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ISED TAS validation — Part 2:

Tests under dynamic transmit power scenarios

The following samples were submitted and identified on behalf of the client as:

Equipment Under Test SAMSUNG Mobile Phone
Brand Name Galaxy A Series

Model No. SM-A156W

Applicant SAMSUNG Electronics Co., Ltd.

129, Samsung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do,
16677, Rep. of Korea

ISED ID 649E-SMA156W

Date of Receipt Oct. 05, 2023

Date of Test(s) Oct. 30, 2023 ~ Oct. 31, 2023

Date of Issue Nov. 21, 2023

In the configuration tested, the EUT complied with the standards specified above.
Remarks:

This report details the results of the testing carried out on one sample, the results contained in this test
report do not relate to other samples of the same product. The manufacturer should ensure that all products in
series production are in conformity with the product sample detailed in this report.

This report may only be reproduced and distributed in full. If the product in this report is used in any
configuration other than that detailed in the report, the manufacturer must ensure the new system complies
with all relevant standards. Any mention of SGS Taiwan Ltd. Central RF Lab or testing done by SGS Taiwan
Ltd. Central RF Lab in connection with distribution or use of the product described in this report must be
approved by SGS Taiwan Ltd. Central RF Lab in writing.

Signed on behalf of SGS
Clerk / Cindy Chou PM / Kiki Lin Approved By / John Yeh

Lk 10

Date: Nov. 21, 2023
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1.General Information

1.1 Testing Laboratory

Laboratory Test Site Address Test Site Name ISEDn%ﬁEer:atlon IC CAB identifier
1F, No. 8, Alley 15, Lane 120, SAR 2
Sec. 1, NeiHu Road, Neihu
District, Taipei City, 11493, SAR 6 TW0029
Taiwan.
SGS Taiwan Ltd. | No. 2, Keji 1st Rd., Guishan SAR 1
Central RF Lab. | Township, Taoyuan County, TW0028 TW3702
(TAF code 3702) 33383, Taiwan SAR 4
No.134, Wu Kung Road, New SAR 3
Taipei Industrial Park, Wuku
District, New Taipei City, SAR 7 TWo027
Taiwan
Note: Test site name is remarked on the equipment list in each section of this report as an
indication where measurements occurred in specific test site and address.

1.2 Details of Applicant

129, Samsung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do,

Company Address
16677, Rep. of Korea
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2. Overview

ISED regulation allows time-averaged RF exposure to demonstrate compliance to safety limits.
Because RF exposure is correlated to transmission power (TX power), the TX power can be
controlled to meet ISED RF exposure limits defined as the specific absorption rate (SAR) limit
for transmit frequencies < 6GHz and power density (APD) limit for transmit frequencies > 6 GHz.
For SAR limit, the proposed Time-Averaged Specific Absorption Rate (TA-SAR) algorithm
manages TX power to ensure that at all times the time-averaged RF exposure is compliant with
the ISED regulation. For PD limit, the proposed algorithm controls TX power to ensure that at all
times the time-averaged RF exposure is compliant with the ISED APD requirement. In the ISED
regulation, the averaging time window is 60 seconds for 2.4G/5G/6GHz transmit frequencies.

The measurement results are also provided to show that the requirements defined by ISED can
be all met.
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3. Wi-Fi TA-SAR Algorithm Concept

Mediatek developed the TA-SAR algorithms to control instantaneous TX power for transmit
frequencies less and larger than 6GHz respectively, so that the total time-averaged RF
exposures are less than ISED requirement.

3.1 Algorithm Description

The proposed algorithms use TX power control to accomplish RF exposure compliance
for Wi-Fi system. The basic concept is, if time-averaged TX power approaches a
predefined TX power limit which is mapped from SAR or PD limit, the instantaneous TX
power will be constrained to ensure that the time-averaged TX power is less than the
predefined TX limit at all times. The parameters of the Wi-Fi TA-SAR algorithm are listed
in Table 2-1.

e Atany time period, TA-SAR algorithm satisfies the following equation:

1

TSAR
t—TsaAr

inst_TX_power(t)dt < Psag jimit

where inst_TX_power(t) denotes the instantaneous TX power at time t and Tsar is the time
averaging window defined by ISED for assessing time-averaged SAR. Psar.imit is the
predefined TX power limit which is mapped from SAR exposure limit.

The normalized TA-SAR of each 2.4GHz, 5GHz band is calculated by the following equation,

1
SARn,a.vg _ m ft_TSARn SARTI.(T) dT

I

SARy normatizea — = —
nnormalized SARn,h’.mit SAR_REG_Zlmltn

where SARnumit is the SAR regulatory limit SAR_REG_limit» that is applicable to the n-th
transmitter/test frequency.

In particular, for Wi-Fi SAR,
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t 1 t
f SAR(7)dr = 134r " sar

t-Tsar

inst_SAR_TX _power(t)dt

X WF_SAR_design_limit

Tsar Py _sar_imic

where inst_ SAR_TX power(t) denote the instantaneous TX power at time 7 for SAR. Tsar is
the time averaging window defined by ISED for assessing time-averaged SAR. The meanings
of Pwr_sar_iimit, WF_SAR_design_limit, and SAR_REG_limit are described in Table 3-1.

3.2 Operating Parameters for Algorithm Validation

Table 3-1 Wi-Fi TA-SAR algorithm parameters

The time-averaged maximum power level limit
corresponding to WF_SAR_design_limit.
* For ISED, SAR_REG_limit: 1.6 W/kg (1g-SAR), 4 W/kg

P_WF_SAR_limit (100-SAR).

(Pwr_sa_timit) *  WF_SAR_design_limitis SAR_REG_limit with
device total uncertainty for more conservative
assessment.

« P_WF_SAR_limit has the unique value for
each Wi-Fi band/antenna/exposure condition
index.

Wi-Fi TA-SAR maximum instantaneous TX power limit,

I which is less than or equal to maximum TX power

P(},N F—SAR—MAXY“m't P_WF_SAR_MAX that can be possibly transmitted in Wi-Fi.
WF_SAR MAX limit The power limit is dynamically adjusted based on Wi-Fi

TA-SAR algorithm.
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4.0verview of Wi-Fi TA-SAR Test Proposal

For the completeness of verifying that the proposed TA-SAR algorithm can realize ISED
compliance regarding RF exposure, several test scenarios are constructed as below:

Note

Scenario 1: Test TX mode change between normal mode and sleep mode to
verify algorithm and SAR compliance.

Scenario 2: Test band handover to ensure algorithm control continuity and correctness.
Scenario 3: Test different transmission antennas to ensure algorithm control
works correctly during antenna switch from one antenna to another.

Scenario 4: Test different ECI (Exposure Condition Index) to ensure algorithm
control behaves as expected during ECI switch from one ECI to another. (ex.,
head— body-worn)

Scenario 5: Test TER under 2.4GHz band and 6GHz band simultaneous
transmission. The proposed algorithm can ensure TA-SAR control correctness
and prove the normalized total RF exposure is less than or equal to 1 (ISED
requirement).

The device has one WLAN TX antenna only, and doesn’t support DBDC, Wi-Fi
6GHz band, so only 1, 4 is required for testing.
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5. Wi-Fi TA-SAR Test Scenarios and Test Procedures

In order to demonstrate that Wi-Fi TA-SAR algorithm performs as expected under various
operating scenarios, Table 5-1 lists the test scenarios and test sequences to validate
TA-SAR algorithm.

Table 5-1 Test scenario and test sequence list for Wi-Fi TA-SAR validation

Test
scenario

Description

Test reduction

TX mode change between
normal mode and sleep mode

Test normal mode and
sleep mode switch

Band handover

Test 2.4GHz/5GHz band
change

DBDC is not supported for
MT6835 module.

Antenna switching

Change antenna index

Device only has single
antenna.

ECI (Exposure Condition
Index) change

Test under ECI transition

Simultaneous SAR

TER of 2.4GHz TA-SAR and
6GHz TA-SAR

DBDC is not supported for
MT6835 module.

band, so only 1, 4 is required for testing.
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5.1 Test Sequences for All Scenarios

The test sequence is predefined for TA-SAR:
e Test sequence: Wi-Fi is requested to transmit static and maximum power with high
duty.
The test sequence is illustrated in Figure 5-1. The waveform of the test sequence is listed in

Table 5-2.

Figure 5-1 Test sequence

Table 5-2 Test sequence
Duration

(s)
600 600 23

Wi-Fi TX maximum power
(P_WF_SAR_MAX)
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5.2 Test Configuration and Procedure for Scenario 1: TX Mode Change between Normal
Mode and Sleep Mode via Conducted Power Measurements

5.2.1 Configuration

The scenario tests Wi-Fi TX mode switching from normal throughput mode to sleep mode.
Since Mediatek’s TA-SAR feature operation is independent of bands and channels, selecting
one band is sufficient to validate this feature. The criteria for band selection are based on the
P_WF_SAR limit values (corresponding to WF_SAR_design_limit) and are described as
below:

e Select one band/channel with least P_WF_SAR_limit among all supported bands and the

P_WF_SAR_limit value is below P_WF_SAR_MAX.

o Only one band/channel needs to be tested if all the bands have the same
P_WF_SAR_limit.

o Only one band/channel needs to be tested if only one band has P_WF_SAR_limit
below P_WF_SAR_MAX.

o Ifthe same least P_WF_SAR _limit applies to multiple bands, select the band with the
highest measured 1gSAR at P_WF_SAR_limit.

o If P_WF_SAR_limit values of all bands are over P_WF_SAR_MAX, there is
no need to test these bands.
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5.2.2 Procedure

TX power is measured, recorded, and processed by the following steps:
e Steps 1~4: Measure and record TX power versus time for test scenario 1.

Step 1: Start Pwr_sar_umit calibration mode and measure Pwr sar umit for the selected
band.

Step 2: Establish radio link with AP in the selected band and enable TA-SAR.

Step 3: Configure pre-defined TX power sequence to DUT and measure TX power
versustime.

Step 4: Wi-Fi TX switches modes.

Initial Wi-Fi normal mode: Configure pre-defined TX power sequence to
DUT for selected band and then DUT transmits packets after 400s.

Switch to Wi-Fi sleep mode: Wi-Fi switches to sleep mode about 10s and no
packets are transmitted.

Wi-Fi wakes up to normal mode: Wi-Fi wakes up from sleep mode and DUT
re-transmits packets for at least the specified time duration.

Step 5: Convert the measured conducted TX power into SAR. Convert the
measured conducted TX power from Step 4 into 1gSAR or 10gSAR value using
the following equation. Perform the running time average to power and 1gSAR or
10g SAR to determine time-averaged value versus time as follows.
Instantaneous 1gSAR or 10gSAR versus time: SAR(t)

conducted_inst SAR_TX power(t
SAR(r) = -nstSAR TX_power (7)

x WF_SAR_design_limit
Py sar timit

where Pwr _sar_1mit IS measured from step 1 and WF_SAR_design_limit is measured worst
case SAR value at Pwr_sar_timit.

Time average SAR versus time: Time_avg_SAR(t)

Time_avg_SAR(t) =

t

SAR(7)dt
TSAR
{-TsAR

e Step 6: Plot results

A.

Make one power perspective plot containing
1. Instantaneous TX power
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2. Requested power (test sequence)
3. Calculated time-averaged power
4. Calculated time-averaged power limits
B. Make one SAR perspective plot containing
1. Calculated time-averaged 1gSAR or 10gSAR
2. ISED limit of 1.6 W/kg (1gSAR) or 4.0 W/kg (10gSAR)
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5.3 Test Configuration and Procedure for Scenario 2: Band Handover via Conducted
Power Measurements

5.3.1 Configuration

The scenario tests Wi-Fi 2.4GHz and 5GHz band handover and DBDC mode. The test

configuration switches from Wi-Fi 2.4GHz band to Wi-Fi 5GHz band and then switches to

2.4GHz/5GHz DBDC mode.

e For Wi-Fi 2.4GHz band, select the channel with least P_WF_SAR_limit value and below
P_WF_SAR_MAX. If the same least P_WF_SAR_limit applies to multiple bands,
select the channel with the highest measured 1gSAR at P_WF_SAR_limit.

e For Wi-Fi 5GHz band, select the channel with least P_WF_SAR_limit value and
below P_WF_SAR_MAX. If the same least P_WF_SAR_limit applies to multiple
bands, select the channel with the highest measured 1gSAR at P_WF_SAR_limit.

5.3.2 Procedure

TX power is measured, recorded, and processed by the following steps:
e Steps 1~4: Measure and record TX power versus time for test scenario 2.

Step 1: Start Pwr_sar_umit calibration mode and measure Pwr sar_iimit for
both the selected bands/channels. (2.4GHz and 5GHz)
Step 2: Establish radio link with AP in the selected band and enable TA-SAR.

Step 3: Configure pre-defined TX power sequence to DUT and measure TX power
versustime.

Step 4: Wi-Fi TX switches bands.

Initial 2.4GHz band connection: Configure pre-defined TX power sequence

to DUT for 2.4GHz band and then DUT transmits packets for 400s.

Band switch to 5GHz band connection: Wi-Fi switches to the 5GHz band for 400s.
Dual band mode (DBDC) connection: Wi-Fi connects to 2.4GHz and 5GHz
bands simultaneously for 400s.

Step 5: Convert the measured conducted TX power into SAR. Convert the
measured conducted TX power from Step 4 into 1gSAR or 10gSAR value
using the following equation. Perform the running time average to power and
1gSAR or 10g SAR to determine time-averaged value versus time as follows.
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Instantaneous 1gSAR or 10gSAR versus time: SAR_1(t) (band1), SAR_2(t) (band2)

conducted_inst_SAR_TX _power_1(T1) ) o
SAR 1(7) = x WF_SAR_design_limit_1

Pwr sar timic 1

conducted_inst_SAR_TX _power_2(T) ) o
SAR 2(7) = X WF_SAR_design_limit_2

Pwr sar timic 2

where PWF SAR limit_1and PWF _SAR limit 2 are measured from step 1,
WF_SAR_design_limit_ 1 and WF_SAR design_limit_2 are measured worst case SAR

values at PwF SAR limit_1and PWF_SAR limit_2, respectively.
Time average SAR versus time: Time_avg_SAR(t)

t ¢
ft—TSAR SAR_1(t)dt ft—TSAR SAR 2(1)dt

Tenn |WF_SAR_REG limit_1 | WF_SAR_REG limit_2

Time_avg_SAR(t) =

e  Step 6: Plot results

A. Make one power perspective plot containing
1. Instantaneous TX power
2. Requested power
3. Calculated time-averaged power
4. Calculated time-averaged power limits

B. Make one SAR perspective plot containing
1. Calculated time-averaged 1gSAR or 10gSAR
2. ISED limit of 1.6 W/kg (1gSAR) or 4.0 W/kg (10gSAR)
3.  Normalized time-averaged 1gSAR/1.6 or 10gSAR/4.0
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