power is
normalized by the Pj;; n,, the power dependent tolerances are not expected to cancel out in

the normalization process. The normalization tolerance for this is determined based on the
highest ratio in each test configuration according to that supported by the SAR;ger @and Py

When the same equipment and test setup are used for power measurement of both the test
sequences and Pji;, except for tolerance variations across range settings of power meters,

most pf the tolerances are expected to cancel out in the normalization process. The tolerances
that do not cancel out in the normalization due to the power measurement equipment are
typicdlly insignificant. As appropriate, this can be addressed according t0) reguylatory
requinements. Provided the instantaneous (measured) and time-averaged power resulis are
time-4ligned with the power requests in the test sequence sent from the RCT , the sequepce of
powef control events is compared to the expected DPC-ETA behaviour ofithe implementation
for the applied test sequence. Any delays in power requests and respenses recorded by the
test efjuipment and the measurement automation process are expected to be dependent ¢n the
specific test equipment and design of the measurement automation{ If.the power request|steps
and fgllowing recorded responses can not be qualitatively correlated, the tolerances due fto the
measyrement automation and misalignment of recorded eventsiintime can need consideration.
The test results are generally correlated in a qualitative manner in time and quantitiviely in
(normjalized) amplitude. Algorithm validation tolerances are‘discussed in Annex C.

11 Alcceptance criteria and algorithm validation requirements

11.1 | General

The grocedures are based on DPC-ETA:power control parameters established accordjng to
SAR [compliance measurement results.-at the maximum time-averaged power (Pl;) for

contiquous use. In actual use cofditions, both instantaneous and time-averaged power
accorgling to a specified time-averaging window (TWavg) are managed by DPC-ETA to gnable

highef instantaneous power for:short durations, up to P, ,,, while maintaining time-averaged
powel at < P;,it- When it is.demonstrated that a DPC-ETA implementation operates within the
tolerances allowed by the.power control parameters for the SAR;,yet €stablished at Pyt SAR

compliance is satisfied:>The DPC-ETA related tolerances included in the specified power dontrol
paranjeters cannotbe-higher than the tolerance allowed by the SAR, gt (i-€. < SARgp0rte4) @aNd

Piimit {i-€- = Pjigsitspecified) Us€d in each wireless mode.
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The following are general acceptance criteria and operating conditions for ensuring that DPC-
ETA functions according to the specified and nominal power control parameters, and is
maintaining power control continuity within the allowed tolerance range in transitional
operations. These are reviewed for both the instantaneous and time-averaged power
measurement results, and correlated with requests in test sequences and expected behaviour
of the DPC-ETA implementation for the applied quasi-static and dynamic test sequences. The
same criteria and requirements are applied to validate results based on conducted and radiated
power measurements. The measured values of P, according to A.2.9, are used for the

normalization. When the same test configuration is measured, including wireless mode,
exposure condition (test distance and position, etc.), DPC-ETA power control parameters (P

Piimit» Pctr), time-averaging window, and test sequence, then similar normalized results can be

obtairfed in different setups, 1.e. by normalizing measured conaucied power o1 test sequepce to
the measured conducted power value of Pj, in conducted test setup, or by normalizing

measyred radiated power of test sequence to the measured radiated power value correspdnding
to P it in radiated test setup, or by normalizing measured single-point SAR ofitest seqpence

to thg measured single-point SAR value corresponding to Pj,;; in SAR mgasurement $etup.

The opservation points below are checkpoints that can be used to suppori.the”confidencelin the
algorithm validation and test setup.

11.2 | Acceptance criteria

a) THe measured instantaneous power cannot exceed the Pyd specified- FOr TDMA and TDD
canfigurations, slot-based burst power is applied to the test sequences and frame-avefraged

pgwer is measured for both P ., and Pji,t-

b) When P, is less than P, or when P.,;; is gréater than P, ., but within tolerance, the
time-averaged power measured for Tw,,q cannot exceed the Pt specified: Which if turn
ensures that the time-averaged SAR cannot exceed the SAR, ¢, teq- The highest normalized
measured values R, in each test cenfiguration cannot exceed the minimum ¢f the
tolerance allowed by the SARi, e associated with the Py, and the ratio ¢f the

Piimit,specified! Plimit,m-
c) When Py is greater than P, by’'more than the associated tolerance, the normalized time-
averaged power measured (for Tw,,q is less than the normalized SAR,g,q 69 Which
cdrresponds to P, ,,. The highest normalized measured value of R, is less than or|equal

to|the ratio of the Pmax,specified/PIimit,m'

d) THe maximum time*averaged power measured for Twayg cannot be less thaph the
SARarget,norm DY, More than the associated tolerance. The maximum normalized valjies of

Rppax cannot’be below the tolerance allowed by SARy, 4t @ssociated with the Py .

e) During transitional test cases, the sum of the normalized time-averaged power megsured
fof Twi,4 cannot exceed one, that is the normalized time-averaged combined SAR if less

thanthe maximum of the normalized SAR oy orteq!/SARimit fOr €ach transmitter.

f) When DPC-ETA algorithms are used to control the simultaneous transmission RF exposure,
the sum of the R, values remains within tolerance of the maximum SAR; et @nd Pjjpmjg-

NOTE 1 For b), c) and d): See 6.10 for normalization tolerance.

NOTE 2 For b): The use of scaled or non-scaled normalization ratios (or both) can be determined according to
regulatory policies to clearly explain and illustrate the test results with respect to the allowed tolerance range (7c¢);
See Figure A.1, Figure A.2, Figure A.3, Figure A.4, and the illustrative example in Clause A.10.

NOTE 3 For e): See 6.8 for transition normalization.

NOTE 4 For f): See Clause B.4 for simultaneous transmission.

NOTE 5 See A.2.9 for P measurement requirements.

limit
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11.3 Observation points

a)

f)

When the time-averaged power is less than P);,,;; by a margin established by the individual

DPC-ETA implementation, the measured instantaneous power is expected to track
requested power according to network- or technology-specific power control protocols
(GSM, UMTS, LTE, NR, etc.). The instantaneous power can be higher than P, when

time-averaged power is < Pt OF (Pjimit Minus a margin).
Depending on the wireless technologies, network protocols can use different power control

step resolutions; for example, GSM uses 2 dB steps. This can result in lower values of
Prax.m @nd Pjimit m than those requested in the test sequences.

The—measured instantaneous power is expected to be less than the requested power as
time-averaged power approaches Pj;,;;- The instantaneous power can be reduced 0r(set to
a pre-defined lower level (e.g. P, or equivalent) to ensure time-averaged powenis £ Pt
or|less than or equal to (P);,;y minus a margin). The rate at which the instantane€ous power
is|reduced and time-averaged power can approach P is DPC-ETA\.implementation
dgpendent.

Fqr quasi-static test sequences, when reaching steady state, the time-averaged power is
expected to settle at the desired or requested power (influenced by-wireless protocol)|in the
tegt sequence with the measured instantaneous power approaching the time-averaged
pgwer.

When rapid power changes are applied, such as those in the dynamic test sequences, the
measured instantaneous power possibly does not track the requested power, ije. an
in¢rease in requested power can result in a decreasefin measured instantaneous poywer or
vi¢e versa. DPC-ETA power control is based on time<averaged power, which is determined
byl the time-averaging window duration, previous recorded power in the window, rglative
leyel of the time-averaged power from Pj;,;,“and the power control algorithms used|in an

implementation. These need consideratioh to review responses from dynami¢ test
selquences.

Fqr transitional operations, including.tfransmit diversity and host device triggered trans|tions,
it lis verified that the correct DPEG-ETA power control parameters and time-avefaging
wihdow(s) are reflected by the normalized instantaneous and time-averaged power results
bgfore and after the transition~It is confirmed that power control continuity is mainfained
agross the transition due to-differences in parameters and time-averaging windows, ile. the
ingtantaneous and time-averaged power measured cannot exceed the corresponding P, .«

and P);,;; before and.after the transition. The power levels within the time gap introduged by
a [rransition are accounted for by the instantaneous and time-averaged power after the
trgnsition.

to the
sions,
reless
porrect

For simultaneous transmission, the power measurement results are analysed to
demonstrate DPC-ETA power control continuity according to the different power control
parameters used by the simultaneous transmission wireless configurations. When wireless
modes are added or removed in a simultaneous transmission combination, the maximum
power allowed for each wireless mode can be limited by the maximum aggregate power of
the combination. A properly configured quasi-static power control test sequence is applied,
according to the DPC-ETA power control parameters used in the wireless configurations in
the simultaneous combination. The measured instantaneous and time-averaged power over
the time-averaging window used for each wireless mode in the simultaneous transmission
combination are verified. The management of power control parameters for each wireless
mode, and their contribution to the simultaneous combination, can be DPC-ETA
implementation dependent and need consideration to apply the criteria described above.
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i) For 5G NR NSA with EN-DC in FR1, sequential and overlapping transmissions between LTE
and 5G NR are verified according to the power control parameters used for each, and also
during simultaneous transmission. Depending on the frequency bands used for LTE and NR,
different time-averaging windows can apply. The criteria described above for the applicable
wireless modes and transmission conditions are applied to evaluate power control
continuity.

i) When host device triggered transitions are tested, although not a part of this document, the
triggering conditions are validated according to regulatory procedures. When the actual
transition between wireless modes can be delayed by the host device (conditional
triggering), this is also taken into consideration to correlate measured results with expected
behaviour of the implementation for the applied test sequences.

k) When algorithm validation is done to demonstrate power-up or fail-safe conditions, |these
arp evaluated according to criteria established for the specific DPC-ETA implemgniation,
agcording to regulatory requirements.

The nmeasured results can have slight time misalignment with the power requests in the test
sequdgnce due to time recording imprecision in the measurement automatioh!, This can rg¢quire
certaip interpretations to determine the cause of misalignment. When'results cannjot be
correlpted, which can be due to measurement setup and automation issues or algorithm
operating characteristics, the measurement can be repeated only after the discrepancigs are
reviewed and addressed.

12 Reporting of validation results

The reporting requirements for DPC-ETA algorithm validation can vary by regulatory policies;
for example, the number and types of plots to include in test reports for the measurements and
test cpnfigurations. In general, the background information for supporting the test setup and
measyrement results in test reports is determined by regulatory policies. The DPC-ETA power
contrgl parameters, SAR targets, time-averaging window durations, wireless mode opefrating
paraneters, and exposure conditions evaluated for SAR compliance are clearly identified. The
criterip and test configurations selected«for algorithm validation of standalone wireless nodes,
transifional operations, simultaneous. fransmission, etc., are explained and listed in the test
repor{. Additional explanation can be done to support the test results for certain trans|tional
operations and simultaneous transmission configurations. The conducted and radiated power
measyrement test setup, equipment, and measurement automation used are described and
illustrated.

The quasi-static and-dynamic test sequences used with the power measurement methods for
the tgst configurations are listed in test reports. The normalized results are plotted to|show
correlption of measured responses with expected behaviour of the implementation for the
appligd test sequence. The highest of the normalized ratios (R,5x) in @ test configurafion is

used fo demonstrate the tolerance allowed by the SAR;;get and the Py is satisfied. Plots with

sufficfent resolution are used to enable both qualitative (temporal) and quantitative (magnfitude)
comparisons. The m r DPC-ETA rameters identifi n h plot are within the
specified tolerances, to demonstrate power control continuity and algorithm functionality.
Selected plots of non-normalized results can be included to demonstrate certain specifics of
the validations; for example, an oscillatory or fluctuating steady-state condition or unexpected
control behaviour. Any inconsistencies between the expected and recorded responses are
clearly explained to justify the results.
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Annex A
(informative)

Test sequence consideration details

A.1  General

The DPC-ETA algorithm validation test sequences are described in this Annex A. The range of
power control parameter values used for the test configurations are also provided. Additional

regulatory guidance can be applicable for testing varying implementations. Test sequences are
considlered to verify the following DPC-ETA functionalities:

a) applying quasi-static power control test sequences to verify basic DPC-ETA-opefrating
chlaracteristics and transitional operations in steady-state conditions

1)| for standalone wireless modes and exposure conditions,

2)| when transitioning across frequency bands, wireless modes, or @uring handovef, call
drop, and discontinuous transmission conditions, for UMTS, LTE(@nd NR,

3)| standalone GSM/GPRS configurations, and transitions between GSM and UMTS,

4)| simultaneous transmission of UMTS, LTE, and NR cenfigurations supported Ry the
DPC-ETA implementation (excluding GSM/GPRS);

b) apgplying dynamic and random power control test sequences with varying amplitudg and
inferval to confirm algorithm functionality in typicalknetwork conditions with rapid power
changes.

Guidgnce for users to correlate power measurement results with the expected behavioyr of a
DPC-ETA implementation for the applied test sequences is also included.

A.2 | General test sequence configuration and measurement considerations

A.2.1 General

Conduiicted power measurements, radiated power measurements or SAR tests are uged to
record DPC-ETA responses of the quasi-static and dynamic power control test sequencep sent
by thg RCT to the DUT. Conducted power is measured at the antenna port of the DUT. Ragliated
power is measured in a_ miniature anechoic chamber (see Annex B). The recorded power Jevels
are different for the measurement methods, but the same measurement equipment and gimilar
test setup are used foer both methods. SAR is measured with a SAR measurement system (see
Annex F). The results are normalized to the Pyt , of the wireless modes with the highest

normalized ratio- remaining within the tolerance allowed by the SARi;ger @nd Py The

measprementconfigurations and test setup are confirmed by correlated conducted and ragiated
measyurement results, for the same wireless configuration and test sequence.

For modular platforms, conducted power can be measured for a range of DPC-ETA parameter
values (Prax: Piimitr Petri @nd Twyyg). The results can be used by host devices incorporating

transmitter modules that use DPC-ETA parameters within the tested ranges for the same output
hardware configurations. Depending on regulatory policies, except for new configurations,
additional algorithm validation with conducted power are unnecessary. This can be considered
for products from the same manufacturer using the same design, hardware, and RF components
between the RF modem chipset and antenna port. Radiated power or SAR measurements with
the host device are generally measured in selected conducted power measurement
configurations, to verify that the normalized results are correlated between the antenna port
and standalone device.
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A.2.2 Quasi-static and dynamic test sequences
Quasi-static test sequences are used to

— allow time-averaged power to reach steady state before subsequent power requests are
initiated,
— to verify basic DPC-ETA operating characteristics and transitional operations.

The measured responses at steady state can be correlated with the expected DPC-ETA
behaviour in a more predictable and consistent manner for algorithm validation. Dynamic test
sequences are used to simulate the rapid power control conditions in typical network conditions,
where_steady-state power control is not expected for DPC-ETA. This can require certain
implementation details for users to correlate measured responses with the expected DRG-ETA
behadiour.

A.2.3 Power control parameters

The tjme needed for DPC-ETA to respond to power request changes |in“quasi-static test
sequgnces received from the RCT and for time-averaged power tocreach steady state is
deperjdent on the time-averaging window duration Tw,,4. In general,the range of P, tQ Pyt

and Pt to Py, are established according to the SAR characteristics of the wireless modes.

DPC-ETA power control characteristics would vary with the parameter values used for the
wirelgss modes and the offsets among the parameters (P54, Piimit» @and Pgyy) in each wifeless

mode| The power control variations would determine how,DPC-ETA arrives at the desired time-
averaped steady-state condition. In addition, a larger A, 4 is expected to have a Iongt[ar lag

time flor time-averaged power to reach steady state{/Power control is also influenced by the

relative levels of P .y, Pjimit- @nd Pgyyy in @ wireless:mode.

A.2.4 Power control segments

The OPC-ETA parameters can generallybe associated with three power control segments that
are uped to configure test sequencesiand to correlate measured responses with exgected
behadiour. The initial and final time<averaged power of the power changes in quasi-stat|c test
sequgnces are confirmed at steady-state condition according to the range (amplitude) of RCT
power requests and DPC-ETAresponses. The responses recorded by the measured powgr are
reviewed for consistency with\the expected DPC-ETA behaviour for the applied test sequéences.
The tg¢st sequences in Clause A.3 and Clause A.4 have included a few similar power steps to
confirm DPC-ETA operating consistency.

Typical DPC-ETA:behaviours of the power control segments are described in the following list
items] The power-tevel for sustaining a reliable connection between a DUT and the RCT during
power measurement is set to P, < 0 dBm. When the SAR of a wireless mode and exposure

condifion (separation distance or antenna location, etc.) is noticeably lower than the limjit, the
Plimit 4peéitied €aN be higher than P,,,. Since the maximum output power of a transmifter is

limited 10 P, ,,, DPC-ETA WoUId become transparent or inactive Tor such wireless modes when
Piimit Is larger than P, by at minimum the tolerance allowed for the SAR;54et (S€€ A.2.6). Thus,
SAR compliance is determined at P, instead of Pj;.,;;, and algorithm validation is typically not
necessary for such configurations. In some cases, P, can be used as an optional internal

parameter, with no OEM access, or not used at all in some implementations. This can require
the test sequences and algorithm validation procedures to be adjusted for the specific
implementation. If P, is an internal parameter, the appropriate values are used. When P, is

not used at all, for the purposes of applying the DPC-ETA algorithm validation test sequences,
a value of Py = Pjimit = % (Pmax — Plimit) according to the specified parameters, with all values
in dBm, are considered to configure the test sequences, with » <1 and consistent with regulatory
policies; for example, n = 0,5.
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Active power control: This segment corresponds to conditions when power requests are in
the range P, . < Piimit OF the power control reserve available to the DPC-ETA

implementation is insufficient to sustain continuous transmission at P);,;;- The instantaneous
power can be lowered and time-averaged power is actively limited to < P;,;; by DPC-ETA.
The power measured and time-averaged over Tw,,q cannot exceed the Pj,;; and allowed

tolerance. The initial condition, before reaching the active power control segment, can start
anywhere between P, and P,,. Depending on Tw,,q and the range of offsets between

Prax < Plimitr Plimit < Petr» @nd Pgyy < Prin, €tc., the power adjustments and DPC-ETA
responses can vary for different implementations.

Normal power control: This segment typically corresponds to conditions when power
refjluests are in the range Pyt <> Pqtr (Or equivalent levels) and continuous transmjssion

can be sustained. When quasi-static test sequences are used, DPC-ETA is exXpecied to
maintain a steady-state time-averaged power between Pj,;: and Pg,. The-range of

DPC-ETA power control parameters, offsets, and the value of Tw,,, in conjunction with the

initial condition, would generally influence the power adjustments applied*(increases and
ddcreases) by DPC-ETA to operate in the normal power control segment.

P3ssive or inactive power control: This is the segment when power.requests are in the fange
P4y < Pnin- DPC-ETA is generally not expected or needed«<te, make additional power

adjustments other than fulfilling the power change requests from the RCT (netwdrk) to
maintain time-averaged power at a desired level below P/ or its equivalent. This is| often

the case in good propagation conditions where transmissions can be sustained at low gower.
THe time for power requests in quasi-static sequences to' reach steady state in the passive
pgwer control segment is expected to vary with TWavg and the range of DPC-ETA power

cantrol parameters and offsets. The power adjustments and DPC-ETA responses cap vary
with the initial and final power levels of power .requests in a test sequence.

and P bf the

max’ Plimit’ ctrl

wireldss modes to enable the same test'sequence to be used for all wireless modes and test
confiqurations. Due to different time<ags associated with Twaygs the condition for time-avefraged

powerf to reach steady state is confirmed manually by the user to initiate the next power change

call dfop, discontinuous transmissions, and simultaneous transmission, etc., that use
static|test sequences. As hecessary, a test can be aborted if an incorrect test configura

in qugsi-static test sequences. \TFhis also applies to transitional operations, such as han'Fover,
i

uasi-
on or

condifion is detected by the user. A manual user-key entry or a mouse-click can be prograjmmed
into the measurement automation for the confirmation. This requires the measured powel to be
availgble for users to make confirmation before initiating the next step in the test sequence. It
can also providéesusers with some control to overcome certain equipment coordination cor{jcerns
during handover, call drop, or simultaneous transmission transitions. A duration of 0,2 x (Tw,,4

or 20(s, whichever is less, is allowed after a power request has reached steady state, pt the
desirgd4ime-averaged power level and DPC-ETA condition, before the next power step change

) i ieie
or trakstten—is—initiated-
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A.2.6 Wireless mode test considerations

DPC-ETA parameters are established according to the SAR to power relationship of a wireless
mode and the exposure condition evaluated during SAR compliance. The values of P ,, and

Piimit a@re influenced by the SAR of the wireless mode and frequency band in the RAT. Pj;,;; is
typically set a few dB lower than P, for power control according to time-averaged and
instantaneous power. For high SAR configurations, a lower P;,;; is often used to maintain SAR
compliance. When SAR is low, the allowable P,;; can be higher than P, ... Since output power
is limited by Pp,,,, depending on tolerances established for the S4R, e @and Py, DPC-ETA
can become transparent and inactive in single radio transmission scenarios. Algorithm
validationi i i ance is
evaluated at P,,,. However, if there is the possibility for such configurations to becomie:pctive
simultaneous transmission scenario or transitional operation like change_ i 7wy,  or

ce or other interactions within the algorithm or implementation, additionalvalidatign can
need consideration to verify algorithm operating characteristics for configurations with A it >

Pax:| in accordance with regulatory policies. In general, additional considerationg and
regulgtory review can be necessary for configurations with P;.i: > P4 Where difference is less
than the tolerance range supported by the SARtarget. These configurations are generally thf less

desirgd choices for algorithm validation, although they can be required by regulatory policies
because of specific concerns related to algorithm functionality.

The fpllowing items are considered to determine test configurations for DPC-ETA alg¢rithm
vaIidation according to the specified parameters with all-t€levant tolerances included. Sp€cified
paranjeters with tolerances included are used to determine power request levels in test
sequgnces, to ensure DPC-ETA power control restrictions are triggered using higher power
values sent by the RCT. For the wireless modes in.a RAT, when P, [dBm] > P;.i; [dBm] + Tc

[dB], [the configuration or configurations withothe largest (P .« — Plimit) value [dBn] are
consi%jered for testing. This typically carresponds to a higher SAR or more st:Ingent

configuration for algorithm validation within this range of parameters. It is referred to as the
"defadllt test configuration" for applying, test sequences in this document. When there gre no
wireless modes in a RAT where Pjjp, i [dBm] < P 5, [dBm] = Tc [dB], whether testing is ngeded

is detgrmined according to regulatory policy or other implementation related specific cond|tions.
For the remaining wireless modes in the RAT, where Pj,;; [dBm] < P, [dBm] - Tc [dB] or

wherq Pimit > Pmax: Whether testing is needed is determined according to regulatory policy or
other implementation related specific conditions. The wireless mode with the largest (A5 —
Piimit)| value [dBm] ferthese remaining wireless modes is referred to as the "additional test

confiquration" for_applying test sequences. When multiple wireless configurations exist fpr the
default test configuration or additional test configuration, the configurations with the smallest
(Plimitl = Pctr)(value [dBm] (or equivalent, see A.2.4) among the default test configuratjon or

additipnal test configuration are used.

The wirele

o ade _cottinac anAd Aot ANt A~ NfIA L tiona for tha racnnA~ tiva DI\'I'S are
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hese are applied in accordance with regulatory policies.

=
o
2
>
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o
-
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a) Conducted and radiated power are measured on the middle channel of a frequency band
according to the following wireless configurations:

1) quadrature phase-shift keying (QPSK) with the largest channel bandwidth and < 25 %
or equivalent resource block (RB) allocation with 0 dB maximum power reduction (MPR);
centred within the channel for LTE/NR.

The selection of NR waveform (DFT-s-OFDM versus CP-OFDM) is transparent and is
based on the power control parameters used by the wireless modes for determining the
default test configuration and additional test configurations.

2) 12,2 kbit/s RMC (Reference Measurement Channel) for UMTS;
3) RC3/S0O55 or equivalent for CDMA2000;
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4) GMSK for GSM/GPRS; with Pax, Pjimit» @nd Py, based on frame-averaged output power
across all eight time slots.

b) For test sequences used to verify DPC-ETA operations in simultaneous transmission

configurations, as appropriate, P, < 0 dBm can be applied to maintain connectivity with

the RCT, to avoid potential disconnect and reconnect issues when switching between
different transmission combinations.

A.2.7 Test sequence considerations

When the same power control process and DPC-ETA algorithms are applied to all wireless
modes within a RAT, the configurations used for algorithm validation are determined according
to the[DPC-ETA parameters (Prmax, Llimit Fotr] and TWayg)- WWHen the'same algorithms and power

contrgl process are applied to all RATs, the test configurations can be further reduced.

At least one test configuration is tested for each RAT and Tw,,4 using the ‘default test

configuration. Both FDD and TDD are considered for each RAT. For exampteyamong thge LTE
bandg, the applicable Tw,,q for FDD and TDD are considered separatgly~in the defauft test

confiquration(s). The highest transmission duty factor and frame-averaged 'power configuration
are cpnsidered for GSM/GPRS (see Clause A.6 for GSM/GPRS, testing) and TDD. When
additipnal tests are triggered by regulatory policies or device configuration specifics, thede can
apply|the additional test configuration. When the DPC-ETA algorithm is applied differently in
certaip wireless modes or RAT configurations, these can neédvseparate testing, independent
of thg default test configuration and additional test configurations. In general, when [many
frequgncy bands or a wide range of DPC-ETA parametérs and offsets are used, both default
test qonfiguration and additional test configurations’\can need consideration according to
regulatory policies for algorithm validation to demonstrate power control continuity for the range
of parameters used.

A.2.8 TDD and TDMA measurement considerations

The mjeasurement equipment records technology specific frame-averaged power to accoint for
TDD @nd TDMA transmission duty factors, and to satisfy the measurement rate Tpavg SP§ cified

by the procedures. For TDD, the measurement setup can require uplink-downlink isolafion to
separpte bi-directional transmissions within the frequency channel. When the isolatljon of
directlonal coupler or combiner/splitter ports are insufficient, separate input and output| ports
can be used on the RCT to reduce uplink-downlink cross-coupling. A circulator or
combiner/splitter combination can also be considered, to redirect signals between the RQT and
antenpha port on the DUT (see Clause B.8).

A.2.9 Normalization of results

tune-yp tolerance value according to the P,y specified- When the measured power is normplized
to thgd Rjigit ,y Of @ wireless mode, both power dependent and power independent toldrance

components need consideration to correlate measured responses with expected behaviour of
the test sequences. The power independent tolerances are expected to mostly cancel out in the
normalization process. The power dependent tolerances, such as TxAGC, can introduce
variations in the normalized ratio. In addition, the power measurement equipment can also have
power dependent and power independent tolerance components that can affect the normalized
ratios. Tolerance of the normalized ratios is considered according to the SARi;qet @Nd Pyt

tolerances described in 6.10 and regulatory policies.

The rjeasured maximum output power of a DUT typically has a fixed offset from the maximum
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Transitional operations with different DPC-ETA parameters are analysed using normalized
results. Before a test sequence is initiated, P;,,;; values are measured for all wireless modes

used in the sequence, to confirm they are within the allowed tolerance range, i.e. P itm S
Plimit,specified- Since the normalized ratios are quite sensitive to P, small variations in Pyt
can introduce undesirable concerns; for example, a Pj,;; » that is lower than its actual value

can result in the normalized ratios exceeding 1,0 when a quasi-static test sequence approaches
or reaches steady state near Pj;;- In the procedures, all P, are measured for at least 30 s

both immediately before and after a test sequence measurement, and the average of all values
measured for the specific P,; is used to normalize the measured responses in the test
sequence, to minimize the effects of both equipment and DUT output drifts. In using normalized
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comppnents, which is addressed according to tolerance allowed by the SARy, 4t and \Pymi-

the ppwer dependent tolerances of the power measurement equipment are insignificant,
compensation of attenuations in the measurement chain can be optional whennormalized
results are used (see 6.10). Therefore, further scaling of measured results.is avoided. In
additipn to DUT tolerances, regulatory policies also need consideration to determine how power
measyirement tolerances are applied. For example, similar to SAR measutement criteria,|when
a fixed maximum measurement tolerance is applied, compensation is possibly not allowed or
necegsary.

NOTE Depending on device implementation, the procedures specified by the-RF modem or chipset manuffacturer
are applied for power measurement at P, ... It can be necessary to put DPC-ETA into a dedicated operating mode

withouf disabling the algorithm to ensure the correct P ., is measured. When DPC-ETA is disabled or put into|factory

test mqde to set power levels for measurement, it is important to ensure that the exact same power levels ysed by
the DPLC-ETA parameters are measured. In some cases, a device_feset can be necessary.

NOTE 2 When the P
toleranfge of P
P

limit, specified is greater than the P__ . speoified’ the P, .. m is possibly not within the allowed
iimiv Since the DUT will not transmit above Pg . In this scenario, it is important to confirm that the
limit. m 8 Within the allowed tolerance of P__ .

A.2.10 Measurement automation

The wWireless mode and transitional eonfigurations used in a test sequence for handover, call
drops| discontinuous transmissions, ‘and simultaneous transmission, etc., can vary for indiyvidual
devicés. The power requests in. @ test sequence (Clauses A.3 and A.4) are based on the|DPC-
ETA parameters of wireless modes, which can be easily calculated by the measurgment
automation for the RCT. The wireless modes, frequency bands and transmission configurations
used for algorithm validation cannot be easily pre-configured for the RCT. These are device
specific and are determined by the user, including transitional configurations, before tesfing. If
full aytomation is desired, a user configurable list can be generated for the automation prpcess
to corffigure the wireless mode and parameters of each test sequence at run-time. Alternatively,
the wireless operating parameters can be configured manually for the RCT and apply partial
automnjation_tereach segment of the measurement. Availability of both the measured and| time-
averaped(pewer through the automated process, during run-time, in a suitable form or format
is negessary for the user to confirm steady-state conditions and to initiate subsgquent

transittofrs—A—atest Seqguence:

Automation is necessary to record time-aligned power measurements and power requests to
correlate measured responses with power change in the test sequence and to ensure
measurement consistency. When full automation is not feasible, partial automation in
conjunction with manual procedures are considered. This can require regulatory coordination
to ensure the test results are accepted. The test sequences can be grouped into separate or
multiple segments to apply partial automation, to circumvent equipment coordination issues or
to reduce difficulties associated with long test sequences and Twy,q.
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A.3 Basic algorithm validation

A.3.1 General

Quasi-static test sequences are used to verify basic DPC-ETA functionality according to steady-
state time-averaged power. The RCT sends the same power level for each request until power
control reaches steady state at the expected time-averaged power level for 0,2 x Tw,, 4 or 20 s

before the next power request is initiated by the user. The time lag to reach steady state is a
function of the time-averaging window, Twayg- The power levels in the test sequences sent by

the RCT are based on the specified DPC-ETA parameters with tolerances included. All
measured results are reviewed and confirmed to be within the tolerances specified for the
paranLeters (see 5.3). The highest normalized rafio in a tesi configuraiion is used o ensufe the
tolerance allowed by SAR; 46t and Pyt (see 6.10) is satisfied.

A.3.2 Standalone wireless mode quasi-static test sequence

After an active connection has been established between the RCT and the BUT, a steadystate
baseline condition at P, is established for the quasi-static test sequenge.JThe power requests

in Table A.1 are executed sequentially after the time-averaged pewer has settled at| P,

Except for the transitioning point (step 6), the same power level issrequested by the RCT at
each step until the desired time-averaged power has reached steady state. Power is medsured
throughout the entire process, starting when the connection is‘established. A user confirmation
is applied to trigger the next power request in the test sequence. The transitioning pqgint at
step g is intended to provide a quick and relatively larger magnitude of power change fn the
reverge direction to prepare for the next power request.)It can also enable certain transf|tional
behadiour to be observed to confirm algorithm functionality. A few steps are repeated in thHe test
sequgnce, with varying initial conditions, to verify algorithm response consistency (e.g. s{eps 1
through 4 versus steps 7 through 10). Steps 1 through 10 are applied to the RAT with thg most
consdrvative algorithm validation configurations and steps 1 through 4 are applied {o the
remaiping RATs that need testing. Generally, the configuration with the largest diffgrence
between Pt and P,y (RAT with max(B,ax = Pjimit)) iS the most conservative conditipn for

validgtion. This reduces the testing time to reach steady state for long Twayg durations; e.g.
360 s

Table A.1 — Standalone wireless mode quasi-static test sequence

RCT requested Tw,,q time-averaged Time-averaged power: user|

Step instantaneous power steady-state power observation/response or acti¢on

Once connected, request P, and wait

for time-averaged power to settlg¢ at

min IN the passive segment to establish
baseline; a user key entry is usef to
initiate the following test sequerjce

Establish connection P
1 and-maintain P, min P

2 e L
3 (Piimit * Petn)/2 (Piimit * Petn)/2
4 (Prax * Piimit)/2 Plimit
5 (Petrt + Proin)/2 (Potrr * Proin)/2

transitioning point: execute the
next step when instantaneous
max power reaches approximately
(Piimit * P2

min min

8 (Pmax + Plimit)/2 P

limit

9 (Pimit + Pen)2 (Pimit + Pen)2
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Ste RCT requested TW,yg time-averaged Time-averaged power: user
P instantaneous power steady-state power observation/response or action
10 Pmax Plimit
11 Terminate connection NA Disconnected

NOTE Depending on the power control step resolutions used by the wireless technologies, the measured steady-
state power can level off with an offset, at a lower power, from that specified in column 3; for example, GSM uses
2 dB power control step resolution. Last column of the table is completed by the user according to test results and
observations (see illustrative example in Clause A.10).

A.3.3
The fq

a)

d) When

w
le
in
th
m
pa
TH
ed
ch
al
le

DF
w

sufficiently lower than Py;,,;;, the measured-power (instantaneous) would track the requ

(s
pg
bdg

1)

User observations
llowing observations require user review to verify the algorithm is operating as.exp

hen reaching steady state at each step, the time-averaged power is converging to a
el managed by DPC-ETA, according to the power requested, by the RCT
stantaneous power applied by the DUT. When the requested (specified) power is
hn measured Py, the power control adjustments within the device are reflected
pasured instantaneous power. Depending on algorithm implementation, the instanta
wer adjustment can be gradual or abrupt with decreases anpd increases.

e time lag and time taken to approach time-averaged power and reach steady sta
ch step are reviewed for consistency according to the power control and integ
aracteristics of Twayg- Depending on the changes irmagnitude of the power reques
jorithm responses, whether it is a power increase or decrease, and the relative
el, it can take less or much longer than 7w, te reach steady state.

PC-ETA behaviour is confirmed while time-averaged power is approaching steady
hen the desired (DPC-ETA managed“versus requested) time-averaged pow

pecified) power from the RCT. Otherwise, the measured power corresponding to the
wer control applied by DPC-ETA\is reviewed, to ensure time-averaged power re
low the Pyt m @nd within the.tolerance allowed by the SAR4yet-

the requested power level, with time-averaged power below Py, or with instanta
power at a desired.level to support a sustained connection.

When a marginal* power control reserve is available, DPC-ETA would settle
DPC-ETA mahaged power control level, typically with time-averaged power close tq

and withinsthe allowed tolerance, or with instantaneous power at a suitable le
support-alsustained connection.

bcted.

pbower
and
nigher
by the

heous

te for
ration
s and

power

state.
er is
ested
active
mains

When a sufficient power Control reserve is available, DPC-ETA is expected to seftle at

neous

at a
Pimit
vel to

When-settling at steady-state condition, the oscillatory behaviour (magnitud¢ and
periodicity, etc.) is reviewed for consistency with the expected DPC-ETA

implementation.

i) Oscillations can occur near P, or at a DPC-ETA managed power level when the

availability of power control reserve is marginal. This can require additional
considerations to determine steady-state conditions, according to algorithm

behaviour using an averaged power level.

i) With a sufficient power control reserve, little to no oscillation would be expected.

all steps are applied, the consistency of power control behaviour for the equivalent

steps in the test sequence is compared, i.e. the behaviours of steps 1 through 4 versus
steps 7 through 10, etc.

NOTE As appropriate, similar observations also apply to other algorithm validation tests in this Annex A.
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Dynamic and random power control test sequences, discontinuous
transmissions

General

2024

Dynamic test sequences, representative of typical network operating conditions due to
environmental and propagation influences, with relatively rapid and asynchronous power
requests in both magnitude and time, are used to verify DPC-ETA power control continuity. The
time between power requests in the test sequence is substantially shorter than Twayg: and

time-averaged power is not expected to reach steady state.

A.4.2

Each
defau

quasi
transr
config
same
config

The ti
to 0,3
autom
expeqg
magn
pre-d
consi

The fdq

a) Th
as
en

b) TH

Test sequence considerations

RAT is considered for algorithm validation with dynamic test sequence by @applyir
t test configuration using the shortest Twayg configuration (already) measured

static test sequence (A.3.2). Both FDD and TDD are considered for testing. The h
hission duty factor configuration is measured for GSM/GPRS pand LTE/NR
urations according to frame-averaged power using dynamic test-sequences. Whe
DPC-ETA algorithms are not used for all the RATs and, wireless modes,
urations are considered independently to determine if additional testing is necessa

Mme interval between power requests in the dynamic test sequences is limited to 0,01
times Tw,,4, but not less than 3 s or longer than 25 s, to allow coordinated measur

ted to vary with Tw,,,, the relative offsets between DPC-ETA parameters an

tude, duration, and direction of power changes (increases or decreases). Besides
fined test sequences, a sequence of randomly generated power requests ig
ered, to demonstrate the validation is unbiased.

llowing are considered to configuresdynamic test sequences.

e power requests are configured to emulate network operating conditions with rap
ynchronous power increase and decrease, due to varying propagation characteristig
vironmental conditions.

e measured and time-averaged power can not exceed the P,y specified @3N Plimit,sp
ile remaining within the tolerance allowed by the SAR, et and Pjimt-

Conditions with;abrupt reversal of power amplitudes and varying durations are ing
in the powenrequests.

generators to adjust the amplitude and time interval of power requests, indepen
and simultaneously in a dynamic manner. The requested power is within the rar
Pgax < Pmin and 0,01 x Twyg <> 0,3 X Twy,g, but not < 3 s or > 25 s. The rando

g the
vith a
ghest
TDD
n the
such

ry.

times
ement

ation and to reduce the impact of time lag due to{long TWayg- DPC-ETA responsgs are

d the
using
also

d and
s and

bcified’

luded

The random test sequence is configured according to two separate random number

Hently
ge of
m test

SEqUETNCE 1S 2 "15"1Wavg Witl—Team power = Py, €XCluding Ton=trarsT
segments.

Two transmission gaps of 0,2 x Tw,,q and 0,3 x Tw,,q are included, respectively,

itting

within

the first and last one-third of the random test sequence, to verify power control continuity

due to discontinuous transmission. Both gaps are initiated by the user with a manu

al key

entry. The durations of the transmission gaps are counted as part of the random

sequence (2 1,5 x Twyq).

c) A few power requests with minor variations in amplitude or time duration, or both are
included in the pre-configured segment of the dynamic test sequence, to compare algorithm
response consistency.
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A.4.3 Power measurement considerations

a)

b)

Both the pre-configured and random segments of the test sequence, including the
discontinuous transmission gaps, are applied to at least one RAT. The remaining RATs can
apply either the pre-configured or the random segment, in equal numbers.

Except for the two transmission gaps, power is measured continuously throughout the entire
process. Power measurement can be paused during the gaps, provided these are correctly
reflected by power measurements immediately before and after the gap, and properly
accounted for in the time-averaging (see 6.8).

When the time-averaged power is sufficiently below the Pj;;; o, With a sustained connection,

the measured (instantaneous) power can track the requested power; otherwise, the
. ; - R e w the

gured
ers to
ration

ected
 test

within

the range 3 s to 25 s. These are identified in Table A2, \where Max is applied to reduce testing
time gnd Min is applied to avoid equipment setup orautomation coordination issues. Therefore,

either{the smaller of Tw,,4 and Max, or the larger.of Tw,,4 and Min, applies.

Table|A.3 describes the power request steps in the test sequence, including the rgndom

sequgnce and discontinuous transmission;gaps.

Table A.2 — Powerrequest time intervals calculated as
a function of TWavg and limited to 3 s (Min) to 25 s (Max)

o Tw,q [s]
nx Twalvg or'Max/Min [s]
60 100 360
03071 x TWavg or3 3 3 3
0,05 x Twayg OF 10 3 5 10
0,1 ><Twavg or 15 6 10 15
0,2 x TWavg or 20 12 20 20
0,3 % Tw,,q OF 25 18 25 25
a 0,01 x Twavg is used by the measurement automation to limit the random
sequence to = Min.
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Table A.3 — Dynamic test sequence

Step . RCT requested Power .request us::'n;i-si‘:ﬁ/r:tgi’gglfeosv;i:;se
instantaneous power duration [s] or action
Once connected, request
Pjimir @nd wait until time-
Wait until time- averaged power fully settles
1 Ezt:(?lriﬁgir?g;g?.ﬁ?n’ 2\‘;?{'228; E’in\:vlteg?!}tl bas:Iti:g;mtthteoneiztizzltlesr;eit of
limit least 0,2 x Twyyg OF the test sequence with a
20 manual user key entry; time
to reach P__. can depend
on Tw,,q
2 P ax 0,3 x Tw, 4 Or 25
3 Pin 0,05 x Tw,,q or 10
4 (Plimit ¥ Pote)/2 0,01 x Tw,,, or 3
5 P ax 0,2 x Tw,,, or 20
6 (Prax * Pimit)/2 0,2 x Tw,,, or 20
7 (Piimit * Petr)2 0,2 x Tw,,q or 20
8 P 0,05 x Tw,,, or 10
9 (Prax * Pimit)/2 0,2 x Tw,,4 or 20
10 (Potr * Proin)/2 0,1 x Tw,,, or 15
11 Pax 0,3 x Tw,,q Or 25
12 P 0,05 x Tw, ;4010
13 Plimit 0,2 x Tapy,q or 20
14 Prax 0,3 X'Tw,,q or 25
15 (Piimit * Petr)2 0,3 X Tw,,q or 25
16 (Piimit ¥ Petr) * 314 0,2 x Tw,,, or 20
17 (Piimit * Potr)/4 0,05 x Tw,,, or3
18 (Potr * P2 0,05 x Tw,,, or 10
19 Lt 0,3 x Tw,,, or 25
20 ®Prax * Pimit)/2 0,2 x Tw,,, or 20
21 P ax 0,3 x Tw, 4 Or 25
22 (Pimit ¥ Pey) % 314 0,05 x Tw,_ _or3
23 (Piimit * Petr)4 0,2 x Tw,,, or 20
24 (Pyimit * Potr) % 3/4 0,05 x Tw,,, or 10
25 (Prax * Pimit)/2 0,3 x Tw,,, or 25
26 Piimit 0,1 x Tw,,, or 15
27 P 0,05 x Tw,,, or 10
28 P ax 0,3 x Tw,4 Or 25
29 (Pote) * Prin)/2 0,1 x Tw,,4 or 15
30 (Prax ¥ Pimit)/2 0,05 x Tw,,, or 10
31 P 0,2 x Tw,,, or 20
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RCT requested

Power request

Time-averaged power:

Step instantaneous power duration [s] user Obsel’vati?nlresponse
or action
32 (Plimit + Pctrl) x 3/4 0,05 x Twavg or 10
33 P ax 0,01 x Tw,,q or 3
34 (Piimit * P2 0,2 x Tw,,, or 20
35 P i 0,1 x Tw,,q 0r 15

Random test sequence

>1,5x Twyyg OF 450
with two separate

Can optionally pause power
recording during the
fransmission gaps provided

Tmax " “ min
with mean power of
36 || transmitting segments = P

and
max[0,01 x ( Twavg

min[0,3 x ( Tw Max]

avg)’

limit

), Min] <

transmission gaps
within first and last
one-third of the
random sequence
duration for
0,2 x Twavg and

0,3 x TWavg each

the actual gap timelis
accounted for by'thé'time
records of befofe\and pfter
power samples to show
continuity“of algorithm
responses’with respe¢t to
the DPC-ETA power cg¢ntrol
parameters

37 Terminate connection

NA

Disconnected

NOTEH

avera
some

NOTEH
exped
meas

NOTH
indep
durati

1 Due to time lag introduced by Twavg’ the changes in instantaneous power possibly do not track

ged power, which can continue to increase or decrease in opposite direction of the instantaneous po
duration until much earlier values in the time-averaging buffer are shifted out.

2 It is noted that different combinations of power requests (column 2) and intervals (column J
ted to result in varying DPC-ETA responses; therefore, such_ehditions also need consideration to an
ired responses to correlate with expected behaviour of the.implementation for the applied test seque

3 For example, a random real number between « and ;" can be generated using RAND() x (b - a) + d
endent random number sequences are applied to “separately modulate the burst power amplitud
on simultaneously.

time-
er for

) are
alyse
ce.

. Two
b and

A.5

A.5.1

A qua
LTE,
mode

General

lsi-static test sequence is used to validate transitions within or across UMTS, CDMA
and NR wireless configurations in FDD and TDD modes, or a call drop within a wi
(see Clause A,6'for all GSM/GPRS related configurations).

Test sequience considerations

ding.on-the RATs supported by the RCT or RCTs, the transitions considered in

Transition between wireless operating modes and call drop conditions$

2000,
reless

a test
tiated
ience

c test

sequence is used to verify handover across frequency bands and wireless modes for the
applicable Twayg- A simulated call-drop and immediate reconnect, within a few seconds, is
tested for each RAT to verify power control continuity. When partially automated procedures
are applied, if not kept to the minimum the gaps introduced by transmission pauses from
switching RCT configurations can result in undesirable decreases in time-averaged power and
can render the validation inapplicable.
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A.5.3 Test sequence configuration

The following items are considered to configure test sequences for handover and call drop.

a)

DPC-ETA power control at steady state with time-averaged power at or near the Pt m
(i.e. in active power control) is confirmed, with the RCT requesting P,y specified: Pefore and
after each transition. Transitions are avoided at instances that are multiples of 7w, after
requesting P, for robust testing of power control continuity. It is recommended to initiate
transition after the time-averaged power settles at Pj,;; (i.e. after at least Tw,,4) and
immediately after the DPC-ETA adjusts the power from P ., to P,. Alternatively, transition
can be initiated after the time-averaged power has reached steady state and at an instant
that is odd multiples of 0,5 x Twg,q (e.9. 1,5 X Twyyg, 2,5 X Twy,g, etc.) after requesting
P {ax- Power is measured continuously during the transition, until DPC-ETA power control
repches steady state again according to P, 5, and P, of the next wireless mode.

Different TWavg can apply before and after a transition (see 6.8). A wait>)time of af least
0,p x Twgyg OF 20 s is allowed after the time-averaged power has reached steady |state,
which can vary with Tw.

Step a) is applied to all transitions in the test sequences for thé\wireless modes and|RATs
supported by DPC-ETA in a device and needing testing, including the following:

— | FDD for UMTS, LTE, and NR;
— | TDD for LTE and NR;

— [ NR SA and NR NSA EN-DC;
— | CDMA2000 and UMTS.

NQTE It is possible that some regulatory policies require only a few transitions to be tested insteag of all
conbinations.

THe transitions that need testing are determined by the RATs and Twayg supported by the
dgvice according to the following items.

THe transitions included in thextest sequence are representative and proportional {o the
nymber and complexity of thetRATs supported and TWavg used, taking into considefration

the following.
1) All supported RATs and Twayg: according to FDD and TDD, are considered.

i) The highestland lowest transmission duty factors supported by TDD are considered
for all RATs) or for each RAT, if different DPC-ETA control algorithms are useg.

ii) The number of transitions tested for the RATs are consistent for covering the range
of Tz and DPC-ETA parameters used, i.e. the default test configuratiop and

additional test configuration used in A.3.2 for FDD and TDD.
iti) When multiple antennas are used, for example, high and low band antennas/| each

4+ H H S HPA | | ol H 1 | o 1 P | 4+ +aol £ t'
aftentatsS—ener-constaerea—separatery - ormeruGedi—amreatyeseaconmguralions,
to verify power control continuity for antenna switching (also see diversity antenna
in A.9.1).

2) The default test configurations used for the RATs are considered for each Twy,,g; or at
least once for each RAT, if different DPC-ETA control algorithms are used.

3) The additional test configurations for the RATSs, if applicable, are considered for each

Twayg; oOr at least once for each RAT, if different DPC-ETA control algorithms are used.

4) Transitioning back and forth across all 7Tw,,, are considered in the above test
configurations, to confirm power control tightening and relaxation due to TWavg changes.

5) When different Twayg apply, the time-averaged power before, during (if applicable), and
after the transition for the applicable TWavg are clearly illustrated in the test report.
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d)

f)

The transitions can be tested separately in a partially automated manner or with multiple
transitions included in a single test sequence.

1) Transitions between FDD and TDD (to and from) are included in the test sequences.

2) The middle channel of the frequency band is used for all transitions, similar to that
described in A.2.6.

The sequence of wireless modes tested, Wm(n), with the corresponding control parameters
and conditions are tabulated similar to Table A.4 (adjust and modify as needed) to identify
the configurations considered for testing.

Depending on the measurement automation, the transitions in the test sequence can be
executed according to the wireless modes and RATs determined by the user; for example,
frgm a user-configured Tist read by the automated process to program the test seqlience
(see A.2.10).

Aq appropriate, call drops can be included in the handover test sequences. Calldrops are
initiated by the user, with a separate manual key entry value to distinguish betwgen a
hgndover transition and a call drop. Otherwise, call drops can be tested independently.

1)| Call drops can be included at the end (completion) of a handoyer. When the|time-
averaged power has reached steady state after the call dropjCthe next handoyer is
executed.
2)| Multiple (longest and shortest) Tw,,4 are considered for gall drop testing, which gan be
included in separate RATSs; i.e. these do not need to be'tested for each RAT.

3)| Multiple (highest and lowest) TDD duty factors are considered for call drop testing, and
can be included in separate RATSs; i.e. these do_ret need to be tested for each RAT.

4)[ When applicable and testing is performed, adcall drop for 5G NR is executed in NSA
EN-DC mode; otherwise, SA mode is considered.

The fpllowing parameters and conditions are assumed to determine the wireless modes| used
in Taple A.4. Depending on regulatory policies, it is possible that not all configurations

considlered in the table need testing.

RATs supported: UMTS, LTE (FDD/TDD), NR (FDD/TDD) (SA/NSA); no GSM and
CIPMA2000 support.

T = [60, 100] s for above-and below 3 GHz (based on U.S. policies).

avg
THavg = 0.1 s.

THe same DPC-ETAycontrol algorithm applies to all RATs, modes, and bands; therefore,
trgnsition test configuration reduction applies.

TOPD duty facterrange is 21,6 % to 63,3 %, for the supported RATs.
NR supports both SA and NSA, with different Twayg for bands transmitting simultangously
in|EN-BC.
NR«NSA supports dynamic power sharing (DPS) with aggregate maximum output poyer of

Pmax,LTE T Pmax,NR = fcmax (CTE/NR aggregate]. s assumed that different sets of Pp,y,
Pjimit» and P are applicable to LTE and NR NSA; therefore, P,y | 1g @nd Py NRNSA @€

independent parameters used for DPC-ETA.
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Table A.4 — Example test sequence for handover and call drop

Configuration
Wireless Tw FDD or TDD P P . P details and
mode RAT Band avg duty factor max limit ctrl conditions;
observation
1 LTE 2 100 FDD 24 20 17
NR
2 (SA) 77 60 63,3 23 20 17
UMTS
3 (RMC) 4 100 FDD 23 19 16
26 22 18
q LTE 41 100 21,6
call drop
NR
(SA) 25 100 FDD 23 21 17
23 20 17
UMTS 22 60 FDD
call drop
FDD (66A 23
| NRNSA | 66A/ 100 oo E41A; 24 20 17
EN-DC 41A (DPS P .« 21 18
63,3 %
=24)
24
TDD
LTE at 23 20 17
MR | 41271 100160 433% HOPS Pmax | 19 16
NR at = 24)
0,
63.3 % call drop
nt1

NOTH The values of Tw,,

g used in Table/A.4 are representative of U.S.
experjence). A fixed value of 360 s generally applies to other regulatory jurisdictions.

regulatory policies (based op existing

A.6 | GSM/GPRS configurations — duty factor, call drop, discontinuous
transmission; transition between GSM and UMTS

A.6.1 General

GSM/GPRS operations are verified separately from other RATs. Both single and multiplel time-
slot cpnfigurations are conS|dered to verify DPC-ETA funct|onal|ty Power control confinuity

acros

only, are conS|dered to avoid manual RCT SW|tch|ng issues and equment setup concerns.
Transition between GSM/GPRS and LTE is not considered, and transition between GSM/GPRS
and NR is not currently and not expected to be supported by networks.
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Test sequence considerations and configuration

The following items are considered to determine GSM/GPRS test sequences. When multiple
transitions and configurations are included in a test sequence, the measurements can be
performed with full automation, or separately in a partially automated manner.

a) The lowest GSM duty factor (1/8) and the highest GPRS duty factor (maximum number of
slots) supported by the device are both considered for algorithm verification, according to
the default test configurations, for the highest and lowest frequency bands supported by the

device. For different number of time slots, different values of P

max and Pt can be specified

for such configurations to satisfy power specifications and SAR requirements; therefore, the

co

rrect parameters applied to the test configurations need confirmation.

b) In
bg
is
c) G
36
aJ
G

1)

stead of performing the tests for discontinuous transmission and call drop independently,
th can be included in the test sequence. An 0,2 x Twayg discontinuous transmission gap

used to confirm power control continuity.
BM/GPRS, UMTS, and CDMA2000 all operate below 3 GHz; therefore,.the same 100 s or
Os Twayg applies according to existing regulatory policies. Depending.on RCT suppprt for
tomated switching between RATSs, the following are considered far-transitioning befween
bM/GPRS and UMTS or CDMA2000.

The default test configurations among the respective frequency bands and modes in
each RAT are considered according to the largest/,GPRS duty factor, to |verify
transitioning from GSM/GPRS to UMTS or CDMA2000.

The default test configurations among the respective frequency bands and modes in
each RAT are considered according to the smallest GSM/GPRS duty factor, to |verify
transitioning from UMTS or CDMA2000 to GSM/GPRS.

The middle channel of the corresponding frequency band, according to A.2.6, is Used.

TE Reduced maximum averaged power can be\used in some higher duty factor (slot) configuratipns for
RS. For DPC-ETA to remain active, the P of\the largest duty factor configuration used for testing|cannot

higher than P__ .

limit

Power measurement considerations
e TDMA power measurement configurations in A.2.8 are applicable.
fore the power change in a transition is initiated, P ax specified IS requested with megsured
ne-averaged power qn steady state at or near the P, , (i.e. in active power coptrol).

wer is measured-continuously during the transition until time-averaged power repches
pady state afterthe transition.

The time-averaged power has reached steady state before and after each discontipuous
transmission, call drop, or transition, for at least 0,2 x Tw,,4 or 20 s.

Call'drop, discontinuous transmission, and transitions are initiated with a manual user
key-‘entry, after steady state is confirmed, and power is measured contindously

throughout the transition. Transitions are avoided at instances that are multiples of [Tw,,4

after requesting P, for robust testing of power control continuity. It is advisable to
initiate transition after the time-averaged power settles at Pj,;; (i.e. after at least Twy,g)
and immediately after the DPC-ETA adjusts the power from P, ,, to Pg,. Alternatively,

transition can be initiated after the time-averaged power has reached steady state and
at an instant that is at odd multiples of 0,5 x Tw,g (€.9. 1,5 % Twyyg, 2,5 % Tw etc.)

after requesting P4y

avg’

Power measurement can be paused for the discontinuous transmission gap when the
measured power before and after the transition can clearly identify the transmission gap
and the time-averaged power is properly accounted for (see 6.8).
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c) The configurations included in the test sequence are tabulated, similar to Table A.5, to
illustrate the wireless modes and transitions (duty factor changes, call drop, discontinuous
transmission (Tx) and GSM/GPRS « UMTS/CDMA2000 transition), and to correlate
measured responses with the expected behaviour of the implementation for the applied test
sequence.

Table A.5 — Example test sequence for GSM/GPRS and transitional operations

Band GSM/GPRS P Pt P iy Configuration details and conditions;

RAT [MHZz] time slots [dBm] | [dBm] | [dBm] (Example) user observation

highest frequency band: default test
configuration with lowest duty factor;
when time-averaged power reachesystpady
GSM 1 800/1 900 1/8 21 18 15 state, initiate 0,2 x Twavg discontifiuoys Tx

and wait for time-averaged powepto réach
steady state again after transmissig
resumes before initiating'next steq

transition: 1 800/1 900! -~ 800/900 bgnd,
lowest frequengy \band: default tesft
configuration with-highest duty factgr;
800/900 4/8 28 25 22 when time-averaged power reaches stpady
state, initiate{call drop, wait for reconngction
and time-averaged power to reach stgady
state again before initiating next stgp

=}

GPR

\vz4

transition: GPRS — UMTS according to
default test configuration with highest|duty
800/900 FDD 23 20 17 factor;
wait until time-averaged power reaches
steady state before initiating next step

transition: UMTS — GPRS according to
default test configuration with lowest guty
factor;
when time-averaged power reaches stpady
1 800/1 900 2/8 25 22 19 state, initiate 0,3 x TWavg discontinuous Tx

and wait for time-averaged power to r¢ach

steady state after transmission resumes
before initiating next step or terminate test
sequence

UMT

\vz4

GPR

\vz4

NOTH While burst-averaged powenaccording to Prax specified” Llimit, specified” and Ptr specified 1S used in the test
sequgnces, frame-averaged powersis measured during algorithm validation measurements.

A.7 | Simultaneous transmission and RAT specific considerations

A.71 General

¢st.sequence for simultaneous transmission starts with the default test configuratiop with
2 B irele nsidedation.

A quasi-static test sequence is used with the RCT requesting P, for all transmissions added
to the simultaneous combination. After the time-averaged power of the first transmission
reaches steady state at Pj,;;, the default test configuration for next to largest (P, [dBm] -
Pjimit [dBm]) value in the list of simultaneous configurations is added. The time-averaged power

for both transmissions are allowed to reach steady state before the next configuration is added.
The subsequent transmission configurations are added in similar manners to the simultaneous
combination.

thela gae aBml =P abm - e amonaine \\

For 5G NR NSA, EN-DC requires an active LTE anchor to support 5G transmissions. The default
test configuration for the primary connection (LTE anchor) is activated first, followed by the
default test configuration for the secondary connection (NR). When testing is performed for
carrier aggregation, similar conditions are considered to add primary and secondary component
carriers.
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Testing of simultaneous transmission can be complex and highly dependent on RCT support
and test equipment coordination to configure certain test conditions. Depending on device
capabilities, the test configurations that need consideration, e.g. inter-band CA, can vary with
regulatory policies. Transitional operations, such as call drop or handover, are not considered
for simultaneous transmission in this document; if testing is needed to confirm power control
continuity, the procedures in this document can be adjusted according to regulatory guidance
to perform the measurements.

A.7.2 Aggregate power requirements

When adding simultaneous transmission configurations to a combination, the maximum output

power_allowed for each existing transmission can change to satisfy maximum aggregate output

powerf allowed by network protocol or DPC-ETA. For example, in NR NSA, equal power{sharing

(EPS) and dynamic power sharing (DPS) for primary and secondary serving cells, orrestrictions

impo]ed by the device, can limit power in a wireless mode. The power of the compdnent cqrriers
[

(CC) in carrier aggregation (CA) can be limited by the number of CCs. These power restrigtions
are determined by network protocol and SAR compliance requirements. To sustain the pfimary
conngction, a secondary connection can be dropped. Depending on regulatory’policies, mltiple
Twayg| caN apply to different frequency bands in the simultaneous transmission combination.

When| the power requirements are not automatically adjusted by the/RCT or RCTs, acc¢rding
to wirneless protocol specifications, interventions are necessary to. apply the correct power
settings for testing. The following guidance can be considered to.address individual situgtions.

A DPL-ETA implementation can use the same or different)P,,, and P for simultaheous

transrission configurations and standalone transmission{Determination of aggregate poer in
a simultaneous transmission combination can varyvwith implementation. For alggrithm
validgtion, the steady-state time-averaged power<ef‘each simultaneous transmission |n the
combination is verified, according to the correspénding P, and Pt or conditions supported

by the¢ network and device-imposed conditiofis, to correlate DPC-ETA responses with the
expedted power control behaviour of the“implementation, for the applied simultaheous
transrission test sequence. The conditions for both network-based and device-based power
adjusiments are reviewed to ensure these are correctly reflected in the final results, to correlate
measyred responses with expected behaviour.

After [he last simultaneous transmission configuration is added and the time-averaged power
of all fransmissions have reached steady state, the simultaneous transmission configurations
are removed or terminated.one at a time, starting with the first one included in the test sequence.
Upon|removal of a configuration, the time-averaged power of the remaining transmissions are
allowed to reach steady state before the next transmission is removed. At each step, the
netwdgrk-based and.device-based power requirements can relax as more configuratiorjs are
remoyved; therefore, the corresponding DPC-ETA responses and expected algorithm behaviour
are opserved and confirmed according to the active connections and 7w,y used |n the

combinatiens. The time needed for the time-averaged power to reach steady state can vary with
power adjustments, the number of transmissions, and Tw,,4 time lag of the frequency bands in

the combination-

A.7.3 Power measurement and automation considerations

Different Pt can apply for different wireless configurations, and Tw,, 4 can vary with frequency

bands. Therefore, power is measured independently for the simultaneous transmitting signals
to enable each to be normalized by the corresponding P);,i; for each of the transitional segments

(Txq ... Tx,/Tpy ... Tp,, see A.7.4), to ensure the highest normalized power ratios of each
configuration in the segment is within the tolerance allowed by the SARarget and Pt
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The different RATs and transmitter combinations that are controlled by the same RF modem
and DPC-ETA algorithm are generally limited to two or three due to hardware constraints for
the number of transmitters in typical devices. Although the algorithm validation procedure for
simultaneous transmission has been generalized and independent power measurements are
used to acquire simultaneous transmitting signals, this is generally not a practical concern for
the test equipment and measurement automation. When more than two or three simultaneous
transmitting signals are supported by DPC-ETA, RCT and power measurement equipment
considerations can become increasingly complex. More practical approaches to streamline
equipment coordination and measurement automation beyond this document, in accordance
with regulatory policies, would need consideration.

ion of
ted or

partially automated manner. Availability of measured and time-averaged power ofsindividual
transrpissions in the simultaneous combination are necessary for users to initiate .transitipns to
the sybsequent configurations (add or remove transmissions), according to steady state| time-

averaped conditions.

A.7.4 Test sequence considerations

Intra-band CA configurations are considered as a single standalohe configuration. Interrband
CA cpnfigurations are considered as separate simultaneous._tfransmission configurations
accorfling to the number of frequency bands and 7wy, involyed/NR NSA is considered gs two

appli
to de

simul(]aneous transmissions, the LTE anchor and NR trafficy;' When CA and NR NSA arg both

able, additional guidance according to regulatory.policies possibly needs considefration
ermine if such conditions would need separateytesting. The following approach cian be

adaptpd accordingly to consider the applicable simultaneous transmission configurationls that
need festing. Other factors, such as TDD transmission duty factor, also need consideration to
apply| normalized duty factor according to frame averaged power, to correlate medsured

respopses with expected DPC-ETA behaviour.

The fpllowing are steps to configure simiultaneous transmission test sequences for alggrithm

validdtion.

a)

THe maximum output power @ccording to network protocol requirements for simultapeous
trgnsmission, as normally"expected by the DUT, is used in RCT requests. The network is
unaware of the DPC-ETA specifics in a device. Local or device-based restrictior]s are
excluded in determining network power requests.

Fqr 5G NR NSA; the maximum and aggregate power for LTE and NR are configured
agcording to ERSand DPS requirements.

NQTE Simultaneous transmission of UMTS, CDMA2000, or GSM/GPRS with NR is not considered.
Startingswith the first transmitter (Tx;) and the default test configuration with the largest
difference between P, ,, and P, the sequence of power measurements up to the| point

j i j . nt Tx,
corresponds to both Tx; and Tx, transmitting simultaneously and segment Tx, would
correspond to all transmitters (Tx4 through Tx,,) transmitting simultaneously.

After a transmitter is added or removed, the time-averaged powers for all transmitters are
each allowed to reach steady state for 0,2 x Tw,,4 or 20 s before initiating the next addition

or removal. Depending on the RCT and equipment coordination requirements, it can be
necessary to add or remove transmitters/configurations manually when automation is
difficult. In some cases, a secondary connection can be dropped to sustain the primary
connection (CA or EN-DC). A compromised approach can be necessary to adjust the power
to maintain both connections according to regulatory guidance.
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e)

f)

A.8 | Host device based external triggering transitions

After all transmissions are added to the simultaneous combination and the time-averaged
power of all transmissions have reached steady state in Segment Tx,, the output of each

transmitter is reduced sequentially to P, (or turned off), starting from Tx, until Tx,; and,
the time-averaged power of all remaining transmissions are allowed to reach steady state
before power is reduced or removed for the next transmission in the combination.

During transmitter removal or power reduction to P, the first added transmitter (7x,) is

removed first instead of removed last. The simultaneous transmission configurations for
sequences added and removed are different. A different segment naming convention is used
to distinguish the transmission removal process; for example, Segment Tp, would

correspond to all transmitters active and Segment Tp, with only the last added transmitter
adtive T this tase, 7x,, woutd be identicat to 7p,,. T e testconfigurations and procgdures
arge described in a similar manner in the algorithm validation test report.

Trpnsitions are avoided at instances that are multiples of 7w, after requesting P, for

ropust testing of power control continuity. It is recommended to initiate transitions after the
time-averaged power has reached steady state and having a duration ofeatch segment (i.e.
Segment Tx, through Segment Tx, and Segment 7p, through Segment+7p,) that is at odd

multiples of 0,5 x TWavg (e.g.1,5x Tw 2,5 % Tw etc.)

avg’ avg’

A.8.1 General

Exterpal events or conditions controlled by a host device can be used to trigger DP(
transifions. This is typically related to changes in exposure conditions detected by the hd
coord|nation of transmitters not controlled by DPC:ETA that require a new set of DP(
paranjeters to be applied for the wireless configliration. The triggered wireless configur
are those already taken into consideration inAhé algorithm validation process. The DP(
confiqurations triggered by host-managed.cenditions are operating in the same manrj
netwark initiated DPC-ETA transitions. Assimple power measurement or other suitable 1
is sufficient to verify the correct DPC-ETA parameters are applied after the transition w
furthefr algorithm validation.

-ETA
st, or
L-ETA
ations
L-ETA
er as
heans
ithout

A.8.2 DPC-ETA algorithm'validation considerations

The fpllowing items arewconsidered for DPC-ETA transitions triggered by a host dgvice;
i.e. triggering is not an\lintegral part of the DPC-ETA design or directly controlled hy the

implementation.

a)

THe host-basgd' triggering mechanism and conditions that are not an integral part pf the
DRPC-ETA¢implementation are confirmed and validated separately according to regulatory
refluirements. As necessary, triggering consistency of the sensing mechanisms is vérified
fof both enabling and disabling of the relevant conditions.

Caardination of transmitters not controlled by DPC-ETA, such as Wi-Fi_ to ensute the
aggregate exposure ratio (or TER) of all simultaneous transmissions is < 1,0 is confirmed
at the host level according to regulatory policies.

The triggered conditions and corresponding DPC-ETA responses, i.e. the Pp,y specified:

Plimit,specified> Petrl,specified: /Wavg: and other associated parameters, are verified for the

triggering condition intended for a wireless mode.

1) A simple power measurement can be applied to avoid further algorithm validation testing.
In situations where the triggering can depend on additional conditions to initiate the next
DPC-ETA configuration (for example, until the output is close to Pj,;;), other suitable
means would be necessary to validate the transition. This type of contingent or
conditional triggering can necessitate applying test modes and host device coordination,
to perform algorithm validation according to the implementation.
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If the triggered condition corresponds to a new DPC-ETA operating condition that has
not been considered in the wireless modes for algorithm validation, according to
Clause 7, independent validation can need consideration. Regulatory guidance is
necessary to determine suitable test conditions for sensor triggering and DPC-ETA

validation.
A.9 Transmit diversity and simultaneous transmission antenna configurat

A.9.1 Diversity antennas

Diversity antennas can have different SAR to power relationships due to antenna ty

The OQPC-ETA parameters for the antenna with more conservative SAR characteristies/g

idd to the corresponding antennas is needed to ensure power control continuity. It i

e factory test mode. It is sufficient to use simple power measurement means to ver
t DPC-ETA parameters are applied to the antennas, to avoid further algorithm vali
for cgnfigurations already considered by the wireless modes: \f/the antenna switchin
depend on additional conditions to initiate the next DPC-ETA Configuration (for example
the oytput is close to Pj;,,;1), other suitable means would be necessary to validate the tran

This type of contingent or conditional triggering can necessitate applying test modes an
devicé coordination to perform algorithm validation.

A.9.2 Simultaneous transmission

Simulfaneous transmissions can involve single or multiple frequency bands and sin
multigle antennas. For devices with multiple antennas operating with separate transn
accorgling to independent DPC-ETA parameters, transmissions are generally managed
RF modem for transparent DPC-ETA operations. When multiple frequency band
transritted using the same antennaythe DPC-ETA parameters used for each frequency
are considered independently ta verify DPC-ETA operations, especially when different

are used. Unless separate afitenna ports are available for multiple frequency bands, caj
case ¢onducted power measurement test setup with combiner/splitter and filters are necq
to cagdture the simultanedus signals for algorithm validation (see Clause B.8). The simulta
transrpission procedures in Clause A.7 can be considered and modified according
algorithm validation.The criteria in Clause A.7 also apply to simultaneous transmiss
multigle frequeney:bands through separate independent antennas; for example, 5G NR N

ions
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A.10 lllustrative example

A.10.1 General

Until the procedures in this document have been implemented by a user with the proper
measurement automation and post-processing requirements for actual use, it is not feasible to
acquire algorithm validation test results based on DPC-ETA algorithms operating within an
actual DUT. An illustrative example is described in the following according to simplistic power
control procedures, to demonstrate how DPC-ETA responses are generally reviewed and
analysed with respect to the power control parameters and expected behaviour of the test
sequence. The responses and results are simulated, i.e. generated using a spreadsheet by
applyirg i NS ol-criter ding-to-the—guasi-statictest-seguence—-o 2. To
furthef illustrate the procedures, a 20 s discontinuous transmission segment (segmgnt A),
segments transitioning from Twayg = 100 s to 60 s (segment B), and then back to [100 s

(segment C) time windows, and a TDMA segment (segment D) with Pj.ii > Phax are also

included after the quasi-static sequence. Since the intelligent power control algorithms uged in
realisfic devices cannot be easily applied interactively in a dynamic manner using a spreadsheet,
the DPC-ETA responses (i.e. simulated measured power) have been generated separatgly for
each power request step in the test sequences, one segment at a time, for the purposes pf this
illustrative example.

A.10.2 DPC-ETA power control and operating parameters

The ppwer control, time-averaging windows and other associated parameters used to detgrmine
power control and time-averaging operations in the spréadsheet are shown in Table A.6. A
measyrement interval (Tpavg) of 0,1 s is used to generate the measured data, which are| time-
averaped with a 100 s or 60 s time window. A tolerance of 1,5 dB (k = 1) has been assyimed,
with TIXAGC, algorithm, and certain other device*tolerances included, i.e. the equivalent|of Tc.
The AR5 rget: SARimit» @and corresponding normalization ratio scaling factor (SARsrget dorm =

SARa)get/ SAR|imit) are also shown in Table A.6. Table A.6 also includes the power control

paranmeters and power levels used in théquasi-static test sequence and additional segments
(A thnough D), with respect to specified power levels (including tolerances), nominal yalues
stored in a DUT, and measured values assumed for the device. These serve to illustrate how
the pgrameters in the test sequenee (RCT in Table A.7), DUT, and measured (instantaneous)
value$ are related according toithe tolerance allowed for SAR, 46t @and Pjipi- In this exgmple,

except for segment D (TDMA);"it is assumed that the device operates at a level of 0,5 dB gbove
the ngminal value, which.is.within the 1,5 dB tolerance (7c) allowed by the SAR;yet @and Pyimit-
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Table A.6 — Power control and operating parameters used in the illustrative example

A.10.

The j
segm
the R

Parameters Power control [dBm] Specified | Nominal | Measured
Tw:wg =100 s: Quasi-static test sequence, segments A and C parameters
TPayg [8] 0,1 Pax 24,0 22,5 23,0
Twyyg (8] 100 Piimit 21,0 19,5 20,0
Tc, k =1 [dB] 1,5 P 18,0 16,5 17,0

Prin 0,00

St PtHee] 12 PR 29:75
SARj it [W7kg] 1,6 (Piimit * P2 19,75
SAR a1 get,norm 0,70 (Peter * Proin)/2 15,06
Tw,yg = 60 s: segment B parameters
TPayg [8] 0,1 Pax 20,5 19,0 19,5
Twyyg [8] 60 Pyt 17,5 16,0 16,5
Tc, k =1 [dB] 1,5 P 14,5 13,0 13,5
SAR, g0t [WIkg] 1,02
SAR it [W/kg] 1,6
SAR, et norm 0,64
TDMA: segment D parameters
TPayg [8] 0,1 max 30,0 28,5 20,1
Twyyg (8] 100 Pyt 31,0 29,5 19,9
Tc, k =1 [dB] 1,5 Pl 28,0 26,5 18,0
SAR et [W/kg] 1,10
SAR it [W/kg] 1,6
SAR, et norm 0,69
Duty factor [%] 8,3

B Correlating measured responses with expected DPC-ETA behaviour

owers<step change conditions for the quasi-static test sequence and the add
bnis\are shown in Table A.7. The power level at each step in the test sequence, sg
CT<t6 the DUT, and the expected time-averaged power of DUT at steady state, ar

tional
ent by
b also

listed. While the instantaneous power requested by the RCT can be as high as P, (inc

uding

tolerance), the time-averaged power calculated from simulated measured instantaneous power
is limited to P);,;; (without tolerance), according to the parameters used for the corresponding

segments in Table A.6. The measured instantaneous power can be highly dependent on the
power control characteristics of the DPC-ETA algorithm implementation; therefore, no specific
or expected values of instantaneous power are shown in Table A.6 and Table A.7. For this
illustrative example, a rather simplistic power control mechanism is applied to generate relevant
(simulated) measurement samples to satisfy the power control and time-averaging conditions.
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The illustrative example consists of 13 999 simulated power measurement samples at 0,1 s
interval. A small amount of random variation has been added to each measurement sample to
simulate typical measurement fluctuations. The power control is allowed to reach steady state
for 20 s or longer before the next power step in the test sequence or segment is initiated. The
conditions of the parameters, along with the measured and calculated values, for the first and
last occurrences over the duration of each step in the test sequence or segments, are shown
in Table A.8. While the measured instantaneous power can exceed Pj;y,;;, the maximum time-
averaged power is limited to the Pjn;; ,, @and remains within the tolerance range allowed by
SAR5rget @Nd Pjimj¢ regardless of power requested by the RCT or test sequence. The time
needed for each power request in the test sequence to reach steady state is dependent on the
simplistic algorithm used in the example. The settling time also depends on the initial and final
powelf Tevels, where larger power diiferences can take longer o reach steady staig. The

pieceyise simplistic power control simulated in this example is unimportant provided the*power
levels| required by the power control parameters are satisfied.

The rpquested (RCT) and measured power (instantaneous), along with thegalculated|time-
averaped power (DUT), are shown in Figure A.1. The normalized resulisy with respgct to
SARya)get,norm @nd the tolerance range, are shown in Figure A.3, and the'non-scaled vergion is
shown in Figure A.2, where additional details are revealed because of the normalization
proceps on a linearly scaled plot. The changes introduced by the different P;,,;; of the segiments

have pbecome more obvious. The lagging of time-averaged and_instantaneous power que to
powel samples in the previous segment included in the currenttime windows, and its impact on
time-gveraged power, can also be observed. When transitioning from a higher| Pt
configuration to a lower Pj;,;; configuration, dependingfeon the algorithms and time windows

used,|the previous samples before the transition ecan/have noticeable influences afteér the
transifion. The highest ratio of the measured power (see R, in 6.10) normalized Ry the

corregponding Pjiy,;; in each segment, before and after being scaled by S4R4get norm- are ghown
in Table A.9, along with the tolerance range~allowed by the assumed 1,5 dB tolerancg (7c¢)
appligd to the SAR,.4et @and Pjjy;t- The tolerance range shown by the dotted and dash lipes in
Figure A.2 and Figure A.3 are different. Fhis is because when time-averaged power is gcaled
by SARtarget,norm: the tolerance range isialso scaled by S4Rget norm- The TDMA duty fagtor in

segment D resulted in a different tolerance range than the other segments, for both non-4caled
and sg¢aled results in Figure A.2 and Figure A.3. The equivalence of the normalization schemes,
with and without SAR5 46t norfn SCaling, can be observed in Figure A.2 and Figure A.3, which is

illustrated separately in Figure A.4.

Each power change step in the quasi-static test sequence and the additional segments dan be
identified by the power request changes from the RCT, according to the blue line |n the
Figure A.1, Figure'A.2, and Figure A.3. The measured instantaneous power and calculated
time-gveraged power for the corresponding Twayg are shown, respectively, by the orange and

red curves.“The 10 steps in the quasi-static test sequence are followed by the four add|tional
segments:(A) 20 s discontinuous transmission, (B) transition from 100 s Twayg to 60 s Wavg:
(C) transition from 60 s Tu g hack to 100 s devg and (D) a GSM/TDMA segment with A limit =
Pmax but less than the allowed 1,5 dB tolerance for Tw,,, = 100 s. Except for step 6 (transition

point) in the quasi-static sequence, and the fixed duration discontinuous Tx segment, each
power step change or segment is allowed to reach steady state and remains in that condition
for at least 20 s before the next transition is initiated.
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In transitioning from the quasi-static sequence to segment A (33 s of discontinuous Tx at
-30 dBm), due to the much higher power applied before the transition, the reduction in time-
averaged power over segment A is relatively small. When transitioning from segment A to
segment B (Twavg = 60 s), the higher power from the quasi-static sequence continues to

influence the first 270 time-averaged samples in segment B (600 samples minus 330 samples
from segment A). The first 1 000 time-averaged samples in segment C, with Twayg = 100 s, are

influenced by the last 999 samples in segment B. For segment D, as indicated in Table A.6,
Piimit > Pmax but within the 1,5 dB tolerance range (7¢). The second tolerance condition in 6.10

requires a reduced upper tolerance range to be applied. Under this condition, P,;; cannot be
measured, and is limited by the P ,, ,; therefore, the algorithm can become active when Py; ;¢
beco i ' ' ' 2 and

Figurg A.3 for segment D are lower because Pjj,it > Pmax, Which are distinguished from| other
condifions where Pj;,it < Pmay- |n addition, single slot GSM/TDMA is assumed for.segment D,
wherqg slot-burst power (with tolerance) is sent from the RCT, and frame-avenaged poyer is
measpred (simulated) by the power measurement equipment. Because of the simplistic
algorithm used in this simulated example and the noticeable small difference between Pj;.1;; and
Ppax |it has taken 30 s for segment D to reach steady state (see normalized curves).
Table A.7 — Power request of test sequence from RCT (specified)
and expected steady-state power of DUT (measured)
Steps Power [dBm] RCT DUT

1 Prin 0,00 0,00

2 Prrax Plimit) 24,00 20,00

3 (Pimit * P2 19,75 19,75

4 (Prax * Piimi)2 22,75 20,00

5 (P ot F, P min )12 15,06 15,06

6 Pmax; (Plimit * Pctrl)/2 24,00 19,75

7 Prin 0,00 0,00

8 (Prax * Plimit)2 22,75 20,00

9 (Plimit ¥ Potn)2 19,75 19,75

10 Prax 24,00 20,00

A Discontinuous Tx -30,00 -30,00

B Twa,g = 60's 20,50 16,50

c Tw,, = 100s 24,00 20,00

D TDMA; Tw,_ =100s 30,00 19,90
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Table A.8 - First and last instance of power levels
in each step of test sequence or segments

Test Time RCT Measured M:i?:;fd avz::éged avztg\éged ; Ratio x
s | e | power | powermWl | sy | “hower | “ower | 0| SRy
simulated [mW] [dBm]
0,0 0,00 0,935 -0,290 1,000 0 0,000 0 0,01 0,01
1 20,0 0,00 0,955 -0,201 1,000 3 0,001 5 0,01 0,01
20,1 24,00 199,617 23,002 1,199 0 0,788 0 0,01 0,01
2 +46-6 2466 2667678 23-642 998445 +9:993+ 06 4,70
140,1 19,75 31,594 14,996 99,673 9 19,985 8 1,00 0,70
° 195,4 19,75 31,597 14,996 94,412 3 19,750 3 0,94 0,66
195,5 22,75 199,436 22,998 94,4117 19,750 3 0,94 0,66
! 239,8 22,75 199,523 23,000 99,951 0 19,997 9 1,00 0,70
239,9 15,06 32,086 15,063 99,783 2 19,990)6 1,00 9,70
° 359,8 15,06 31,982 15,049 32,081 1 15,062 5 0,32 0,22
359,9 24,00 199,615 23,002 32,248 6 15,085 1 0,32 9,23
° 388,8 24,00 199,432 22,998 80,650. 1 19,066 1 0,81 0,56
388,9 0,00 1,031 0,133 80,619 2 19,064 4 0,81 0,56
! 508,9 0,00 0,984 -0,069 1,000 7 0,003 3 0,01 0,01
509,0 22,75 199,609 23,002 1,199 3 0,789 1 0,01 0,01
® 579,8 22,75 4,938 6,938 100,905 7 20,039 2 1,01 9,71
579,9 19,75 1,073 0,806 100,905 8 20,039 2 1,01 0,71
° 699,8 19,75 0,920 -0,361 94,573 5 19,757 7 0,95 0,66
699,9 24,00 199,489 22,999 94,772 0 19,766 8 0,95 0,66
10 821,8 24,00 199,481 22,999 100,134 8 20,005 8 1,00 0,70
821,9 -30,00 0,001 -30,387 99,735 4 19,997 2 1,00 9,70
A 851,8 -30,00 0,001 -29,601 55,059 8 17,408 3 0,55 0,39
851,9 20,50 2,170 3,365 55,055 4 17,408 0 1,23 0,79
5 971,8 20,50 2,280 3,597 44,674 2 16,500 6 1,00 0,64
971,9 24,00 199,559 23,001 44,868 8 16,519 4 0,45 9,31
¢ 1091,8 24,00 199,619 23,002 99,067 19,995 9 1,00 0,70
5 1,091,9 30,00 63,155 18,004 99,770 4 19,990 1,00 0,69
13098 3000 63031 17.996 990697 19.9594 099 .68
NOTE Ratio (column 8) is the normalization ratio at the time-step; i.e. time-averaged power divided by P SAR

in column 9 is the SAR

target,norm"

limit*

Measured power in columns 4 and 5 correspond to the DUT power in Table A.7.

norm
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Table A.9 — Highest normalized ratio with respect to SAR, get norm aNd SAR 5 get

Quasi-static and

segment A Segment B Segment C Segment D
Highest calculated
: 1,01 1,23 1,01 1,08
ratio R
Normalization
references SAR SARnorm SAR SARnorm SAR SARnorm SAR SARnorm
(SAR or
SAR target 1,12 0,70 1,02 0,64 1,12 0,70 1,10 0,69
target,norm)
(AR, get OF
dARtarget’norm) 1,58 0,99 1,44 0,90 1,58 0,99 1,23 0|77
x (1,0 + Tc)
R_| x (SAR or
m (4R target 1,13 0,71 1,25 0,79 1,13 0,71 1419 0|74
‘“ARtarget,norm)
(SARtarget or
JARtarget,norm) 0,79 0,50 0,72 0,45 0,79 0,50 0,78 049
x (1,0 = T¢)
NOTH SA4R columns correspond to SAR columns normalized to SAR limit, Numbers in table represent gither

norm

Te or R . multiplied by the scaled or non-scaled normalization ratio.
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Annex B
(informative)

Power measurement test setup considerations

B.1 General measurement considerations

The test equipment, including cables and passive components, used for DPC-ETA algorithm
validation with power measurements is expected to vary with wireless configurations and test
conditions. When multiple RATs or frequency bands are involved in the validation. for example
handqvers, simultaneous transmission or 5G NR NSA, separate RF ports or, as negegsary,
RCTs|can be needed. When all the RATs in a test sequence are not supported by the(RCT,
multigle RCTs would become necessary, which can introduce equipment (Goordipation
difficdlties in the measurement automation. Depending on the test equipment needed to support
simulfaneous transmission, multi-band signals in the same RAT, such as intef-band CA, can
use sjngle or multiple RF ports on the RCT. For different RATs, multiple IRF ports can be
necegsary for the RCT to support simultaneous transmission. Thg'’power is medsured
independently and normalized to the corresponding Pyt m Of the, Wireless modes |n the

simulfaneous transmitting RATs or frequency bands. The normalized ratio (R) for|each
transritting RAT is calculated independently from the ratio(of corresponding measured
time-gveraged power and corresponding Pjinit - The highest @ggregate of normalized ratios of

active transmitters (max(R4 + R, + ...) of each configuratiop,in the simultaneous transmjssion
combination are confirmed to satisfy the tolerance allowed by the corresponding SAR;44t and
Pjimit-| When the same antenna is used for the RATs or frequency bands on the |[DUT,

splittdrs/combiners, and band pass filters are necessary to separate the multi-band uplink and
downlink signals to enable independent uplink power measurement and routing of doynlink
signals from the RF ports on the RCT to the antenna port on the DUT.

In thg simplest configuration, a directianal coupler or splitter/combiner is typically uded to
enable coupling of the uplink signal for-power measurement. Depending on the downlink gignal
level,| if the uplink-downlink crdss-coupling isolation of the directional coupler or
splittdr/combiner is insufficient, alband pass filter can be used at the coupling port to provide
additipnal isolation for FDD configurations. TDD configurations can use higher quality couplers,
splittdr/combiner, or separate_RF ports at the RCT, along with a circulator to decouple pplink
and downlink signals to minimize cross-coupling (see associated figures in Clause B.8 for
example connections),

Based on the antenna and RF port configurations on the DUT and RCT or RCTs, placement of
direct|onal couplers, combiner/splitter, and filters or circulator are adjusted according {o the
powell measurement configurations. All attenuations, and cable and path losses, are cofrectly
accouEted for at the measurement frequencies, according to calibrated or properly assgssed

values for the components. To ensure the correct signal levels specified by the test sequgnces
or wirkless Inmmr‘nl are transmitted and received at both the DUT and RCT the attenuhtions
along each signal path are properly compensated for at the corresponding RF ports on the RCT.
Depending on the types of splitter/combiner used, the path attenuations through the ports, and
transmissions in opposite directions, can be influenced by the signal types and imbalance or
mismatch, etc.; therefore, each port is characterized separately in the actual test setup
configurations, to ensure the correct path loss is used. Therefore, each test setup is
independently verified along all connection paths before algorithm validation measurements are
performed. Depending on the test sequences and types of transitions used for validation, the
power recording process in the measurement automation is also verified, to avoid unexpected
issues.
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B.2 Single technology test setup

To validate an individual technology, i.e. configurations within a specific RAT such as UMTS or
LTE, only one RF port or channel is generally used to connect the DUT to the RCT. This is the
simplest and most fundamental test configuration that uses a directional coupler or
splitter/combiner for uplink power measurement. The downlink signal level can generally be
kept to a sufficiently low, but satisfactory, level to minimize cross-coupling of downlink signal in
the uplink power measurement. If additional isolation becomes necessary, separate RF ports
can be used on the RCT. The downlink is connected to a circulator, and the uplink signal from
the DUT is connected through the circulator to a directional coupler for power measurement;
see Figure B.2.

The game measurement setup for conducted and radiated power measurementcwith test
sequgnces are used to measure P);,;; for normalization of power measured in the test seqpence

(see A.2.9). The power sensor of the meter can be connected directly to the antenna pprt on
the DUT, without a directional coupler, to confirm component attenuation and_dther path Igsses.
Most DUTs possibly need to operate in specific DPC-ETA configurations for\P)i4,; measurgment.

In otHer situations, factory test mode or equivalent conditions with DPC*ETA suspended or
disabled can be necessary for the device to transmit at a fixed powen level for P, .. and Pt

measyirements. For the power measurements, when the power levelNis set manually, inst¢ad of
retrieyed automatically by the device, additional considerations can be necessary to ensufe the
corregt levels actually used by the device are measured, to avoid normalization errors.

For uplink inter-band carrier aggregation or handover between frequency bands within the|same
RAT, the component carriers, or signals from different frequency bands, can be transpitted
through one or more antennas on a DUT. Test ‘configurations with different DPG-ETA
parameters (Pyax, Plimitr TWavg: S4Rtarget: ©1C.) ate generally used for algorithm validatiop. For

test configurations with the same DPC-ETA parameters, transmitting through the same anfenna,
the aggregate power for both frequency bands can be measured using appropriate power meter
or spgctrum analyser settings. When diffefent DPC-ETA parameters are used for the wifeless
confiqurations, additional directional couplers, splitters/combiners, and band pass filtefs are
necegsary at the DUT antenna pert, to support separate power recording and ¢gnable
subsdquent processing according to the respective DPC-ETA parameters. When separate
antenha ports are used on the DUT, the signal paths are each configured independently for
uplin power measurement (see'Figure B.3).

B.3 | Multiple or mixed technology test setup

When|transitionigg-across RATs during handover, multiple RF ports can be used on the RCT to
suppdrt the wireless technologies. The transition from one wireless configuration to another is
usually a sequential process, where one service or connection is terminated before the device
is recpnnécted to the next service or RAT. The use of separate RCTs for different RATs dan be

difficultstor coordinate in the measurement automation; therefore, this is not desired. The
differh%wmwmmﬁﬁemmmmh?%ﬁth the

same or different DPC-ETA control parameters. Other than the possibility of using separate RF
ports (or multiple RCTs) for the RATs or frequency bands, the configurations described in
Clause B.2 for handover can be applied. As appropriate, splitter/combiner and band pass filters
can be used to support uplink power measurement for DUTs with the RATs or frequency bands
transmitted on the same antenna.
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B.4 Simultaneous transmission

Simultaneous transmission can involve the same or different RATs; for example, inter-band CA,
or 5G NR NSA in EN-DC mode. The signals are expected to be in different frequency bands.
Simultaneous transmission in the same frequency band for multiple RATs is less likely and is
not considered. Intra-band CA are transparent to DPC-ETA; thus, separate algorithm validation
is not necessary.

Power is measured separately for each transmission in a simultaneous transmission
combination. When individual transmissions are added to or removed from the combination, the
independently measured power is normalized to the corresponding Pyt , Of the individual

trans'E[\ission to verify power control continuity. For segments of the test (see A.7.4) wherf only

one tansmitter is active, the highest normalized ratio (R,,,4) of transmitting RAT is.confirmed
to remain within the tolerance allowed by the S4R;.4et and Pjy,j. For each segment of the test

sequgnce (see A.7.4) where multiple transmitters are active, the highest ‘aggregate of
normglized ratios of active transmitters (TER = max(R4 + R, + ... R;) out ofthe duration jof the

segment with k transmitters) is confirmed to remain within the tolerance altowed by the S4]
and P|

Qtarget

imit-

The procedures and measurement setup described in Clauses B.2 and B.3, for power
measyirement in single and multiple technology configurations;<{can be adapted accordingly to
determine the proper test setup requirements for simultaneous transmission. Addjtional
considlerations can be necessary to ensure the RCT(s) and power meters are prpperly
coord|nated in the measurement automation. The {measurement system possibly heeds
separpte verification to ensure certain variations of a tést setup used for specific test conditions
have | been correctly configured, according ,tex‘regulatory policies for the valigation
measyrements.

B.5 | Automation considerations

While| the measurement process méeds automation to precisely record time-aligned power
measyirements and RCT power reguests, partial automation in a user-assisted manner gan be
desirgd or necessary for certain-transitional test configurations. Full automation can be| quite
complex when all wireless modes and RATs are considered. For example, transitions, hanldover,
or simultaneous transmission across multiple RATs can need separate RF ports (or RCT$) and
differgnt combinationsof‘passive components that can need independent compensation.|Even
i F port
ation.
Howeyper, automation generally provides increased measurement consistency with refuced

latest generatlon test equment espeC|aIIy from the same vendor The commands enable
remote programming of specific classes or categories of equipment operating over either GPIB
or RJ-45 types of interfaces. In most cases, only minor programming changes can be needed
to support similar equipment used in different test setups.

There are also commercially available control and automation software packages that enable
users to generate control programs with a drag-and-drop modular graphical interface. The
burden of low-level programming is avoided, and users are typically not expected to have
detailed understanding of the underlying programming and control process to interface with the
controller. In addition, these software application packages are generally available with support
for real-time display of measurement results and certain complex post-processing tools. There
is also the consideration for SAR system vendors to implement automated DPC-ETA power
measurement for algorithm validation.
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B.6 Equipment settings and calibration considerations

The power measurement equipment is confirmed to have valid calibrations at the operating
frequencies of the wireless modes. The attenuations and insertion losses of passive
accessories and components are measured and confirmed either regularly or before the
measurement. For radiated power measurements, the path loss inside the anechoic chamber
also needs consideration to ensure the proper power levels in the test sequence are applied by
the RCT and DUT. Since measured responses with varying power level and with constant power
at P, have the same path loss, the losses are expected to cancel out in the normalization.

However, if significant, power dependent tolerances of the power measurement equipment can
need consideration to minimize the impact of P,;;. Regulatory policies are applied to identify
and list all equipment and components used, in test setup block diagrams, and test setup ghotos
to illugtrate the equipment and measurement configurations.

Powel meters are typically used for DPC-ETA algorithm validation. Howewver, spegctrum
analysers can be considered to achieve equivalent results. When the measured poyer is
normglized to Pyt m, according to A.2.9, if the power meter switches range|orresolution during

the measurement, any offsets in measured values for the range of méasurement resolfitions
are noted and compensated, to ensure the normalized results are, €onsistent with megsured
respopses. These types of range/resolution offsets can be associated with the digitization
proceps of the meter or calibration of the power sensors. It would be desirable to d|sable
resoldtion or range switching in the power measurement equipment by selecting a fixed and
optimjzed range for the intended measurements. Even within.a fixed measurement rangg, the
powel dependent tolerances of the equipment are not expected to fully cancel out |n the
normalization process and, if significant, can need<consideration. The cable losse$ and
accesfsory attenuations such as directional couplers, eombiners/splitters, filters, or attenuators,
etc., ¢an be included in the power meter offset compensation, to avoid further adjustmelnts to
the rgcorded results. It is also important to ensure that the measured power levels, before
compensating for attenuations and insertionor’path losses, are sufficiently above the [noise
level,[to ensure results can be compensated with the desired accuracy and precisign. As
appropriate, power measurement tolerances are considered according to regulatory poligies.

B.7 | Measurement system verification

A sysfem check or validation is‘performed, according to procedures that are equivalent to|those
described in Annex C, before the system and corresponding automation are deployed for
algorithm validation measurements. The results are used to confirm that the system is
applidable for the inténded algorithm validation measurement configurations, and also satisfies
any rggulatory palicies for demonstrating the measurement system can be used to validatte the
intended DPC-ETA implementation. The procedures used to process measurement results, to
show |the megasured instantaneous power is time-aligned and consistent with the power
requepted, by-the RCT for calculating time-averaged power, according to Twayg, are confirmed
for all features and test parameters supported by the measurement system. Besides pdriodic
syste
made to the measurement system automation, or test protocol
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B.8 Conducted power measurement setup options

Depending on the test configurations and RCT or RCTs used, and the number of RATs

or RF

ports needed by the wireless test configurations for the intended algorithm validation

measurements (single technology, call drop, handover, or simultaneous transmission, etc

.), the

passive components used in the power measurement configurations can vary. Directional

couplers, attenuators, combiners/splitters, band pass filters or circulators can be used

along

different uplink paths or downlink paths, or both, which can be associated with a single or
multiple RF ports on the RCT or RCTs or DUT antenna port or ports. Whether FDD or TDD

configurations are tested can require adjustments to the connected components. If uplin
downlink cross-coupling isolation is an issue, separate RF ports on the RCT with a circ
can he—used—i—orde o—meastfre—a re—rate—o Pavg C PHVHAT—C
transrpission ratios, the power meter or spectrum analyser is configured to acquire
averaped power. The attenuations introduced by passive components to support.the
measyirement can reduce the signal level to an undesirable level then noise can beco
issue] Uplink and downlink path losses are both compensated for at the RF ports on the
or RCITs to ensure the desired and intended power levels are transmitted and received
RCT and DUT.

Examples of typical RCT configurations and associated passive components are illustr
the following figures. A combination of scenarios for applying passive components to s
the pqwer measurement setup are also illustrated, for both single ahd multiple RAT conne
with single or multiple RCT RF ports or DUT antenna ports, or both.

In Figure B.1, RCT and power meter are connected te a*PC with GPIB or RJ-45 for pr
contrgl. The DUT can be under PC control through aUSB connection, to enable/disable
ETA or test mode operations. As appropriate, a splitter/combiner can be used to conne
DUT with the RCT and power sensor, in place of the directional coupler. Figure B.2 is des
in Clause B.2.

In Figure B.3, alternative connections with' multiple RAT or frequency band signals usin
same|RF port on the RCT or antenna port of the DUT are illustrated in separate subfigur

k and
ulator

pL:UL

ted in

pport
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IEC

Figuyre B.1 — Typical single RAT power measurement congﬁfation with optional hand
pass filter for directional coupler cross-co\ ing isolation

T
Power sensor

Directional coupler

IEC

Figure B.2 — Typical single RAT power measurement configuration
with separate RF ports on the RCT for uplink-downlink isolation to reduce
directional coupler cross-coupling
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Directional coupler

Power sensor

Test
device

Directional coupler
Directional coupler

> . . .
> ‘ Single or split connection ‘

Figure B.3 — Typical multiple RAT or frequency band power measurement
configuration with separate RF ports on the RCT and antenna ports
on DUT for independent power measurements
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Radiated power measurement setup options

General

2024

Conducted power is measured at the antenna port or ports (50 Q configurations) of the DUT.
Radiated power is measured in an anechoic chamber with the DUT operating standalone using
the built-in antenna or antennas. Instead of connecting directly to the antenna port or ports on
the DUT, the RF port or ports on the RCT or RCTs are connected to an appropriate antenna or
antennas to communicate directly with the DUT.

Radiated power is measured in a miniature (or larger) anechoic chamber to exclude external

influe
powe

DUT antenna and the RCT or measurement antenna.

When
possi
Figur

ces. I'ne safme or similtar Tmeasurement setup are used 10r poln conducteda 4dnd la
measurements by including the path loss inside the anechoic chamber, i.e. betwés

multiple RATs or frequency bands are considered, e.g. 5G NR EN4DC, it woy
le to measure radiated power for NR and conducted power for LTE, as illustra
B.4.

liated
en the

Id be
ted in

Connections to primary antenna port on test device and power meter in conducted power measurment
setup are required with the RCT and measurement antennas inside the anechoic chamber for radiated
power measurement

Miniature

anechoic
chamber

Power measurement
setup configuration

according to Figure B.1,
B.2, B.3 or equivalent

Secondary antenna port
on test device is used for

optional conducted power OptionarusB
measurement of connection to PC
additional RAT/technology

Test device

IEC

Figure B.4 — Typical radiated power measurement configuration for RAT with optional

conducted power connection for a second or additional RAT
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B.9.2 Anechoic chamber considerations

The commercially available miniature anechoic chamber typically used for 5G NR OTA tests
with the CATR method is used for DPC-ETA algorithm validation of small devices (smart
phones). Since the specific 3GPP OTA measurement characteristics of 5G NR for FR2 are not
relevant for the validation measurements in this document, only the shielding and operating
characteristics for the intended radiated measurement setup are considered. When necessary,
a larger or full-size anechoic chamber can be considered for tablets and laptop computers.
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Annex C
(informative)

Measurement system verification and tolerance considerations

General

The measurement system is verified before deployment to ensure it is suitable for capturing the
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C.3 Power measurement normalization tolerance

When the measured power is normalized to the Pjji; n,, confirmation of power measurement
linearity at Tpavg is necessary. Power is measured in a selected wireless mode for each RAT
and frequency band used for algorithm validation, at P .., Pjjmit and Py, to ensure both the

test equipment and DUT are operating as expected. Power is measured continuously at each
of these power levels, at < Tp,,q, for at least 30 s to ensure the measured values are correct

and stable. The measured values of P .., Pyt @nd Py, cannot exceed the specified values.
To estimate the range of power dependent tolerances, the following can be considered. P;,;; is
measured immediately before P, ,, and P, are each measured, with all Pj;,;i ,, values within
0,2 dB of the averaged value. The average of the Pjji; , is used to compute ratios of A1, and
Puiri o Pjimit- The ratios can be compared to ratios calculated from the specified values,

i.e. mpasured ratios scale proportionally with specified ratios. The difference .betwegn the
measyired and specified ratios cannot be higher than the power dependent tolerances pf the
devicg and measurement equipment, in accordance with regulatory guidance,

The power independent tolerances of the DPC-ETA parameters (P, Plimitr Potr) and

assocjated offsets between measured and specified values are expécted to be synchrgnized
(systgmatic) and have minimal contribution to the normalized ratios. When Pj;,;; is megsured

accorgling to A.2.9, the deviations between the measured and‘specified ratios are expecfed to
be magstly due to the power dependent tolerances associated with calibration linearity of DUT
outpuf power and measurement equipment. The test can be performed before the valiflation
measyirements of a DUT according to regulatory policies

When| the same power measurement setup is used for both conducted and radiated power
measyirements, except for a difference in power level (range), the same normaligzation
proceflure is applied. Unless it is needed\-according to regulatory policies, add|tional
confirmation in the radiated configuration is\not necessary.
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