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1. SUMMARY OF SAR TEST REPORT
1.1 Test Details

Device under Test (DUT):

FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

\\\“\‘"”/”//,

FCC ID Number:

Product: Skycontroller UKR
Manufacturer: PARROT DRONES
Model: MPP U2
Serial Number: P1040507AA4E000059
Hardware Version: HW_04

2AG6IMPPU2

Contains FCC ID: VPYLBAAOQB1S)

ISED ID Number:

21053-MPPU2
Contains IC: 772C-LBAAOQB1S)

DUT Number:

20265

Battery Type used in testing:

Li-lon Battery

State of the Sample:

Production sample

Testing information:

Testing performed:

28.10.2024 - 05.11.2024

Notes:

Document history & changes:

Initial version

Document ID:

FCC ISED_SAR report_Skycontroller UKR_ID6824_07112024.docx

Temperature °C

22+2 / Controlled

Humidity RH%

30+20 / Controlled

Measurement performed by:

llari Kinnunen

Copyright © Verkotan 2024

FCC Test Firm Designation Number: FIO005
ISED Company Number: 22218
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1.2 Maximum Results

The maximum reported* Body-worn SAR values for transmitting systems are shown in a table
below. The device conforms to the requirements of the standards when the maximum reported
SAR value is less than or equal to the limit. The SAR limit specified in FCC 47 CFR part 2 (2.1093)
and Health Canada’s RF exposure guideline, Safety Code 6 for Head/Body SAR1q is 1.6 W/kg.

1.2.1 Standalone SAR

Highest Reported* SAR15[W/kg] in Body-
System Worn Exposure Condition, Result
O0mm separation distance

2.4 GHz Mars 0.003 PASS

LoRa 0.02 PASS

* Reported SAR Values are scaled to upper limit of power tuning tolerance.

1.2.2 Simultaneous Transmission SAR

1.2.2.1 FCC
Highest Simultaneous SAR1g[W/kg] in Body-Worn Exposure Result
u
Transmission SAR Condition
2.4 GHz Mars + LoRa 0.06 PASS
1.2.2.2 ISED
Highest Simultaneous SAR145[W/kg] in Body-Worn Exposure posiie
u
Transmission SAR Condition
2.4 GHz Mars + LoRa 0.57 PASS

1.2.3 Maximum Drift

Maximum Drift During Measurements 1.27dB*

*Larger than 5% drifts included to scaling factors

1.2.4 Measurement Uncertainty

SAR 1g: 0.3 -3 GHz:

Expanded Uncertainty (k=2) 95 % +221%

5(38)
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2. DESCRIPTION OF THE DEVICE UNDER TEST (DUT)

The DUT is a drone controller that supports 2.4 GHz Mars and LoRa wireless technologies. The
DUT supports two antennas for 2.4 GHz Mars, which cannot transmit simultaneously, and one
antenna for LoRa. Antennas are located in the green highlighted area in the picture below.

According to "MPPUA2_Mars & LoRa_Radiation patterns_DRAFT_24042024" the maximum
antenna gain for 2.4 GHz Mars is 8dBi and for Lora 2.5dBi.

Figure 1. Overview of the DUT

Device Category

Portable
Exposure Environment

General population, uncontrolled

6 (38)
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2.1 Supported Frequency Bands and Operational Modes

Modes of Transmitter Frequency
Operation Range [MHz]
TX Frequency bands
LoRa 902.3-914.9
2.4 GHz Mars 2402 — 2472

2.2 Simultaneous transmission

LoRa and 2.4GHz Mars can be operated simultaneously. Following
simultaneous transmission combinations are supported:

LoRa + 2.4GHz Mars antenna 1
LoRa + 2.4GHz Mars antenna 2

2.3 Test Exemptions

i
N2

4

\\\“\
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The bottom side of the DUT is exempt from SAR testing due to 14.5cm separation distance
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2.3.1 FCC

300 MHz - 6 GHz:

FCC SAR test exclusion threshold is calculated according to 447498D04 Interim General RF
Exposure Guidance, equation B.2 and B.1:

ERPyg o (d / 20cm)* d < 20cm

ERPyo cm 20cm < d < 40cm (Equation 1)

Pth (mW) = {
where

- (L)
X = 710810 \ rpyg 7

and frequency f is in GHz, d is the separation distance (cm), and ERP20cm is per Equation (B.1)
below.

(Equation 2)

2040f 03 < f < 1.5GHz

ERP20cm (mW) = { (Equation 3)

3060 1.5GHz < f < 6GHz
.. Frequency .. Separation distance Pw
Transmission mode [GHz] Test Position [em] [mW]
2.4 GHz Mars 2472 Bottom 14.5 1659
LoRa 0.9023 Bottom 14.5 1149

2.3.1.1 Maximum defined Output Power and ERP

According to Appendix A at 447498D04 Interim General RF Exposure Guidance, the equation
(B.2.) defines the thresholds for available maximum time-averaged power or maximum time-
averaged ERP, whichever is greater. Since the ERP is higher than the maximum output power

of the DUT for 2.4GHz Mars and LoRa, it is used for SAR test exclusion. Mars and LoRa use
maximum duty cycles of 11.1% and 56.2% respectively.

Time- Time-
.. Output | Output | Averaged | Averaged |Power Gain ERP ERP
Transmission Output Output P
power power Output Output |of Antenna,
mode . power power [mW]
[dBm] [mW] power Power G [dBi] [dBm] [mW]
[dBm] [mW]
2.4 GHz Mars 25 316 15.5 35 8 21.3 135 1659
LoRa 22 1588 19.5 89 25 19.8 97 1149

Maximum time-averaged ERP of the DUT's 2.4 GHz Mars transmitter is 21.3 dBmi.e. 135
mW and LoRa transmitter is 19.8 dBm i.e. 97 mW.

The maximum ERP for 2.4 GHz Mars and LoRa is below the test exclusion threshold.

Copyright © Verkotan 2024
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SAR test exemption output power limits based on frequency and separation distance are from

RSS-102, Issue 6, 2023:

Table 11: Power limits for exemption from routine SAR evaluation based on the
separation distance

A b
“rol BN

Frequenc | £5mm 10 15 20 25 30 35 40 45 mm | > 50 mm
y (MHz) (mW) mm mm mm mm mm mm mm (mwW) (mW)
(mW) | (mW) | (mW) | (mW) | (mW) | (mW) | (mW)
< 300 45 116 139 163 189 216 246 280 319 362
450 32 71 87 104 124 147 175 208 248 296
835 21 3z 41 54 72 96 129 172 228 298
1900 6 10 18 33 57 92 138 194 257 323
2450 3 7 16 32 56 89 128 170 209 245
3500 2 6 15 29 50 72 94 114 134 158
5800 1 5 13 23 3z 41 54 74 102 128
.. Frequency .. Separation distance P
Transmission mode [GHz] Test Position [em] [mW]
2.4 GHz Mars 2472 Bottom 243
LoRa 0.9023 Bottom 300

2.3.2.1 Maximum defined Output Power and EIRP

According to RSS-102, Issue 6, Table 11 defines the thresholds for available maximum time-
averaged power or maximum time-averaged EIRP, whichever is greater. Since EIRP is higher
than the maximum output power of the DUT for 2.4GHz Mars and LoRa, it is used for SAR
test exclusion. Mars and LoRa use maximum duty cycles of 11.1% and 56.2% respectively.

Time- Time-
_— Output | Output | Averaged | Averaged |Power Gain EIRP EIRP
Transmission Output Output Ptn
power power Output Output [|of Antenna,
mode . power power [mW]
[dBm] [mW] Power Power G [dBi] [dBm] [mW]
[dBm] [mW]
2.4 GHz Mars 25 316.2 15.5 35 8 235 221 243
LoRa 22 158.5 19.5 89 25 22.0 158 300

Maximum time-averaged output power of the DUT's 2.4 GHz transmitter is 23.45 dBm i.e.
221.5 mW and LoRa transmitter is 22.0 dBm i.e. 158.4 mW.

The maximum EIRP for 2.4 GHz Mars and LoRa is below the test exclusion threshold.

Copyright © Verkotan 2024
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3. OUTPUT POWER
3.1 Maximum specified conducted output power

From the customer, including tune-up tolerances;

Technology Max Or:gumt] Power
LoRa 2

Technology Max or;gumt] Power
2.4 GHz Mars 25

3.2 Tested conducted power

Measured conducted output power at transmitting antenna connector;

Frequency Output Power
Technology Antenna [MHz] [dBm]
2.4 GHz Mars 1 2407 24.03
2.4 GHz Mars 1 2437 23.95
2.4 GHz Mars 1 2467 23.95
2.4 GHz Mars 2 2407 244
2.4 GHz Mars 2 2437 24.71
2.4 GHz Mars 2 2467 24.81
Frequency Output Power
Technology [MHz] [dBm]
LoRa 902.4 20.44
LoRa 914.2 20.19
10 (38)
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4. TEST EQUIPMENT

Dasy near field scanning system, manufactured by SPEAG was used for SAR testing. The test
system consists of high precision robotics system (Staubli), robot controller, computer, near-
field probe, probe alignment sensor, and a phantom containing the tissue equivalent material.

The robot is a six-axis industrial robot performing precise movements to position the probe to
the location of maximum electromagnetic field.

Remmote  Signal lamps Shielded Room
Short cut - oA N p
A =] Control ’
B
Teach Pendant f | )
— 0 _ Light Beamn
T
Measurement Server DASY rd
oo el L)) ] P {
B 8] e - - ry ot
{ ogoug ) ot r ‘?r_: I o
0 T e
4 -l prote
[ Robat
Robot Controller s
PC 2 | Trsss svsiating [~ .
C5ar -~ { \ | . .
) || e '
e et |
10 = | —
o | @ E|m.' — | .

Figure 2 Schematic Laboratory Picture

11(38)

Copyright © Verkotan 2024 Document ID: FCC ISED_SAR report_Skycontroller UKR_ID6824_07112024.docx



W
S— N2

Verkotan = FINAS s

T287 (EN ISO/IEC 17025)

4.1 Test Equipment List

Main used test system components are listed below. For full equipment list and calibration
intervals, please contact the testing laboratory.

Test Equipment Model Serial Number Calibration Date Interval
[years]
Amplifier, 800MHz-4200MHz, 10W | 10S1G4A 320421 NA NA
Amplifier, 500-8000MHz ZX60-83LN12+ | NA NA NA
DAE4, converter DAE4 1332 02/2024 1
Directional Power sensor NRT-Z44 107780 02/2024 1
Inline Peak Power Sensor MA24105A 2102058 10/2023 1
Power Sensor NRP8S 1419.0006K02-108508-HC | 09/2023 2
Power Sensor NRP8S 1419.0006K02-108509-Zh 03/2024 2
Isotropic DOS probe EX3DV4 7447 02/2024 1
Network Analyzer E5071B MY42301191 03/2024 1
Power reflection meter NRT 835065/049 02/2024 3
System validation dipole D2450V2 729 07/2022 3
System validation dipole D900V2 059 03/2023 3
Vector Signal Generator MG3710E 6262028676 11/2023 1
Vector Signal Generator MG3710A 6201502519 NA NA

Dipole calibration period supporting data:

Measured on 09/2024 Calibrated
Dipole and Serial Frequency Return Loss Return Loss
Number [MHz] [dB] Impedance [Q] [dB] Impedance [Q]
D900V2-SN:059 900 -23.9 55.4 4.0 -23.57 50.4 6.7
D2450V2-729 2450 -32.1 50.4 -2.5 -30.1 53.1 0.8
12 (38)
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4.1.1 Isotropic E-field Probe Type EX3DV4
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Construction

Symmetrical design with triangular core
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g., DGBE)

Calibration

Calibration certificate in Appendix D

Frequency

4 MHz to 10 GHz (dosimetry)
Linearity: + 0.2 dB (30 MHz to 10 GHz)

Directivity (typical)

+0.1 dB in TSL (rotation around probe axis)
+0.3 dB in TSL (rotation normal to probe axis)

Dynamic Range

10 pyW/g - >100 mW/g
Linearity: £0.2 dB (noise: typically <1 pW/g)

Dimensions

Overall length: 337 mm (tip: 20 mm)
Tip diameter: 2.5 mm (body: 12 mm)
Typical distance from probe tip to dipole centers: T mm

Application

General dosimetry up to 6 GHz
Compliance tests of mobile phones
Fast automatic scanning in arbitrary phantoms

4.2 Phantoms

Modular flat phantom:

The Triple Modular Phantom consists of three identical modules that can be installed and

removed separately without emptying the liquid. It is used for compliance testing of small
wireless devices in body-worn configurations. The phantom conforms to the requirements
of IEC/IEEE 62209-1528 and FCC published RF Exposure KDB Procedures.

4.3 Tissue Simulants

Copyright © Verkotan 2024

Recommended values for the dielectric parameters of the tissue simulants are given in
IEC/IEEE 62209-1528 and FCC published RF Exposure KDB Procedures. The dielectric
parameters of the used tissue simulants were within +10% of the recommended values at
frequencies below 3GHz. A liquid compensation algorithm was used in DASY with which
measured peak average SAR values were corrected for the deviation of used liquid. Depth of
the tissue simulant was at least 15.0 cm from the inner surface of the flat phantom.

Tissue simulant liquid Ingredients

Deionized Water, tween, salt

13 (38)
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4.4 System Validation Status
Frequency Dipole Probe Type Casllil;:‘aatle e DAE Unit / 2:"::;:: Conductivity Date
MHz Type /SN SN SN \ o [S/m
[ 1 ype / / Type €] [S/m]
D900V?2 - EX3DV4 - DAE 4
900 SN: 120 SN: 7447 cw /1332 39.98 0.92 03/24
D2450V2 - EX3DV4 - DAE4/
2450 SN: 729 SN: 7447 cw 1332 36.41 1.67 03/2024
4.5 System Check
. Tissue Input Measured 1w ! W et
Tissue Frequency Target | Normalized | Deviation | Plot
Date Temp. Power SAR1g
Type °C] [MHz] [MW] [W/kg] SAR1g SAR1g [%] #
9| Wkgl | W/kg]
28.10.24 WB Head 22 2450 250 12.2 52.3 48.8 -6.7% 1
30.10.24 WB Head 22 2450 250 12 52.3 48.0 -8.2% 2
31.10.24 WB Head 22 2450 100 5.4 52.3 54.0 3.3% 3
04.11.24 WB Head 22 900 250 2.76 10.54 11.04 47 4
4.6 Tissue Simulant Verification
Measured Target Deviation
Date Tissue Tissue | Frequency Dielectric Conductivity o Dielectric Conductivity € c
Type Temp [MHZz] Constant [g] [S/m] Target Constant [g] | o [S/m] [%] | [%]
[°C] Target
28.10.24 | WB Head | 22 2450 39.2 1.80 41.1 1.89 49 | 5.1
28.10.24 | WB Head | 22 2407 393 1.76 41.2 1.86 49 | 56
28.10.24 | WB Head | 22 2437 39.2 1.79 41.1 1.88 49 |53
28.10.24 | WB Head | 22 2467 39.2 1.82 41.1 1.90 49 | 48
30.10.24 | WB Head | 22 2450 39.2 1.80 40.0 1.88 21 |42
30.10.24 | WB Head | 22 2407 393 1.76 40.1 1.85 21 | 47
30.10.24 | WB Head | 22 2437 39.2 1.79 40.1 1.87 21 | 44
30.10.24 | WB Head | 22 2467 39.2 1.82 40.0 1.89 2.1 3.8
31.10.24 | WB Head | 22 2450 39.2 1.80 40.6 1.88 36 |43
31.10.24 | WB Head | 22 2407 393 1.76 40.7 1.85 36 |49
31.10.24 | WB Head | 22 2437 39.2 1.79 40.6 1.87 36 | 45
31.10.24 | WB Head | 22 2467 39.2 1.82 40.6 1.89 35 [ 39
04.11.24 | WB Head | 22 900 41.5 0.97 437 1.04 53 | 7.2
04.11.24 | WB Head | 22 9024 41.5 0.97 43.7 1.04 5.3 7.2
04.11.24 | WB Head | 22 914.2 41.5 0.98 43.6 1.05 52 | 7.2
14 (38)
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5. TEST PROCEDURE

Testing was carried out in accordance with FCC KDB Publications 447498 D04 Interim General
RF Exposure Guidance v01 and RSS-102, Issue 6.

Test configurations for SAR testing were selected based on conducted power measurements.
Low, mid and high frequency channels for the configuration with the highest SAR value were
tested as per ISED notice 2016-DRS001.

The DUT was set to transmit at maximum power and duty cycle using test software. 2.4 GHz
Mars and LoRa use maximum duty cycles of 11.1% and 56.2% respectively.

Controller joysticks were removed for the SAR testing to enable Omm separation distance to
the SAR phantom.

5.1 Device Holder

The device was placed in the device holder (illustrated below) that is supplied by SPEAG
as an integral part of the Dasy system.

Device holder supplied by SPEAG
5.2 Test Positions
5.2.1 Body-worn exposure condition, Omm separation distance

Body SAR was tested from the front, back, left and right side of the device. The device was
placed in the SPEAG holder/on the top of a Rohacell and lifted towards the phantom until
the distance between the phantom and the device was Omm.

The bottom side of the DUT was exempt from SAR testing due to separation distance of
14.5cm from the antennas.

Photos of the test positions are presented in appendix A.

15 (38)
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5.3 ScanProcedures

First, area scans were used for determination of the field distribution. Next, a zoom scan
was performed around the highest E-field value to determine the averaged SAR value. Drift
was determined by measuring the same point at the start of the area scan and again at the
end of the zoom scan.

5.4 SAR Averaging Methods

The maximum SAR value was averaged over a cube of tissue using interpolation and
extrapolation.

The interpolation, extrapolation and maximum search routines within Dasy are all based
on the modified Quadratic Shepard’s method (Robert J. Renka,” Multivariate Interpolation
of Large Sets of Scattered Data”, University of North Texas ACM Transactions on
Mathematical Software, vol. 14, no. 2, June 1988, pp. 139-148).

The interpolation scheme combines a least-square fitted function method with a
weighted average method. A trivariate 3-D / bivariate 2-D quadratic function is
computed for each measurement point and fitted to neighboring points by a least-
square method. For the zoom scan, inverse distance weighting is incorporated to fit
distant points more accurately. The interpolating function is finally calculated as a
weighted average of the quadratics.

In the zoom scan, the interpolation function is used to extrapolate the Peak SAR from the
deepest measurement points to the inner surface of the phantom.

16 (38)
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6. MEASUREMENT UNCERTAINTY
DASY5 Uncertainty Budget
According to IEC/IEEE 62209-1528
(Frequency band: 300MHz - 3GHz range)

Uncert. | Prob. | Div. | (¢) | (c) | Std.Unc. | Std. Unc.
Symbol Error Description value | Dist. 1g | 10g (1g) {(10g)
Measurement System Errors
CF Probe Calibration +12.0% N V2 1 1 +6.0% +6.0%
CFanift Probe Calibration Drift +1.7% R ¥3 1 1 +1.0% +1.0%
LIN Probe Linearity t4.7% R V3 1 1 T2.7% t2.7%
BBS Broadband Signal +3.0% R V3 1 1 *1.7% +1.7%
150 Probe Isotropy £7.6% R 3 1 1 24.4% +4.4%
DAE Data Acquisition +0.3% M 1 1 1 +0.3% +0.3%
AMB RF Ambient +1.8% M 1 1 i +1.8% +1.8%
Acys Probe Positioning £3.9% M 1 0.14 | 0.14 +0.5% +0.5%
DAT Data Processing £1.2% M 1 1 1 1.2% +1.2%
Phantom and Device Errors
LIQ(o) Conductivity (meas.)P** +2.5% M V1 078 | 071 +2.0% +1.8%
LIC(Ta) Conductivity (termp.)®® +3.3% R v3i | o078 | 0T +1.5% +1.4%
EPS Phantom Permittivity +140% | R 3| o0 0 0% +0%
DIs Distance DUT - T5L +2.0% M 1 2 2 +4.0% +4.0%
Dreyz Device Positioning {+0.5mm) | +1.0% N 1 1 1 +1.0% +1.0%
H Device Holder +3.6% N V1 1 1 +3.6% +3.6%
MOD DUT Modulation™ +2.4% R ¥3 1 1 +1.4% +1.4%
TAS Time-average SAR +2.6% R 3 1 1 +1.5% +1.5%
RFdrife DUT drift +2.5% M 1 1 1 +2.5% +2.5%
VAL Val Antenna Unc.w +0.0% M 1 1 1 0% 0%
RFin Unc. Input Power® +0.0% M 1 1 1 ly 0%
Correction to the SAR results
Cle, 0) Deviation to Target +1.9% N V1 1 0.84 *1.0% +1.6%
CR) SAR scaling? 0% R 3 1 1 0% 0%
U[ASAR) Combined Uncertainty +11.0% +10.9%
u Expanded Uncertainty +22.1% £21.9%
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7. TEST RESULTS

7.1 SAR Results for Body Exposure Condition with Omm separation

Band Frequency| Maximum | Conducted Test position M::s:;ed Power*[::ift Du’tyo Cycle | Scaling R‘;’;\o;: :d Plot #
[MHz] |Power [dBm]|Power [dBm] [W/k] [dB] [%] Factor [W/kg]
2.4 GHz Mars 2407 25 24.03 Front 0.00222 0** 11.1 1.25 0.003 5
2.4 GHz Mars 2407 25 24.03 Back 0* 0** 11.1 1.25 0*
2.4 GHz Mars 2407 25 24.03 Left 0.000904 -0.57 11.1 143 0.001
2.4 GHz Mars 2407 25 24.03 Right 0* 0** 11.1 1.25 0*
2.4 GHz Mars 2437 25 23.95 Front 0* 0** 11.1 1.27 0*
2.4 GHz Mars 2467 25 23.95 Front 0.00115 -0.91 11.1 1.57 0.002
2.4 GHz Mars 2467 25 24.81 Front 0.00105**** -0.04 111 1.04 0.001
2.4 GHz Mars 2467 25 24.81 Back 0* 0** 111 1.04 0*
2.4 GHz Mars 2467 25 24.81 Left 0* 0** 111 1.04 0*
2.4 GHz Mars 2467 25 24.81 Right 0* 0** 111 1.04 0*
2.4 GHz Mars 2407 25 2407 Front 0.00239 0** 11.1 1.00 0.002
2.4 GHz Mars 2437 25 2437 Front 0.000249 0.79 11.1 1.00 0.0002
*Due to low e-field generated by DUT, the measurements are not applicable
**Due to low e-field generated by DUT at the location of drift measurement, the measurements are not applicable
***| arger than 5% drifts included to scaling factors
****Due to the low E-field, only area scan result is available
Band Frequency| Maximum | Conducted Test position M;Zs::d Power*IZ:ift Duty Cycle Scaling Res:ol:: :d Plot #
[MHz] [Power [dBm]|Power [dBm] [W/kg] [dB] [%] Factor [W/kg]
LoRa 902.4 22 20.44 Front 0.0115 0** 56.2 143 0.02 6
LoRa 902.4 22 20.44 Back 0.000551 0** 56.2 143 0.001
LoRa 902.4 22 20.44 Left 0.00573 0.66 56.2 1.67 0.01
LoRa 902.4 22 20.44 Right 0.00637 0** 56.2 143 0.01
LoRa 914.2 22 20.32 Front 0* 0** 56.2 147 0*

*Due to low e-field generated by DUT, the measurements are not applicable
**Due to low e-field generated by DUT at the location of drift measurement, the measurements are not applicable
***Larger than 5% drifts included to scaling factors
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According to IEC/IEEE 62209-1528:2020, subclause 7.4.2 d.4), the zoom scan complies if the
peak spatial-average SAR is below 0.1 W/kg, or if the following criteria is met:

1. The smallest horizontal distance from the local SAR peaks to all points 3 dB below the SAR
peak is larger than the horizontal grid step.

2. Ratio of SAR at the second measured point (M2) to the SAR at the closest measured point
(M1) at the x-y location of the measured maximum is at least 30%.

Zoom scan compliance according to IEC/IEEE 62209-1528:2020 is automatically verified by
DASY software and all zoom scans in this test report do pass the criteria. The horizontal

distance and Ratio between measurement points M2 and M1 of the highest SAR results is
available in Appendix C.

Copyright © Verkotan 2024
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7.3 Estimated SAR

7.3.1 FCC
For simultaneous transmission evaluation the estimated standalone SAR values are calculated
according to the following equation below.
SARestimated = 0.4 * Pant/Pth [w/kg] (Equation 4)
Estimated 2.4 GHz Mars SAR = 0.4*(135/1659) = 0.03 W/kg
Estimated LoRa SAR = 0.4*(97/1149) = 0.03 W/kg

7.3.2 ISED

The estimated SAR value is evaluated according to the following equation stated in RSS-102,
Issue 6, Section “7.1.8. SAR estimation for exempted transmitters”:

Pmax
SARestimated = — x 0.25 * SARlimit W /kg
Pmax, exemption

where:
e Pmax is the maximum power level including tune-up tolerance for the exempted
transmitter
e Pmax,exemption is the maximum power level of exemption at the same frequency
and distance for the exempted transmitter
e  SARlimit is the applicable SAR limit (e.g. 1.6 W/kg for 1 g or 4 W/kg for 10 g)

Estimated 2.4 GHz Mars SAR = (221/243)*0.25*1.6 = 0.36 W/kg

Estimated LoRa SAR = (158/300)*0.25*1.6 = 0.21 W/kg

20 (38)
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7.4 Simultaneous Transmission Analysis
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Simultaneous transmission analysis for the maximum LoRa SAR and 2.4 GHz Mars SAR is in
the table below. Direct summation of SAR results was performed.

Body SAR:

Exposure Condition

Body SAR10g [W/kg]

Test Position Front Back Left Right Bottom
Maximum LoRa SAR 0.003 0* 0.001 0* 0.03
Maximum 2.4 GHz Mars SAR 0.02 0.001 0.01 0.01 0.03
SAR Summation 0.02 0.001 0.01 0.01 0.06

*Due to low e-field generated by DUT, the measurements are not applicable

7.4.2 ISED

Simultaneous transmission analysis for the maximum LoRa SAR and 2.4 GHz Mars SAR is in
the table below. Direct summation of SAR results was performed.

Body SAR:

Exposure Condition

Body SAR10g [W/kg]

Test Position Front Back Left Right Bottom
Maximum LoRa SAR 0.003 0* 0.001 0* 0.36
Maximum 2.4 GHz Mars SAR 0.02 0.001 0.01 0.01 0.21
SAR Summation 0.02 0.001 0.01 0.01 0.57
*Due to low e-field generated by DUT, the measurements are not applicable
21(38)
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APPENDIX B: SYSTEM CHECK SCAN

Plot 1

Date/Time: 28.10.24 14:05:36

Test Laboratory: Verkotan Oy
DUT: Dipole 2450 MHz D2450V2

Communication System: UID 0, CW (0); Communication System Band: D2450 (2450.0 MHz); Frequency: 2450 MHz;
Communication System PAR: 0 dB;

Medium parameters used (interpolated): f = 2450 MHz; ¢ = 1.892 S/m; & = 41.126; p = 1000 kg/m?

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

(] Probe: EX3DV4 - SN7447; ConvF(7.59, 7.49, 7.65) @ 2450 MHz; Calibrated: 23.2.24
o  Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = 31.0, -4.0
o  Electronics: DAE4 Sn1332; Calibrated: 14.2.24
O  Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
o  DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Configuration/System check 2450 MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 87.71 V/m; Power Drift = -0.16 dB

Peak SAR (extrapolated) = 24.4 W/kg

SAR(1 g) = 12.2 W/kg; SAR(10 g) = 5.78 W/kg (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 50.6%

Maximum value of SAR (measured) = 20.1 W/kg

Configuration/System check 2450 MHz/Area Scan (71x51x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 22.5 W/kg

Wikg
20.100
16.105
12.110

8.116

4121

0.126
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Plot 2
Date/Time: 30.10.24 07:57:36
Test Laboratory: Verkotan Oy
DUT: Dipole 2450 MHz D2450V2

Communication System: UID 0, CW (0); Communication System Band: D2450 (2450.0 MHz); Frequency: 2450 MHz;
Communication System PAR: 0 dB;

Medium parameters used (interpolated): f = 2450 MHz; ¢ = 1.876 S/m; & = 40.034; p = 1000 kg/m?3

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

®  Probe: EX3DV4 - SN7447; ConvF(7.59, 7.49, 7.65) @ 2450 MHz; Calibrated: 23.2.24
o  Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = -4.0, 31.0
O  Electronics: DAE4 Sn1332; Calibrated: 14.2.24
O  Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
o  DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Configuration/System check 2450 MHz/Area Scan (71x51x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 22.3 W/kg

Configuration/System check 2450 MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 87.00 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 24.0 W/kg

SAR(1 g) = 12 W/kg; SAR(10 g) = 5.67 W/kg (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 51%

Maximum value of SAR (measured) = 20.0 W/kg

Wikg
22.300
17.848
13.396

8.944

4.492

0.040
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Plot 3

Date/Time: 31.10.24 08:57:46

Test Laboratory: Verkotan Oy

DUT: Dipole 2450 MHz D2450V2

Communication System: UID 0, CW (0); Communication System Band: D2450 (2450.0 MHz); Frequency: 2450 MHz;
Communication System PAR: 0 dB;

Medium parameters used (interpolated): f = 2450 MHz, ¢ = 1.878 S/m; &, = 40.594; p = 1000 kg/m?3

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

®  Probe: EX3DV4 - SN7447; ConvF(7.59, 7.49, 7.65) @ 2450 MHz; Calibrated: 23.2.24

o

o
o
o

Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = 31.0, -4.0
Electronics: DAE4 Sn1332; Calibrated: 14.2.24

Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Configuration/System check 2450 MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 58.60 V/m; Power Drift = -0.18 dB

Peak SAR (extrapolated) = 10.9 W/kg

SAR(1 g) = 5.4 W/kg; SAR(10 g) = 2.54 W/kg (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 50.7%

Maximum value of SAR (measured) = 9.04 W/kg

Configuration/System check 2450 MHz/Area Scan (71x51x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 9.78 W/kg

Wikg
9.040

7.243

b.446

3.648

1.851

0.054
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Plot 4

Date/Time: 4.11.24 10:57:43

Test Laboratory: Verkotan Oy

DUT: D900V2 - SN059

Communication System: UID 0, CW (0); Communication System Band: D900 (900.0 MHz); Frequency: 900 MHz;
Communication System PAR: 0 dB;

Medium parameters used: f = 900 MHz; o = 1.04 S/m; & = 43.705; p = 1000 kg/m?

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

e  Probe: EX3DV4 - SN7447; ConvF(8.89, 9.05, 8.92) @ 900 MHz; Calibrated: 23.2.24

o

o
o
o

Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = -4.0, 31.0
Electronics: DAE4 Sn1332; Calibrated: 14.2.24

Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

System check 900 MHz/Area Scan (121x61x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 3.90 W/kg

System check 900 MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 55.79 V/m; Power Drift = -0.11 dB

Peak SAR (extrapolated) = 4.25 W/kg

SAR(1 g) = 2.76 W/kg; SAR(10 g) = 1.79 W/kg (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below = 18 mm

Ratio of SAR at M2 to SAR at M1 = 67.1%

Maximum value of SAR (measured) = 3.84 W/kg

Wikg
3.900

312

2.342

1.563

0.785

0.00573
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APPENDIX C: MEASUREMENT SCANS
Plot 5

Date/Time: 29.10.24 08:17:28
Test Laboratory: Verkotan Oy
DUT: Skycontroller UKR

Communication System: UID 0, 2.4 GHz Proprietary (0); Communication System Band: 2.4 GHz Proprietary; Frequency: 2407 MHz;
Communication System PAR: 9.508 dB;

Medium parameters used: f = 2407 MHz; o = 1.861 S/m; & = 41.201; p = 1000 kg/m?

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY Configuration:

(] Probe: EX3DV4 - SN7447; ConvF(7.59, 7.49, 7.65) @ 2407 MHz; Calibrated: 23.2.24
o  Sensor-Surface: 1.4mm (Mechanical Surface Detection), Sensor-Surface: 1.4mm (Fix Surface), z = -4.0, 31.0
O  Electronics: DAE4 Sn1332; Calibrated: 14.2.24
O  Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
O DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

FCC, 2.4 GHz Mars, 2407MHz, Antenna 1, Front 0Omm/Area Scan (231x141x1): Interpolated grid: dx=1.200 mm,
dy=1.200 mm

Maximum value of SAR (interpolated) = 0.00769 W/kg

FCC, 2.4 GHz Mars, 2407MHz, Antenna 1, Front 0mm/Zoom Scan (9x10x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 1.441 V/m; Power Drift = -1.59 dB

Peak SAR (extrapolated) = 0.0190 W/kg

SAR(1 g) = 0.00222 W/kg; SAR(10 g) = n.a. (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below: Larger than measurement grid

Ratio of SAR at M2 to SAR at M1 = 68.3%

Maximum value of SAR (measured) = 0.00751 W/kg

Wikg
0.00769
0.00615
0.00461

0.00308

0.00154
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Plot 6

Date/Time: 4.11.24 13:06:17
Test Laboratory: Verkotan Oy
DUT: Skycontroller UKR

Communication System: UID O, LoRA (0); Communication System Band: FCC; Frequency: 902.4 MHz;
Communication System PAR: 2.503 dB;

Medium parameters used (interpolated): f = 902.4 MHz; ¢ = 1.041 S/m; &, = 43.695; p = 1000 kg/m?
Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

(] Probe: EX3DV4 - SN7447; ConvF(8.89, 9.05, 8.92) @ 902.4 MHz; Calibrated: 23.2.24
o  Sensor-Surface: 1.4mm (Mechanical Surface Detection), Sensor-Surface: 1.4mm (Fix Surface), z = -4.0, 31.0
O  Electronics: DAE4 Sn1332; Calibrated: 14.2.24
O  Phantom: SAR1_Phantom 1_triple flat right; Type: QD 000 P51 Cx;
o  DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

FCC, LoRa, 902.4MHz, Front Omm/Area Scan (191x111x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.00405 W/kg

FCC, LoRa, 902.4MHz, Front 0mm/Zoom Scan (9x10x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 0 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 0.0270 W/kg

SAR(1 g) = 0.011 W/kg; SAR(10 g) = n.a. (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below: Larger than measurement grid

Ratio of SAR at M2 to SAR at M1 = 50.5%

Maximum value of SAR (measured) = 0.0237 W/kg

Wikg
0.00405
0.00324
0.00243

0.00162

0.00081
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APPENDIX D: RELEVANT PAGES FROM PROBE CALIBRATION REPORTS
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Basic Calibration Parameters
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EX30V4 . 8NT44T Febnuary 23, 2024

Parameters of Probe: EX3DV4 - SN:7447

Other Probe Parameters
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EX30VA - SN:7447 Februavy 23, 2004
Parameters of Probe: EX3DV4 - SN:7447
Calibration Parameter Determined in Head Tissue Simulating Media
Tz | Melatve | Conductiviny” | ConvFX | Com®Y | CowFZ | Apha® | Depth® | Ume
Praremint | (S'm} {mm) (k=2
13 @0 0.75 V189 | 1759 | 188 | 000 126 | +133%
70 413 089 9.63 9% | 958 | o3¢ 27 | anow |
200 415 as? 880 .05 822 | 038 21 | a1n0%
1750 0.1 137 815 B14 840 025 27 | £11.0%
1950 400 140 7es | 780 | 803 | 027 127 | <o
T as0 397 1.59 78 768 786 | 029 127 | at10m
2300 s 1.67 7.75 76 775 | 02s | 12r | atname
2480 »2 | 180 759 749 788 0.20 127 | +11.0%
2600 30 196 78 740 | 758 | oz 127 | #110% |
5250 s a7 527 832 | 5% | o3s 62 | e1arx |
S0 | 385 5.07 asz | 448 asz | 038 e | <181 |
smo | %a | sz 482 458 a5 | 03 1288 | 3% |

Cmmnmmmmumwmywuwut--emqmwe\mnmu‘wum Tho urcenaely 's s
55 of the Com® Lreerteely &1 ol LS00 DOJUINTY 37G (28 Lnosrarty Ky T ROCINT M)y 503, Fracuency vakd iy biew 00 W2 Is 210,35,
20,30 anct TOMre Kor Gand® e55050merts 3133, #4, 158, 120 and 20 MHZ readeetvely Veldly of Com™ sasesand! o1 842 1) &-BMHZ 903 Cont

amesaed & 1IN 15 818U Abowve 5 Gz fmguency vakdily Gin Se 009080 15 = 110N

* The probog 258 coltyatnd using fesum sraiaing Igucs (TSL] Dl Seves Yor s ang o By s fuas L5% Do T RO vaaes [ypically catar than 23%)

A0 00 »%d for THL AR deviaticra of Uz 1o £ 10% I BAR conesion i appl as

9 AphaTepts are detrrrired &4rrQ SHLAION SPEAG VAIETE that e remusng SAANN0N e 10 T Soercary eHect afr COREErSIEN I AWEps ey
Fran £ 1% for Dageerces Dok 3060 30 balow 2% Yor Sreguer e DEween 34 5H2 M ary datarce lager fn had 1he poba 15 daneter han ha

Doundary.

Certhicats No: EX-T447_Seb2d
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APPENDIX E: RELEVANT PAGES FROM DIPOLE CALIBRATION REPORTS

SAR Reference Dipole Calibration Report

Ref: ACR.68.4.23.BES.A

(4)
FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

VERKOTAN OY
ELEKTRONIIKKATIE 17
90590, OULU, FINLAND
SAR REFERENCE DIPOLE

FREQUENCY: 900 MHZ
SERIAL NO.: 059

Calibrated at MVG
Z.1. de la pointe du diable
Technopdle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 03/09/2023
v, cofrae
N Q// 72,

i\ly/?

s

NN
il oW

ETALONNAGE

Accreditations #2-6789 and #2-6814
Scope available on www.cofrac.fr

eferences is prohibited from any reprod

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.

Copyright © Verkotan 2024
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SAR REFERENCE DIPOLE CALIBRATION REPORT

(4)
FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

Ref: ACR.68.4.23. BES.A

Software OPENSAR V5

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps': 43.9 sigma : 0.92
Distance between dipole center and liquid 15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=5mm

Frequency 900 MHz
y Input power 20 dBm
Liquid Temperature 20 +/-1°C
. Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to 1IW to 1W to 1IW
900 MHz 1.05 10.54 10.90 0.67 6.73 6.99
\ L]
| |
u 18-
e N
- 0
;. MEER
I E
= ; N
02+ [t )
0 \121-4’1.V2.222223C
Page: 7/8

S

This document shall not be reproduced, except in full or in part, without the written approval of MVG. The information contained herein is to be used
only for the purpose for which it is submitted and is not to be released in whole or part without written approval of MVG.
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Calibration Laboratory of

Schmid & Partner
Engineering AG
Zoughausstrasse

43, 8004 Zurich, Switzeriand

Accredited by the Smiss Acorecitaton Service (SAS)
The Swiss Accreditation Service Is one of the signatories 1o the EA
Mudtilateral Agreement for the recognition of calibration certificatss

C  Verkotan
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s
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o
FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

o
Hmnt
Zmms

\‘\“\

AT 1"y o a 2
RN ’:1, Kalib
Service sulsse d'étalonnage
B c Servizio svizzerc di taraturs
3, =
‘»4,::\/}‘\ S S Swiss Calibeation Service

Accreditation No.: SCS 0108

July 15, 2022

n Procedure for SAR Validation Sources between 0.7-3 GHz

This calbration centificate docunents the ¥ »

mmmmwmmmnmmmbbmmmmmofhm
nmmmmnmmwm,mmmmu)'cwmnawm

Calvraton Equipment used (MATE critical for calbeation)

s, which realize the physical units of measurements (51)

Primary Standards D% Cad Date (Certificate Na.) A ____ Scheduled Calb
Power meter NRP SN: 104778 O4-Apr-22 (No. 217-03525/03524) Aor23

Power sensor NRP-281 SN: 103244 04-Apr-22 (No. 217-03524) Ape23

Power sensor NRP-291 SN: 103245 04-Apr22 (No. 217-03525) Apr23

Raference 20 @3 Attenwator SN: BHS3S4 (20%) 04-Apr-22 (No. 217-03527) Apr23

Type-N mismatch combinascn SN: 310982/ 06327  O4-Apr-22 (No. 217-03528) Apr23

Reference Probe EX3DV4 SN 7340 31-Dec-21 (N0, EX3.7340_Dec21) Dec.22

DAE4 SN 801 02-May-22 (No, DAE4-E01_May22) May23

Secondary Standards o# Chwck Date (in howse) Schecifed Check
Power metor £44108 SN GBISS12478 30-Oct-14 (in house check Oct-20) In house chodk: Oct-22
Power sersor HP 8481A SN: US37202783 07-Oct15 (in house check Oct20) In houss chedc: Oct-22
Power sersor HP B481A SN: MY4100331% 07-0ct-15 {In house check Oct-20) In house chedc Oct-22
| RF generatce RAS SMT-06 SN: 100072 15-Jun-15 (in house check Oct-20) In house chedc Oct-22
Network Ansiyzor Aglent ES358A | SN: USK1080477 31-0Mar-14 (In house chedk Oct-20) in house check: Oct-22

Name Function
Approved by Nieis Kuster - Quality Marager

Issued: Juty 18, 2022

This calibration certificate shall not be reprduced axcept in il without writien aporovaal of the laberatory

Cortificate No: D2450V2-728_Jul22
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Measurement Conditions
DASY systern configuration, as far as not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modutor Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx,dy.dz =5mm
Frequency 2450 MHz = 1 MMz
Head TSL parameters
The foliowing paramelers and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220202)"C 37926% 185 mho/m 268 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Candition
SAR measured 250 mW Input power 13.4 Wikg
SAR for nominal Head TSL parameters normakzed 1o 1W 52.3 Wikg £17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.21 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.5Wikg £16.5 % (k=2)

Certificate No: D2450V2-720_Ju22
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