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1. Standards, reference documents and applicable test methods

FCC

1.

2.
3.
4

11.

FCC 47 CFR Part §2.1093 — Radiofrequency radiation exposure evaluation: portable devices.

FCC 47 CFR Part 81.1310 — Radiofrequency radiation exposure limits.

FCC OET KDB 248227 D01 v02r02 - SAR guidance for IEEE 802.11 (Wi-Fi) transmitters.

FCC OET KDB 447498 D01 v06 -RF Exposure Procedures and Equipment Authorization Policies for
Mobile and Portable Devices.

FCC OET KDB 616217 D04 v01r02 - SAR Evaluation Considerations for Laptop, Notebook, Netbook
and Tablet Computers.

FCC OET KDB 865664 D01 v01r04 - SAR Measurement Requirements for 100 MHz to 6 GHz.

FCC OET KDB 865664 D02 v01r02 - RF Exposure Compliance Reporting and Documentation
Considerations.

IEEE Std 1528-2013 - IEEE Recommended Practice Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communication Devices: Measurement
Techniques...

RF Exposure Policies and Procedures: TCB Workshop — October 2020

. IEC/IEEE 62209-1528:2020 Measurement procedure for the assessment of specific absorption rate of

human exposure to radio frequency fields from hand-held and body-mounted wireless communication
devices — Part 1528: Human models, instrumentation, and procedures (Frequency range of 4 MHz to
10 GHz)

SPEAG Application Note — 5G Compliance Testing with DASY6 (5GModule V1.0Beta)

2. General conditions, competences and guarantees

v

v

AN

Intel WRF Lab declines any responsibility with respect to the identified information provided by the customer
and that may affect the validity of results.

Intel WRF Lab only provides testing services and is committed to providing reliable, unbiased test results and
interpretations.

Intel WRF Lab is liable to the client for the maintenance of the confidentiality of all information related to the
item under test and the results of the test.

Intel WRF Lab has developed calibration and proficiency programs for its measurement equipment to ensure
correlated and reliable results to its customers.

This report is only referred to the item that has undergone the test.

This report does not imply an approval of the product by the Certification Bodies or competent Authorities.
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3. Environmental Conditions

Rev. 00

v' At the site where the measurements were performed the following limits were not exceeded during the tests:

Temperature 21°C + 2°C
Humidity 50.4% + 10%
Liquid Temperature 20.0°C £ 2°C
4. Test samples
Sa21pl Control # Description Model Serial # Date of receipt Note
401 | 210419-10.s01 | \Wireless Module AX210NGW+P106F 2020121518244 2021-05-10 HB Antenna
installed in Laptop
402 | 210419-10. s02 | \Wireless Module AX210NGW+P106F 2020121518251 2021-05-10 SPEED
installed in Laptop Antenna
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5. EUT Features

The herein information is provided by the customer

Rev. 00

Brand Name Intel® Wi-Fi 6E AX210
Model Name AX210NGW

Software Version 22.35010.0.0-01763
Driver Version 22.10.0.7

Prototype / Production Production

Host Identification P106F

Supported Radios

802.11b/g/n/ax
802.11a/n/ac/ax

2.4GHz (2400.0 — 2483.5 MHz)

5.2GHz (5150.0 — 5250.0 MHz)
5.3GHz (5250.0 — 5350.0 MHz)
5.6GHz (5470.0 — 5725.0 MHz)
5.8GHz (5725.0 — 5850.0 MHz)

Bluetooth 2.4GHz (2400.0 — 2483.5 MHz)

802.11ax 6.0GHz (5925.0 — 7125.0 MHz)*

Transmitter Main Aux

Manufacturer HB HB

Antenna type PIFA PIFA

Part number 260-29072 260-29077
Antenna Information T Ve Al

Manufacturer SPEED SPEED

Antenna type PIFA PIFA

Part number F-0G-FS-6106-001-00 F-0G-FS-6106-002-00

See Annex G for more details on antennas location.

Simultaneous Transmission
Configurations

WLAN 6GHz Main + BT Aux*

WLAN 6GHz Main + WLAN 6GHz Aux*

WLAN 6GHz Main + WLAN 6GHz Aux + BT Aux*
WLAN 2.4GHz Main + BT Aux

WLAN 2.4GHz Main + WLAN 2.4GHz Aux
WLAN 5GHz Main + BT Aux

WLAN 5GHz Main + WLAN 5GHz Aux

WLAN 5GHz Main + WLAN 5GHz Aux + BT Aux

Additional Information

No WWAN transmitter is considered in this report

5.60-5.65 GHz band (TDWR) is supported by the device

Band gap is supported by the device

*Only these bands are treated on this document since this report is limited to WiFi 6E capabilities
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Radios

Rev. 00

Mode

Duty Cycle

Modulation

Band

UL Freq Range
(MHz)

Measured Max.
Conducted
Power (dBm)

802.11ax

100%

BPSK
QPSK
16QAM
64QAM
256QAM

6.2GHz

5955-6415

10.50

802.11ax

100%

BPSK
QPSK
16QAM
64QAM
256QAM

6.5GHz

6435-6515

10.50

802.11ax

100%

BPSK
QPSK
16QAM
64QAM
256QAM

6.7GHz

6535-6855

10.50

802.11ax

100%

BPSK
QPSK
16QAM
64QAM
256QAM

7.0GHz

6875-7115

10.42
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Maximum Output power specification + Tune up tolerance limit SISO mode
Equipment Class Mode BW (MHz) Main (dBm) Aux (dBm)
U-NII-5 802.11ax 20/40/80/160 10.50 10.50
U-NII-6 802.11ax 20/40/80/160 10.50 10.50
U-NII-7 802.11ax 20/40/80/160 10.50 10.50
U-NII-8 802.11ax 20/40/80/160 10.50 10.50
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6. Remarks and comments

Rev. 00

1. This report is limited to WiFi 6E capabilities. For all the modes on sub 6GHz bands, DTS, UNII-1, UNII-2A, UNII-

2C, UNII-3 and BT please refer to:

[1] 210419-10.TRO1 - Dell P106F wAX210NGW - Legacy Only
2. The conducted values are obtained by applying the available power table to the AX210NGW Intel module installed
in the P106F identified in this report, as requested by the customer
3. Variability and simultaneous transmission results shown in this report are based on the highest SAR value
obtained among all antenna manufacturers.
4. Only the plots for the test positions with the highest measured SAR/PD per band/mode are included in Annex C

7. Test Verdicts summary

The statement of conformity to applicable standards in the table below are based on the measured values, without
taking into account the measurement uncertainties.

Standard Band Highest Reported SAR [W/kg] Verdict
802.11ax 6.2GHz 0.71 P
802.11ax 6.5GHz 0.39 P
802.11ax 6.7GHz 0.60 P
802.11ax 7.0GHz 0.39 P
Standard Band Highest Reported PStt avg [W/m?] 4cm? Verdict
802.11ax 6.2GHz 3.18 P
802.11ax 6.5GHz 2.18 P
802.11ax 6.7GHz 2.49 P
802.11ax 7.0GHz 2.41 P

P: Pass

F: Fail

NM: Not Measured
NA: Not Applicable

According to the FCC OET KDB 690783 D01, this is the summary of the values for the Grant Listing:

Highest Reported SAR (1g) (W/kg)

. Equipment Class
Exposure Condition DSS O-NII
Body Worn 0.24 0.71
Simultaneous Tx Sum-SAR: 1.25 Sum-SAR: 1.25

Considering the results of the performed test according to FCC 47CFR Part 2.1093 the item under test is IN
COMPLIANCE with the requested specifications specified in Sectionl. Standards, reference documents and applicable

test methods

8. Document Revision History

Revision #

Modified by

Revision Details

Rev. 00

V. Kaculini

First Issue
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Annex A. PD Test & System Description

A1 Power Density Definition

The power density for an electromagnetic field represents the rate of energy transfer per unit area.

The local power density (i.e. Poynting vector) at a given spatial point is deduced from electromagnetic fields by the

following formula:
_— 1 =3 Pk
Piocar ZERe (EXH )

Where E is the complex electric field peak phasor and H* is the complex conjugate magnetic field peak phasor.

This power density is also called “single-point” or “spot power density”.

Considering that the FCC’s Maximum Permissible Exposure (MPE) limit is applicable on the average power density

inside 1cm? area, the single point power densities in the evaluation plane should be averaged inside the 1cm

A.2 SPEAG free space Measurement System

A.2.1 Measurement Setup

The DASY6 system for performing compliance tests consists of the following items:

M7

e il @5 Foew
@)

CONTROL
PENDANT et LAMP

pore
E ] Z] LIGHT BEAM Hebmo
MEASURMENTSERVER DASY6 i

CONVERTER
o ] [J ) C—

D DIGIN [J Door EsTR
CONTACTS
[ DIGOUT ) [ o= ]
R A
—I ROBOT \
OPTICAL
CABLE
PC
—+— PHANTOM
ROBOT i P
CONTROLLER L MEDIUM
A
T puT
M F
& DEVICE
nio o o
O ‘U R H—"HOLDER
cssc ~
11200
i ' '
ooo
o9 s ooo

ETH/GP1B BASE STATION
SIMULATOR

2 area.

v' Astandard high precision 6-axis robot (Statbli TX/RX family) with controller, teach pendant and software. It includes

an arm extension for accommodating the data acquisition electronics (DAE)
An mm-wave E-field probe optimized and calibrated for the targeted measurements.

AN

A data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing, AD-conversion,

offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered with

standard or rechargeable batteries. The signal is optically transmitted to the EOC.

v' The Electro-optical Converter (EOC) performs the conversion from optical to electrical signals for the digital

communication to the DAE. The EOC signal is transmitted to the measurement server.

¥v" The function of the measurement server is to perform the time critical tasks such as signal filtering, control of the

robot operation and fast movements interrupts.

A computer running Win7 professional operating system and the cDASY6 software.
Remote control and teach pendant as well as additional circuitry for robot safety such as warning lamps,

ANANEN

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the probe positioning.

etc.
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A.2.2

E-Field Measurement Probe

Rev. 00

The probe consists of two dipoles (0.8 mm length) optimally arranged with different angles (y:1 and y2) to obtain pseudo-
vector information, printed on glass substrate protected by high density foam that allows low perturbation of the

measured field.

Three or more measurements are taken for different probe rotational angles, deriving the amplitude and polarization

information.

The probe’s characteristics are:

Frequency Range

750 MHz — 110 GHz

Length

320 mm

Probe tip external diameter

8 mm

Probe’s two dipoles length

0.9mm - Diode loaded

Probe’s substrate

Quartz 0.9 x 20 x 0.18mm

(er=3.8)
Distance between diode sensors 1.5 mm
and probe’s tip
Axial Isotropy +0.6 dB
Maximum operating E-field 3000 V/m

Lower E-field detection threshold

5V/Im @ 60 GHz

Minimum Mechanical separation
between probe tip and a Surface

0.5mm

Calibration reference point

Diode Sensor

sensor\

1,5mm calibrated

2mm
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A.2.3 Worst Case Linearization Error

For continuously transmitting signals (100% duty cycle), the worst case linearization error is given by the difference
between non linearized voltage and linearized voltage using CW parameters. The error is increasing with the voltage
levels. In our particular case, the measured voltages averaged over the signal period are below 1mV. We use 1mV in
the below calculation to have the worst case condition. The signal PAR (Peak to Average Ratio) is 6dB and the diode
compression point 100mV.

The maximum voltage through the diode is given by:

vpeak = vmeas avg X PARlinear
vpeak=1x4=4 mV

The linearized voltage using CW parameter is given by:

2
vpeak

li k = k
vitn pea vpeak + diode compression point

2
vlin peak = 4 + % =4.16mlV

The worst case linearization error is:
vlin peak  4.16

lin error = =1.04 = 4%

vpeak 4

A.2.4 Data Evaluation

A.2.4.1 Scan

The scan involves the measurement of two planes with three different probe rotations. The grid steps are optimized by
the software based on the test frequency. The location of the lowest measurement plane is defined by the distance of
first measurement layer from device under test (DUT) entered by the user. The DUT location settings can be used to
offset the center of the grid.

A.2.4.2 Total Field and Power Flux Density Reconstruction

Computation of the power density in general requires knowledge of the electric (E-) and magnetic (H-) field amplitudes
and phases in the plane of incidence. Reconstruction of these quantities from pseudo-vector E-field measurements is
feasible, as they are constrained by Maxwell's equations.

The reconstruction algorithm developed by the system manufacturer, together with the ability of the probe to measure
extremely close to the source without perturbing the field, permits reconstruction of the E- and H-fields, as well as of the
power density, on measurement planes located as near as 0.5mm away in the frequency band of 60 GHz.

The average of the reconstructed power density is evaluated over a circular area in each measurement plane. The area
of the circle is defined by the user; the default is 1 cm?2.
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A3 System Check

The system performance check verifies that the system operates within its specifications. It is recommended that the
system performance check be performed prior to any usage of the system in order to guarantee reproducible results.
The system performance check uses normal E-field measurements in a simplified setup with a well characterized
source. This setup was selected to give a high sensitivity to all parameters that might fail or vary over time. The system
check does not intend to replace the calibration of the components, but indicates situations where the system uncertainty
is exceeded due to drift or failure.

In the simplified setup for system check, the EUT is replaced by a calibrated source and the power source is replaced
by a controlled continuous wave generated by a signal generator. The calibrated source must be placed at the correct
distance from the E-field probe according to the calibration certificate.

Y
First, the power meter is connected to the output of the signal generator to measure the forward power at the location
of the connector to the system check source. The signal generator is adjusted for the desired forward power to match

the system check source calibration setup at the connector as read by power meter. Then the power meter is replaced
by the system check source.

10 mm

ELECTRO
OPTICAL
CONVERTER

OPTICAL
CABLE

13 mm

Horn reference \\l

source

Signal

Generator

The output power on the reference source is set to 10.0 dBm (10 mW) and the measurement results E, H and Avg PD
are compared with the Numerical modeling.
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A4 Test Equipment List
SAR system #1
ID # Device Type/Model Serial Number Manufacturer Cal. Date C?Dl'aiue
001-000 | 6-Axis Robot TX60 Lspeag F12/5MZ3A1/A/01 | STAUBLI NA NA
001-001 | SAM PHANTOM Twin SAM V5.0 1838 SPEAG NA NA
001-002 | Light Beam Unit Di-soric NA NA
001-003 Laptop Holder N/A SPEAG NA NA
001-004 | Robot Controller CcSs8cC F12/5MZ3A1/C/01 STAUBLI NA NA
001-005 | Electro Optical EOC60 1076 SPEAG NA NA
Converter
Dosimetric E-
443-000 Field mmw EUMMWV2 9538 SPEAG 2021-05-20 | 2022-05-20
probe
001-007 | DataAcquisition DAE4 1496 SPEAG 2020-12-08 | 2021-12-08
Electronics
001-008 Oval Flat ELI V8.0 2059 SPEAG NA NA
Phantom :
001-009 | Measurement DASY6 v6.14 9-618AE2F1 SPEAG NA NA
Software
001-010 | MAIA Antenna MAIA 1255 SPEAG NA NA
Shared equipment
. Serial
ID # Device Type/Model Manufacturer Cal. Date Cal. Due Date
Number
123-000 | USB Power Sensor NRP-Z81 102278 R&S 2021-04-13 2023-04-13
124-000 | USB Power Sensor NRP-Z81 102279 R&S 2021-04-13 2023-04-13
126-000 Vector Signal ESG E4438C MY4509288 Agilent 2021-05-27 2023-05-27
Generator 5
077-000 Coupler CDO0.5-8-20-30 1251-002 Amd-group n/a n/a
078-000 RF Cable ST-18/SMAM/SMAM/48 ; Hsllﬁire‘f‘ 2021-02-15 2021-08-15
Huber &
079-000 RF Cable ST-18/SMAM/SMAM/48 ; SUhnor 2021-02-15 2021-08-15
141-000 | USB Power Sensor NRP-Z81 104381 R&S 2020-06-03 2022-06-03
327-000 | TE€MP & Humidity RA32E-TH1-RAS RA32- AVTECH 2021-03-09 2023-03-09
Logger FODED9
095-000 Thermometer TESTO 925 34822881 Testo 2019-11-19 2021-11-19
098-000 Vector Signal SMW200A 20GHz 103732 R&S 2020-07-20 2022-07-20
Generator
198-000 0.8-21GHz RF TVA-82-213A+ 2004003 Mini-Circuits NA NA
amplifier
Measurement DASY6 v2.2.076 o-
114-000 Software Module mmWave 11F3E9C3 SPEAG NA NA
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A.5 Measurement Uncertainty Evaluation
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The system uncertainty evaluation is shown in the table below with a coverage factor of k = 2 to indicate a 95% level of

confidence:
DASY®6 Uncertainty Budget
According to draft of the IEC/IEEE 63159
750 MHz — 110 GHz
Error Description Uncertainty | Probability Div. (ci) Std. Unc. (vi)
Value |Distribution (xdB) Veff
(+dB)
Measurement System
| Probe calibration 0.49 N 1 1 0.98 o
| Hemispherical Isotropy 0.50 R V3 1 0.29 @
| Linearity 0.20 R V3 1 0.12 @
| System Detection Limits 0.04 R V3 1 0.02 @
| Data acquisition 0.03 N 1 1 0.03 o
| Field reconstruction 0.60 R V3 0.3 0.35 =°
Probe Positioning 0.04 R V3 1 0.02 o
Repeatabiility
| Probe Positioning offset 0.30 R V3 1 0.17
Amplitude and Phase 0.04 R V3 1 0.02
Noise
| Spatial Averaging 0.1 R V3 1 0.06 oo
Frequency Response 0.2 R V3 1 0.12 oo
Test Sample Related
Power Drift 0.21 R V3 1 0.12 o
Modulation response 0.40 R V3 1 0.23 oo
| Device holder influence 0.1 R V3 1 0.06 =
| RF Ambient Noise 0.04 R V3 1 0.02
| RF Ambient Reflections 0.04 R V3 1 0.02
| Combined Std. Uncertaintv 0.76 dB =
| Expanded Std. Uncertainty 95% 1.53 dB
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A.6 RF Exposure Limits

Power density assessments have been made in line with the requirements of FCC 47CFR Part 2.1093, in particular
chapter 1.1310 specifying the MPE limits, on the limitation of exposure of the general population / uncontrolled exposure

for portable devices.

1.5GHz — 100GHz

Exposure Type Power density (S)
Limits for Occupational/Controlled Exposure.
50.0 W/m?
1.5GHz — 100GHz
Limits for General Population/ Uncontrolled Exposure.
10.0 W/m?2

Rev. 00
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Annex B. SAR Test & System Description

B.1 SAR Definition

Specific Absorption rate is defined as the time derivative of the incremental energy (dW) absorbed by (dissipated in)
and incremental mass (dm) contained in a volume element (dV) of a given density (p).

SAR—d <dW)_d (dW)
- dm/) dt \p-dV

SAR is expressed in units of watts per kilogram (W/kg). SAR can be related to the electric field at a point by

Where: o = Conductivity of the tissue (S/m)

p = Mass density of the tissue (kg/m3)
E = RMS electric field strength (V/m)
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B.2

SPEAG SAR Measurement System

B.2.1 SAR Measurement Setup

The DASY6 system for performing compliance tests consists of the following items:
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A standard high precision 6-axis robot (Statbli TX/RX family) with controller, teach pendant and software. It includes
an arm extension for accommodating the data acquisition electronics (DAE)

An isotropic field probe optimized and calibrated for the targeted measurements.

A data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing, AD-conversion,
offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered with
standard or rechargeable batteries. The signal is optically transmitted to the EOC.

The Electro-optical Converter (EOC) performs the conversion from optical to electrical signals for the digital
communication to the DAE. The EOC signal is transmitted to the measurement server.

The function of the measurement server is to perform the time critical tasks such as signal filtering, control of the
robot operation and fast movements interrupts.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the probe positioning.

A computer running Win7 professional operating system and the DASY6 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.

MAIA is a hardware interface (Antenna) used to evaluate the modulation and audio interference characteristics of
RF signals.

ANT is an ultra-wideband antenna for use with the base station simulators over 698 MHz to 6GHz for SAR cellular
testing (not used for WLAN testing).

The base station simulator is an equipment used for SAR cellular tests in order to emulate the cellular signals
characteristics and behavior between a regular base station and the equipment under test.

Tissue simulating liquid.

System Validation dipoles.

Network emulator or RF test tool
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B.2.2 E-Field Measurement Probe

The probe is constructed using three orthogonal dipole sensors arranged on an
interlocking, triangular prism core. The probe has built-in shielding against static charges

and is contained within a PEEK cylindrical enclosure material at the tip.

The probe’s characteristics are:

Frequency Range

30MHz — 10GHz

Length 337 mm
Probe tip external diameter 2.5 mm
Typical distance between dipoles and the probe tip 1 mm
Axial Isotropy (in human-equivalent liquids) +0.3 dB
Hemispherical Isotropy (in human-equivalent liquids) +0.5dB
Linearity +0.2 dB
Maximum operating SAR 100 W/kg
Lower SAR detection threshold 0.001 W/kg

B.2.3 SAM Phantom

intel
Rev. 00

The shell corresponds to the specifications of the Specific Anthropomorphic Mannequin (SAM) phantom defined in IEEE
1528 and IEC 62209-1. It enables the dosimetric evaluation of left and right hand phone usage as well as body mounted
usage at the flat phantom region. A cover prevents evaporation of the liquid. Reference markings on the phantom allow
the complete setup of all predefined phantom positions and measurement grids by teaching three points with the robot.

The phantom’s characteristics are:

Material Vinylester, glass fiber reinforced (VE-GF)

Shell thickness 2mm+ 0.2 mm

Shell thickness | 6 + 0.2 mm

at ERP
Filling volume 25 Liters
Dimensions Length: 2000mm / Width: 500mm
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B.2.4 Flat Phantom

intel
Rev. 00

Phantom for compliance testing of handheld and body-mounted wireless devices in the frequency range of 30 MHz to
6 GHz. ELI is fully compatible with the IEC 62209-2 standard and all known tissue simulating liquids. ELI has been
optimized regarding its performance and can be integrated into our standard phantom tables. A cover prevents
evaporation of the liquid. Reference markings on the phantom allow installation of the complete setup, including all
predefined phantom positions and measurement grids, by teaching three points. The phantom is compatible with all
SPEAG dosimetric probes and dipoles.

The phantom’s characteristics are:

Material Vinylester, glass fiber reinforced (VE-GF)

Shell thickness 2mm+ 0.2 mm

Filling volume 30 Liters approx.

Dimensions Major axis: 600mm / Minor axis: 400mm

B.2.5 Device Positioner

The SAR in the phantom is approximately inversely proportional to the square of the distance between the source and
the liquid surface. For a source at 5 mm distance, a positioning uncertainty of 0.5 mm would produce a SAR uncertainty
of 20%. Accurate device positioning is therefore crucial for accurate and repeatable measurements. The positions in
which the devices must be measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in
the standard. It has two scales for device rotation (with respect to the body axis)
and device inclination (with respect to the line between the ear reference points).
The rotation center for both scales is the ear reference point (ERP). Thus the
device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss POM material having the
following dielectric parameters: relative permittivity €=3 and loss tangent 6=0.02.
The amount of dielectric material has been reduced in the closest vicinity of the
device, since measurements have suggested that the influence of the clamp on
the test results could thus be lowered.

A simple but effective and easy-to-use extension for the Mounting Device;
facilitates testing of larger devices according to IEC 62209-2 (e.g., laptops,
cameras, etc.); lightweight and fits easily on the upper part of the Mounting Device
in place of the phone positioner. The extension is fully compatible with the Twin
SAM, ELI and other Flat Phantoms.
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B.3 Data Evaluation

e Power Reference measurement

The robot measures the E field in a specified reference position that can be either the selected section’s grid reference
point or a user point in this section at 4mm of the inner surface of the phantom, 2mm for frequencies above 3GHz.

e Area Scan

Measurement procedures for evaluating SAR from wireless handsets typically start with a coarse measurement grid to
determine the approximate location of the local peak SAR values. This is known as the area-scan procedure. The SAR
distribution is scanned along the inside surface of one side of the phantom head, at least for an area larger than the
projection of the handset and antenna. The distance between the measured points and phantom surface should be less
than 8 mm, and should remain constant (with variation less than £ 1 mm) during the entire scan in order to determine
the locations of the local peak SAR with sufficient accuracy. The angle between the probe axis and the surface normal
line is recommended but not required to be less than 30°. If this angle is larger than 30° and the closest point on the
probe-tip housing to the phantom surface is closer than a probe diameter, the boundary effect may become larger and
polarization dependent. This additional uncertainty needs to be analyzed and accounted for. To achieve this, modified
test procedures and additional uncertainty analyses not described in this recommended practice may be required. The
measurement and interpolation point spacing should be chosen such as to allow identification of the local peak locations
to within one-half of the linear dimension of a side of the zoom-scan volume. Because a local peak having specific
amplitude and steep gradients may produce a lower peak spatial-average SAR compared to peaks with slightly lower
amplitude and less steep gradients, it is necessary to evaluate these other peaks as well. However, since the spatial
gradients of local SAR peaks are a function of the wavelength inside the tissue-equivalent liquid and the incident
magnetic field strength, it is not necessary to evaluate local peaks that are less than 2 dB or more below the global
maximum peak. Two-dimensional spline algorithms (Brishoual et al. 2001; Press et al., 1996) are typically used to
determine the peaks and gradients within the scanned area. If a peak is found at a distance from the scan border of less
than one-half the edge dimension of the desired 1 g or 10 g cube, the measurement area should be enlarged if possible.

e Zoom Scan

To evaluate the peak spatial-average SAR values for 1 g or 10 g cubes, fine resolution volume scans, called zoom
scans, are performed at the peak SAR locations identified during the area scan. The minimum zoom scan volume size
should extend at least 1.5 times the edge dimension of a 1 g cube in all directions from the center of the scan volume,
for both 1 g and 10 g peak spatial-average SAR evaluations. Along the phantom curved surfaces, the front face of the
volume facing the tissue/liquid interface conforms to the curved boundary, to ensure that all SAR peaks are captured.
The back face should be equally distorted to maintain the correct averaging mass. The flatness and orientation of the
four side faces are unchanged from that of a cube whose orientation is within £ 30° of the line normal to the phantom at
the center of the cube face next to the phantom surface. The peak local SAR locations that were determined in the area
scan (interpolated values) should be used for the centers of the zoom scans. If a scan volume cannot be centered due
to proximity of a phantom shape feature, the probe should be tilted to allow scan volume enlargement. If probe tilt is not
feasible, the zoom-scan origin may be shifted, but not by more than half of the 1 g or 10 g cube edge dimension.

After the zoom-scan measurement, extrapolations from the closest measured points to the surface, for example along
lines parallel to the zoom-scan centerline, and interpolations to a finer resolution between all measured and extrapolated
points are performed. Extrapolation algorithm considerations are described in 6.5.3, and 3-D spline methods (Brishoual
et al., 2001; Kreyszig, 1983; Press et al., 1996) can be used for interpolation. The peak spatial-average SAR is finally
determined by a numerical averaging of the local SAR values in the interpolation grid, using for example a trapezoidal
algorithm for the integration (averaging).

In some areas of the phantom, such as the jaw and upper head regions, the angle of the probe with respect to the line
normal to the surface may be relatively large, e.g., greater than = 30°, which could increase the boundary effect error to
a larger level. In these cases, during the zoom scan a change in the orientation of the probe, the phantom, or both is
recommended but not required for the duration of the zoom scan, so that the angle between the probe axis and the line
normal to the surface is within 30° for all measurement points.
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e Power Drift measurement

The robot re-measures the E-Field in the same reference location measured at the Power Reference. The drift
measurement gives the field difference in dB from the first to the last reference reading. This allows a user to monitor
the power drift of the device under test that must remain within a maximum variation of £5%.

e Post-processing

The procedure for spatial peak SAR evaluation has been implemented according to the IEEE1528 and IEC 62209-1/2
standards. It can be conducted for 1g and 10g.

The software allows evaluations that combine measured data and robot positions, such as:

v' Maximum search

v/ Extrapolation

v" Boundary correction

v"  Peak search for averaged SAR

Interpolation between the measured points is performed when the resolution of the grid is not fine enough to compute
the average SAR over a given mass.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner phantom
surface. The extrapolation is determined by the surface detection distance and the probe sensor offset. Several
measurements at different distances are necessary for the extrapolation.
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B.4 System and Liquid Check
B.4.1 System Check

The system performance check verifies that the system operates within its specifications. System and operator errors
can be detected and corrected. It is recommended that the system performance check be performed prior to any usage
of the system in order to guarantee reproducible results.

The system performance check uses normal SAR measurements in a simplified setup with a well characterized source.
This setup was selected to give a high sensitivity to all parameters that might fail or vary over time. The system check
does not intend to replace the calibration of the components, but indicates situations where the system uncertainty is
exceeded due to drift or failure.

In the simplified setup for system check, the EUT is replaced by a calibrated dipole and the power source is replaced
by a controlled continuous wave generated by a signal generator. The calibrated dipole must be placed beneath the flat
phantom section of the phantom at the correct distance.

b,
’ ﬂ Y
Spacer ) ] #—'}b X

3D Probe positioner

\“x._liiheld probe
~~._ - || Flat phantom

[

Dipole

Signal ™.
generator = | -~ /= A

pass

The equipment setup is shown below:

Signal Generator
Amplifier
Directional coupler
Power meter
Calibrated dipole

AN N RN

First, the power meter PM1 (including attenuator Attl) is connected to the cable to measure the forward power at the
location of the connector (x) to the system check source. The signal generator is adjusted for the desired forward
power at the connector as read by power meter PM1 after attenuation Attl and also as coupled through Att2 to PM2.
After connecting the cable to the source, the signal generator is readjusted for the same reading at power meter
PM2.

SAR results are normalized to a forward power of 1W to compare the values with the calibration reports results as
described at IEEE 1528 and IEC 62209 standards.

23 of 60



Test Report N° 210419-10.TRO2 Rev. 00

B.4.2 Liquid Check

The dielectric parameters check is done prior to the use of the tissue simulating liquid. The verification is made by
comparing the relative permittivity and conductivity to the values recommended by the applicable standards.

The liquid verification was performed using the following test setup:

VNA (Vector Network Analyzer)
Open-Short-Load calibration kit
RF Cable

Open-Ended Coaxial probe
DAK software tool

SAR Liquid

De-ionized water

Thermometer

SNENE NN N NENEN

These are the target dielectric properties of the tissue-equivalent liquid material according to the manufacturer's
datasheet:

Frequency Head Tissue Simulating
Medium
(MHz) er (F/m) o (S/m)
6000 35.07 5.48
6500 34.46 6.07
7000 33.88 6.65

(er = relative permittivity, c = conductivity and p = 1000 kg/m3)

The measurement system implement a SAR error compensation algorithm as documented in IEEE Std 1528-2013
(equivalent to draft standard IEEE P1528-2011) to automatically compensate the measured SAR results for deviations
between the measured and required tissue dielectric parameters (applied to only scale up the measured SAR, and not
downward) so, according to FCC OET KDB 865664 D01, the tolerance for & and o may be relaxed to + 10%.
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B.5 Test Equipment List
SAR system #4
ID # Device Type/Model Serial Number Manufacturer Cal. Date C?Dl'aiue
004-000 6-Axis Robot TX90XLspeag F11/5JL2A1/A/01 SPEAG NA NA
004-001 | Robot Controller Cs8C F11/5JL2A1/C/01 SPEAG NA NA
004-002 Oval Flat ELI V8.0 2124 SPEAG NA NA
Phantom
004-003 | Measurement SE UMS 028 BB N/A SPEAG NA NA
Server
004-004 | Light Beam Unit SE UKS 030 AA 1030 SPEAG NA NA
004-005 | Measurement DASY6 Software v6.14 9-658E90FA SPEAG NA NA
Software
003-007 | Dosimetric E- EX3DV4 7465 SPEAG 2020-07-24 | 2021-07-24
Field probe
003-00g | DataAcquisition DAE4 1519 SPEAG 2020-07-17 | 2021-07-17
Electronics
004-008 | MAIA Antenna MAIA 1292 SPEAG NA NA
Shared equipment
ID # Device Type/Model Serial Number Manufracture Cal. Date Cal. Due Date
123-000 | USB Power Sensor NRP-Z81 102278 R&S 2021-04-13 2023-04-13
124-000 | USB Power Sensor NRP-Z81 102279 R&S 2021-04-13 2023-04-13
Liquid DAK-3.5
099000 | A ew V2608 9-2687B491 SPEAG nia nia
069-000 | Dielectric Probe Kit DAK-3.5 1037 SPEAG 2019-07-16 2021-07-16
077-000 Coupler CDO0.5-8-20-30 1251-002 Amd-group n/a n/a
078-000 RF Cable ST-18/SMAM/SMAM/48 - '*S‘l‘ﬁ]?]ref‘ 2021-02-15 2021-08-15
Huber &
079-000 RF Cable ST-18/SMAM/SMAM/48 - Suhnar 2021-02-15 2021-08-15
Copper
089-000 Vector PLANAR R140 0190616 Mountain 2019-08-07 2021-08-07
Reflectometer Technologie
S
327-000 Templ_f;‘g';g’r“'d”y RA32E-TH1-RAS RA32-FODED9 | AVTECH 2021-03-09 2023-03-09
095-000 Thermometer TESTO 925 34822881 Testo 2019-11-19 2021-11-19
098-000 Vector Signal SMW200A 20GHz 103732 RE&S 2020-07-20 2022-07-20
Generator
198-000 0.8-21GHz RF TVA-82-213A+ 2004003 Mini-Circuits NA NA
amplifier
114-000 Measurement DASY6 v6.14 9-11F3E9C3 SPEAG NA NA
Software
System Validation
096-000 | 3 6500MH? D6.5GHzV?2 1013 SPEAG 2020-09-25 2022-09-25
B.5.1 Tissue Simulant Liquid
TSL Manufacturer / Model P R Main Ingredients
(MHz)
Ethanediol, Sodium petroleum sulfonate,
Head WideBand SPEAG HBBL600-10000V6 600-10000 Hexylene Glycol / 2-Methyl-pentane-2.4-
Batch 191016-2 .
diol, Alkoxylated alcohol
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B.6 Measurement Uncertainty Evaluation
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The system uncertainty evaluation is shown in the table below with a coverage factor of k = 2 to indicate a 95% level

of confidence:

SPEAG DASY6 Uncertainty Budget

According to IEC/IEEE 62209-1528 (6 GHz - 10 GHz)

Symbol | Error Description \U’.;ﬁa i glrgtb Div. 2{3) (1%,}(4 {SE)U ne. ﬁtggl}'l ne.
Measurement System Errors
CF Probe Calibration +186% | N 2 1 1 9.3 % +9.3 %
CFairt | Probe Calibration Drift 1.0 % N 1 1 1 +1.0 % 1.0 %
LIN Probe Linearity +4.7 % R V3 1 1 +2.7 % +2.7 %
BBS Broadband Signal +3.0 % N 2 1 1 +1.5 % +1.5 %
ISO Axial Isotropy +4.7 % R Y3 | 05 | 05 +1.4 % +1.4 %
IS0 Hemspherical Isotropy | 9.6 % R ¥3 | 05 | 05 | ¥28% 2.8 %
DAE Data Acquisition +0.3 % N 1 1 1 +0.3 % +0.3 %
AMB RF Ambient 1.8 % N 1 1 1 +1.8 % 1.8 %
sArs Probe Positioning +0.2 % N 1 033033 | 01 % +0.1 %
DAT Data Processing +3.5 % N 1 1 1 +3.5 % +3.5 %
Phantom and Device Errors
LIQ(o) | Conductivity (meas.)oak | 2.5 % N 1 (078|071 | £20% +1.8 %
LIQ(To) | Conductivity (temp.)es 2.4 % R ¥3 (078071 £11% +1.0 %
EPS Phantom Permittivity +14.0 % R Y3 | 05 | 05 +4.0 % +4.0 %
DAS Distance DUT - TSL +2.0 % N 1 2 2 +4.0 % +4.0 %
H Device Holder 3.6 % N 1 1 1 +3.6 % +3.6 %
MOD DUT Modulationm 2.4 % R V3 1 1 1.4 % 1.4 %
TAS Time-average SAR +2.6 % R V3 1 1 +1.5% +1.5 %
RFarr | DUT drift 5.0 % N 1 1 1 +2.9 % +2.9 %
Correction to the SAR results
C(e, o) | Deviation to Target 1.9 % N 1 1 084 | £1.9% +1.6 %
C(R) SAR scalinges +0 % R V3 1 1 +0 % +0 %
Combined Std. Uncertainty +13.7 % | +13.7 %
Expanded STD Uncertainty $27.5% | ¥27.3 %
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B.7 RF Exposure Limits
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SAR assessments have been made in line with the requirements of FCC 47CFR Part 2.1093 on the limitation of
exposure of the general population / uncontrolled exposure for portable devices.

Exposure Type

General Population /
Uncontrolled Environment

Peak spatial-average SAR

(averaged over any 10 grams of tissue)

. 1.6 Wikg
(averaged over any 1 gram of tissue)
Whole body average SAR 0.08 W/kg
Peak spatial-average SAR (extremities)
4.0 W/kg
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Annex C. Test Results

The herein test results were performed by:

Test case measurement Test Engineer
Conducted measurement A. Azize Gilbert
SAR/PD measurement A. Dihissou, V. Kaculini

C.A1 Test Conditions

C.1.1 Test positions relative to the phantom

The device under test was an Intel® Wi-Fi 6E AX210 card inside an extender host platform (P106F) using a set of PIFA
antennas. The card was operated utilizing proprietary software (DRTU version 22.35010.0.0-01763) and each channel
was measured using a broadband power meter to determine the maximum average power.

According to FCC OET KDB 616217 D04, laptop position should be tested for SAR compliance with the display screen
opened at an angle of 90 to the keyboard compartment and the notebook bottom surface must be touching the phantom.

As per the Interim Procedures for UNIl 6-7GHz RF Exposure, explained in RF Exposure Policies and Procedures: TCB
Workshop — October 2020, the testing has been performed on SAR following IEC/IEEE 62209-1528:2020 and then on
Power Density for the highest SAR test configurations.

After completing the SAR testing it resulted that Main antenna has the higher SAR values for SO1 and Aux for S02.
Thus, the power density was tested in the relative highest SAR position. Due to constraints on the power density method

of testing, we could not perform the testing at 0Omm distance from the DUT. The closest distance, without damaging the
test system, was chosen to be 2.5mm

See Section G.2 for more information on the tested positions

C.1.2 Test signal, Output power and Test Frequencies

For 802.11 transmission modes the device was put into operation by using an own control software to program the test
mode required to select the continuous transmission with 100% duty cycle.

The output power of the device was set to transmit at maximum power for all tests.
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C.1.3 Evaluation Exclusion and Test Reductions

C.1.3.1 SAR evaluation exclusion

The SAR Test Exclusion Threshold in FCC OET KDB 447498 D01 v06 can be applied to determine SAR test exclusion
for adjacent edge configurations. For 100MHz to 6GHz and test separation distances <50mm, the 1-g and 10-g SAR
test exclusion thresholds are determined by the following formula:

[(max. power of channel, including tune — up tolerance, mW)/(min. test separation distance, mm)] - [ /f(GHz)] @
< 3.0 for 1g SAR,and < 7.5 for 10g extremity SAR

Where:
e f(GHz) is the RF channel transmit frequency in GHz
Power and distance are rounded to the nearest mW and mm before calculation
The result is rounded to one decimal place for comparison
The values 3.0 and 7.5 are referred to as numeric thresholds

The test exclusions are applicable only when the minimum test separation distance is < 50 mm, and for transmission
frequencies between 100 MHz and 6 GHz. When the minimum test separation distance is <5 mm, a distance of 5 mm
is applied to determine SAR test exclusion.

For test separation distances > 50 mm, the 1-g and 10-g SAR test exclusion thresholds are determined using the
following formulas:

((Power allowed at numeric threshold for 50 mm in (1)) + (test separation distance — 50 mm) - (fyy,/150)ymw, @
for 100MHz to 1500MHz
((Power allowed at numeric threshold for 50 mm in (1)) + (test separation distance — 50 mm) - 10)ymW, @)

for 1500MHz and < 6GHz

Output power

-
A LAN Band Name =] 3 3 b
ntenna o8} o k]
3 = ° g
U-NII-5 105 11.2 <50 T
WLAN U-NII-6 105 11.2 <50 T
Main U-NII-7 10.5 11.2 <50 T
U-NII-8 105 11.2 <50 T
U-NII-5 105 11.2 <50 T
WLAN U-NII-6 105 11.2 <50 T
Aux U-NII-7 105 11.2 <50 T
U-NII-8 105 11.2 <50 T

T: Tested position
R: Reduced

See Annex G for a more detailed explanation of the separation distance related to the platform.
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C.2 Conducted Power Measurements
C.2.1 WLAN 6-7GHz (U-NII)
C.2.1.1 6.2GHz (U-NII-5)
Main Aux
Data Freq Tune-up Tune- | SAR
Band Mode Rate | CN# | (MH HB SPEED Pwr HB SPEED | up Pwr | Test?
2) (dBm) (dBm)
802.11ax 20 1 5955 10.50 10.50
802.11ax 20 45 6175 10.50 10.50
802.11ax 20 93 6415 10.50 10.50
802.11ax 40 3 5985 10.50 10.50
802.11ax 40 43 6165 NR NR 10.50 NR NR 10.50 No
< 802.11ax | 40 91 | 6405 10.50 10.50
5 802.11ax 80 7 5985 10.50 10.50
802.11ax 80 39 6145 10.50 10.50
802.11ax 80 87 6385 10.50 10.50
802.11ax 160 15 6025 10.38 10.41 10.50 10.34 10.40 10.50 Yes
802.11ax 160 47 6185 10.38 10.40 10.50 10.39 10.38 10.50 No
802.11ax 160 79 6345 10.38 10.50 10.50 10.40 10.50 10.50 Yes
Initial test configuration
1. NR: Not Required
C.2.1.2 6.5GHz (U-NII-6)
Main Aux
Data Freq Tune-up Tune- | SAR
Band Mode Rate | Ch# | (MH HB SPEED Pwr HB SPEED | up Pwr | Test?
z) (dBm) (dBm)
20 97 6435 10.50 10.50
802.11ax 20 105 6475 10.50 10.50
20 113 6515 10.50 10.50
; 40 99 6445 NR NR 10.50 NR NR 10.50 No
= 802.11ax
N 40 107 6485 10.50 10.50
80 103 6465 10.50 10.50
802.11ax
80 119 6545 10.50 10.50
802.11ax 160 111 6505 10.35 10.50 10.50 10.45 10.50 10.50 Yes

Initial test configuration

1.

NR: Not Required
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C.2.1.3 6.7GHz (U-NII-7)
Main Aux
D;t Freq Tune-up Tune- SAR
Band Mode Rat | Ch# | (MH HB SPEED Pwr HB SPEED | up Pwr | Test?
e z) (dBm) (dBm)
20 | 117 | 6535 10.50 10.50
802.11ax | 20 | 149 | 6695 10.50 10.50
20 | 181 | 6855 10.50 10.50
40 | 115 | 6525 10.50 10.50
c 802.11ax | 40 | 147 | 6685 NR NR 10.50 NR NR 10.50 No
z 40 | 179 | 6845 10.50 10.50
~ 80 | 135 | 6625 10.50 10.50
802.11ax | 80 | 151 | 6705 10.50 10.50
80 | 167 | 6785 10.50 10.50
802.11ax 160 | 143 | 6665 10.33 10.50 10.50 10.45 10.50 10.50 Yes
160 | 175 | 6825 10.23 10.50 10.50 10.44 10.50 10.50 No
Initial test configuration
1. NR: Not Required
C.2.1.4 7.0GHz (U-NII-8)
Main Aux
R Freq Tune-up Tune- SAR
Band Mode Rate | Ch# | (MH HB SPEED Pwr HB SPEED | up Pwr | Test?
2) (dBm) (dBm)
20 185 | 6875 10.50 10.50
802.11ax | 20 209 | 6995 10.50 10.50
20 233 | 7115 10.50 10.50
c 40 187 | 6885 10.50 10.50
i 802.11ax NR NR NR NR No
Z 40 227 | 7085 10.50 10.50
& 80 183 | 6865 10.50 10.50
802.11ax | 80 199 | 6945 10.50 10.50
80 215 | 7025 10.50 10.50
802.11ax | 160 | 207 | 6985 10.35 10.41 10.50 10.42 10.42 10.50 Yes

Initial test configuration

1.

NR: Not Required
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Cc.3 Tissue Parameters Measurement
Head TSL
Freq. Target Parameters Msgrs;r:]e;;gL Deviation (%)
(MHz) X \ : Date
€ (F/m) o (S/m) e’ (F/m) o (S/m) € o
6500.0 34.46 6.07 33.14 6.13 -3.83 0.99 2021-06-28
See Annex E for more details.
Cc4 System Check Measurements
C.4.1 E-Field
Target Measured Deviation
Frequency Signal Type E-field E-field (%) Date
(V/m) (V/m) .
7.0 GHz Coninuous 52.47 49.30 6.04 2021-07-09

The E-fields presented in the System Check Measurements table are Peak values. The target E-field value is obtained
by simulation. The maximum target E-field value at 10 mm with 10 dBm (10 mW) source power is 52.47 V/m. The
maximum measured E-field value at 10 mm with 10 dBm (10 mW) is 49.26 V/m.

C.4.2 H-Field
Target Measured Deviation
Frequency Signal Type H-field H-field (%) Date
(A/m) (A/m) °
7.0 GHz COC\t/'”“c’”S 0.14 0.13 7.14 2021-07-09
ave

The H-fields presented in the System Check Measurements table are Peak values. The target H-field value is obtained
by simulation. The maximum target H-field value at 10 mm with 10 dBm (10 mW) source power is 0.14 A/m. The
maximum measured E-field value at 10 mm with 10 dBm (10 mW) is 0.13 A/m.

C.4.3 Local Power Density
Target Local Measured Local Deviation
Frequency Signal Type Power Density Power Density (%) Date
(W/m2) (W/m2) .
7.0 GHz Continuous 3.46 3.59 -3.75 2021-07-09
Wave

The Local Power Density presented in the System Check Measurements table are Peak values. The target Local Power
Density value is obtained by simulation. The maximum target Local Power Density value at 10 mm with 10 dBm (10
mW) source power is 3.46 W/m2. The maximum measured E-field value at 10 mm with 10 dBm (10 mW) is 3.59 W/m?2.
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C.4.4 Averaged Power Density
Target Spatially Measured Spatially
. Averaged Power Averaged Power Deviation
Frequency Signal Type Density Density (%) Date
(W/m2) (W/m2)
7.0 GHz Continuous 3.31 3.11 -6.04 2021-07-09
Wave

The Spatially Averaged Power Density presented in the System Check Measurements table are Peak values. The target
Spatially Averaged Power Density value is obtained by simulation. The maximum target Spatially Averaged Power
Density value at 10 mm with 10 dBm (10 mW) source power is 3.31 W/mZ2. The maximum measured Spatially Averaged
Power Density value at 10 mm with 10 dBm (10 mW) is 3.11 W/m2,

See Annex D for more details.

C45 SAR
Head Measurements
Frequency Target SAR Measured SAR Deviation to S
(MH2) Average (W/Kg) (W/Kg) target (%) Limit (%) Date
1g 291.00 303.21 4.20
6500 +10 2021-06-29
10g 53.80 55.39 2.96
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C.5 Test Results

C.5.1 SAR-802.11ax — 6.2 GHz — U-NII-5

Antenna
Manufacture Mode
r

802.11
ax
HB

802.11
ax

802.11
ax

SPEED

802.11
ax

Dat
a
rate

HEO

HEO

HEO

HEO

BW
(MHz)

160

160

160

160

Channel
Number

15

79

15

79

15

79

15

79

Freq
(MHz)

6025
6345
6025
6345
6025
6345
6025

6345

Test
position
mode

Laptop

Laptop

Laptop

Laptop

Laptop

Antenna

MAIN

AUX

MAIN

AUX

Scaling Measured Reported
SAR 1g.

(Wrkg)

Factor

(dB).

0.12
0.12
0.16
0.10
0.09
0.00
0.10

0.00

0.29

0.30

0.09

0.10

0.23

0.29

0.69

0.60

SAR 1g
(W/Kg)

0.30

0.30

0.10

0.10

0.24

0.29

0.71

0.60

Rev

. 00

Estimated epithelial

PD (W/m2)*

1lcm? 4cm?

6.92 4.33

No
Plot

* For reference purposes only, not specifically for compliance, the estimated absorbed (epithelial) power density derived from the measured SAR is

shown

C.5.1 SAR-802.11ax — 6.5 GHz — U-NII-6

Antenna

Manufacturer ol

802.11
ax

802.11
ax
802.11
ax

802.11
ax

HB

SPEED

Data
rate

HEO

HEO

HEO

HEO

BW
(MHz)

160
160
160

160

Channel
Number

111

111

111

111

Freq
(MHz)

6505
6505
6505

6505

Test
position
mode

Laptop
Laptop
Laptop

Laptop

Antenna

MAIN

AUX

MAIN

AUX

Scaling
Factor

(dB).
0.15
0.05
0.00

0.00

Measured
SAR 1g.
(W/kg)

0.21

0.06

0.30

0.39

Reported
SAR 1g
(W/Kg)

0.22

0.06

0.30

0.39

Estimated
epithelial PD
(W/m?)

lcm? 4cm?

3.89 249

No
Plot
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C.5.1 SAR-802.11ax — 6.7 GHz — U-NII-7

Antenna

Manufacturer ol
802.11

ax

HB

802.11

ax
802.11

ax

SPEED

802.11

ax

Data
rate

HEO

HEO

HEO

HEO

BW
(MHz)

160
160
160

160

Channel
Number

143

143

143

143

Freq
(MHz)

6665
6665
6665

6665

C.5.1 SAR-802.11ax — 7.0 GHz — U-NII-8

Antenna
Manufacturer dledte
802.11
ax
802.11
ax

802.11
ax

802.11
ax

HB

SPEED

Data
rate

HEO

HEO

HEO

HEO

BW
(MHz)

160
160
160

160

Channel
Number

207

207

207

207

Freq
(MHz)

6985
6985
6985

6985

Test
position
mode

Laptop
Laptop
Laptop

Laptop

Test
position
mode

Laptop
Laptop
Laptop

Laptop

Antenna

MAIN

AUX

MAIN

AUX

Antenna

MAIN

AUX

MAIN

AUX

Scaling
Factor

(dB).
0.17
0.05
0.00

0.00

Scaling
Factor

(dB).
0.15
0.08
0.09

0.08

SAR 1g.
(W/kg)

0.23

0.06

Rev. 00

Estimated
Measured Reported  epithelial PD g
SAR 1g Wim?) gt
WIK9)  1cm?  4cm?
0.24
0.06
0.30

0.30

0.60

Measured
SAR 1g.
(W/kg)

0.26

0.05

0.21

0.39

0.60 6.01 3.86 3

Estimated
Reported  gpithelial PD No
SAR 1g (W/m2) Plot
(WIKG)  1cm2  4cm?
0.27
0.05
0.21

0.39 3.85 255 4
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C.5.2 Power Density - 802.11ax — U-NII-5, UNII-6, UNII-7, UNII-8
. Mode PStot avg | PStot avg
Ant. LI Ely Data e Ch# ALY Position [W/m?] [W/m?] SIS EMH 1 oo 4
er rate (MHz) (MHz) 1em? dom? [V/m] [A/m]
15 6025 3.28 2.19 57.90 0.18
HB Main 802.11ax 160
79 6345 3.41 2.67 62.00 0.19
Laptop
15 6025 4.81 3.18 69.30 0.21 5
SPEED Aux 802.11ax 160
79 6345 3.85 2.63 63.50 0.17
Mode PStot
Transmitt BW Freq . PStot avg avg EME EMH
Ant. er Data (MH2) Ch# (MHz) Position [W/m?] W/m?] [v/m] [A/m] Plot #
rate
1cm? 4cm?
HB Main 802.11ax 160 111 6505 2.28 1.74 52.90 0.14
Laptop
SPEED Aux 802.11ax 160 111 6505 3.26 2.18 61.10 0.16 6
Mode PStot
Transmitt BW Freq - PStot avg avg EME EMH
Ant. or Data (MH2) Ch# (MHz) Position [W/m?] [W/m?] [V/m] [A/m] Plot #
rate
lcm? 4cm?
HB Main 802.11ax 160 143 6665 2.86 1.82 63.60 0.14
Laptop
SPEED Aux 802.11ax 160 143 6665 3.64 2.49 66.50 0.17 7
Mode PStot
Transmitt BW Freq L PStot avg avg EME EMH
Ant. er Data (MH2) Ch # (MH2) Position W/m?] W/m?] [V/m] [A/m] Plot #
rate
1cm? 4cm?
HB Main 802.11ax 160 207 6985 1.94 151 60.10 0.17
Laptop
SPEED Aux 802.11ax 160 207 6985 3.40 241 69.10 0.15 8
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C.5.3 Measurement Variability

According to FCC OET KDB 865664, SAR Measurement variability is assessed when the maximum initial measured
SAR is >=0.8 W/kg for a certain band/mode.

As all measured values are under both limits, no variability is required
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C.5.4 Simultaneous Transmission Evaluation — SAR
According to FCC OET KDB 447498 D01, when the sum of 1g SAR for all simultaneously transmitting antennas in an

operating mode and exposure condition combination is within the SAR limit, SAR test exclusion applies to that
simultaneous transmission configuration.

All the values stated in the table below are the worst case found for standalone measurement with disregard of the

transmission mode or channel where the worst case was found

» Highest Reported SAR (1g) (W/KQ)
Antenna Position
WLAN 7.0GHz Bluetooth*
Main Laptop 0.30
Aux Laptop 0.71

* For Bluetooth values refer to test report 210419-10.TR01 — P106F wAX210NGW, Legacy Only

Position Simultaneous Tx Antenna Combination 5 SAR 1g (W/kg) Limit (W/kg)
Aux Main
WLAN 7.0GHz WLAN 7.0GHz 1.01
Laptop WLAN 7.0GHz + BT WLAN 7.0GHz 1.25 1.6
BT WLAN 7.0GHz 0.54

Considering the results described above and according to the simultaneous transmission SAR test exclusion
considerations described in FCC OET KDB 447498 D01, no SAR to Peak Location Separation Ratio is required.
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Annex D. Test System Plots

© © N o g kM w DN

10.

U-NII-5 - 802.11ax, CH15, SPEED Antenna, Aux Transmitter — Laptop (SAR) ....ccooviiiiiiiiiieiiiiee e 40
U-NII-6 - 802.11ax, CH111, SPEED Antenna, Aux Transmitter — Laptop (SAR) ....coooieiiiiiiieiiiie e 41
U-NII-7 - 802.11ax, CH143, SPEED Antenna, Aux Transmitter — Laptop (SAR) ....coooieiiiiiiiieiiiieee e 42
U-NII-8 - 802.11ax, CH207, SPEED Antenna, Aux Transmitter — Laptop (SAR) ......coovciiiiiiiee e 43
U-NII-5 - 802.11ax, CH15, SPEED Antenna, Aux Transmitter — Laptop (PD).....cceeriiiiiiiiieeee e ccciiieeee e 44
U-NII-6 - 802.11ax, CH111, SPEED Antenna, Aux Transmitter — Laptop (PD).....ccccevviiiiiiieiee e 45
U-NII-7 - 802.11ax, CH143, SPEED Antenna, Aux Transmitter — Laptop (PD).....cccevviiiiiiiieee e 46
U-NII-8 - 802.11ax, CH207, SPEED Antenna, Aux Transmitter — Laptop (PD).....ccccevviiiiiiieiee e 47
Power Density System Check From 7000MHZ .........cocuuuiiiiiiiiie ettt sanee s 48

SAR System CheCk From B500MHZ..........uiiiiiiiiii ittt tb e e st e e sabb e e e s annneee s 51
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1. U-NII-5 - 802.11ax, CH15, SPEED Antenna, Aux Transmitter — Laptop (SAR) |

Device under Test Properties

Model, Manufacturer Dimensions [mm] IMEI DUT Type
P106F, Dell 225.0 x355.0x 12.0 2020121518251 Laptop
Exposure Conditions

Phantom Position, Test Band Group, Frequency Conversion TSL TSL

Section, TSL Distance [mm] uiD [MHZz], Factor Conductivity Permittivity
Channel [S/m]
Number

Flat, Laptop, U-NII-5 WLAN, 6025.0, 55 5.50 34.4

HSL 0.00 10755-AAC 15

Hardware Setup

Phantom TSL, Measured Date Probe, Calibration Date DAE, Calibration Date
ELI V8.0 (20deg probe tilt) HBBL-600-10000, 2021-Jun-28 EX3DV4 - SN7465, 2020-07-24 DAE4 Sn1519, 2020-07-17
Scan Setup Measurement Results
Area Scan Zoom Scan Area Scan Zoom Scan
Grid Extents [mm] 160.0 x 380.0 22.0x22.0x 22.0 Date 2021-06-29, 16:26 2021-06-29, 16:37
Grid Steps [mm] 10.0x 10.0 3.4x34x1.4 psSAR1g [W/Kg] 0.586 0.692
Sensor  Surface 3.0 1.4 psSSAR10g 0.185 0.173
[mm] [WiKg]
Graded Grid No Yes Power Dirift [dB] -0.11 -0.01
Grading Ratio n/a 1.4 Power Scaling Disabled Disabled
MAIA Confirmed by Maia Confirmed by Maia Scaling  Factor
Surface Detection VMS + 6p VMS + 6p [dB]
Scan Method Measured Measured TSL Correction No correction No correction
M2/M1 [%)] 50.4
Dist 3dB Peak 8.2
[mm]

Interpolated SAR [W/kg]
3.55
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2. U-NII-6 - 802.11ax, CH111, SPEED Antenna, Aux Transmitter — Laptop (SAR) |

Device under Test Properties

Model, Manufacturer Dimensions [mm] IMEI DUT Type
P106F, Dell 225.0 x 355.0x 12.0 2020121518251 Laptop
Exposure Conditions

Phantom Position, Test Band Group, Frequency Conversion TSL TSL

Section, TSL Distance [mm] uiD [MHZz], Factor Conductivity Permittivity
Channel [S/m]
Number

Flat, Laptop, U-NII-6 WLAN, 6505.0, 55 6.14 33.1

HSL 0.00 10755-AAC 111

Hardware Setup

Phantom TSL, Measured Date Probe, Calibration Date DAE, Calibration Date
ELI V8.0 (20deg probe tilt) HBBL-600-10000, 2021-Jun-28 EX3DV4 - SN7465, 2020-07-24 DAE4 Sn1519, 2020-07-17
Scan Setup Measurement Results
Area Scan Zoom Scan Area Scan Zoom Scan
Grid Extents [mm] 160.0 x 380.0 22.0x22.0x22.0 Date 2021-06-29, 18:38 2021-06-29, 18:49
Grid Steps [mm] 10.0x 10.0 3.4x34x1.4 psSAR1g [W/Kg] 0.355 0.389
Sensor  Surface 3.0 1.4 pPsSAR10g 0.123 0.10
[mm] [W/Kdg]
Graded Grid No Yes Power Drift [dB] 0.05 0.11
Grading Ratio n/a 1.4 Power Scaling Disabled Disabled
MAIA Confirmed by Maia Confirmed by Maia Scaling  Factor
Surface Detection VMS + 6p VMS + 6p [dB]
Scan Method Measured Measured TSL Correction No correction No correction
M2/M1 [%)] 50.4
Dist 3dB Peak 8.2
[mm]

Interpolated SAR [W/kg]
0.48

41 of 60



intel
Test Report N° 210419-10.TR02 Rev. 00

3. U-NII-7 - 802.11ax, CH143, SPEED Antenna, Aux Transmitter — Laptop (SAR) |

Device under Test Properties

Model, Manufacturer Dimensions [mm] IMEI DUT Type
P106F, Dell 225.0 x355.0x 12.0 2020121518251 Laptop
Exposure Conditions

Phantom Position, Test Band Group, Frequency Conversion TSL TSL

Section, TSL Distance [mm] uiD [MHZz], Factor Conductivity Permittivity
Channel [S/m]
Number

Flat, Laptop, U-NII-7 WLAN, 6665.0, 55 6.36 32.7

HSL 0.00 10755-AAC 143

Hardware Setup

Phantom TSL, Measured Date Probe, Calibration Date DAE, Calibration Date
ELI V8.0 (20deg probe tilt) HBBL-600-10000, 2021-Jun-28 EX3DV4 - SN7465, 2020-07-24 DAE4 Sn1519, 2020-07-17
Scan Setup Measurement Results
Area Scan Zoom Scan Area Scan Zoom Scan
Grid Extents [mm] 160.0 x 380.0 22.0x22.0x 22.0 Date 2021-06-29, 19:08 2021-06-29, 19:19
Grid Steps [mm] 10.0x 10.0 3.4x34x1.4 psSAR1g [W/Kg] 0.535 0.601
Sensor  Surface 3.0 1.4 psSSAR10g 0.180 0.154
[mm] [WiKg]
Graded Grid No Yes Power Dirift [dB] 0.05 0.01
Grading Ratio n/a 1.4 Power Scaling Disabled Disabled
MAIA Confirmed by Maia Confirmed by Maia Scaling  Factor
Surface Detection VMS + 6p VMS + 6p [dB]
Scan Method Measured Measured TSL Correction No correction No correction
M2/M1 [%)] 50.4
Dist 3dB Peak 8.2
[mm]

Interpolated SAR [W/kg]
0.704
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4. U-NII-8 - 802.11ax, CH207, SPEED Antenna, Aux Transmitter — Laptop (SAR) |

Device under Test Properties

Model, Manufacturer Dimensions [mm] IMEI DUT Type
P106F, Dell 225.0 x355.0x 12.0 2020121518251 Laptop
Exposure Conditions

Phantom Position, Test Band Group, Frequency Conversion TSL TSL

Section, TSL Distance [mm] uiD [MHZz], Factor Conductivity Permittivity
Channel [S/m]
Number

Flat, Laptop, U-NII-8 WLAN, 6985.0, 55 6.59 325

HSL 0.00 10755-AAC 207

Hardware Setup

Phantom TSL, Measured Date Probe, Calibration Date DAE, Calibration Date
ELI V8.0 (20deg probe tilt) HBBL-600-10000, 2021-Jun-28 EX3DV4 - SN7465, 2020-07-24 DAE4 Sn1519, 2020-07-17
Scan Setup Measurement Results
Area Scan Zoom Scan Area Scan Zoom Scan
Grid Extents [mm] 160.0 x 380.0 22.0x22.0x22.0 Date 2021-06-29, 19:37 2021-06-29, 19:48
Grid Steps [mm] 10.0 x 10.0 34x34x14 psSAR1g [W/Kg] 0.374 0.385
Sensor  Surface 3.0 1.4 psSSAR10g 0.133 0.102
[mm] [WiKg]
Graded Grid No Yes Power Dirift [dB] -0.03 0.02
Grading Ratio n/a 1.4 Power Scaling Disabled Disabled
MAIA Confirmed by Maia Confirmed by Maia Scaling  Factor
Surface Detection VMS + 6p VMS + 6p [dB]
Scan Method Measured Measured TSL Correction No correction No correction
M2/M1 [%)] 50.4
Dist 3dB Peak 8.2
[mm]

Interpolated SAR [W/kg]
0.459
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5. U-NII-5 - 802.11ax, CH15, SPEED Antenna, Aux Transmitter — Laptop (PD) |

DUT: AX210NGW Module + PIFA Antenna; Type: SPEED, F-0G-FS-6106-002-00
Signal Source: modulation Custom Channel for 802.11ax, level 10.50 dBm
Medium parameters used: 0 = 0 S/m, & = 1; p = 0 kg/m3
Phantom section: Table Section
Measurement Standard: DASY6 (IEEE/IEC/ANSI C63.19-2011)
DASY Configuration:

e Probe: EUmmW - SN9538; ConvF(1, 1, 1); Calibrated: 2021-05-20;

o Modulation Compensation:

e Sensor-Surface : 0Omm (Fix Surface), z = 2.5 mm

e Electronics: DAE4 Sn1496; Calibrated: 2020-12-08

e Phantom: Cover; Type: SPEAG Phantom Cover;

e CcDASY6 5G Module v2.2.0.76

e Test Date: 2021-07-09

Distance-2.5mm:
Measurement Resolution = A/20 mm
Measurement Scan area = 120 mm x 120 mm

The plots below show the average PStot (1cm?), PStot (4cm?) the E-field and the H Field

PStot (1cm?) PStot (4cm?)

||sPDtot+ (1.0cm2, circ)|| ||sPDtot+ (4.0cm2, circ)||

E-field H Field

1EM H(x,y,2,f0)l|
[v/m] [A/m]

I69.3 Iu.zu

& o

|1EM E(x,y,z,fo)||
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6. U-NII-6 - 802.11ax, CH111, SPEED Antenna, Aux Transmitter — Laptop (PD) |

DUT: AX210NGW Module + PIFA Antenna; Type: SPEED, F-0G-FS-6106-002-00
Signal Source: modulation Custom Channel for 802.11ax, level 10.50 dBm
Medium parameters used: 0 = 0 S/m, & = 1; p = 0 kg/m3
Phantom section: Table Section
Measurement Standard: DASY6 (IEEE/IEC/ANSI C63.19-2011)
DASY Configuration:

e Probe: EUmmW - SN9538; ConvF(1, 1, 1); Calibrated: 2021-05-20;

o Modulation Compensation:

e Sensor-Surface : 0Omm (Fix Surface), z = 2.5 mm

e Electronics DAE4 Sn1496; Calibrated: 2020-12-08

e Phantom: Cover; Type: SPEAG Phantom Cover;

e CcDASY6 5G Module v2.2.0.76

e Test Date: 2021-07-09

Distance-2.5mm:
Measurement Resolution = A/20 mm
Measurement Scan area = 120 mm x 120 mm

The plots below show the average PStot (1cm?), PStot (4cm?) the E-field and the H Field

PStot (1cm?) PStot (4cm?)

||sPDtot+ (1.0cm2, circ)||

E-field H Field

[|EM H(x,y,z f0)]]

[v/m]

Iﬁl‘1

[A/m]

IU‘ 159
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7. U-NII-7 - 802.11ax, CH143, SPEED Antenna, Aux Transmitter — Laptop (PD) |

DUT: AX210NGW Module + PIFA Antenna; Type: SPEED, F-0G-FS-6106-002-00
Signal Source: modulation Custom Channel for 802.11ax, level 10.50 dBm
Medium parameters used: 0 = 0 S/m, & = 1; p = 0 kg/m3
Phantom section: Table Section
Measurement Standard: DASY6 (IEEE/IEC/ANSI C63.19-2011)
DASY Configuration:

e Probe: EUmmMW - SN9538; ConvF(1, 1, 1); Calibrated: 2021-05-20;

o Modulation Compensation:

e Sensor-Surface : 0Omm (Fix Surface), z = 2.5 mm

e Electronics: DAE4 Sn1496; Calibrated: 2020-12-08

e Phantom: Cover; Type: SPEAG Phantom Cover;

e CcDASY6 5G Module v2.2.0.76

e Test Date: 2021-07-09

Distance-2.5mm:
Measurement Resolution = A/20 mm
Measurement Scan area = 120 mm x 120 mm

The plots below show the average PStot (1cm?), PStot (4cm?) the E-field and the H Field

PStot (1cm?) PStot (4cm?)

E-field H Field

||EM H(x,y,zf0)]]
[A/m]

In‘ 174
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8. U-NII-8 - 802.11ax, CH207, SPEED Antenna, Aux Transmitter — Laptop (PD) |

DUT: AX210NGW Module + PIFA Antenna; Type: SPEED, F-0G-FS-6106-002-00
Signal Source: modulation Custom Channel for 802.11ax, level 10.50 dBm
Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m3
Phantom section: Table Section
Measurement Standard: DASY6 (IEEE/IEC/ANSI C63.19-2011)
DASY Configuration:

e Probe: EUmMmMW - SN9538; ConvF(1, 1, 1); Calibrated: 2021-05-20;

o Modulation Compensation:

e Sensor-Surface : 0Omm (Fix Surface), z = 2.5 mm

e Electronics: DAE4 Sn1496; Calibrated: 2020-12-08

e Phantom: Cover; Type: SPEAG Phantom Cover;

e CcDASY6 5G Module v2.2.0.76

e Test Date: 2021-07-09

Distance-2.5mm:
Measurement Resolution = A/20 mm
Measurement Scan area = 120 mm x 120 mm

The plots below show the average PStot (1cm?), PStot (4cm?) the E-field and the H Field

PStot (1cm?) PStot (4cm?)

E-field H Field
[|EM E(x,y,z,i0)||

, llEM Hix,y,z,f0)]|
[v/m]

[A/m]
I59.1 S
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9. Power Density System Check From 7000MHz

DUT: Horn reference source; Type: PE9859/SF-15;
Signhal Source: modulation CW, level 10 dBm.
Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m3
Phantom section: Table Section
Measurement Standard: DASY6 (IEEE/IEC/ANSI C63.19-2011)
DASY Configuration:

e Probe: EUmmW - SN9538; ConvF(1, 1, 1); Calibrated: 2021-05-20;

o Modulation Compensation:

e Sensor-Surface : Omm (Fix Surface), z =10 mm

e Electronics: DAE4 Sn1496; Calibrated: 2020-12-08

e Phantom: Cover; Type: SPEAG Phantom Cover;

e cDASY6 5G Module v2.2.0.76;

e Test Date: 2021-07-09

Distance-10mm/Measure Horn reference source (86.9x63.5):
Measurement Resolution = A/4 mm
Measurement Scan area = 160 mm x 160 mm
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The plots below show the comparison between the Numerical Modeling results and the system check measurement
results in terms of E-field, H Field, single point power density and Avg Power density 1cm?2.

Numerical Modeling Results Measurement Results
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The plots below show the comparison between the numerical modeling and the system check results in terms of
normalized E-field distribution and the 1D variation along the two axis of the maximum.

- Numerical Modeling Results System Check Measurement Results
- scan area: 160 mm x 160 mm - scan area: 160 mm x 160 mm
- Resolution: 0.5 mm - Resolution: N4 mm
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10.SAR System Check From 6500MHz |

Device under Test Properties

Model, Manufacturer Dimensions [mm] IMEI DUT Type
D6.5GHzv2, Speag 50.0 1013 Validation Dipole

Exposure Conditions

Phantom Position, Test Band Group, Frequency Conversion TSL TSL
Section, TSL Distance [mm)] uiD [MHZz], Factor Conductivity Permittivity
Channel [S/m]
Number
Flat 6500.0, 55 6.13 33.1
0

Hardware Setup

Phantom TSL, Measured Date Probe, Calibration Date DAE, Calibration Date
ELI V8.0 (20deg probe tilt) HBBL-600-10000: 2021-Jun-28 EX3DV4 - SN7465, 2020-07-24 DAE4 Sn1519, 2020-07-17
Scan Setup Measurement Results
Area Scan Zoom Scan Area Scan Zoom Scan
Grid Extents [mm] 51.0 x 85.0 22.0x22.0x22.0 Date 2021-06-29, 12:30 2021-06-29, 12:39
Grid Steps [mm] 8.5x8.5 34x34x14 psSAR1g [W/Kg] 1.65 2.08
Sensor  Surface 3.0 1.4 PSSAR10g 0.351 0.380
[mm] [W/Kg]
Graded Grid No Yes Power Drift [dB] 0.00 -0.01
Grading Ratio n/a 1.4 Power Scaling Disabled Disabled
MAIA Confirmed by MAIA Confirmed by MAIA Scaling  Factor
Surface Detection VMS + 6p VMS + 6p [dB]
Scan Method Measured Measured TSL Correction Positive Only Positive Only
M2/M1 [%] 43.8
Dist 3dB Peak 4.7
[mm]

Interpolated SAR [W/kg]
2.44
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Annex E. TSL Dielectric Parameters

E.4  Head Liquid WiFi 6E

Target Measured 2021-06-28
Freq.(MHz)
€ (F/m) o(S/m) €'1(F/m) o1(S/m)
6000.0 35.07 5.48 34.5 5.47
6050.0 35.01 5.54 34.27 5.53
6100.0 34.95 5.59 34.06 5.61
6150.0 34.89 5.65 33.87 5.71
6200.0 34.83 5.71 33.73 5.81
6250.0 34.77 5.77 33.63 5.9
6300.0 34.7 5.83 33.57 5.98
6350.0 34.64 5.89 33.51 6.04
6400.0 34.58 5.95 33.43 6.08
6450.0 34.52 6.01 33.3 6.11
6500.0 34.46 6.07 33.14 6.13
6550.0 34.4 6.13 32.95 6.18
6600.0 34.34 6.19 32.78 6.25
6650.0 34.29 6.25 32.67 6.34
6700.0 34.23 6.3 32.61 6.43
6750.0 34.17 6.36 32.64 6.49
6800.0 34.11 6.42 32.68 6.53
6850.0 34.05 6.48 32.7 6.55
6900.0 33.99 6.53 32.67 6.55
6950.0 33.94 6.59 32.58 6.56
7000.0 33.88 6.65 32.43 6.6
Permittivity Conductivity
— - £-10% — ' +10% — O] - 0-10% — 0+10%

6.5

o(S/m)

5.5

5.0 4

6000 6200 6400 6600 6800 7000 6000 6200 6400 6600 6800 7000
Frequency (MHz) Frequency (MHz)
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Annex F. Calibration Certificates

. Serial Calibration
ID Device Type/Model Number Manufacturer Certificate
443-000 E-field Probe EUmMmMWV2 9538 SPEAG é
Dosimetric E-field
003-007 Probe EX3DV4 7465 SPEAG €
6500MHz System
096-000 Validation Dipole D6.5GHzV2 1013 SPEAG €

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain
stable according to the following requirements.

1. When the most recent return-loss result, measured at least annually, deviates by less than 20% from the
previous measurement (i.e. value in dB x 0.2) or not meeting the required 20 dB minimum return-loss
requirement.

2. When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by less than 5 Q from the previous measurement

Dipole ID #096-000
Dipole 6500MHz Head TSL

Return Loss [dB] Impedance [Q] Date
Initial Calibration -24.5 49.4-59j 2020-09-25
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el Corporation SAS o EUMMINVA538 May21

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Ceriificate No.) Scheduled Calibration
Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/0292) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

Reference 20 dB Attenuator SN: CC2552 (20x) 09-Apr-21 (No. 217-03343) Apr-22

Reference Probe ER3DV6 SN: 2328 . 05-Oct-20 (No. ER3-2328_0Oct20) Oct-21

DAE4 SN: 789 23-Dec-20 (No. DAE4-789_Dec20) Dec-21

Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E4419B SN: GB41203874 06-Apr-16 (in house check Jun-20) In house check: Jun-22
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-20) In house check: Jun-22
Network Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21

Name Function

Calibrated by:
Approved by:

Issued: May 24, 2021

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Schweizerischer Kalibrierdienst
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Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
NORMZx,y,z sensitivity in free space
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A,B,C,D modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 9§ 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 9 = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
Sensor Angles sensor deviation from the probe axis, used to calculate the field orientation and polarization
k is the wave propagation direction

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-2005, "|EEE Standard for calibration of electromagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parameters:
¢ NORMx,y,z: Assessed for E-field polarization 9 = 0 for XY sensors and 9 = 90 for Z sensor (f< 900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide). For frequencies > 6 GHz, the far field in front of waveguide horn
antennas is measured for a set of frequencies in various waveguide bands up to 110 GHz.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

e The frequency sensor model parameters are determined prior to calibration based on a frequency sweep
(sensor model involving resistors R, Rp, inductance L and capacitors C, C,).

* Axy,z; Bxy,z; Cxy.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

» Sensor Offset: The sensor offset corresponds to the mechanical from the probe tip (on probe axis). No
tolerance required.

» Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

» Equivalent Sensor Angle: The two probe sensors are mounted in the same plane at different angles. The
angles are assessed using the information gained by determining the NORMx (no uncertainty required).

e  Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide / horn setup.
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EUmmWV4 - SN: 9538 May 20, 2021

DASY - Parameters of Probe: EUmmWV4 - SN:9538

Basic Calibration Parameters

Sensor X Sensor Y Unc (k=2)

Norm (uV/(V/im)?) 0.01847 0.02039 £+10.1%
DCP (mV)”® 105.0 105.0
Equivalent Sensor Angle -60.9 352

Calibration results for Frequency Response (750 MHz — 110 GHz)
Frequency | Target E-Field Deviation Sensor X Deviation Sensor Y Unc (k=2)
GHz Vim dB dB dB
0.75 77.2 -0.25 -0.31 +0.43 dB
1.8 140.4 0.03 0.08 +0.43 dB
2 133.0 0.03 0.06 +0.43 dB
2.2 124.8 0.08 0.07 +0.43 dB
2.5 123.0 0.06 0.03 +0.43 dB
3.5 256.2 0.29 0.07 +0.43 dB
3.7 249.8 0.33 0.06 +0.43dB
6.6 41.8 0.16 0.10 +0.98 dB
8 48.4 0.41 0.14 +0.98 dB
10 54.4 -0.54 -0.46 +0.98 dB
15 71.5 0.64 -0.40 +0.98 dB
18 85.3 -0.03 0.07 +0.98 dB
26.6 96.9 -0.47 -0.28 + 0.98 dB
30 92.6 -0.19 -0.17 +0.98 dB
35 93.7 -0.26 -0.13 +0.98 dB
40 91.5 0.08 -0.15 +0.98 dB
50 19.6 -0.43 -0.50 +0.98 dB
55 22.4 0.53 0.13 +0.98 dB
60 23.0 -0.31 -0.21 + 0.98 dB
65 27.4 -0.29 -0.20 +0.98 dB
70 239 0.09 -0.30 +0.98 dB
75 20.0 0.00 -0.20 +0.98 dB
75 14.8 -0.48 -0.49 +0.98 dB
80 22.5 0.10 0.16 + 0.98 dB
85 22.8 -0.25 -0.14 + 0.98 dB
90 23.8 -0.02 -0.02 +0.98 dB
92 23.9 -0.38 -0.35 +0.98 dB
95 20.5 -0.32 -0.36 +0.98 dB
97 24.4 -0.15 -0.17 +0.98 dB
100 22.6 -0.17 -0.17 +0.98 dB
105 227 0.06 0.13 + 0.98 dB
110 19.7 0.20 0.14 +0.98 dB

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

® Numerical linearization parameter: uncertainty not required.

e Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EUmmWV4 - SN: 9538 May 20, 2021

DASY - Parameters of Probe: EUmmWV4 - SN:9538

Calibration Results for Modulation Response

uID Communication System Name A B [ D VR Max Max
dB dBVpv dB mV dev. UncE
(k=2)
0 cw X 0.00 0.00 1.00 0.00 1331 | +33% | £+4.7%
% 0.00 0.00 1.00 70.7
10352- Pulse Waveform (200Hz, 10%) X 3.09 60.00 | 14,53 | 10.00 6.0 +15% | £96%
AAA Y 3.16 60.00 14.75 6.0
10353- Pulse Waveform (200Hz, 20%) X 2.15 60.00 [ 13.33 6.99 120 | £13% | +96%
AAA Y 2.12 60.00 13.75 12.0
10354~ Pulse Waveform (200Hz, 40%) X 1.28 60.00 | 12,05 3.98 230 +18% | +96%
AAA Y 1.26 60.00 | 12.60 23.0
10355- Pulse Waveform (200Hz, 60%) X 0.74 60.00 | 11.46 222 27.0 +13% | £96%
AAA Y 0.87 60.00 | 11.59 27.0
10387- QPSK Waveform, 1 MHz X 1.19 60.00 | 12.34 1.00 220 | +13% | £96%
AAA i 1.35 60.00 11.80 22.0
10388- QPSK Waveform, 10 MHz X 1.25 60.00 | 1213 0.00 22.0 +12% | +96%
AAA X 1.54 60.00 | 11.53 22.0
10396- 64-QAM Waveform, 100 kHz X 2.82 63.38 15.00 3.01 17.0 +09% | £96%
AAA . 225 60.00 | 13.74 17.0
10399- 64-QAM Waveform, 40 MHz X 2.06 60.00 12.55 0.00 190 | +10% | +96%
AAA Y. 2.31 60.00 12.17 19.0
10414- WLAN CCDF, 64-QAM, 40MHz X 3.19 60.00 | 12.95 0.00 12.0 £11% | +96%
AAA Y 3.47 60.00 | 12.62 12.0

Note: For details on all calibrated UID parameters see Appendix

Calibration Results for Linearity Response

Frequency | Target E-Field Deviation Sensor X dB Deviation Sensor Y dB Unc (k=2)
GHz Vim dB

0.9 50.0 0.14 0.14 +0.2dB
0.9 100.0 0.01 -0.01 +0.2dB
0.9 500.0 -0.01 -0.02 + 0.2 dB
0.9 1000.0 0.01 0.01 +0.2dB
0.9 1500.0 0.00 -0.01 +0.2dB
0.9 2000.0 -0.03 -0.01 +0.2dB

Sensor Frequency Model Parameters (750 MHz — 55 GHz)

Sensor X SensorY
R(Q) 80.58 76.00
(Q) 89.52 93.64
L (nH) 0.09512 0.08528
C (pF) 0.3505 0.3434
C, (pF) 0.0845 0.0853
Sensor Frequency Model Parameters (55 GHz - 110 GHz)
Sensor X Sensor Y
R(Q) 28.54 32.87
Rp (Q) 97.20 95.75
L (nH) 0.03913 0.03539
C (pF) 0.1460 0.1941
C, (pF) 0.1156 0.1187
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EUmmWV4 - SN: 9538 May 20, 2021
DASY - Parameters of Probe: EUmmWV4 - SN:9538
Sensor Model Parameters -
c1 c2 a T1 T2 T3 T4 T5 T6
fF fF v ms.V? | ms.V! ms \ v
X 54.9 397.20 33.60 0.92 8.04 4.97 0.00 1.68 1.01
i E 48.7 348.18 32.85 0.92 7.61 5.00 0.00 2.00 1.01
Other Probe Parameters
Sensor Arrangement Rectangular
Connector Angle (°) -164.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 320 mm
Probe Body Diameter 8 mm
Tip Length 23 mm
Tip Diameter 8.0 mm
Probe Tip to Sensor X Calibration Point 1.5 mm
Probe Tip to Sensor Y Calibration Point 1.5mm
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EUmmWV4 - SN: 9538

Deviation from Isotropy in Air
f=30, 60 GHz

30 GHz: 3D isotropy, E-field parallel to probe axis
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60 GHz: 3D isotropy, E-field parallel to probe axis
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May 20, 2021

Probe isotropy for Ey: probe rotated ¢ = 0° to 360°, tilted from field propagation direction &

Parallel to the field propagation (y =0° - 90°) at 30 GHz: deviation within + 0.31 dB
Parallel to the field propagation (y =0° - 90°) at 60 GHz: deviation within + 0.36 dB
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This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7405 29-Jun-20 (No. EX3-7405_Jun20) Jun-21

DAE4 SN: 908 14-Aug-20 (No. DAE4-908_Aug20) Aug-21

Secondary Standards ID # Check Date (in house) Scheduled Check

Power sensor R&S NRP33T SN: 100967 17-Oct-16 (in house check Dec-18) In house check: Dec-21

RF generator Anapico APSIN20G | SN: 669 28-Mar-17 (in house check Dec-18) In house check: Dec-21

Network Analyzer R&S ZVL13 SN: 101093 10-May-12 (in house check Dec-18) In house check: Dec-21
Name Function Signature

Calibrated by:

Approved by:

Issued: September 28, 2020
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Accredited by the Swiss Accreditation Service (SAS)
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Multilateral Agreement for the recognition of calibration certificates

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S  Sswiss Calibration Service

Accreditation No.: SCS 0108

Glossary:

T8l tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EC/IEEE 62209-1528 ED1, “Measurement procedure for the assessment of specific

absorption rate of human exposure to radio frequency fields from hand-held and body-worn
wireless communication devices - Part 1528: Human models, instrumentation and
procedures (Frequency range of 4 MHz to 10 GHz)”, draft 2019

Additional Documentation:
b) DASY6 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASY6 V6.14
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 5mm with Spacer

Zoom Scan Resolution

dx, dy =3.4 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

6500 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 345 6.07 mho/m
Measured Head TSL parameters (22.0£0.2) °C 348+6% 6.30 mho/m +£6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 29.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

291 W/kg = 24.7 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 5.38 W/kg
SAR for nominal Head TSL parameters normalized to 1W 53.8 W/kg = 24.4 % (k=2)

Certificate No: D6.5GHzV2-1013 Sep20
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

49.40Q-59jQ

Return Loss

-245dB

General Antenna Parameters and Design
After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D6.5GHzV2-1013 Sep20
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GHz-1013, UID 0 -, Channel 6500 (6500.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI DUT Type
D6.5GHz 16.0 x 6.0 x 300.0 SN: 1013 =
Exposure Conditions
Phantom Position, Test Band Group, Frequency Conversion TSL Cond. TSL
Section, TSL Distance uiD [MHz] Factor [S/m] Permittivity
[mm]
Flat, HSL 5.00 Band cw, 6500 5.75 6.30 34.8

Hardware Setup
Phantom TSL
MFP V8.0 Center - 1182 HBBL600-10000V6

Scan Setup

Zoom Scan
Grid Extents [mm] 22.0x22.0x22.0
Grid Steps [mm] 34x34x14
Sensar Surface [mm] 1.4
Graded Grid Yes
Grading Ratio 1.4
MAIA N/A
Surface Detection VMS + 6p
Scan Method Measured

Probe, Calibration Date
EX3DV4 - SN7405, 2020-06-29

DAE, Calibration Date
DAE4 Sn908, 2020-08-14

Measurement Results

Zoom Scan
Date 2020-09-25, 16:27
psSAR1g [W/Kg] 29.1
psSAR10g [W/Kg] 5.38
Power Drift [dB] -0.01
Power Scaling Disabled
Scaling Factor [dB]
TSL Correction Enabled
M2/M1 [%] 50.1
Dist 3dB Peak [mm] 4.8

Certificate No: D6.5GHzV2-1013 Sep20
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of

§  Schweizerischer Kalibrierdiens:
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG 5 Servizio svizzoro di taratura
Zeughaussirasse 43, 8004 Zurich, Switzeriand Swiss Calibration Sarvice
Accrediled by the Swiss Acaredtation Servce [SAS) Accraditation Na,; SCS 0108
The Swiss Accreditation Service is one of the signatones o the EA
Multilateral Agresment far the recognition of calibration centificatos
Glossary:
TaL tissue simulating liquid
NORMz, v.z sensitivity in free space
ConvF sensitivity in TSL / MOREMx v,z
DGR diode compression point
CF crast factor (1/duty_cyole) of the BF signal
ACB G D modulation dependent Enearizalion parametars
Polarization p o rodalion around probe axis
Paolarization & & rofation arcund an axis that is in the plane normal 1o probe axis (al measurement cenber),
Le,, & =0 iz normal o probe axis
Cannector Angle information used in DASY system to align probe sengor X 1o the robal coordinale system

Calibration is Performed According to the Following Standards:

a)

el
£)

d)

IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-fveraged Specific
Abzorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

IEC 82208-1, ", *Measurement procedure for the assessmant of Specific Absorplion Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)", July 2(H&

IEC B2208-2, "Procedure to determine the Specific Absorplion Rale [SAR) for wireless communicalion devices
used in cloge proximity to the human body (frequency range of 30 MHz 1o 5 GHz)", March 2010

KDB BE5664, “5AR Measurement Requirements for 100 MHz fo & GHz"

Meihn-ds Applied and Interpretation of Farameters:

NORM .z Assessed for E-field polarization & = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 wa-.-uguu:la]
NORMzx, v,z are only intermediate values, ie., the uncertainties of NORMx,y,z does not affect the E*-feld
uncertainty inslde TSL (see balow ConvF).

NORMNx w2 = NORME v,z * frequency_response (see Fragquency Response Chart). This Enearization is
imtplemented in DASY4 software versions later than 4.2, The uncertainty of the frequancy response is included
in tha stated uncertainty of ComaF,

DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DEP does nol depend on frequency nor meadia.

FAR PAR i3 the Peak to Average Ralio that is not calibealed but determined based on the signal
charactenstcs

Axy.z Bry.z Cay.z Oz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specfic modulation sigral. The parameters do not depend on frequency nor
media, ViR B the maxmum caiibration range expressed in BMS voltage across the dioda.

Conv amd Bowndary Effect Paramelers: Asseszed in fiat phantom using E-field [or Temperature Transfer
Standard for f < B00 MHz) and inside waveguide using analytical field distributions based on powar
measurements for f = B00 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to MORMx, .z * ComeF whereby the uncerainiy comesponds to thal given for ConvF, & frequency dependent
ConvF iz used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz o+ 100
MHz

Spferical isolfopy (30 deviation from iscfropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna.

Sensar Offzet. The sensor offeel coresponds to the offset of virtual measurement cemter from the probe tip
jan probe axis). Mo olerance required.

Connector Anghe: The anghe is assessad using the informabion gained by determining the MORMx {no
uncarainty requirsd).

Certificate Mo: EX3-T465_Jul2) Pega 2 of 23





EX3DVY — BN 7465 Jduly 24, 2020
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Basic Calibration Parameters

1118 Sensor X Sensor Y Sensor £ Une (k=2)
Norm [|.l'-.-'4r'ur.rm].‘]JIL 0.48 0.52 0.61 + 101 %
DCP {mV) 100.2 g2 886

Calibration Results for Modulation Response

[UID | Communicatien System Name A B [ 7] VR Max Max |
dB | dBV dB mv dev. Unc®
(k=2) |
i CW | X | 000 | 00D | 100 | OO0 | 1568 | £33% | 247 %
Y | 000 | 000 | 1.00 1685
- Z | 600 | 000 | 100 1549
10352- | Pulse Waveform (200Hz, 10%) X | 2000 | 8547 | 1827 | 1000 | BO0 | *30% | +96 %
ARA Y| 22 | 6529 | 675 | 800
Z | 561 | 7477 | 14.13 B0.0
10353- | Pulse Waveform [200Hz, 20%) % | 2000 | 8270 | 1957 | 699 | 800 | t27% | 96 %
AAA Y | 148 | 64.44 | 857 | B0
- Z | 2600 | 8782 | 16.05 0.0
10354 | Pulse Wavelonm (200Hz, 407 X | 2000 [ 10209 [ 2258 | 308 | 9650 | £14% | t06%
A, | % | 142 | 6740 | 018 85.0
, " Z | 2000 | 9168 | 1751 85 1)
10355- | Pulse Waveform (200Hz, 80%) | X | 2000 | 11578 | 27.50 | 222 | 1200 | 2009% | 2965
ARA Y | 2000 | 8908 | 1523 | 120.0 -
B, Z | 2000 | 9607 | 18.53 1200
10387- | QPSK Waveform, 1 MHz X | 168 | 6566 | 1489 100 | 1500 | =1.7% | z06%
AR Y | 174 | 6639 | 15.27 50,0 .
Z | 171 | 6594 | 1488 150.0
10388-  QFSK Wavelorm, 10 MHz X | 297 | B724 | 1563 | OO0 | 1500 | £11% | £08%
AR %Y | 330 [ 6818 | 1585 1500 |
Z | 726 | 67,84 | 1558 150.0
10386~ | 64-QAN Wavelorm. 100 kHz x| 231 | 8626 | 1697 | 301 | 1500 | £11% | 206%
AAA Y | 283 | 7024 | 18.7% 150.0
i Z | 279 | 6960 | 18.29 50.0
10383~ | B4-0AM Wavelorm, 40 MHz X | 348 | 8675 | 15638 | 000 500 | *08% | 296 %
ARA Y | 380 | 67.30 | 1594 150.0
i) Z | 342 | 6650 | 1542 150.0
10414- | WLAN CCDF, 64-0AM, 40MHz X | 485 [ 8543 | 1540 | 000 | 1500 | 14 % | t06%
AL ¥ | 477 | 6518 | 15.34 150.0 |
Z | 480 | 6529 | 1530 150.0_|

Mole: For :iataﬂs on U0 paramaters see Appandic

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution correspands to a coverage
probability of approximately 95%.

- Tha uncertainties of Nomm XY ,Z do not affect the E*-flald uncertainty inside TEL (z04 Frages 5, & and T},

" Numerial Enearization parameter: wnoerainty nof requinsd,

¥ Uncertainty is determined using the max. deviafan from inear response apphing rectangular disrioution and & espressad for The square of the
hield value.
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EX3DVd— SN T465

July 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Sensor Model Parameters

] c2 a T T2 T3 T4 s | T
fF 1F ol meM* [ meV ms i e
x 441 332.08 | 36.06 B.32 0.00 5.02 0.02 033 1.00
I 453 | 33920 | 3575 B.65 0.00 4.96 1.44 0.14 1.01
2 462 | 34144 | 3481 7.66 0.00 5.00 0.26 023 1.071
Other Probe Parameters
Sensor Arrangement Triangular
| Connector Angle {7} 048
Mechanical Surface Delection Mode enabled
Optical Surface Deteclion Mode disabled
. Probe Overall Lengih 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
| Tip Diametar 25mm
"Probe Tip to Sensor X Calibration Poant Tmm |
| Prabe Tip to Sensar ¥ Calibrabion Point 1 mm
| Probe Tip to Sensor Z Calibeation Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Mote: Measurement distance from surface can be increased to 3-4 mm for an Ares Scan job.

Cenificate Moo EX3-T465_Jul20
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EXADME— SN T4ES July 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® | Unc

f(MHz}" | Pormittivity” {s/m)* ConvF X | ConvFY | ConvFZ _ Alpha® . {mm) (k=2)
750 41.0 0.89 1000 | 1000 | 1000 | 032 | 108 | +120%
B35 41.5 0.80 956 | 956 0.58 0.44 080 | £120%
900 | 415 0.97 a7 | ag7 9.37 042 | 088 | £120%
1750 40,1 1.37 8.30 B.30 B.30 0.35 087 | +120%

1800 40.0 1.40 8.02 8.02 B8.02 (.33 087 | +120% |

2000 40.0 1.40 7.94 Tod | 704 0.35 087 | +120%
2300 39.5 1.87 7.79 7.78 7.79 0.37 090 | +120%
| 2450 39.2 1.80 744 7.44 744 | 036 | 090 | #120%
2600 39.0 1.96 T.26 7i2h 7.28 041 090 | £120%
5200 36.0 4.66 5.38 5.38 5,38 0.40 180 | $14.0%
5300 359 4.76 5.27 5.27 5.27 0.40 1.80 | £140%
5500 35.5 4.96 4.70 4.79 4.79 0.40 1.80 | +14.0%
| 5600 355 5.07 4.70 4.70 4.70 0.40 180 | #140%
5800 | 35.3 527 4.85 4.85 4.85 0.40 1.80 +14.0%

© Freguency vabdiy abowe 300 MHz of + 100 MHz only spofes for DASY wi.d ard higher [ses Fage 2}, alse il i reeircied o £ 50 MHz. The
uratainty is the B35 of the ComvF uncertainty st calbration freguency and the uncerfainty far the indizated frequency bend. Frequendy validity
Bedine 300 MHz = 4 10, 25,40, 50 and 70 MHz Tor Come asqeasments af 30, 84, 128, 150 and 220 MHz respectively, Vakdity of ConvF assessed al
6 MHZ iz 4-8 Mz, and Cort sesessed 6l 13 MHE is 918 MHz: Above § GHz froguency validily can be sxdended i+ 110 MHz

" At frequencies up 1o 6 GHz. the valdity of lissue parsmeters (¢ and =) can be relaxed (o & 10% # liquid compensation formula is sopied 1o
maasured SAR values. The unoerainty is tha RS5 of the ConvF uncersinly for indcaied larget fssue paramsiers

" Alpha'Depth are delermined during calibration. SFEAG warranis thai the remaining deviadion dus to tha boundary effect afer compensation =
Alwarys Jess than £ 1% for Fequarcies balow 3 GHz and betow + 2% far frequencies behwonn 35 GHz af any distance leeger than hadl ihe probe Bo
diameler from the boundary
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EXAD0a-— BN:T465

dJuly 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

1iMHz)® | Permittivity " iSim) "~ ConmvFX | ConvFY | ComfZ | Alpha® |  (mmj} {k=2)
750 55.5 0.96 8.90 5.80 9.90 0.37 085 | +120%
B35 55.2 0.97 9.62 9.62 962 | 045 080 | +120%
800 55.0 1.05 9.51 5.51 951 | o046 | 080 | £120%
1750 53.4 1.49 5.18 B.19 819 | 042 | 087 | +120%
1800 53.3 1.52 7.87 7.87 7.87 0.40 067 | £120%
2000 53.3 1.52 7.79 778 778 0.39 DB7 | #120%
2300 52.0 1.81 7.7 777 777 0.43 080 | £120%
2450 52.7 1.95 7.67 T.67 7.67 0.37 083 | +120%
2600 52.5 2.16 746 746 7.46 0.33 083 | +120%
5200 49.0 5.30 480 4.90 4.90 0.50 1890 | +14.0%
5300 48.9 5.42 475 4.75 4.75 0.50 190 | +140%
5500 485 5.65 4.33 4.33 4.33 0.50 1.90 | £140%
| 5600 48.5 5.77 4.15 4.15 4.15 0.50 1.80 | +140%
5R00 4.2 6.00 4.20 4.20 4.20 gsd: | 180 | £14.0%

© Frequency validiy above 300 MHz of + 100 MHz only sppbes for DASY w4 and higher (560 Page 2), sfse & = restricted b £ 50 MHz. The
uncatainly it the R3S of the ComvF uncerainty ot calibratian freguency and the uncersinty for the indicated frequency band. Frequency valoty
Dederat 300 MHEz & 2 10, 25, 40, 50 and 70 MHz for CornF assessments a1 30, B4, 128, 150°and 220 MHz respecively. Vakdiy of ConvF assessed al

B MHz is 4-9 MMz, and Cornf sesesced 62 13 MHE is 0-12 MHz. Abowe § GHz freguancy walidily can be extended 1o + 110 MHz

" A frequencies up o 8 GHz. the vakdity of tisswe parametens (c and o) can be relaxed 1o & 10% I liquid compansation formula is anplied o

maasured SAR values. The tnosdainty is tha B55 of the ConvF urssrtary for indicated 1anget Tssus paramelers.

“ Alpha'Dapth re determened curing calibralion, SFEAG wasrants that the remaEning ceviation due ko tha bourdary affest afer
Alwanys fess than & 1% for frequoncies balow 3 GHz and belew & 2% for frequencios between 3-6 GHz at any ditance lamger than kal the probe fip
diamseter from the boundary

ool
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EXIOVA- SH:T465 Juy 24,2000

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3940

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivily Depth” | Unc
f(MHz)® | Permittivity® [Sim)" | ConvEX | ConvFY | ConvFZ | Alpha® | [mm] | (k=2)
B500 | 345 6.07 550 | 550 550 | 015 | 250 | :186%

_ Calibration procedure for réquencies above B GHz @ pending acoredsation. Fraguancy validity above SGHz i + 700 MHz. The uncerainty is e
R3S of the ConvF uncedsinty at cafbration frequency and the uncerainty for the indicated Ireguency band

" At frequences 610 GHz, e VElHY of listue paramaters (& 8nd m) can be nelaxod io £ 10% if iguid compensation formula & appied 1o measursd
SAR vaiues. The uncenainty is the RSS of tha CamF uncartainty for indicated targat fissus pansmeters.

© AiphaDepth am determined during calbratian. SPEAG warrants that tha remaining deviation due o the boundary effect Blar compensatian is
aksays less than + 1% for frequancies below 3 GHEz; below £ 2% for Fequencies Debaean 3.6 GHz: and bakow + 43 for freguencies batwaen 6-10
(3Hz at any distance larger than half the probe tip cameter from fhe boundary.
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EX30W4- SN-T485 Jduly 24, 2020

Freguency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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EX2DV4- SN.T485 duby 24, 2030

Receiving Pattern (¢), 8 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Conversion Factor Assessment
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