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FCC Rule Part(s): CFR §2.1093
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. SAR
Eqéllpment Band & Mode Tx Frequency
ass 1 gm Head 1 gm Body-
(W/kg) Worn (W/kg)
DTS 2.4 GHz WLAN 2412 - 2472 MHz 0.55 0.12
NIl U-NII-2A 5260 - 5320 MHz 0.22 0.22
NIl U-NII-2C 5500 - 5720 MHz 0.64 0.22
NIl U-NII-3 5745 - 5825 MHz 0.60 0.20
DSS/DTS Bluetooth 2402 - 2480 MHz N/A
Simultaneous SAR per KDB 690783 D01v01r03: 0.97 | 0.45

This wireless portable device has been shown to be capable of compliance for localized specific absorption rate (SAR) for
uncontrolled environment/general population exposure limits specified in ANSI/IEEE C95.1-1992 and has been tested in accordance
with the measurement procedures specified in Section 1.8 of this report; for North American frequency bands only.

| attest to the accuracy of data. All measurements reported herein were performed by me or were made under my supervision and
are correct to the best of my knowledge and belief. | assume full responsibility for the completeness of these measurements and
vouch for the qualifications of all persons taking them. Test results reported herein relate only to the item(s) tested.

[/
Randy Ortanez
President
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The SAR Tick is an initiative of the Mobile Manufacturers Forum (MMF). While a product may be considered eligible, use of the SAR Tick logo requires an agreement with the
MMF. Further details can be obtained by emailing: sartick@mmfai.info.
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1 DEVICE UNDER TEST

1.1 Device Overview

1.2 Power Reduction for SAR

Band & Mode Operating Modes Tx Frequency
2.4 GHz WLAN Data 2412 - 2472 MHz
U-NI-1 Data 5180 - 5240 MHz
U-NII-2A Data 5260 - 5320 MHz
U-NII-2C Data 5500 - 5720 MHz
U-NII-3 Data 5745 - 5825 MHz
Bluetooth Data 2402 - 2480 MHz
NFC Data 13.56 MHz
ANT+ Data 2402 - 2480 MHz
MST Data 1-8.3kHz

This device uses an independent fixed level power reduction mechanism for WLAN operations during
voice or VolIP held to ear scenarios. Per FCC Guidance, the held-to-ear exposure conditions were
evaluated at reduced power according to the head SAR positions described in IEEE 1528-2013.

The reduced powers for the power reduction mechanisms were confirmed via conducted power
measurements at the RF port (See Section 8). Detailed descriptions of the mechanisms are included in
the operational description.

1.3 Nominal and Maximum Output Power Specifications

This device operates using the following maximum and nominal output power specifications. SAR values
were scaled to the maximum allowed power to determine compliance per KDB Publication 447498

D01v06.
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1.3.1 Maximum WLAN/BT Power

Modulated Average -
Mode / Band Single Tx Chain (dBm)
ch.1-11 ch.12 ch.13
Maxi 19.5 17.5 11.5
|EEE 802.11b (2.4 GHz) aximum
Nominal 19.0 17.0 11.0
Maxi 17.5 15.5 9.5
|EEE 802.11g (2.4 GHz) aximum
Nominal 17.0 15.0 9.0
Maxi 17.5 15.5 9.5
|EEE 802.11n (2.4 GHz) aximum
Nominal 17.0 15.0 9.0
Modulated Average -
Mode / Band MIMO (dBm)
ch.1-11 ch.12 ch.13
Maxi 17.5 15.5 9.5
IEEE 802.11¢ (2.4 GHz) aximum
Nominal 17.0 15.0 9.0
Maxi 17. 15. .
|EEE 802.11n (2.4 GHz) aximum > >-5 9.5
Nominal 17.0 15.0 9.0
Mode / Band Modulated Average (dBm)
Maximum 125
Bluetooth
Nominal 12.0
Maxi 6.5
Bluetooth LE aX|rT1um
Nominal 6.0
Modulated Average - Single Tx Chain and MIMO
(dBm)
Mode / Band 20 MHz Bandwidth 40 MHz Bandwidth 80 MHz Bandwidth
ch. 36,64, ch. 40-60, 104-136; 144-165 AR S ch.122- 155
Maximum 15.5 16.5
IEEE 802.11a (5 GHz) Nominal 15.0 16.0
Maximum 15.5 16.5
IEEE 802.11n (5 GHz) Nominal 15.0 16.0
|EEE 802.11ac (5 GHz) MaxirT'lum 15.5 16.5 13.5 125 15.5 12.5 13.5 11.5 14.5
Nominal 15.0 16.0 13.0 12.0 15.0 12.0 13.0 11.0 14.0
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1.3.2 Reduced WLAN Power- Proximity Sensor Active (Held to Ear)

Modulated Average
Mode / Band (dBm)
ch.1-12 ch.13
Maxi 15.5 11.
IEEE 802.11b (2.4 GHz) aximum >
Nominal 15.0 11.0
Maximum 15.5 9.5
|EEE 802.11g (2.4 GHz
gl ) Nominal 15.0 9.0
Maxi 15.5 9.5
IEEE 802.11n (2.4 GHz) aximum
Nominal 15.0 9.0
Modulated Average -
Mode / Band MIMO (dBm)
ch.1-11 ch.12 ch.13
Maxi 17. 15. .
|EEE 802.11¢ (2.4 GHz) aximum > 5.3 9.5
Nominal 17.0 15.0 9.0
IEEE 802.11n (2.4 GHz) Maximum 17.5 15.5 9.5
Nominal 17.0 15.0 9.0

Modulated Average- Single Tx Chain and MIMO
(dBm)

Mode / Band 40 MHz Bandwidth 80 MHz Bandwidth
20 MHz B: i -
2 Bandwidth ch.38-62 | ch 102 | M 110
159
Maximum 13.5
IEEE 802.11a (5 GHz) Norminal 0
Maximum 13.5
IEEE 802.11n (5 GHz) Norminal 0
IEEE 802.11ac (5 GHz) MaX|rT1um 13.5 13.5 125 13.5 12.5 13.5 11.5 135
Nominal 13.0 13.0 12.0 13.0 12.0 13.0 11.0 13.0
1.4 DUT Antenna Locations
The overall dimensions of this device are < 9 x 5 cm. A diagram showing the location of the device
antennas can be found in Appendix F.
1.5 Near Field Communications (NFC) Antenna
This DUT has NFC Operations. The NFC antenna is integrated into the device for this model. Therefore,
all SAR tests were performed with the device which already incorporates the NFC antenna. A diagram
showing the location of the NFC antenna can be found in Appendix F.
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1.6 Simultaneous Transmission Capabilities

According to FCC KDB Publication 447498 D01v06, transmitters are considered to be transmitting
simultaneously when there is overlapping transmission, with the exception of transmissions during
network hand-offs with maximum hand-off duration less than 30 seconds.

This device contains multiple transmitters that may operate simultaneously, and therefore requires a
simultaneous transmission analysis according to FCC KDB Publication 447498 D0O1v06 3) procedures.

Table 1-1
Simultaneous Transmission Scenarios
No. Capable Transmit Configuration Head EEy A E Notes
Accessory

1 2.4 GHz WIFI Ant 1 + 2.4 GHz WIFI Ant 2 Yes* Yes* *-Pre-installed VOIP applications are considered.
2 2.4 GHz WIFI Ant 1 + 5 GHz WIFI Ant 2 Yes* Yes* *-Pre-installed VOIP applications are considered.
3 5 GHz WIFI Ant 1 + 5 GHz WIFI Ant 2 Yes* Yes* *-Pre-installed VOIP applications are considered.
4 5 GHz WIFI Ant 1 + 2.4 GHz WIFI Ant 2 Yes* Yes* *-Pre-installed VOIP applications are considered.

1. 2.4 GHz WLAN, 5 GHz WLAN and 2.4 GHz Bluetooth that share the same antenna path cannot
transmit simultaneously.

2. This device supports 2x2 MIMO Tx for WLAN 802.11n/ac. Each WLAN antenna can transmit
independently or together when operating with MIMO.

1.7 Miscellaneous SAR Test Considerations

(A) WIFI/IBT
This device does not support network-based voice services but does support VOIP operations.
Therefore, this device was evaluated per the procedures outlined in KDB 648474 D04 for handsets.

This device supports IEEE 802.11ac with the following features:
a) Up to 80 MHz Bandwidth only
b) No aggregate channel configurations
c) 2 Tx antenna output
d) 256 QAM is supported
e) Band gap and TDWR channels are supported

Since U-NII-1 and U-NII-2A bands have the same maximum output power and the highest reported
SAR for U-NII-2A is less than 1.2 W/kg for 1g SAR, SAR is not required for U-NII-1 band according to
FCC KDB 248227 D01v02r02.

Per FCC KDB 447498 D01v06, the 1g SAR exclusion threshold for distances <50mm is defined by
the following equation:

Max Power of Channel (mW)

Test Separation Dist (mm)

« / Frequency(GHz) < 3.0

Based on the maximum conducted power of Bluetooth (rounded to the nearest mW) and the antenna
to user separation distance, body-worn Bluetooth SAR was not required; [(18/15)* ¥2.480] = 1.9< 3.0.
Per KDB Publication 447498 D01v06, the maximum power of the channel was rounded to the nearest
mW before calculation.

This device supports channel 1-13 for 2.4 GHz WLAN. However, due to the reduced output power for
channels 12 and 13, channels 1, 6, and 11 were considered for SAR testing per KDB 248227
D01v02r02.
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1.8 Guidance Applied

IEEE 1528-2013

FCC KDB Publication 248227 D01v02r02 (SAR Considerations for 802.11 Devices)
FCC KDB Publication 447498 D01v06 (General SAR Guidance)
FCC KDB Publication 865664 D01v01r04, D02v01r02 (SAR Measurements up to 6 GHz)

1.9 Device Serial Numbers

Several samples were used with identical hardware to support SAR testing. The manufacturer has
confirmed that the device(s) tested have the same physical, mechanical and thermal characteristics and
are within operational tolerances expected for production units.

Head Serial | Body-Worn
Number Serial Number

2.4 GHz WLAN B40CB B40CB
5 GHz WLAN B4081 DE551

FCC ID: A3BLSMG930X
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2 INTRODUCTION

The FCC and Industry Canada have adopted the guidelines for evaluating the environmental effects of
radio frequency (RF) radiation in ET Docket 93-62 on Aug. 6, 1996 and Health Canada Safety Code 6 to
protect the public and workers from the potential hazards of RF emissions due to FCC-regulated portable
devices. [1]

The safety limits used for the environmental evaluation measurements are based on the criteria published
by the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in
IEEE/ANSI C95.1-1992 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz [3] and Health Canada RF Exposure Guidelines Safety Code 6
[22]. The measurement procedure described in IEEE/ANSI C95.3-2002 Recommended Practice for the
Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave [4] is used for
guidance in measuring the Specific Absorption Rate (SAR) due to the RF radiation exposure from the
Equipment Under Test (EUT). These criteria for SAR evaluation are similar to those recommended by the
International Committee for Non-lonizing Radiation Protection (ICNIRP) in Biological Effects and
Exposure Criteria for Radiofrequency Electromagnetic Fields,” Report No. Vol 74. SAR is a measure of
the rate of energy absorption due to exposure to an RF transmitting source. SAR values have been
related to threshold levels for potential biological hazards.

2.1 SAR Definition

Specific Absorption Rate is defined as the time derivative (rate) of the incremental energy (dU) absorbed
by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given density (p). It
is also defined as the rate of RF energy absorption per unit mass at a point in an absorbing body (see
Equation 2-1).

Equation 2-1
SAR Mathematical Equation

AR - 1(d_Uj _ i[d_vj
dt\ dm dt \ pdv

SAR is expressed in units of Watts per Kilogram (W/kg).

2
sag =L
Yo,
where:
o = conductivity of the tissue-simulating material (S/m)
p = mass density of the tissue-simulating material (kg/m?)
E = Total RMS electric field strength (V/m)

NOTE: The primary factors that control rate of energy absorption were found to be the wavelength of the incident field in relation to
the dimensions and geometry of the irradiated organism, the orientation of the organism in relation to the polarity of field vectors, the
presence of reflecting surfaces, and whether conductive contact is made by the organism with a ground plane.[6]
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3 DOSIMETRIC ASSESSMENT

3.1 Measurement Procedure

The evaluation was performed using the following procedure compliant to

FCC KDB Publication 865664 D0O1v01 and IEEE 1528-2013:

1. The SAR distribution at the exposed side of the head or body was
measured at a distance no greater than 5.0 mm from the inner surface
of the shell. The area covered the entire dimension of the device-head
and body interface and the horizontal grid resolution was determined
per FCC KDB Publication 865664 D01v01 (See Table 3-1) and IEEE

1528-2013.

2. The point SAR measurement was taken at the maximum SAR region
determined from Step 1 to enable the monitoring of SAR
fluctuations/drifts during the 1g/10g cube evaluation. SAR at this fixed
point was measured and used as a reference value.

3. Based on the area scan data, the peak of the region with maximum SAR
was determined by spline interpolation. Around this point, a volume was assessed according to the
measurement resolution and volume size requirements of FCC KDB Publication 865664 D01v01 (See
Table 3-1) and IEEE 1528-2013. On the basis of this data set, the spatial peak SAR value was
evaluated with the following procedure (see references or the DASY manual online for more details):

Figure 3-1
Sample SAR Area
Scan

a. SAR values at the inner surface of the phantom are extrapolated from the measured values
along the line away from the surface with spacing no greater than that in Table 3-1. The
extrapolation was based on a least-squares algorithm. A polynomial of the fourth order was
calculated through the points in the z-axis (normal to the phantom shell).

b. After the maximum interpolated values were calculated between the points in the cube, the
SAR was averaged over the spatial volume (1g or 10g) using a 3D-Spline interpolation algorithm.
The 3D-spline is composed of three one-dimensional splines with the “Not a knot” condition (in x,
y, and z directions). The volume was then integrated with the trapezoidal algorithm. One thousand
points (10 x 10 x 10) were obtained through interpolation, in order to calculate the averaged SAR.

c. All neighboring volumes were evaluated until no neighboring volume with a higher average
value was found.

4. The SAR reference value, at the same location as step 2, was re-measured after the zoom scan was
complete to calculate the SAR drift. If the drift deviated by more than 5%, the SAR test and drift
measurements were repeated.

Table 3-1
Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01v01*

Frequency

Maximum Area Scan
Resolution (mm)

(BXarea DY area)

Maximum Zoom Scan
Resolution (mm)

Maximum Zoom Scan Spatial
Resolution (mm)

Uniform Grid

Graded Grid

Azy0m(n)

Azyoom(1)*

Azygom(n>1)*

Minimum Zoom Scan
Volume (mm)
(xy.2)

<2GHz

<5

<4

< 1.5%Az,00m(N-1)

2-3GHz

<5

<4

< 1.5%Az;00m(N-1)

3-4GHz

<4

<3

< 1.5%Az;00m(N-1)

4-5GHz

<3

<25

< 1.5%Az,50m(n-1)

5-6 GHz

<2

<2

< 1.5%Az,50m(n-1)

*Also compliant to IEEE 1528-2013 Table 6
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4 DEFINITION OF REFERENCE POINTS

4.1 EAR REFERENCE POINT

Figure 4-2 shows the front, back and side views of the SAM Twin Phantom. The
point “M” is the reference point for the center of the mouth, “LE” is the left ear
reference point (ERP), and “RE” is the right ERP. The ERP is 15mm posterior to
the entrance to the ear canal (EEC) along the B-M line (Back-Mouth), as shown in
Figure 4-1. The plane passing through the two ear canals and M is defined as the
Reference Plane. The line N-F (Neck-Front), also called the Reference Pivoting
Line, is not perpendicular to the reference plane (see Figure 4-1). Line B-M is
perpendicular to the N-F line. Both N-F and B-M lines are marked on the external
phantom shell to facilitate handset positioning [5].

4.2 HANDSET REFERENCE POINTS

Two imaginary lines on the handset were established: the vertical centerline and

ERP - ear reference point
EEC - entrance to ear canal

Figure 4-1
Close-Up Side view
of ERP

the horizontal line. The test device was placed in a normal operating position with the acoustic output
located along the “vertical centerline” on the front of the device aligned to the “ear reference point” (See
Figure 4-3). The acoustic output was than located at the same level as the center of the ear reference
point. The test device was positioned so that the “vertical centerline” was bisecting the front surface of
the handset at its top and bottom edges, positioning the “ear reference point” on the outer surface of the

both the left and right head phantoms on the ear reference point.

Figure 4-2
Front, back and side view of SAM Twin Phantom

vertical

; vertical
center line center line
Wl 2 | v
hotizontal jule
line [} iy
honzontal
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Figure 4-3

Handset Vertical Center & Horizontal Line Reference Points
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5 TEST CONFIGURATION POSITIONS FOR HANDSETS ‘

5.1 Device Holder

The device holder is made out of low-loss POM material having the following dielectric parameters:
relative permittivity € = 3 and loss tangent & = 0.02.

5.2 Positioning for Cheek

1. The test device was positioned with the device close to the surface of the phantom such that
point A is on the (virtual) extension of the line passing through points RE and LE on the phantom
(see Figure 5-1), such that the plane defined by the vertical center line and the horizontal line of
the phone is approximately parallel to the sagittal plane of the phantom.

LE

Figure 5-1 Front, Side and Top View of Cheek Position

2. The handset was translated towards the phantom along the line passing through RE & LE until
the handset touches the pinna.

3. While maintaining the handset in this plane, the handset was rotated around the LE-RE line until
the vertical centerline was in the reference plane.

4. The phone was then rotated around the vertical centerline until the phone (horizontal line) was
symmetrical was respect to the line NF.

5. While maintaining the vertical centerline in the reference plane, keeping point A on the line
passing through RE and LE, and maintaining the device contact with the ear, the device was
rotated about the NF line until any point on the handset made contact with a phantom point below
the ear (cheek) (See Figure 5-2).

5.3 Positioning for Ear / 15° Tilt
With the test device aligned in the “Cheek Position”:

1. While maintaining the orientation of the phone, the phone was retracted parallel to the reference
plane far enough to enable a rotation of the phone by 15degrees.

2. The phone was then rotated around the horizontal line by 15 degrees.

3. While maintaining the orientation of the phone, the phone was moved parallel to the reference
plane until any part of the handset touched the head. (In this position, point A was located on the
line RE-LE). The tilted position is obtained when the contact is on the pinna. If the contact was
at any location other than the pinna, the angle of the phone would then be reduced. In this
situation, the tilted position was obtained when any part of the phone was in contact of the ear as
well as a second part of the phone was in contact with the head (see Figure 5-2).
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LE

; Figure 5-3
Figure 5-2 Front, Side and Top View of Ear/15° Tilt Side view w/ relevant markings
Position

54 Body-Worn Accessory Configurations

Body-worn operating configurations are tested with the belt-clips

and holsters attached to the device and positioned against a flat BTSN
phantom in a normal use configuration (see Figure 5-4). Per FCC -
KDB Publication 648474 D04v01r03, Body-worn accessory j“\
exposure is typically related to voice mode operations when

Yy F
handsets are carried in body-worn accessories. The body-worn \}
accessory procedures in FCC KDB Publication 447498 D0O1v06

should be used to test for body-worn accessory SAR compliance,

without a headset connected to it. This enables the test results Figure 5-4

for such configuration to be compatible with that required for Sample Body-Worn Diagram
hotspot mode when the body-worn accessory test separation

distance is greater than or equal to that required for hotspot mode, when applicable. When the reported
SAR for a body-worn accessory, measured without a headset connected to the handset, is > 1.2 W/kg,
the highest reported SAR configuration for that wireless mode and frequency band should be repeated for
that body-worn accessory with a headset attached to the handset.

Accessories for Body-worn operation configurations are divided into two categories: those that do not
contain metallic components and those that do contain metallic components. When multiple accessories
that do not contain metallic components are supplied with the device, the device is tested with only the
accessory that dictates the closest spacing to the body. Then multiple accessories that contain metallic
components are tested with the device with each accessory. If multiple accessories share an identical
metallic component (i.e. the same metallic belt-clip used with different holsters with no other metallic
components) only the accessory that dictates the closest spacing to the body is tested.

Body-worn accessories may not always be supplied or available as options for some devices intended to
be authorized for body-worn use. In this case, a test configuration with a separation distance between
the back of the device and the flat phantom is used. Test position spacing was documented.
Transmitters that are designed to operate in front of a person’s face, as in push-to-talk configurations, are
tested for SAR compliance with the front of the device positioned to face the flat phantom in head fluid.
For devices that are carried next to the body such as a shoulder, waist or chest-worn transmitters, SAR
compliance is tested with the accessories, including headsets and microphones, attached to the device
and positioned against a flat phantom in a normal use configuration.
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5.5

Extremity Exposure Configurations

Devices that are designed or intended for use on extremities or mainly operated in extremity only
exposure conditions; i.e., hands, wrists, feet and ankles, may require extremity SAR evaluation. When
the device also operates in close proximity to the user’s body, SAR compliance for the body is also
required. The 1-g body and 10-g extremity SAR Exclusion Thresholds found in KDB Publication 447498
D01v06 should be applied to determine SAR test requirements.

Per KDB Publication 447498 D01v06, Cell phones (handsets) are not normally designed to be used on
extremities or operated in extremity only exposure conditions. The maximum output power levels of
handsets generally do not require extremity SAR testing to show compliance. Therefore, extremity SAR
was not evaluated for this device.
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6 RF EXPOSURE LIMITS
6.1 Uncontrolled Environment

UNCONTROLLED ENVIRONMENTS are defined as locations where there is the exposure of individuals
who have no knowledge or control of their exposure. The general population/uncontrolled exposure limits
are applicable to situations in which the general public may be exposed or in which persons who are
exposed as a consequence of their employment may not be made fully aware of the potential for
exposure or cannot exercise control over their exposure. Members of the general public would come
under this category when exposure is not employment-related; for example, in the case of a wireless
transmitter that exposes persons in its vicinity.

6.2 Controlled Environment

CONTROLLED ENVIRONMENTS are defined as locations where there is exposure that may be incurred
by persons who are aware of the potential for exposure, (i.e. as a result of employment or occupation). In
general, occupational/controlled exposure limits are applicable to situations in which persons are exposed
as a consequence of their employment, who have been made fully aware of the potential for exposure
and can exercise control over their exposure. This exposure category is also applicable when the
exposure is of a transient nature due to incidental passage through a location where the exposure levels
may be higher than the general population/uncontrolled limits, but the exposed person is fully aware of
the potential for exposure and can exercise control over his or her exposure by leaving the area or by
some other appropriate means.

Table 6-1
SAR Human Exposure Specified in ANSI/IEEE C95.1-1992 and Health Canada Safety Code 6

HUMAN EXPOSURE LIMITS
UNMCONTROLLED CONTROLLED
ENYIROMMENT ENVIRONMENT
General Population Occupational
(Wikg) or (mW/g) (Wikg) or (m\ig)
Peak Spatial Average SAR 16 8.0
Head
Whole Body SAR 0.08 04
Peak SpatialAueraglle SAR 40 n
Hands, Feet, Ankle, Wrists, etc.

1. The Spatial Peak value of the SAR averaged over any 1 gram of tissue (defined as a tissue volume in the shape of a cube)
and over the appropriate averaging time.

2. The Spatial Average value of the SAR averaged over the whole body.

3. The Spatial Peak value of the SAR averaged over any 10 grams of tissue (defined as a tissue volume in the shape of a
cube) and over the appropriate averaging time.
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7 FCC MEASUREMENT PROCEDURES

Power measurements for licensed transmitters are performed using a base station simulator under digital
average power.

7.1 Measured and Reported SAR

Per FCC KDB Publication 447498 D01v06, when SAR is not measured at the maximum power level
allowed for production units, the results must be scaled to the maximum tune-up tolerance limit according
to the power applied to the individual channels tested to determine compliance. For simultaneous
transmission, the measured aggregate SAR must be scaled according to the sum of the differences
between the maximum tune-up tolerance and actual power used to test each transmitter. When SAR is
measured at or scaled to the maximum tune-up tolerance limit, the results are referred to as reported
SAR. The highest reported SAR results are identified on the grant of equipment authorization according
to procedures in KDB 690783 D01v01r03.

7.2 SAR Testing with 802.11 Transmitters

The normal network operating configurations of 802.11 transmitters are not suitable for SAR
measurements. Unpredictable fluctuations in network traffic and antenna diversity conditions can
introduce undesirable variations in SAR results. The SAR for these devices should be measured using
chipset based test mode software to ensure the results are consistent and reliable. See KDB Publication
248227 D01v02r02 for more details.

7.21 General Device Setup

Chipset based test mode software is hardware dependent and generally varies among
manufacturers. The device operating parameters established in test mode for SAR measurements
must be identical to those programmed in production units, including output power levels, amplifier
gain settings and other RF performance tuning parameters.

A periodic duty factor is required for current generation SAR systems to measure SAR. When 802.11
frame gaps are accounted for in the transmission, a maximum transmission duty factor of 92 - 96% is
typically achievable in most test mode configurations. A minimum transmission duty factor of 85% is
required to avoid certain hardware and device implementation issues related to wide range SAR
scaling. The reported SAR is scaled to 100% transmission duty factor to determine compliance at the
maximum tune-up tolerance limit.

7.2.2 U-NII-1 and U-NII-2A

For devices that operate in both U-NII-1 and U-NII-2A bands, when the same maximum output power
is specified for both bands, SAR measurement using OFDM SAR test procedures is not required for
U-NII-1 unless the highest reported SAR for U-NII-2A is > 1.2 W/kg. When different maximum output
powers are specified for the bands, SAR measurement for the U-NIl band with the lower maximum
output power is not required unless the highest reported SAR for the U-NII band with the higher
maximum output power, adjusted by the ratio of lower to higher specified maximum output power for
the two bands, is > 1.2 W/kg.

7.2.3 U-NII-2C and U-NII-3

The frequency range covered by U-NII-2C and U-NII-3 is 380 MHz (5.47 — 5.85 GHz), which requires
a minimum of at least two SAR probe calibration frequency points to support SAR measurements.
When Terminal Doppler Weather Radar (TDWR) restriction applies, the channels at 5.60 — 5.65 GHz
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in U-NII-2C band must be disabled with acceptable mechanisms and documented in the equipment
certification. Unless band gap channels are permanently disabled, SAR must be considered for these
channels. Each band is tested independently according to the normally required OFDM SAR
measurement and probe calibration frequency points requirements.

7.2.4 Initial Test Position Procedure

For exposure conditions with multiple test positions, such as handset operating next to the ear,
devices with hotspot mode or UMPC mini-tablet, procedures for initial test position can be applied.
Using the transmission mode determined by the DSSS procedure or initial test configuration, area
scans are measured for all positions in an exposure condition. The test position with the highest
extrapolated (peak) SAR is used as the initial test position. When reported SAR for the initial test
position is < 0.4 W/kg for 1g SAR, no additional testing for the remaining test positions is required.
Otherwise, SAR is evaluated at the subsequent highest peak SAR positions until the reported SAR
result is < 0.8 W/kg for 1g SAR or all test positions are measured.

7.25 2.4 GHz SAR Test Requirements

SAR is measured for 2.4 GHz 802.11b DSSS using either the fixed test position or, when applicable,
the initial test position procedure. SAR test reduction is determined according to the following:

1) When the reported SAR of the highest measured maximum output power channel for the
exposure configuration is < 0.8 W/kg, no further SAR testing is required for 802.11b DSSS in
that exposure configuration.

2) When the reported SAR is > 0.8 W/kg, SAR is required for that position using the next
highest measured output power channel. When any reported SAR is > 1.2 W/kg, SAR is
required for the third channel; i.e., all channels require testing.

2.4 GHz 802.11 g/n OFDM are additionally evaluated for SAR if the highest reported SAR for
802.11b, adjusted by the ratio of the OFDM to DSSS specified maximum output power, is > 1.2 W/kg.
When SAR is required for OFDM modes in 2.4 GHz band, the Initial Test Configuration Procedures
should be followed.

7.2.6 OFDM Transmission Mode and SAR Test Channel
Selection

For the 2.4 GHz and 5 GHz bands, when the same maximum output power was specified for multiple
OFDM transmission mode configurations in a frequency band or aggregated band, SAR is measured
using the configuration with the largest channel bandwidth, lowest order modulation and lowest data
rate. When the maximum output power of a channel is the same for equivalent OFDM configurations;
for example, 802.11a, 802.11n and 802.11ac or 802.11g and 802.11n with the same channel
bandwidth, modulation and data rate etc., the lower order 802.11 mode i.e., 802.11a, then 802.11n
and 802.11ac or 802.11g then 802.11n, is used for SAR measurement. When the maximum output
power are the same for multiple test channels, either according to the default or additional power
measurement requirements, SAR is measured using the channel closest to the middle of the
frequency band or aggregated band. When there are multiple channels with the same maximum
output power, SAR is measured using the higher number channel.

7.2.7 Initial Test Configuration Procedure

For OFDM, in both 2.4 and 5 GHz bands, an initial test configuration is determined for each frequency
band and aggregated band, according to the transmission mode with the highest maximum output
power specified for SAR measurements. When the same maximum output power is specified for
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multiple OFDM transmission mode configurations in a frequency band or aggregated band, SAR is
measured using the configuration(s) with the largest channel bandwidth, lowest order modulation,
lowest data rate and lowest order IEEE 802.11 mode. The channel of the transmission mode with the
highest average RF output conducted power will be the initial test configuration.

When the reported SAR is < 0.8 W/kg, no additional measurements on other test channels are
required. Otherwise, SAR is evaluated using the subsequent highest average RF output channel until
the reported SAR result is < 1.2 W/kg or all channels are measured. When there are multiple untested
channels having the same subsequent highest average RF output power, the channel with higher
frequency from the lowest 802.11 mode is considered for SAR measurements (See Section 7.2.6).

7.2.8 Subsequent Test Configuration Procedures

For OFDM configurations in each frequency band and aggregated band, SAR is evaluated for initial
test configuration using the fixed test position or the initial test position procedure. When the highest
reported SAR (for the initial test configuration), adjusted by the ratio of the specified maximum output
power of the subsequent test configuration to initial test configuration, is < 1.2 W/kg, no additional
SAR tests for the subsequent test configurations are required.

7.29 MIMO SAR considerations

Per KDB 248227 D01v02r02, the simultaneous SAR provisions in KDB Publication 447498 D01v06
should be applied to determine simultaneous transmission SAR test exclusion for WIFI MIMO. If the
sum of 1g single transmission chain SAR measurements is <1.6 W/kg, no additional SAR
measurements for MIMO are required. Alternatively, SAR for MIMO can be measured with all
antennas transmitting simultaneously at the specified maximum output power of MIMO operation.
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8 RF CONDUCTED POWERS

8.1 WLAN Conducted Powers

Table 8-1

2.4 GHz WLAN Maximum Average RF Power — Antenna 1

2.4GHz Conducted Power [dBm]
Freq [MHz] | Channel IEEE Transmission Mode
802.11b 802.11g 802.11n
2412 1 18.21 17.05 17.12
2437 6 19.41 16.87 16.90
2462 11 18.12 16.99 16.95
Table 8-2

2.4 GHz WLAN Maximum Average RF Power — Antenna 2

2.4GHz Conducted Power [dBm]
Freq [MHz] | Channel IEEE Transmission Mode
802.11b 802.11g 802.11n
2412 1 18.33 16.83 16.82
2437 6 19.03 16.75 16.79
2462 11 18.51 16.97 17.07
Table 8-3
2.4 GHz WLAN Reduced Average RF Power — Antenna 1
2.4GHz Conducted Power [dBm]
Freq [MHz] | Channel IEEE Transmission Mode
802.11b 802.11g 802.11n
2412 1 14.61 14.32 14.23
2437 6 15.49 15.21 15.00
2462 11 15.26 15.03 14.99
Table 8-4

2.4 GHz WLAN Reduced Average RF Power — Antenna 2

2.4GHz Conducted Power [dBm]

Freq [MHz] | Channel IEEE Transmission Mode
802.11b 802.11g 802.11n
2412 1 15.33 15.23 15.11
2437 6 15.26 15.02 14.99
2462 11 15.41 15.34 15.05
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Table 8-5

5 GHz WLAN Maximum Average RF Power — Antenna 1

5GHz (20MHz) Conducted Power [dBm]
Freq [MHz] | Channel IEEE Transmission Mode
802.11a 802.11n 802.11ac
5180 36 15.34 15.21 15.17
5200 40 16.09 15.84 16.18
5220 44 15.97 15.85 16.47
5240 48 15.96 15.80 15.99
5260 52 15.90 15.77 15.55
5280 56 15.82 15.70 15.71
5300 60 15.78 16.41 16.14
5320 64 15.48 15.45 15.47
5500 100 15.49 15.40 15.31
5520 104 16.10 16.27 15.34
5600 120 15.53 16.05 15.46
5620 124 15.67 15.90 16.46
5720 144 16.37 15.53 15.57
5745 149 16.41 15.48 15.67
5785 157 16.25 15.45 15.66
5825 165 16.22 15.52 15.67
Table 8-6

5 GHz WLAN Maximum Average RF Power — Antenna 2

5GHz (20MHz) Conducted Power [dBm]
Freq [MHz] | Channel IEEE Transmission Mode
802.11a 802.11n 802.11ac
5180 36 14.73 14.61 14.59
5200 40 16.41 16.40 16.08
5220 44 15.59 15.46 16.37
5240 48 15.52 15.64 16.32
5260 52 16.38 15.66 16.32
5280 56 16.35 15.60 16.42
5300 60 16.48 15.70 16.42
5320 64 14.82 14.74 14.70
5500 100 14.71 14.68 14.63
5520 104 15.64 15.55 16.46
5600 120 15.52 16.48 16.40
5620 124 15.53 16.43 16.36
5720 144 16.45 16.41 16.31
5745 149 16.48 16.48 16.30
5785 157 16.38 16.31 16.36
5825 165 16.36 16.35 16.29
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Table 8-7

5.2 GHz WLAN Reduced Average RF Power — Antenna 1

5GHz (40MHz) Conducted
Power [dBm]
Freq [MHz] | Channel —
IEEE Transmission Mode
802.11n 802.11ac
5190 38 13.26 13.36
5230 46 13.44 13.48
Table 8-8

5.3-5.8 GHz WLAN Reduced Average RF Power — Antenna 1

5GHz (80MHz) Conducted Power
IEEE
Transmission
Freq [MHz] [ Channel M ode
802.11ac
5290 58 12.77
5530 106 11.43
5610 122 12.55
5690 138 13.12
5775 155 13.34
Table 8-9
5.2 GHz WLAN Reduced Average RF Power — Antenna 2
5GHz (40MHz) Conducted
Power [dBm]
Freq [MHz] [ Channel —
IEEE Transmission Mode
802.11n 802.11ac
5190 38 13.03 13.16
5230 46 13.18 13.39
Table 8-10
5.3-5.8 GHz WLAN Reduced Average RF Power — Antenna 2
5GHz (80MHz) Conducted Power
IEEE
Transmission
Freq [MHz] [ Channel M ode
802.11ac
5290 58 12.93
5530 106 10.84
5610 122 12.81
5690 138 12.78
5775 155 12.90
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Justification for test configurations for WLAN per KDB Publication 248227 D01v02r02:
o Power measurements were performed for the transmission mode configuration with the highest
maximum output power specified for production units.
e For transmission modes with the same maximum output power specification, powers were
measured for the largest channel bandwidth, lowest order modulation and lowest data rate.
For transmission modes with identical maximum specified output power, channel bandwidth,
modulation and data rates, power measurements were required for all identical configurations.
For each transmission mode configuration, powers were measured for the highest and lowest
channels; and at the mid-band channel(s) when there were at least 3 channels supported. For
configurations with multiple mid-band channels, due to an even number of channels, both
channels were measured.
The bolded data rate and channel above were tested for SAR.

Anritsu Anritsu MLZ4554

FRCT I Fower eter
Pawer Sensar

Figure 8-1
Power Measurement Setup for Bandwidths < 50 MHz

Ailert WA

ELT Signal Analyzer

Coax Cable

Figure 8-2
Power Measurement Setup for Bandwidths > 50 MHz
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9 SYSTEM VERIFICATION

9.1 Tissue Verification

Table 9-1
Measured Tissue Properties
Calibrated for Tissue | Tissue Temp During Measured Measure.d M?asurgd TARGII-_‘Ij 'IjARGE!'
Tests Performed Type Calibration (C') Frequency | Conductivity, Dielectric Conductivity, Dielectric %dev o %dev €
on: (MHz) o (S/m) Constant, € o (S/m) Constant, €

2400 1.786 39.857 1.756 39.289 1.71% 1.45%
12/30/2015 2450H 24.2 2450 1.844 39.649 1.800 39.200 2.44% 1.15%
2500 1.903 39.459 1.855 39.136 2.59% 0.83%
5240 4.716 37.069 4.696 35.940 0.43% 3.14%
5260 4.737 37.061 4.717 35.917 0.42% 3.19%
5280 4.753 37.007 4.737 35.894 0.34% 3.10%
5300 4.770 36.955 4.758 35.871 0.25% 3.02%
5600 5.112 36.513 5.065 35.529 0.93% 2.77%
01/02/2016 5528%%T|- 21.4 5620 5.147 36.472 5.086 35.506 1.20% 2.72%
5680 5.194 36.374 5.147 35.437 0.91% 2.64%
5700 5.210 36.337 5.168 35.414 0.81% 2.61%
5745 5.297 36.275 5.214 35.363 1.59% 2.58%
5765 5.330 36.262 5.234 35.340 1.83% 2.61%
5785 5.353 36.244 5.255 35.317 1.86% 2.62%
2400 1.950 50.981 1.902 52.767 2.52% -3.38%
1/4/2016 2450B 21.2 2450 2.016 50.810 1.950 52.700 3.38% -3.59%
2500 2.083 50.619 2.021 52.636 3.07% -3.83%
5260 5.390 47.567 5.369 48.933 0.39% -2.79%
5300 5.435 47.514 5.416 48.879 0.35% -2.79%
12/28/2015 52528%%?3- 22.6 5700 5.970 46.895 5.883 48.336 1.48% -2.98%
5745 6.047 46.769 5.936 48.275 1.87% -3.12%
5800 6.117 46.686 6.000 48.200 1.95% -3.14%

The above measured tissue parameters were used in the DASY software. The DASY software was used
to perform interpolation to determine the dielectric parameters at the SAR test device frequencies (per

KDB Publication 865664 and IEEE 1528-2013 6.6.1.2). The tissue parameters listed in the SAR test plots
may slightly differ from the table above due to significant digit rounding in the software.
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9.2 Test System Verification

Prior to SAR assessment, the system is verified to £10% of the SAR measurement on the reference
dipole at the time of calibration by the calibration facility. Full system validation status and result summary
can be found in Appendix E.

Table 9-2
System Verification Results
System Verification
TARGET & MEASURED
SAR Fr:;’;‘;‘:w Tissue bate: Amb. | Liquid P':"l’v“:r Dipole | Probe | Measured | ' v;:;;get 1W Normalized| Deviations
System # (MHz) Type Temp (°C) | Temp (°C) W) SN SN | SARy (W/kg) (Wikg) SAR1s (W/kg) (%)
I 2450 HEAD | 12/30/2015 24.0 242 0100 | 719 | 3333 5.130 54.200 51.300 -5.35%
E 5250 HEAD | 01/02/2016 24.1 212 0.050 | 1191 | 7308 3.960 82.500 79.200 -4.00%
E 5600 HEAD | 01/02/2016 24.1 21.2 0.050 | 1191 | 7308 4.300 84.500 86.000 1.78%
E 5750 HEAD | 01/02/2016 24.1 212 0.050 | 1191 | 7308 3.940 80.000 78.800 -1.50%
G 2450 BODY | 01/04/2016 235 22.0 0.100 | 719 | 3334 5.260 51.900 52.600 1.35%
D 5300 BODY | 12/28/2015 22.3 226 0.050 | 1057 | 7357 3.780 74.200 75.600 1.89%
D 5800 BODY | 12/28/2015 224 226 0.050 | 1057 | 7357 3.690 75.100 73.800 1.73%
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Figure 9-1 Figure 9-2
System Verification Setup Diagram System Verification Setup Photo
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SAR DATA SUMMARY

10.1 Standalone Head SAR Data

Table 10-1
DTS Head SAR

MEASUREMENT RESULTS
FREQUENCY Mode service | Bandwidth M:IES';:' Conducted | Power side Test | Antenna D;"r'; Data Rate |Duty Cycle P:f:::c::' SAR(19) | scaling Factor | Scaling Factor Repo(r:;i o Plot #
— - MH2] | poor fagm) | POWer [4Bm] | Drift (48] Position | Config. | (**t* | (Mbps) (%) o g (Power) (Duty Cycle) pr
2437 6 802.11b Dsss 22 155 15.49 0.13 Right Cheek 1 B40CB 1 99.8 0.378 0.328 1.002 1.002 0.330
2437 6 802.11b Dsss 22 155 15.49 - Right Tilt 1 B40CB 1 99.8 0.245 - 1.002 1.002 -
2437 6 802.11b DSss 22 155 15.49 - Left Cheek 1 B40CB 1 99.8 0.228 - 1.002 1.002 -
2437 6 802.11b Dsss 22 155 15.49 - Left Tilt 1 B40CB 1 99.8 0.141 - 1.002 1.002 -
2462 1 802.11b DSss 22 155 1541 - Right Cheek 2 B40CB 1 99.8 0.398 - 1.021 1.002 -
2462 " 802.11b Dsss 22 155 15.41 - Right Tilt 2 B40CB 1 99.8 0.301 - 1.021 1.002 -
2462 1 802.11b DSSS 22 155 1541 0.12 Left Cheek 2 B40CB 1 99.8 0.703 0.535 1.021 1.002 0.547 Al
2462 " 802.11b Dsss 22 155 15.41 0.00 Left Tilt 2 B40CB 1 99.8 0.5697 0.423 1.021 1.002 0.433
ANSI / IEEE C95.1 1992 - SAFETY LIMIT Head
Spatial Peak 1.6 Wikg (mW/g)
L averaged over 1 gram
Table 10-2
NIl Head SAR
MEASUREMENT RESULTS
FREQUENCY Mode service | Bendwidth M:I:‘oic::' Conducted | Power side Test | Antenna D;‘:'I‘: Data Rate |Duty Cycle P:f:::c::' SAR(19) | scaling Factor | Scaling Factor Repo[:;’ AR Plot#
e o Ml | o o atm) | Power [@Bm] | Drift [dB] Position | Config. | \® | (Mbps) (%) Whe ) (Power) (Duty Cycle) Wikg)
5290 58 802.11ac OFDM 80 135 12.77 0.03 Right Cheek 1 B4081 293 94.2 0.396 0.129 1.183 1.062 0.162
5290 58 802.11ac OFDM 80 135 1277 - Right Tilt 1 B4081 293 942 0.343 - 1.183 1.062 -
5290 58 802.11ac OFDM 80 135 12.77 - Left Cheek 1 B4081 293 94.2 0.115 - 1.183 1.062 -
5290 58 802.11ac OFDM 80 135 1277 - Left Tilt 1 B4081 293 942 0.126 - 1.183 1.062 -
5290 58 802.11ac OFDM 80 135 12.93 - Right Cheek 2 B4081 293 94.1 0.329 - 1.140 1.063 -
5290 58 802.11ac OFDM 80 135 1293 - Right Tilt 2 B4081 293 94.1 0.336 - 1.140 1.063 -
5290 58 802.11ac OFDM 80 135 12.93 0.03 Left Cheek 2 B4081 293 94.1 0.503 0.183 1.140 1.063 0.222
5290 58 802.11ac OFDM 80 135 1293 - Left Tilt 2 B4081 293 94.1 0.491 - 1.140 1.063 -
5690 138 802.11ac OFDM 80 135 13.12 0.13 Right Cheek 1 B4081 293 94.2 0513 0.183 1.091 1.062 0212
5690 138 802.11ac OFDM 80 135 13.12 - Right Tilt 1 B4081 293 942 0.452 - 1.091 1.062 -
5690 138 802.11ac OFDM 80 135 13.12 - Left Cheek 1 B4081 293 94.2 0.329 - 1.091 1.062 -
5690 138 802.11ac OFDM 80 135 13.12 - Left Tilt 1 B4081 293 942 0.253 - 1.091 1.062 -
5610 122 802.11ac OFDM 80 135 12.81 0.03 Right Cheek 2 B4081 293 94.1 0.935 0.454 1172 1.063 0.566
5610 122 802.11ac OFDM 80 135 1281 - Right Tilt 2 B4081 293 94.1 0.732 - 1172 1.063 -
5610 122 802.11ac OFDM 80 135 12.81 0.08 Left Cheek 2 B4081 293 94.1 1.501 0.514 1172 1.063 0.640 A2
5610 122 802.11ac OFDM 80 135 1281 - Left Tilt 2 B4081 293 94.1 0.710 - 1172 1.063 -
5775 155 802.11ac OFDM 80 135 13.34 0.07 Right Cheek 1 B4081 293 94.2 0.277 0.082 1.038 1.062 0.090
5775 155 802.11ac OFDM 80 135 13.34 - Right Tilt 1 B4081 293 942 0.220 - 1.038 1.062 -
5775 155 802.11ac OFDM 80 135 13.34 - Left Cheek 1 B4081 293 94.2 0.138 - 1.038 1.062 -
5775 155 802.11ac OFDM 80 135 13.34 - Left Tilt 1 B4081 293 942 0.092 - 1.038 1.062 -
5775 155 802.11ac OFDM 80 135 12.90 0.20 Right Cheek 2 B4081 29.3 94.1 0.879 0417 1.148 1.063 0.509
5775 155 802.11ac OFDM 80 135 12.90 - Right Tilt 2 B4081 293 94.1 0.590 - 1.148 1.063 -
5775 155 802.11ac OFDM 80 135 12.90 0.00 Left Cheek 2 B4081 293 94.1 1612 0.495 1.148 1.063 0.604
5775 155 802.11ac OFDM 80 135 12.90 - Left Tilt 2 B4081 293 94.1 0.779 - 1.148 1.063 -
ANS! / IEEE C95.1 1992 - SAFETY LIMIT Head
Spatial Peak 1.6 W/kg (mW/g)
i averaged over 1 gram
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10.2 Standalone Body-Worn SAR Data

MEASUREMENT RESULTS
i i Peak SAR of Reported SAR
FREQUENCY y Bandwidth | MAXIMUM |6 ducted |Power Drift . Antenna | 2V |pataRate| puty SAR(19) | scaling Factor | Scaling Factor | "
Mode Service MHe] Allowed Power [dBm] 18] Spacing Confi Serial (Mbps) Side Cycle Area Scan (Power) (Duty Cycle) (19) Plot #
MHz | ch. Power [dBm] 9| Number P (%) Wikg (Wikg) Vo (Wikg)
2437 6 802.11b DSSS 22 195 19.41 0.03 15mm 1 B40CB 1 back | 99.8 0.128 0111 1.021 1.002 0.113 m
2437 6 802.11b DSSS 22 195 19.03 -0.03 15mm 2 B40CB 1 back | 99.8 0.132 0.103 1114 1.002 0.115
ANSI / IEEE C95.1 1992 - SAFETY LIMIT Body
Spatial Peak 1.6 W/kg (mW/g)
i averaged over 1 gram
MEASUREMENT RESULTS

. Maximum . . . Peak SAR of ) - Reported SAR|
FREQUENCY Mode Service Bﬂn’:»’gﬂh Allowed Pcondu:;;d Pow:r Drift spacing Acnle;ma De:ce :erlal na’;lab Rate Side Duty Cycle (%) |_Area Scan SAR(1g) Scal:,ng Factor Scl;lllngCcmllov (1g) Plot#
™ o L i Power [dBm] ower [dBm] [a8] onfig. lumber (Mbps) Wikg Wikg) (Power) (Duty Cycle) Wikg)
5260 | 52 802.11a OFDM 20 165 15.90 0.20 15 mm 1 DESS1 6 back 982 0143 0058 1.148 1.018 0068
5300 60 802.11a OFDM 20 16.5 16.48 0.10 15mm 2 DE551 6 back 98.1 0.486 0217 1.005 1.020 0222 A4
5720 144 802.11a OFDM 20 16.5 16.37 0.07 15 mm 1 DE551 6 back 982 0.430 0213 1.030 1.018 0.223
5720 144 802.11a OFDM 20 16.5 1645 017 15mm 2 DE551 6 back 98.1 0.258 0.096 1012 1.020 0.099
5745 149 802.11a OFDM 20 16.5 16.41 017 15 mm 1 DE551 6 back 98.2 0.367 0.190 1.021 1.018 0.197
5745 149 802.11a OFDM 20 16.5 16.48 0.07 15 mm 2 DE551 6 back 98.1 0.126 0.070 1.005 1.020 0.071

ANS! / |EEE C95.1 1992 - SAFETY LIMIT Body
Spatial Peak 1.6 Wikg (mWig)
pulati averaged over 1 gram

10.3 SAR Test Notes

General Notes:
1.

2.
3.
4

The test data reported are the worst-case SAR values according to test procedures specified in
IEEE 1528-2013, and FCC KDB Publication 447498 D01v06.

Batteries are fully charged at the beginning of the SAR measurements.

Liquid tissue depth was at least 15.0 cm for all frequencies.

The manufacturer has confirmed that the device(s) tested have the same physical, mechanical
and thermal characteristics and are within operational tolerances expected for production units.
SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC
KDB Publication 447498 D01v06.

Device was tested using a fixed spacing for body-worn accessory testing. A separation distance
of 15 mm was considered because the manufacturer has determined that there will be body-worn
accessories available in the marketplace for users to support this separation distance.

Per FCC KDB Publication 648474 D04v01r03, body-worn SAR was evaluated without a headset
connected to the device. Since the standalone reported body-worn SAR was < 1.2 W/kg, no
additional body-worn SAR evaluations using a headset cable were required.

Per FCC KDB 865664 D01 v01r04, variability SAR tests were not performed because the
measured SAR results for a frequency band were less than 0.8 W/kg. Please see Section 12 for
more information.
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WLAN Notes:

1.

For held-to-ear operations, the initial test position procedures were applied. The test position with
the highest extrapolated peak SAR will be used as the initial test position. When reported SAR for
the initial test position is < 0.4 W/kg, no additional testing for the remaining test positions was
required. Otherwise, SAR is evaluated at the subsequent highest peak SAR positions until the
reported SAR result is < 0.8 W/kg or all test positions are measured.

Justification for test configurations for WLAN per KDB Publication 248227 D01v02r02 for 2.4 GHz
WIFI single transmission chain operations, the highest measured maximum output power channel
for DSSS was selected for SAR measurement. SAR for OFDM modes (2.4 GHz 802.11g/n) was
not required due to the maximum allowed powers and the highest reported DSSS SAR. See
Section 7.2.5 for more information.

Justification for test configurations for WLAN per KDB Publication 248227 D01v02r02 for 5 GHz
WIFI single transmission chain operations, the initial test configuration was selected according to
the transmission mode with the highest maximum allowed powers. Other transmission modes
were not investigated since the highest reported SAR for initial test configuration adjusted by the
ratio of maximum output powers is less than 1.2 W/kg. See Section 7.2.6 for more information.
Per KDB Publication 248227 D01v02r02, SAR for MIMO was evaluated by following the
simultaneous SAR provisions from KDB Publication 447498 D01v06. Please see Section 11 for
complete analysis.

When the maximum reported averaged SAR is 0.8 W/kg, SAR testing on additional channels
was not required. Otherwise, SAR for the next highest output power channel was required until
the reported SAR result was < 1.20 W/kg or all test channels were measured.

The device was configured to transmit continuously at the required data rate, channel bandwidth
and signal modulation, using the highest transmission duty factor supported by the test mode
tools. The reported SAR was scaled to the 100% transmission duty factor to determine
compliance. Procedures used to measure the duty factor are identical to that in the associated
EMC test reports.
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11 FCC MULTI-TX AND ANTENNA SAR CONSIDERATIONS ‘

11.1 Introduction

The following procedures adopted from FCC KDB Publication 447498 D0O1v06 are applicable to devices
with built-in unlicensed transmitter such as 802.11 and Bluetooth devices which may simultaneously
transmit with the other unlicensed transmitter.

11.2 Simultaneous Transmission Procedures

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission
analysis is required. Per FCC KDB 447498 D01v06 4.3.2 and IEEE 1528-2013 Section 6.3.4.1.2,
simultaneous transmission SAR test exclusion may be applied when the sum of the 1-g SAR for all the
simultaneous transmitting antennas in a specific a physical test configuration is <1.6 W/kg. The different
test positions in an exposure condition may be considered collectively to determine SAR test exclusion
according to the sum of 1-g SAR.

11.3 Head SAR Simultaneous Transmission Analysis

Table 11-1
Simultaneous Transmission Scenario for MIMO 2.4 GHz WLAN (Held to Ear)
2.4 GHz 2.4 GHz
2 SAR
Exposure WLAN Ant 1 | WLAN Ant 2 (Wikg)
Condition SAR (W/kg) | SAR (W/kg)
1 2 142
Head SAR 0.330 0.547 0.877
Table 11-2
Simultaneous Transmission Scenario for MIMO 5 GHz WLAN (Held to Ear)
5 GHz WLAN|5 GHz WLAN
2 SAR
Exposure An\t/v1 I(SAR An\thkSAR (Wikg)
Condition | (W/k9) itse)
1 2 1+2
Head SAR 0.212 0.640 0.852
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Table 11-3
Simultaneous Transmission Scenario for 2.4 GHz Ant 1 and 5 GHz Ant 2 WLAN (Held to Ear)

2.4 GHz |5 GHz WLAN
2 SAR
Exposure WLAN Ant 1| Ant 2 SAR (Wikg)
Condition S ) (Wrkg)
1 2 142
Head SAR 0.330 0.640 0.970
Table 11-4
Simultaneous Transmission Scenario for 2.4 GHz Ant 2 and 5 GHz Ant 1 WLAN (Held to Ear)
2.4 GHz |5 GHz WLAN
2 SAR
Exposure WLAN Ant 2 | Ant 1 SAR (Wikg)
Condition SRR oot
1 2 1+2
Head SAR 0.547 0.212 0.759

11.4 Body-Worn Simultaneous Transmission Analysis

Table 11-5
Simultaneous Transmission Scenario for MIMO 2.4 GHz WLAN (Body-Worn at 1.5 cm)
2.4 GHz 2.4 GHz
> SAR
Exposure VSVLAN A/nt 1 VSVLAN A/nt 2 (Wikg)
Condition Ak R )
1 2 1+2
Body-Worn 0.113 0.115 0.228
Table 11-6
Simultaneous Transmission Scenario for MIMO 5 GHz WLAN (Body-Worn at 1.5 cm)
5 GHz WLAN |5 GHz WLAN
> SAR
Exposure An\tN1/kSAR An\tN2/kSAR (Wikg)
Condition ( 9) ( 9)
1 2 1+2
Body-Worn 0.223 0.222 0.445
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Table 11-7
Simultaneous Transmission Scenario for 2.4 GHz Ant 1 and 5 GHz Ant 2 WLAN
(Body-Worn at 1.5 cm)

2.4 GHz |5 GHz WLAN
> SAR
Exposure VSVLAN A/nt 11 Ant 2/SAR (Wikg)
Condition AR (Wikg) (Wikg)
1 2 1+2
Body-Worn 0.113 0.222 0.335
Table 11-8

Simultaneous Transmission Scenario for 2.4 GHz Ant 2 and 5 GHz Ant 1 WLAN
(Body-Worn at 1.5 cm)

2.4 GHz |5 GHz WLAN
> SAR
Ciponso [ WLANM2| AIAR |
Condition ( 9) ( 9
1 2 1+2
Body-Worn 0.115 0.223 0.338

11.5 Simultaneous Transmission Conclusion

The above numerical summed SAR results for all the worst-case simultaneous transmission conditions
were below the SAR limit. Therefore, the above analysis is sufficient to determine that simultaneous
transmission cases will not exceed the SAR limit and therefore no measured volumetric simultaneous
SAR summation is required per FCC KDB Publication 447498 D01v06 and IEEE 1528-2013 Section

6.3.4.1.2.
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12 SAR MEASUREMENT VARIABILITY ‘

12.1 Measurement Variability
Per FCC KDB Publication 865664 D01v01r04, SAR measurement variability was not assessed for each
frequency band since all measured SAR values are < 0.80 W/kg for 1g SAR.

12.2 Measurement Uncertainty

The measured 1g SAR was <1.5 W/kg for all frequency bands. Therefore, per KDB Publication 865664
D01v01r04, the extended measurement uncertainty analysis per IEEE 1528-2013 was not required.
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13

EQUIPMENT LIST

Manufacturer Model Description Cal Date |Cal Interval | Cal Due Serial Number
Agilent E8257D (250kHz-20GHz) Signal Generator 3/15/2015| Annual 3/15/2016 MY45470194
Agilent N9020A MXA Signal Analyzer 11/5/2015 Annual 11/5/2016 US46470561
Agilent 8753ES S-Parameter Network Analyzer 1/20/2015| Annual 1/20/2016 US39170122
Agilent 8753ES Network Analyzer 3/20/2015| Annual 3/20/2016 MY40001472

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433977
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433978
Anritsu MA2481A Power Sensor 3/11/2015| Annual 3/11/2016 5318
Anritsu ML2438A Power Meter 3/13/2015| Annual 3/13/2016 1190013
Anritsu MA2481A Power Sensor 3/10/2015| Annual 3/10/2016 2400
Anritsu MA24106A USB Power Sensor 5/29/2015| Annual 5/29/2016 1248508
Anritsu ML2495A Power Meter 10/16/2015| Biennial |10/16/2017 941001
Anritsu ML2496A Power Meter 3/13/2015| Annual 3/13/2016 1351001
Anritsu MA24106A USB Power Sensor 3/2/2015 Annual 3/2/2016 1344559
Anritsu ML2496A Power Meter 3/13/2015| Annual 3/13/2016 1306009
Anritsu MA2411B Pulse Power Sensor 3/13/2015 Annual 3/13/2016 1207470
COMTECH AR85729-5/5759B Solid State Amplifier CBT N/A CBT M3W1A00-1002
COMTech AR85729-5 Solid State Amplifier CBT N/A CBT M1S5A00-009
Control Company 4040 Digital Thermometer 3/18/2015| Biennial 3/18/2017 150195001
Control Company 4040 Digital Thermometer 3/18/2015| Biennial 3/18/2017 150194979
Control Company 4353 Long Stem Thermometer 1/22/2015| Biennial 1/22/2017 150053081
Control Company 4353 Long Stem Thermometer 1/22/2015| Biennial 1/22/2017 150053059
Control Company 4040 Digital Thermometer 3/18/2015| Biennial 3/18/2017 150194896
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Mitutoyo CD-6"CSX Digital Caliper 5/8/2014 | Biennial 5/8/2016 13264165
Narda 4014C-6 4 - 8 GHz SMA 6 dB Directional Coupler CBT N/A CBT N/A
Pasternack PE2208-6 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench N/A CBT N/A N/A
SPEAG D2450V2 2450 MHz SAR Dipole 8/20/2015 Annual 8/20/2016 719
SPEAG D5GHzV2 5 GHz SAR Dipole 1/21/2015 Annual 1/21/2016 1057
SPEAG DAE4 Dasy Data Acquisition Electronics 10/27/2015| Annual 10/27/2016 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 8/24/2015| Annual 8/24/2016 1322
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2015] Annual 5/12/2016 1070
SPEAG DAK-3.5 Dielectric Assessment Kit 10/20/2015| Annual 10/20/2016 1091
SPEAG DAE4 Dasy Data Acquisition Electronics 11/11/2015| Annual 11/11/2016, 1415
SPEAG DAE4 Dasy Data Acquisition Electronics 4/20/2015| Annual 4/20/2016 1407
SPEAG ES3DV3 SAR Probe 10/29/2015] Annual 10/29/2016 3333
SPEAG ES3DV3 SAR Probe 11/17/2015] Annual 11/17/2016 3334
SPEAG EX3DV4 SAR Probe 7/21/2015 Annual 7/21/2016 7308
SPEAG D5GHzV2 5 GHz SAR Dipole 9/16/2015 Annual 9/16/2016 1191
SPEAG EX3DV4 SAR Probe 4/23/2015 Annual 4/23/2016 7357

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path. The power
meter offset was then adjusted to compensate for the measurement system losses. This level offset is stored within the power meter
before measurements are made. This calibration verification procedure applies to the system verification and output power
measurements. The calibrated reading is then taken directly from the power meter after compensation of the losses for all final

power measurements.
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14 MEASUREMENT UNCERTAINTIES

a c d e= f I h= i= k
f(d,k) cxfle | cxgle
Tol. Prob. ci ci 1gm 10gms
Uncertainty Component (+ %) | Dist. | Div. | 1gm [10 gms u; u; vi

(£ %) | (%)

Measurement System

Probe Calibration 6.55 N 1 1.0 1.0 6.6 6.6 0

Axial Isotropy 0.25 N 1 0.7 0.7 0.2 0.2 ©

Hemishperical Isotropy 1.3 N 1 0.7 0.7 0.9 0.9 o

Boundary Effect 2.0 R [1.73] 1.0 1.0 1.2 1.2 e

Linearity 0.3 N 1 1.0 1.0 0.3 0.3 o

System Detection Limits 0.25 R [1.73 1.0 1.0 0.1 0.1 0

Readout Electronics 0.3 N 1 1.0 1.0 0.3 0.3 0

Response Time 0.8 R | 173 1.0 1.0 0.5 0.5 o

Integration Time 2.6 R | 173 1.0 1.0 1.5 1.5 0

RF Ambient Conditions - Noise 3.0 R | 173 1.0 1.0 1.7 1.7 s

RF Ambient Conditions - Reflections 3.0 R | 173 1.0 1.0 1.7 1.7 s

Probe Positioner Mechanical Tolerance 0.4 R [1.73] 1.0 1.0 0.2 0.2 o

Probe Positioning w/ respect to Phantom 6.7 R [1.73] 1.0 1.0 3.9 3.9 ©
a(;jps(izgig\r/\;llsztEr(E)r(])Iation & Integration algorithms for 4.0 R 11731 10 10 23 23 w

Test Sample Related

Test Sample Positioning 2.7 N 1 1.0 1.0 2.7 2.7 | 35

Device Holder Uncertainty 1.67 N 1 1.0 1.0 1.7 1.7 5

Output Power Variation - SAR drift measurement 5.0 R [1.73] 1.0 1.0 2.9 2.9 0

SAR Scaling 0.0 R 1.73 1.0 1.0 0.0 0.0 0

Phantom & Tissue Parameters

Phantom Uncertainty (Shape & Thickness tolerances) 7.6 R 173 1.0 1.0 4.4 4.4 ©

Liquid Conductivity - measurement uncertainty 4.2 N 1 0.78 | 0.71 3.3 30 |10

Liquid Permittivity - measurement uncertainty 4.1 N 1 0.23 | 0.26 1.0 1.1 10

Liquid Conductivity - Temperature Uncertainty 3.4 R | 173 0.78 | 0.71 1.5 1.4 0

Liquid Permittivity - Temperature Unceritainty 0.6 R [ 173 023 [ 0.26 0.1 0.1 o0

Liquid Conductivity - deviation from target values 5.0 R | 173 0.64 | 0.43 1.8 1.2 0

Liquid Permittivity - deviation from target values 5.0 R | 1.73 | 0.60 | 0.49 1.7 1.4 0

Combined Standard Uncertainty (k=1) RSS 115 | 11.3 | 60

Expanded Uncertainty k=2 230 | 226

(95% CONFIDENCE LEVEL)
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15  CONCLUSION |

Measurement Conclusion

The SAR evaluation indicates that the EUT complies with the RF radiation exposure limits of the FCC and
Industry Canada, with respect to all parameters subject to this test. These measurements were taken to
simulate the RF effects of RF exposure under worst-case conditions. Precise laboratory measures were
taken to assure repeatability of the tests. The results and statements relate only to the item(s) tested.

Please note that the absorption and distribution of electromagnetic energy in the body are very complex
phenomena that depend on the mass, shape, and size of the body, the orientation of the body with
respect to the field vectors, and the electrical properties of both the body and the environment. Other
variables that may play a substantial role in possible biological effects are those that characterize the
environment (e.g. ambient temperature, air velocity, relative humidity, and body insulation) and those that
characterize the individual (e.g. age, gender, activity level, debilitation, or disease). Because various
factors may interact with one another to vary the specific biological outcome of an exposure to
electromagnetic fields, any protection guide should consider maximal amplification of biological effects as
a result of field-body interactions, environmental conditions, and physiological variables. [3]
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Publication 616217 D04

FCC SAR Measurement and Reporting Requirements for 100MHz — 6 GHz, KDB Publications 865664 D01-D02
FCC General RF Exposure Guidance and SAR Procedures for Dongles, KDB Publication 447498, D01-D02
Anexo a Resolugéo No. 533, de 10 de Septembro de 2009.

IEC 62209-2, Human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices - Human models, instrumentation, and procedures - Part 2: Procedure to determine the
specific absorption rate (SAR) for wireless communication devices used in close proximity to the human body
(frequency range of 30 MHz to 6 GHz), Mar. 2010.

Reviewed by:
FCC ID: A3LSMG930X SAR EVALUATION REPORT 5 ¥
w Quality Manager
Document S/N: Test Dates: DUT Type: Page 35 of 35
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PCTEST ENGINEERING LABORATORY, INC.

DUT: A3LSMGY930X; Type: Portable Handset; Serial: B40CB

Communication System: UID 0, IEEE 802.11b; Frequency: 2462 MHz; Duty Cycle: 1:1
Medium: 2450 Head Medium parameters used (interpolated):
f=2462 MHz; 6 = 1.858 S/m; & = 39.603; p = 1000 kg/m3
Phantom section: Left Section

Test Date: 12-30-2015; Ambient Temp: 24.0°C; Tissue Temp: 24.2°C

Probe: ES3DV3 - SN3333; ConvF(4.53, 4.53, 4.53); Calibrated: 10/29/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1333; Calibrated: 10/27/2015
Phantom: SAM Right; Type: QD0O00P40CD; Serial: 1757
Measurement SW: DASYS52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

Mode: IEEE 802.11b, 22 MHz Bandwidth,
Left Head, Cheek, Ch 11, 1 Mbps, Antenna 2

Area Scan (11x18x1): Measurement grid: dx=12mm, dy=12mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 18.86 V/m; Power Drift = 0.12 dB
Peak SAR (extrapolated) = 1.47 W/kg
SAR( g) = 0.535 W/kg

—-4.00

-8.00

-12.00

-16.00

-20.00 \ ’ 4

0 dB =0.801 W/kg =-0.96 dBW/kg

Al



PCTEST ENGINEERING LABORATORY, INC.

DUT: A3LSMGY930X; Type: Portable Handset; Serial: B4081

Communication System: UID 0, IEEE 802.11ac; Frequency: 5610 MHz; Duty Cycle: 1:1
Medium: 5 GHz Head Medium parameters used (interpolated):
f=5610 MHz; 6 = 5.13 S/m; & = 36.493; p = 1000 kg/m3
Phantom section: Left Section

Test Date: 01-02-2016; Ambient Temp: 24.1°C; Tissue Temp: 21.2°C

Probe: EX3DV4 - SN7308; ConvF(4.65, 4.65, 4.65); Calibrated: 7/21/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1322; Calibrated: 8/24/2015
Phantom: SAM 5.0 front; Type: QDO00P40CD; Serial: TP:-1648
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

Mode: IEEE 802.11ac, U-NII-2C, 80 MHz Bandwidth,
Left Head, Cheek, Ch 122, 29.3 Mbps, Antenna 2

Area Scan (13x22x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Reference Value = 11.89 V/m; Power Drift = 0.08 dB
Peak SAR (extrapolated) = 2.85 W/kg
SAR( g) = 0.514 W/kg

— 0

— -4.00

-8.00

-12.00

-16.00

-20.00

A2



PCTEST ENGINEERING LABORATORY, INC.

DUT: A3LSMGY930X; Type: Portable Handset; Serial: B40CB

Communication System: UID 0, IEEE 802.11b; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium: 2450 Body Medium parameters used (interpolated):
f=2437 MHz; 6 = 1.999 S/m; &, = 50.854; p = 1000 kg/m’
Phantom section: Flat Section; Space: 1.5 cm

Test Date: 01-04-2016; Ambient Temp: 23.5°C; Tissue Temp: 22.0°C

Probe: ES3DV3 - SN3334; ConvF(4.45, 4.45, 4.45); Calibrated: 11/17/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1415; Calibrated: 11/11/2015
Phantom: SAM Front; Type: SAM; Serial: 1686
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

Mode: IEEE 802.11b, 22 MHz Bandwidth,
Body SAR, Ch 6, 1 Mbps, Back Side, Antenna 1

Area Scan (11x17x1): Measurement grid: dx=12mm, dy=12mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 7.829 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 0.219 W/kg
SAR(I g) = 0.111 W/kg

Wikg
—0.144

— 0115

0.087

0.058

0.029

0.0005%6
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PCTEST ENGINEERING LABORATORY, INC.

DUT: A3LSMG930X; Type: Portable Handset; Serial: DES51

Communication System: UID 0, 802.11a 5.2-5.8 GHz Band; Frequency: 5300 MHz; Duty Cycle: 1:1
Medium: 5 GHz Body Medium parameters used:
f=5300 MHz; 6 = 5.435 S/m; &, = 47.514; p = 1000 kg/m’
Phantom section: Flat Section; Space: 1.5 cm

Test Date: 12-28-2015; Ambient Temp: 22.3°C; Tissue Temp: 22.6°C

Probe: EX3DV4 - SN7357; ConvF(4.11, 4.11, 4.11); Calibrated: 4/23/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1407; Calibrated: 4/20/2015
Phantom: SAM v5.0 Left; Type: QD0O00P40CD; Serial: TP: 1687
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

Mode: IEEE 802.11a, U-NII-2A, 20 MHz Bandwidth,
Body SAR, Ch 60, 6 Mbps, Back Side; Antenna 2

Area Scan (12x19x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Reference Value = 10.82 V/m; Power Drift = 0.10 dB
Peak SAR (extrapolated) = 0.758 W/kg
SAR(I g) = 0.217 W/kg

Wikg
— 0.475

— 0.381

0.286

0.192

0.095

0.00404
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-13.35

-17.80

-22.2h

—-4.45

-8.90

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: 719

Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium: 2450 Head Medium parameters used:
f=2450 MHz; 0 = 1.844 S/m; &, = 39.649; p = 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 12-30-2015; Ambient Temp: 24.0°C; Tissue Temp: 24.2°C

Probe: ES3DV3 - SN3333; ConvF(4.53, 4.53, 4.53); Calibrated: 10/29/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1333; Calibrated: 10/27/2015
Phantom: SAM Right; Type: QD000P40CD; Serial: 1757
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

2450 MHz System Verification at 20.0 dBm (100 mW)

Area Scan (8x9x1): Measurement grid: dx=12mm, dy=12mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Peak SAR (extrapolated) = 10.7 W/kg
SAR(1 g) = 5.13 W/kg
Deviation (1 g) =-5.35%

Z

L

0 dB = 6.80 W/kg = 8.33 dBW/kg

B1



PCTEST ENGINEERING LABORATORY, INC.

DUT: Dipole 5 GHz; Type: DSGHzV2; Serial: 1191

Communication System: UID 0, CW; Frequency: 5250 MHz; Duty Cycle: 1:1
Medium: 5 GHz Head Medium parameters used (interpolated):
f=15250 MHz; 6 =4.726 S/m; & = 37.065; p = 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 01-02-2016; Ambient Temp: 24.1°C; Tissue Temp: 21.2°C

Probe: EX3DV4 - SN7308; ConvF(5.2, 5.2, 5.2); Calibrated: 7/21/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1322; Calibrated: 8/24/2015
Phantom: SAM 5.0 front; Type: QD000P40CD; Serial: TP:-1648
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

5250 MHz System Verification at 17.0 dBm (50 mW)

Area Scan (7x7x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Peak SAR (extrapolated) = 16.2 W/kg
SAR(I g) = 3.96 W/kg
Deviation(1 g) = -4.00%

-10.00

-20.00

-30.00

-40.00

-50.00 L

0 dB = 9.25 W/kg = 9.66 dBW/kg

B2
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DUT: Dipole 5 GHz; Type: DSGHzV2; Serial: 1191

Communication System: UID 0, CW; Frequency: 5600 MHz; Duty Cycle: 1:1
Medium: 5 GHz Head Medium parameters used:
f=15600 MHz; 6 =5.112 S/m; & = 36.513; p= 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 01-02-2016; Ambient Temp: 24.1°C; Tissue Temp: 21.2°C

Probe: EX3DV4 - SN7308; ConvF(4.65, 4.65, 4.65); Calibrated: 7/21/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1322; Calibrated: 8/24/2015
Phantom: SAM 5.0 front; Type: QD000P40CD; Serial: TP:-1648
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

5600 MHz System Verification at 17.0 dBm (50 mW)

Area Scan (7x7x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Peak SAR (extrapolated) = 18.2 W/kg
SAR(I g) = 4.3 W/kg
Deviation(1 g) = 1.78%

-10.00 _
-20.00 1 j
-30.00
-40.00

-h0.00 :

0dB = 10.3 W/kg = 10.13 dBW/kg

B3
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DUT: Dipole 5 GHz; Type: DSGHzV2; Serial: 1191

Communication System: UID 0, CW; Frequency: 5750 MHz; Duty Cycle: 1:1
Medium: 5 GHz Head Medium parameters used (interpolated):
f=5750 MHz; 6 = 5.305 S/m; &, = 36.272; p = 1000 kg/m’
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 01-02-2016; Ambient Temp: 24.1°C; Tissue Temp: 21.2°C

Probe: EX3DV4 - SN7308; ConvF(4.86, 4.86, 4.86); Calibrated: 7/21/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1322; Calibrated: 8/24/2015
Phantom: SAM 5.0 front; Type: QD000P40CD; Serial: TP:-1648
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

5750 MHz System Verification at 17.0 dBm (50 mW)

Area Scan (7x7x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Peak SAR (extrapolated) = 17.2 W/kg
SAR(I g) = 3.94 W/kg
Deviation(1 g) =-1.50%

-10.00

-20.00

-30.00
-40.00

-50.00 J-

0 dB = 9.56 W/kg = 9.80 dBW/kg
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DUT: Dipole 2450 MHz; Type: D2450V2; Serial: 719

Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium: 2450 Body Medium parameters used:
f=2450 MHz; 6 =2.016 S/m; & = 50.81; p = 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 01-04-2016; Ambient Temp: 23.5°C; Tissue Temp: 22.0°C

Probe: ES3DV3 - SN3334; ConvF(4.45, 4.45, 4.45); Calibrated: 11/17/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1415; Calibrated: 11/11/2015
Phantom: SAM Front; Type: SAM; Serial: 1686
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

2450 MHz System Verification at 20.0 dBm (100 mW)

Area Scan (8x9x1): Measurement grid: dx=12mm, dy=12mm
Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Peak SAR (extrapolated) = 10.9 W/kg
SAR(1 g) = 5.26 W/kg
Deviation(1 g) = 1.35%

Wikg
— 6.822

—15.466

4.110

2.754

1.397

0.041

B5
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DUT: Dipole 5 GHz; Type: DSGHzV2; Serial: 1057

Communication System: UID 0, CW; Frequency: 5300 MHz; Duty Cycle: 1:1
Medium: 5 GHz Body Medium parameters used:
f=15300 MHz; 0 = 5.435 S/m; &, =47.514; p= 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 12-28-2015; Ambient Temp: 22.3°C; Tissue Temp: 22.6°C

Probe: EX3DV4 - SN7357; ConvF(4.11, 4.11, 4.11); Calibrated: 4/23/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1407; Calibrated: 4/20/2015
Phantom: SAM v5.0 Left; Type: QD000P40CD; Serial: TP: 1687
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

5300 MHz System Verification at 17.0 dBm (50 mW)

Area Scan (7x8x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Peak SAR (extrapolated) = 15.0 W/kg
SAR(I g) = 3.78 W/kg
Deviation(1g) = 1.89%

Wikg
— 8.872

— #.099

5.325

3.551

1.777

0.00327
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PCTEST ENGINEERING LABORATORY, INC.

DUT: Dipole 5 GHz; Type: DSGHzV2; Serial: 1057

Communication System: UID 0, CW; Frequency: 5800 MHz; Duty Cycle: 1:1
Medium: 5 GHz Body Medium parameters used:
f=15800 MHz; 6 = 6.117 S/m; & = 46.686; p = 1000 kg/m3
Phantom section: Flat Section; Space: 1.0 cm

Test Date: 12-28-2015; Ambient Temp: 22.4°C; Tissue Temp: 22.6°C

Probe: EX3DV4 - SN7357; ConvF(3.82, 3.82, 3.82); Calibrated: 4/23/2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1407; Calibrated: 4/20/2015
Phantom: SAM v5.0 Left; Type: QD000P40CD; Serial: TP: 1687
Measurement SW: DASY52, Version 52.8 (8);SEMCAD X Version 14.6.10 (7331)

5800 MHz System Verification at 17.0 dBm (50 mW)

Area Scan (7x7x1): Measurement grid: dx=10mm, dy=10mm
Zoom Scan (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm; Graded Ratio: 1.4
Peak SAR (extrapolated) = 16.2 W/kg
SAR(I g) = 3.69 W/kg
Deviation(1g) =-1.73%

Wikg
— 8.811

— 7.074

5.306

3.539

1.772

0.00415
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

PC Test Certificate No: D2450V2-719_Aug15

[CALIBRATION CERTIFICATE |

Accreditation No.: SCS 0108

Client

Object D2450V2 - SN: 719
Calibration procedure(s) QA CAL-05v8 = _
Calibration procedure for dipole validation kits above 700 MHz
o
Calibration date: August 20, 2015 A [ £) ! 1
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 (Cerfificate No.) Scheduled Calibration
Power meter EPM-4424A GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe ES30DV3 SN: 3205 30-Dec-14 (No. E$3-3205_Dec14} Dec-15
DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16
Secondary Standards 1D # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check; Oct-16
Network Analyzer HP 8753E US37390585 54206 18-0Oc¢t-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Michael Weber . -Laboratory Technician
Approved by: Katja Pokovic - Technical Manager ,x(?%??i
- -
Issued: August 21, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D2450V2-719_Aug15
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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:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:

e)

DASY4/5 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.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
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%.

Certificate No: D2450V2-719_Aug15 Page 2 of 8




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

DASY Version DASYs V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 38.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2)°C 392£6% 1.87 mho/m +6 %

Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL

SAR averaged over 1 em? (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.8 W/kg

SAR for nominal Head TSL parameters

normalized to TW

54.2 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.48 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.7 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 527 1.95 mho/m
Measured Body TSL parameters (22.0+0.2) °C 532+6% 2.00 mho/m =6 %
Body TSL temperature change during test <05°C -—- -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.1 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

51.9 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

6.11 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.3 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-719_Aug15
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.5Q+53jQ

Return Loss -235dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 501Q+65jQ

Return Loss -23.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 ns

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

Manufactured on September 10, 2002

Certificate No: D2450V2-719_Aug15 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 20.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

Communication System: UID 0 - CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 1.87 S/m; & = 39.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 D
DASYS5?2 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014:

?

= Sensor-Surface: 3mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn601; Calibrated: 17.08.2015

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001
» DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 102.2 V/m; Power Drift = -0.0] dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.8 W/kg; SAR(10 g) = 6.48 W/kg

Maximum value of SAR (measured) = 18.2 Wikg

0dB =18.2 W/kg = 12.60 dBW/kg

Certificate No: D2450V2-719_Augi15 Page 5 of 8



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 2 S/m; & = 53.2; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY5 (TEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:

 Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;

L

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 19.08.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 95.73 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) =13.1 W/kg; SAR(10 g) = 6.11 Wikg
Maximum value of SAR (measured) = 17.3 Wikg

0dB =17.3 W/kg = 12.38 dBW/kg

Certificate No: D2450V2-719_Aug15 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Feughausstrasze 43, 8004 Zurich, Switrerland ’,/’,:\\ -
il ||'I-‘-"

o Schweaizerischer Kalibrierdienst

c Serrvice sisse d' elalonnage
Servizio svizzero di taratura

8 Bwiss Calibration Service

Accredited by the Swiss Accreditation Servige (SAS) Acureditation No.: SCS 0108
The Swiss Accreditalion Service iz one of the signatories o the EA
Multilateral Agreement for the recognition of calibration certificabes

Client ~ PC Teat . T R AL APELULE Centificate No: DSGHZV2-1191.Sep15

'CALIBRATION CEFITIFICATE
|

| Object DSGHZV2 - SN 1181 .o
N
Yo
Calibration peocedurs{g) QA CAL-22 w2 - X o _:_;_F'aﬁ;}
Gallbratmn pmcedure fn::r dlpnle vajldaﬁnn klts I:}etween 3 & GHz SE

Callbration date: Septerber 16, 2015« 1

This calibradion certificate documants the traceabifity b national slandards, which realize the physical units of measuremenls (5.
The rggsuremesnts and the uncerainties with corfidence probabilty are givan on the following pages and ars part of the certificate.

Al calibrations have been conductad it the clased laboratony facility: anvirenment termperature (22 = 3)°C and hurnidity < 70%.

Calibration Equipmen used (METE critical for calibration)

Pritmary Standards | 10 # Cal Date (Certificate Mo} Scheduled Calibratign
Power meter EPR-4424 GEITAZ0TY G7rOet-14 (Mo 217-02020) Ont-15
Power sensor HF 84814 LS37agErea GF-0cd-14 (Mo 21702020 oct-156
Power senzor HP 24214 MY AI0025ET QF D14 (Mo, 21708021} Ocl-15
Reference 20 dB Atmnuatar | BM; 5058 (20K) £1-Ape-15 (Mo 217-02131) Mar-16
Type-M rmismateh combinatdon S 50473 S DE3ET 01-Apr-15 (Mo 217-021 34} Mar-18
Reference Probe EXS0V4 . 8MN; 3503 E0-Dac=14 (Mo, EXI-3503_Decld} Dec-15
: DAE4 St an 17-Aug-13 (Ma. DAE4=501_ At 5) Aug-1d
_Becondary Standards 10 4 Check Date {in house)] Scheduled Check
i AF generator AAS SWT-06 100972 18-Jun-1E (in house check Jun-15) In house check: Jun-18
Melwork Analyrer HF 8753E US37200885 84208 15-0¢k-01 (in house check Doir14) In house check: Oct-15
Name Funetion Sigriature
Calibraed by: Claudio Laubler-- ..o

Laboratory Technictan- . - .. {

Approved by kKatjer Edkbﬂd LY

lzsued: Saplember 18, 2015

This calibration certificate shatl not be repreduced except in full without written approval af the laboratory.

Certificgte No: DEGHzVZ-1191_Sepl1bh Page 1 of 13



Calibration Laboratory of
Schmid & Parlner

Engineering AG
Leughaussirasse 43, 5004 Zurich, Swikerland

Schwaizerischer Kalibrierdienst
Service suisze d'@lalonnage
Servizio svizzera di aralura
Swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditalion No.: SCS 0108
The Swiss Accreditalion Service is one of the signatories ta the EA
Multilateral Agreement for the recognitian of calibration certificates

Glossary:

TSL 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} |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate {SAR}) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b} IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body {frequency range of 30
MHz to 6 GHz2)", March 2010

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d} DASY4/5 Systerm Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Condifions: Further details are available from the Validation Report at the end
of the certificate. Alf figures stated in the certificate are valid at the frequency indicated.

» Antenna Paramelters 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 lmpedance and Aeturn 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 Retum Loss ensures low
reflected power. No uncerlainty required.

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
MNo uncertainty required.

* SAA 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.

» S5AR for nominat 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%.

Certificate Mo: DEGHzY2-1181_Sepn15 Page 2 of 13




Measurement Conditions

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

DASY Yersion

DASYS Whe.8.8
Extrapclation Advanced Extrapolation
Phantom Modular Flat Phantom vs.0
Distance Dipole Center - TSL 10 mrm with Spacer

Zoom Scan Resolution

dx. dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (7 direction)

Frequency

5290 MHz = 1 MHz
5603 MHz =1 MHz
5753 MHz =1 MHz

Head TSL parameters at 5250 MHz

The following parameatars and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.9 4.71 mho'm
Measured Head TSL parameters 220+ 0.2°C 349 xE6% 454 mho/m 6 %
Head TSL temperature change during test <050 -— —
SAR resuit with Head TSL at 5250 MHz
SAH averaged over 1 em” (1 g} of Head TSL Condition
S5AHR measured 100 mW input power 8.31 W'kg

SAH for nominal Head TSL parameters

normalized to 1%

82.5 W/kg = 19.9 % (k=2)

SAR averaged over 10 em® {10 g} of Head TSL

cardition

SAR measured

100 mvY input power

2.38 Wik

SAR far norrinal Head TSL parameters

normalized ta 1W

23.6 Wikg = 19.5 % (k=2)

Cerificate Mo: DSGHZVE-1181_Bep15

Page 3 of 13




Head TSL parameters at 5600 MHz

The following parameaters and caloulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.0F mho/m
Measured Head TSL parameters (22.0+02}°C H4+6% 483 mho/m+56 %
Head TSL temperature change during test = 0.5°C - -
SAR result with Head TSL at 5600 MHz
SAR averaged aver 1 em?* {1 g} of Head TSL Ceonditian
SARA measzured 100 mW input power B.52 Wikg

SAR for nominal Head TSL parameters

nomalized to 1

84.5 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g} of Head TSL

condition

SAR measured

100 mW input power

2.43 Wikg

SAR for nominal Head T5L paramslers

normalized to 1W

341 Wikg + 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calsulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 £.22 mho/m
Measured Head TSL parameters {22.0+02)°C ME+E%R 504 mho'm £ & %%
Head TSL temperaturs change during est = 0.5°5 —- —
SAR result with Head TSL at 5750 MHz
S5AR averaged over 1 om? (1 g) of Head TSL Conditian
SAR measgured 100 mW input power 5.07 Wikg

SAHR for nominal Head TSL paramelars

normalized to 19

80.0 Wikg = 19.9 % (k=2)

S5AR averaged over 10 em? {10 g} of Head TSL

candition

SAR measured

100 m input power

2.31 Wik

SAR for nominal Head TSL parameters

normalized to 1

22.9 Wikg = 19.5 % (k=2)

Cerificate Mo: DAGH2VE-1181_Sep1o
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Body TSL parameters at 5250 MHz

The foliowing parameters and calculations ware applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 2200 489 £.36 mhoim
Measured Body TSL parameters E20x02"C 473 x6% 3.53mhofm =6 %
Bady TSL temperature change during test <0.5°C “re- ——
SAR result with Body TSL at 5250 MHz
SAH averaged over 1 em” (1 g) of Body TSL Condition
SAH measzurad 100 mW input power TOT Wik

SAR for nominal Bady TSL parameters

normalized to TW

77.2 Wikg = 19.9 % (k=2]

SAR averaged over 10 cm® {10 g) of Body TSL

condition

SAR measured

100 mwW inpiut power

217 Wik

SAR for nominal Body TSL parametars

normalized ta 1%

21.5 Wkg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The fallowing parametars and calculations were applied.

Temperature Permittivity Canductivity
Nominal Body TSL paramelers 220°C 48 5 577 mham
Measured Body TSL parameters (22003} *C 46.7 £ 8 % 5.9% mho'm =6 %
Body TSL temperature change during test < 0.5 — -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 em” {1 g) of Body TSL Conditian
S5AR measured 100 mW input power B.24 ¥Wiikg

SAR for nominal Body TSL parameters

normalized 1o 1W

81.9 Wikg + 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL

conditicn

SAR measurad

100 MW inpuat power

2,30 Wikg

SAR for neminal Body TSL parameters

nomualized to 1w

228 Wikg = 19.5 % {k=2}

Ceanfficate No: DEGH2V2-1191. Sep1s
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applisd,

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 48,3 5.94 mha'/m
Measured Body TSL parameters {22.0x0.2)°C A6 56 % 6.20 mbaim £ § Fa
I_Elody T5L temperature change during test =0.5°C - ——
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 em® {1 ) of Bady TSL Condition
SAR measured 104 W inp power 776 Wikg

SAR for nominal Body TSL parameters

narmakized to 1w

T7.1 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL

condition

SAR measured

100 mW inpul power

2.16 Wikg

SAR for nominal Body TSL paramelers

normalized to 1w

21.4 Wikg £ 12.5 % (k=2)

Certificate Moy DEGHZVZ-1131_Sepl1s
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed poir B4 {-520

Return Loss -24.0dB
Antenna Parameters with Head TSL at 5600 MHz

Impeadance, transhomed to fead point SHOD-32 0

Return Loss -22.0dB

Antenna Parameters with Head TSL at 3750 MHz

Impedance, transformed to feed point

53.2 0 +3.7 0

Return Loss

-208dB8

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 450 -390

Retum Loss -248dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed fo feed point 200 -25i0

Hetum Loas -21.54dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed poirt BE 0 +48(0

Return Loss -26.0dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 n=

After long term use with 100W radiated power, only a slight wamming of the dipole near the feedpgin can be measured.

The dipola is made of standard semirigid coaxial cable. The cemer conductor of the feeding ling iz dirsctly connecled to the
secand arm af the dipole. The amenna is therelore shott-circuited for DC-signads. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the pesitian as explained in the
"Measurement Conditions" paragraph. The SAR data are not aiffeécled by this change. The overall dipole length is still

accarding to the Standard,

Mo excessive force must be applied ta the dipale arms, because they might bend or the sofderad connections near the

feedpaoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Marufactured on

August 23, 2003

Ceitificate Mo, DEGHZVEZ-1191_Sepls
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DASYS Validation Report for Head TSL

Date: 15.09.2015
Test Laboratory: SPEAG, Zudch, Swiizerland

DUT: Dipole 3G:Hz; Type: DIGHzV2; Serial: DSGH:V2 - SN: 1191

Comumunication Systen: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHzx, Frequency: 5750 MHz
Medium parameters used: = 5250 MHz; 5 =4.54 5/m; & = 34.9: p = 1000 kgfm"]’ .

Medium parameters used: ¥ = 5600 MHz; 6 =4.88 S/m; 5. = 34.4; p = 1000 kgfm"]’ .

Medium parumeters used: { = 5750 MHz; o = 5.04 S/m; & = 34.2; p = 1000 kg/m®

Phantom section: Fial Section

Measyrement Standard: DASYS (IEEE/IEC/ANST C63.19-2011)

DASY32 Configurarion:

« Probe: EX3DV4 - 5N3503; ConvF(5.43, 53.45, 5.45); Calibrated: 30.12.2014, ConvF{4.92, 4.92,
4.92), Calibrated: 30.12.2014, ConvF(4.91, 4.91, 491}; Calibrated: 30.12.2014;

« Sensor-Surtace: b.4mm {Mechanical Surface Detection}

« Electromics: DABEA Sp601; Calibrated: 17.08.2015

»  Phantom: Flat Phantom 5.0 (front); Type: QDUOOP30AA; Serial: 1001
« DASY3252.88(1222); SEMCAD X 14.6,10{7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8xBx7)/Cube 0: Measuremeni grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.94 Vim; Power Drift = 0.02 dB

Peak SAR (exirapolated) = 30.7 Wikg

SAR(T g} = 8.31 Wke; SAR(10 g) = 2.38 W/kg

Maximum value of SAR (mecasured) = 19.5 Wika

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=3600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=4mm, dz=1 4mm

Reference Value = 63.94 V/m; Power Drifl = 0.03 dB

Peak SAR {extrapolated} = 33.8 W/ke

SAR{1 g) = 8.52 W/ky; SAR(10 g) = 2.43 W/kg

Maximum valve of SAR {measured) = 20.7 Wike

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5750 MHz/Zoom Scan,
dist=1.4mm (8x8Bx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm. dz=]_4mm

Relerence Value = 61.52 ¥/m, Power Doft = 0.06 dB

Pcak SAR {(extrapolated) = 33.4 Wikg

SAR(] g} = 8.07 Wike: SAR(10 g) = 2.31 Wikg

Maximum value of SAR {(measured) = 19.9 Wikg

Certificate No: DAGHzVE-1181_Sep15 Page S of 13



-25.00

0dB =199 W/kg =1290dBW/kyg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Diate: 16.09.2015
Test Labomatory: SFEAQG, Zurich, Switzerfand

DUT: Irpole 5GHz; Type: D3GHzV2; Serial: DSGHzV2 - SN: 1191

Communication System: UTD 0 - CW; Frequency: 5230 MHz, Frequency: 3600 MHz, Frequency: 5750 Mz
Medium parameters used: £ = 5250 MHz; 0 = 5.53 §5/m; & = 47.3; p = 1000 kg/m
Medium parameters used: £ = 3600 MHz; 0 =5.99 8/m; & = 46.7; p = 1000 kg/m’
Medium parameters usedl: = 5750 MHz; ¢ = 6.2 8/m; g, = 46.5; p = 1000 kgfm3
Phantom section: Flat Section

Measuremnent Standard: DASYS (IEEE/EC/ANSLC63.19-2011)

DASYS52 Configuration:

I (=3

*

]

k]

+ Probe: EX3DV4 - SN3503; ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014, ConvF(4.35, 4.35, 4.35);
Calibrated: 30012 2014, ConvFi(4.35, 4.35, 4.33); Calibrated: 30.12.2014;

e Sensor-Surface: | 4im (Mechanical Surface Detection)

» Electronics: DAERA Sn61; Calibrated: 17.08.2015

» Phantom: Flat Phantom 3.0 (back); Type: QDOODP30A A Serial; 1002
» DASY52 52.88(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=1(mm, [=5250 MHz/Zoom Scan,
dist=1.dmm (8x8x7)/Cube 0: Measurement prid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58 40 V/m: Power Dnfi = 0.09 B

Paak SAR {extrapolated) = 30.8 Wikg

SAR(L g) =777 Wikg; SAR(10 g) = 2.17 W/kg

Maximurm value of SAR {(measured) = 19.0 Wiky

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm_ dy=4wnm, dz=] 4mnm

Reference Value = 5920 V/m; Power Drift = -0.02 dB

Peak SAR (extrapoclated) = 36.1 Wikg

SAR(1 g) = 8.24 W/ikg; SAR(10 g) = 2.3 W/ke

Maximum value of SAR (measured) = 21.0 W/ke

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mnm, dy=4mm, dz=1_4mm

Reference Value = 56.52 ¥/m: Power Dril = 0.01 dB

Peak SAR (extrapolated) =355 Wikg

SAR(L g) = 7.76 W/kg; SAR(10 g) = 2.16 Wikg

Maxaamum value of SAR (measured) = 19.9 Wike

Cerificate Mo: DaGHzV2-1191_Sep1% Page 11 cf 13



0dB =19.9 Wike = 12.99 dBW/kg
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Impedance Measurement Plot for Body TSL

16 Sep Z@15 18:53:21
CHI 11 4 U F§ 1: 54502 ¢ -2.9435 0 F.E2EIpF 5209663 069 MEz

ZH1 Mari:ers
2 SOB3E e

_ : N _ " —2.5EA8 o
Gk : S e 5.6B08E GHz

ET

L . YR Y S 59,252
3 i 37855

. g : 575860 GH

Fivg g . ’ .

M FE R

CHZ Farkers

. : : : - ; S.6E608 GHz

— : P © .~ azep4z dB

‘\\i - : /g' w - 5.75B88 EHz

v
16°

HMld

Certificate Mo: D5GHzY2-1181_Sep15 Page 13 of 13



= N Wit gy,
Calibration Laboratory of \@

£ S Schweizerischer Kalibrierdienst
Schmid & Partner ﬂ;‘\ \-——-/EMEE C Service suisse d'étalonnage
Engineering AG L Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "4/ ot S Swiss Calibration Service
EUTma

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

Client PC Test

CALIBRATION CERTIFICATE

Certificate No: D5GHzV2-1057_Jan15

Object D5GHzV?2 - SN:1057
Calibration procedure(s) QA CAL-22. V2 o o ' . . CC
Callbratlon procedure for. dlpoie val;datton kats between 3-6 GHz 0

January 21, 2015

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 humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Cettificate No.} Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020} Oct-15
Power sensor HP 8481A UsS37292783 07-Oct-14 (No. 217-02020} Qct-15
Power sensor HP 8481A MY41092317 07-0Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (Na. 217-01918} Apr-15
Type-N mismatch combination SN: 5047.2 /06327 03-Apr-14 (No. 217-01921) Apr-15

Approved by:

Michasl Weber

Kat}a_ Fokavic

Reference Probe EX3DV4 SN: 3503 30-Dec-14 {No. EX3-3503_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards 10 # Check Date (in house) Scheduled Check

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

Network Analyzer HP 8753E US37390585 54206 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature

Calibrated by:

~Laboratory Technician

= Technical Manager

=
ek -

issued: January 22, 2015

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

_ $ Y S Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG N c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o 4@\\0\\‘ S 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:

TSL

ConvF

N/A

tissue simulating liquid
sensitivity in TSL/ NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

[EC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

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

Additional Documentation:

d)

DASY4/5 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 Retumn 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
refiected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
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 DASY5S V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Freguency

5200 MHz =1 MHz
5300 MHz = 1 MHz
5500 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0x0.2)°C 36.3+6 % 4.56 mho/m 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.14 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.5 W/kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.31 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1057_Jan15
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Head TSL parameters at 5300 MiHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4,76 mho/m
Measured Head TSL parameters (22.0+0.2)°C 36.1+8% 4,66 mho/m =6 %
Head TSL temperature change during test <05°C o e
SAR result with Head TSL. at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.47 Wikg

SAR for nominal Head TSL parametsrs

normalized to 1W

84.7 W / kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2) °C 359+£6% 4.86 mho/m + 6 %
Head TSL temperature change during test <05°C --- -
SAR result with Head TSL at 5500 MiHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.43 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

84.3 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.38 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg + 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3EB+6% 4.97 mho/m+6 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.38 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

83.8 W/kg +19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.7 Wikg = 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations wete applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters {22.0 £0.2) °C 354+6% 518 mho/m+6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL. at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.1 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.9 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2}°C 49.4+6% 5.42 mho/m £ 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.37 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

73.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.05 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 W/kg + 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 49226 % 5.55 mho/m 6 %
Body TSL temperature change during test <05°C ----
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.41 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

74,2 Wikg +19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

candition

SAR measured

100 mW input power

2.08 Wiy

SAR for nominal Body TSL parameters

normalized to 1W

20.9 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters (22.0£0.2)°C 489+6 % 5.82 mho/m +6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.90 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

79.2 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2,18 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22,0 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0£0.2)°C 4B7 6% 5.96 mho/m +6 %
Body TSL temperature change during test <0.5°C R~ -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.75 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

77.7 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2,14 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations wete applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+0.2)°C 484 £ 6% 6.25 mho/m £ 6 %
Body TSL temperature change during test <0.5°C - -—--
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.49 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

75.1 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.06 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 W/kg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 49.0Q-94iQ

Return Loss -204 dB
Antenna Parameters with Head TSL at 5300 MHz

impedance, transformed to feed point 4830-4.2Q

Return Loss -26.8dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 4920Q-5.0iQ

Return Loss -25.9dB
Antenna Parameters with Head TSL at 5600 MHz

tmpedance, transformed to feed point 54.4Q-48jQ

Return Loss -241 dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 51.8Q-26jQ

Return Loss -30.1dB
Antenna Parameters with Body TSL at 5200 MHz

impedance, transformed to feed point 482Q-8.4iQ

Return Loss -21.2dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 48.6Q-3.6jQ

Return Loss -28.2dB
Antenna Parameters with Body TSL at 5500 MHz

tmpedance, transformed to feed point 4840 -41jQ

Return Loss -27.6dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 55.1Q-4.0jQ
Retumn Loss -24.2dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 51.602-16jQ
Return Loss -33.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.202 ns

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 DG-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 he damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 27, 2006
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DASY5 Validation Report for Head TSL
Date: 21.01.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1057

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 4.56 S/m; ¢, = 36.3; p = 1000 kg/m® , Medium parameters
used: f = 5300 MHz; 6 = 4.66 S/m; a-:r =36.1; p=1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
4.86 S/m; E‘.r =35.9; p=1000 kg/m® , Medium parameters used: f = 5600 MHz; ¢ = 4.97 S/m; er =35.6;p=
1000 kg/m® , Medium parameters used: f = 5800 MHz; ¢ = 5.18 S/m; &, =35.4; p= 1000 kg/m

Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF(5.21, 5.21,
5.21); Calibrated: 30.12.2014, ConvF(5.12, 5,12, 5.12); Calibrated: 30.12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

o Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o FElectronics: DAE4 Sn601; Calibrated: 18.08.2014

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
e DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.51 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 8.14 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.30 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 32.1 W/kg

SAR( g) = 8.47 W/kg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) = 20.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.33 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR( g) = 8.43 W/kg; SAR(10 g) = 2.38 W/kg

Maximum value of SAR (measured) = 20.6 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.47 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) = 8.38 W/kg; SAR(10 g) = 2.37 W/kg

Maximum value of SAR (measured) = 20.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 62.34 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 33.8 W/kg

SAR(1 g) = 8.11 W/kg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

-20.00
-30.00

-40.00

-50.00

0dB = 19.3 Wrkg = 12.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 20.01.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN:1057

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.42 S/m; & = 49.4; p = 1000 kg/nf’ , Medium parameters
used: = 5300 MHz; 6 =5.55 S/m; &, =49.2; p= 1000 kgfm3 , Medium parameters used: £ = 5500 MHz; ¢ =
5.82 S/m; &, = 48.9; p= 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ = 5.96 S/m; £, =48.7; p=
1000 kg/m3 , Medium parameters used: f = 5800 MHz; o = 6.25 S/m; ¢, = 48.4; p = 1000 kg/rn3

Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(4.95, 4.95, 4.95); Calibrated: 30.12.2014, ConvF(4.78, 4.78,
4.78); Calibrated: 30.12.2014, ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.12.2014, ConvF(4.32, 4.32, 4.32), Calibrated: 30.12.2014;

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.76 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 28.9 W/kg

SAR(1 g) =7.37 W/kg; SAR(10¢ g) = 2.05 W/kg

Maximum value of SAR (measured) = 17.4 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.35 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 7.41 W/kg; SAR(10 g) = 2.08 W/kg

Maximum value of SAR (measured) = 17.6 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.04 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 33.7 W/kg

SAR(1 g)=7.9 W/kg; SAR(10 g) =2.19 W/kg

Maximum value of SAR (measured) = 19.2 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.74 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 7.75 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.86 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.7 W/kg

SAR(1 g) = 7.49 W/kg; SAR(10 g) = 2.06 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

E 5000
0dB =174 W/kg=12.41 dBW/kg
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Impedance Measurement Plot for Body TSL
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Cliomt | PG Teat

Accreditation Ne.:

Schwalzarischer Kalibriemdienst

Barvica sulsss d'étalonnage
Servizlo svizzero di taratura
Bwtss Calibration Sexrvice

8CS 0108

E;cgruﬂnmn No: E$3-333_3__Uct_15

CALIBRATION CERTIFICATE

Chjext {ES3DVA - SN:3333

QA CAL-01.v8, QA TAL-23.v5, QA CAL-25.v6
: Callbration procedure for dosimetric E-field pr_uhes

Calibrallon procadurals)

H

Callbration date: [U_(_."_lﬂ_bl?l‘ 29, 2015

Calibrafion Equlpment usad (METE critical for calibratlon)

This calloratian carlificate documents the traceabllily to nalienal standards, which realizs ihe physical unils of measuremens (51}
The measuramants and e uncedainties wilh confidenca prabability are given on the lollgwing pages and are part of the cerfificala.

Al calibrations have been conductad I the closed laboralory Facilily; emviranment lamperature (22 £ 3)°C and Numidity < 7%

2

This calibration cerificate shall not be reprodused exaspt In full without writien approval of e laboralory,

Frimary Standards IC: {Gal Date {Certificale Mo.) Scheduled Calibration

Power maler E44186 (GRS 1283074 D-Apr-15 (Mo, 21 7-02128) Mar-15

Pesarar 2ensor E44428 WMY4i498087 01-Apr-16 (No. 217-02128) Mar-16

Reference 3 8 Aftsnualor Sh; G805 {3c) 01-Apr=15 (Moo 217-021248) MRr-16

Refarance 20 dB Allenugior SM: S527F [20x} 01-Apr-i6 {Mo. 217-02132) Mar-16

Reference 3} dB Attenualar BN: 55129 (30h) 04-Apr-15 (Mo, 217-02133) War-16

Referanca Proba ES30VZ BN 3013 30-Deg-14 {No. ES3-3013_Derid) Dec-15

DAE4 SM: 630 14=Jan-15 (Mo, DAEA-BB0_Jan13) Jan-i6

Secondary Standerds LK Check Dale {in hougpe) Soheduled Check

RF genedatyr HFP 88480 US4 2001 PO 4-4up-8% [In house check Apr-13} In house check: Apr-16

Watwork Analyzer HE B753E LIS373HIEES 18-Oct-01 {in house shack Oc-15) In hpuse check: Oct-16
Marna Funcllan Signature

Calibratad by | Lalf Ktysner Laboratary Technk’.:lan --

Agproved by Katja Pokaovic Tamnhal Manaper

|ssued; Ooluber 28, 20H6

Cerfiflcate Mo ES3-3233_0c1E Page 1of 13



Calibration Laboratory of

] L5 Schwelzerischer Kalibrierdienst

Schmid & Parlner c Service suizae d'élalonnage
Engineering AG g Servizio svizzern i tacatura

Feughausstragsa 43, 8004 Zurlch, Switzerland Swiss Calibralion Service

Agredited by lhe Swiss Accmodilation Service (SA3) Accreditalion No.: SCGS (108

The &wles Accraditallon Service 15 one of the signetaTies lo the EA

Multliataral Agraament bor the recognition of calibration centificates

Glossary:

TSL tizsue simuolating liguid

NORMx,y.z sensitivily in free space

ConvF sensitivity in TSL f NORMx,y,z

oCcP dicde compression point

CF crast factor [1/duty_cyeted of the RF signal

ABCEDE maodulation depandsent knearizalion parameters

Polarization ¢ @ rolalion around probe axis

Polarization & 4 rofation around an axis that is in the plane normal to probe axis {at measurernent centar),

i.e., & = is normal to probe axis

Connector Angle infarmation used in DASY system to allgn probe sensor X o the robot coordinate system

Calibration is Performed According to the Followlng Standards:

a) |EEE Std 1528-2043, "|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tachmigues”, June 2013

by |IEC 622081, "Progedure to measure lhe Specific Absorption Rate (SAR) for hand-held devices used in close
proximily to lhe ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢} |ED 52208-2, "Procedure to delermine the Specilic Absorption Rale {SAR) for wireless cornmunication devicas
used in close proximify to the human boady {frequency range of 30 MHz to 6 GHzy", March 2010

d] KDE 885604, “SAR Measurement Requirements far 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y.z: Assessed for E-field polarization § = 0 {f = 900 MHz in TEM-cefl: f = 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainlies of MORMx,y,z doss not affed the E*-field
uncertainty inside TSL {aee helow ComvE).

NORMDx. v,z = NORMx, v,z * frequency_response [see Frequency Response Chart). This linearization s
implemenled in DASY4 sofiware versions later than 4.2. The uncenainty of the frequency response (s included
in ihe stated uncertainty of ComeF. -

0Py, z: DGP are numerical linearizafion partametsrs assessed based on the dala of power swaaep with CW
sighal {no uncertainty required). DCP does not depend an frequency nor media.

PAR: PAR is the Peak lo Average Ratio that is not calibratad but determined based on the signal
characteristics

Axy.r; Bey.z Cxy.z Dxyz VRxy.z: A, B, C, D are numerical lingarization parameters assessed based on
lhe data of power sweep for specific modulation signal. The paramaters da not depend on frequancy nor
media. YR is the maximum calibration range expressed in RMS voltage across tha diode.

ConvE and Boundary Effect Parameters: Assessed in fiat phantorn using E-field (or Temperature Transfer
Standard for f < 800 MHz} and inside waveguide using analylical field distributions based an power
measuremenls far f = 800 MHz. The same setups are used for asgessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 sofiware to improve probe acouracy close fo the boundary, The sensitivity in TSL cotrespands
to NORMx, v,z * ConvE whereby the uncertainty comesponds to that glven for Cosve. A frequency dependent
ComvE is used in DASY version 4.4 and higher which allows extending the validily from + 53 MHz to + 100
MHz.

Spherical isotropy (3D deviafion from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsaf. The sensor offsel correspands to the offsel of virtual measuremsnt center from the probe lip
fan probe axis). No tolerance required.

Connecior Angla: The angle is assessed using the information gained by determining the MORMx {no
uncerialnty required).

Carificate Mo: ES3-3333_0ct15 Fage 2 of 13



ES30W3 — 5M8333 October 29, 2015

Probe ES3DV3

SN:3333

Manufactured:  January 24, 2012
Calibrated: Qctober 29, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 syatem!)

Ceriicate Mo: ES2-3233_04t15 Page 3of 13



ES30W3- SM:3333 Ociober 29, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Basic Calibration Paramefers

Sansor X Sansary Sensor 2 Uns {k=2}
Narm {uviivimy )" 1.07 0.90 0.88 +101 %
DEP {mV)" 106.8 108.5 1016.8

Maodulation Calibration Parameters

Ui Communlication System Nama A B c D VR Unc™
dB dBvuY dB my {k=2)
o oW X 0.0 0.0 1.4 nop | 2000 | 3.5%
N &0 0.0 1.0 1871
Z 0.0 0.0 1.0 184.8
gﬂﬂ- SAR Valigation {Square, 100ms, 10ms} | x | 243 BO.T 114 | 1000 | 416 42.2 %
v | 435 674 13.2 35.5
z 1.465 5.0 a7 36.2
‘1&;‘1- UMTS-FDD (WCDMA) X | 335 679 | 194 | 281 | 1262 | #05%
¥ | 348 8.5 192 127 5
Z 3,97 67.5 18.6 1490
10042- | |EEE 802.11b WiFi 2.4 GHz (D385, 1 X | 380 728 20.5 187 | 1410 | 07 %
CAB Mbps)
¥ 168 733 20.8 128.0
Z | 30 69.5 18.8 128.2
10013- | IEEE B0Z.11g WiFi 2.4 (GHz (DSSS- X | 1152 71.7 23,9 946 | 1393 | :30%
GAB OFDA, 5 Mbps}
¥ | 10,94 70.4 229 1471
2| 1095 70.8 23.4 144.5
E}?ﬁ?é% GEM-FDD {TDMA, GMSK) ¥ | 2145 §5.2 26.5 930 | 1399 | #2E5%
Y | 612 B2.9 21.8 142.0
z | 1147 £8.1 238 127 6
E}TB%- GPRS-FDD (TDMA, GMSK, TH 0} X [ 208 | es5 | 270 | 957 | 1358 [ #22%
¥ | 978 B4.4 22.7 135.3
Z 8.12 835 22.1 1446
BT?- GPRS-FDD (TOMA, GMSK, T 0-1) ¥ | 3984 40,6 25.2 .56 1409 | g%
¥ | 2507 100.0 25.0 1254
z 3520 ag.f 24.7 131.9
B‘iﬂ:?- (B3PRE-FDD (TDMA, GMSK, TH 0-1-2} ® | 4718 0n g 23.9 480 | 1249 | 25%
Y | 49.7% 93 5 22.8 1454
Z | 4537 99.9 23.1 148.5
éiféﬂ- GPRS-FDO (TOMA, GMSK, TN0-1-2-3) | X | 56.24 99,5 226 | 355 | 1404 | £27%
¥ 5695 ao.7 21.9 1281
Z | 4845 996 221 133.2
é{;?fz IEEE BO2.15.1 Bluetooth (GFSK, DHE) x 18.03 g0.4 29 8 1.16 i27.5 1.0 %
¥ | 3517 9.6 20.7 1411
Z | 2108 g8.9 218 1275
i0400- | LTE-FOD [SC-FDMA, 100% RB, 20 X | 636 B7.G 19 H EE7 | 375 | *12%
CAB MHz, QPSK)
¥ | 629 67.4 19,6 128.9
Z | 635 7.5 19,7 130.5

Certificale Mo: E33-3333_Ccli15 Page 4 of 13




EE30V3— SM:3333 Qcioher 24, 2015

0103 LTE-TOD (SC-FD#M4, 100% BB, 20 ¥ 10.8 .90 1308
CAB MHz, QPEK) 85 75.6 26.4 . ] 2.7 %
Y 9.58 73.7 4.8 14301
T — Z 0.94 75.6 28.2 149 3
- -FOD (EC-FOMA, 1008 REB, 10 X g 21 5.
CAC MHe QPSI0 . 67.0 18.7 ar | 1288 | 212%
¥ | 618 BG.9 19.5 128.2
T = 7 §.22 67.2 19.7 138.0
- E 02 11n (HT Mixad, 13.5 Mbps, ¥ | 1oos 8.07 126 "
CAR BPEK) 68.7 21.2 . A | £25 %
¥ | 1013 £9.0 213 1461
e { 4 9.07 G8.T 21,1 126.2
. LTE-TDR {(SC-FDMA, 50% RB, 20 MHz, | x | 10, 828 | 125 T
ChB GPSK) 11 755 5.0 . 8 | 237%
¥ 2.08 73.2 47 1382
— = z 9.2 74.8 26.0 1431
- -FOD (SC-FOMA, 50% RB, 10MHz, | x | 597 6.8 575 | 133 .20
CAG GPSK] . 18.5 4 [ #z2%
¥ 597 86.7 18.5 127.0
Fd 501 GB.7 10.5 134.2
101M60- | LTE-FDD {SC-FDMA, 50% RB, 15 MHz, | X | 6.40 67.3 199 | 582 [ 1378 | 2%
GAB QPSKY
¥ 6.31 G671 10,4 130.7
- - z .32 67.1 196 139.8
165- LTE-FDD {SC-FDA, 1 RB, 20 MHz, ¥ 5. 573 136 +
CAB QPSK) 05 67.3 20.1 8| #1.2%
¥ 4.89 67.0 198 1311
Fd 4.93 67.7 20.0 1374
10972- LTE-TDD {S0-FDMA, 1 RE, 20 MHz, ¥ | 1074 a3y 0.3 o2 1968 | 27 %
CAB QrsK
¥ 7.4 74.3 25.5 1259
F 7.74 76.6 271 1312
10175 | LTE-FDO (SC-FDMA, 1 RE, 10 MHz, X 407 BE.0 19.9 5.72 1308 | £1.2 %
CAG QPEK)
¥ | 466 6.9 108 128.5
? 447 67.3 20.1 137.0
10181- LTE-FDD {(SC-FOMA, 1 RB, 15 MHz, x 409 G7.0 199 [ 130, § 41,7 o,
CAB QPSKY
Y 4.85 B7.0 10.9 127.8
z 405 57.2 20,0 136.2
10186- | IEEE R0Z.11n {HT Mixed, 6.5 Mbps, ¥ | 10.H G 217 8.1 1378 | 122%
CAR BFEK}
Y 8.75 BE.F 212 137.5
i .94 B0.4 217 145.3
:}’f‘fgﬁ- UMTS-FDD (HSPA+ % 7.0B 67.5 18.8 597 | 1471 | 214 %
Y 7.06 B7.7 10.8 142.3
z 7.04 B7.T 1949 1488
10237- LTE-TDD (SC-FDMA, 1 RE, 10 MHz, x| 1058 83.5 301 8.1 1440 | +3.0%
CAB QP
¥ 7.43 74.7 257 127.8
z 7.66 77.1 274 1323
10252- LTE-TDD {SC-FOMA, 50% RB, 10 MHz, | X | 10.81 78.7 7.9 B.24 1207 | 230%
CAR QPSKY
Y B.48 724 244 130,14
Z 2.7 74.1 25.8 135.2
10267- | LTE-TDD (3C-FOMA, 100% RB, 10 ¥ | 11,73 79.9 28.3 2.30 1486 | 33 %
CAR MHz, QPSK)
¥ | 811 73.2 24.8 1360
Fa 0.4 74.9 26.1 1427

Certificate Mo: ES3-3233_0a15 Page 5 of 13




ES3DW3— SN.3333 Oclober 29, 2013

T0275- LUMTS-FDR (H3UPA, Subtest &, 3GPP b 452 67.6 19.3 308 144 5 +0.7 %
CAB Relg.4)

hd 4,67 68,3 19.6 146.0

z 4.41 G7.0 185 130.0
A‘fﬁm- CDMA200G, RC3, 8055, Full Rale X | 86 67.2 19.0 | 346 | 1345 | 05%

\d .91 Ge.o 19.5 133.2

z 3.86 66.5 19.6 146.9
10282- | CDMAZ000, RCE, 5032, Full Rate % | 383 67 5 9.1 539 [ 1340 | 05 %
AL

b 3.33 69.3 20.0 126.0

z s Ga.5 19.6 148.6
10257- LTE-FDD {SC-FOMA, 50% RE, 20 MHz, ® 6.20 G671 10.7 584 128.0 1.2 %
atatal QPSK)

Y 6.20 67.0 19.6 12B.0

Z G.32 67.5 19.9 1427
10311 LTE-FDOD {SC-FDMA, 100% RB, 15 ¥ .75 676 200 6.06 137 1.4 %
AAS, MHz, QPSK)

b 6,75 G675 199 1335

Z 6.90 B6.1 203 14872
10400- IEEE 802.11ac WiFi (20MHz, B4-04M, by 10,30 E0.7 321 BaT 140.1 +2.5 %
AAC B9pc duty cycla)

¥ 10005 G6.0 21.5 141.2

£ 8,84 64,0 21.7 126.3
10403- | COMA2000 {1xEV-DO, Rev. 0) X | 480 665 fa0 | 376 | 1203 | 105%
AAB

Y 5.30 il | 202 148.4

P 5,140 70.4 194 1352
10404 COMAZ00) (1xEV-DO, Rewv, A) x 477 688 149.2 aT? 1273 .7 %
AAB

¥ 5.35 71.7 205 145.4

Z 503 06 201 1333
10415- IEEE 832.11h WiFi 2.4 GHz (D555, 1 X 277 £9.7 10.7 154 147.0 0.7 %
AL Mbps, 98pc duly cycle)

Y A.73 o4 2z z 1437

Z 125 722 207 1339
10416- |EEE 802.11g WiFi 2.4 GHz {[ERP- % | 0 BO.4 218 B.23 | 1447 | +25%
AAA QFO, B Mbips, 99pc duty oyGle)

Y 9,56 6a.8 214 1393

£ .72 BE £ 213 126.0

The reporled uncertainty of measurement is stated as the standard uncerlainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

* The uncerginties of Mom X,Y,2 do not affiec! Ihe Exhield uncerlainty inside T3L (sea Pages 7 and 8],

& Mumerical linearizalion parametsr: uncartainty mot required.

E Ungenalnty is delermined using the mak. dewviation from lIngar response applying rectangutar diskibufion and is expressed for the souara of 1he
fiedd yalus.

Cerlifcale Mo: ES3-3333_0ct1b Page 6of 13



ES30N3- SN-3333

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Callbration Parameter Determined In Head Tissue Simulating Medla

Oclober 29, 2015

Relatlve Canduckivity Depth ™ Unc

FiMHZI® | Parmittivity© {sim)© ConvFX | ConvEY | ConvFZ | Alpha® |  {mm) {k=2)
750 41.9 0.89 6.46 6.46 6.46 0.75 1.22 +12.0%
835 41.5 0.90 6.16 6.16 6.16 0.26 1.67 +12.0%
1750 40.1 1.37 £.21 5.21 5.21 0.80 1.18 £120%
1900 40.0 1.40 5.03 5.03 5.03 0.73 1.25 +12.0 %
2300 39.5 1.67 4.73 473 4.73 0.60 1.43 120 %
2450 39.2 1.80 4.53 4.53 4.53 0.80 1.28 £+12.0%
2600 38.0 1.96 4.38 4.38 4.39 0.50 1.29 $12.0%

© Frequency validlty above 300 MHz of & 100 MHz only applies for DASY vd.4 and higher (see Page 2}, eter it i5 reslkcted to + 50 MHZ. The
unceriminty is the RSS of the ConvF uncerainly a1 calibratlon frequency and the wocanalnly for the indicated frequancy band. Frequency valldity
balow 300 MHz 5 + 10, 28, 40, B0 and 70 MHz for ConvF assessmants at 30, 64, 128, 150 and 220 MHz respectively. Abave 5 GHz frequency

validily can be extended to & 710 MHz

F Al fraquencies betow 2 GHe, the validity of fissue paramete?s (g ard o) can be relaxed to £ 10% If llquid compensaticn femiia |s applied o

measurad SAR values, Al lrequanties above 3 GHz, ihe validily of issue parameters (2 and o) & rastricled to * 5%, The uncertalmry iz tha R5S of

lhe CarivF uncanainly for indicaled langel lissues parameters.
¥ alphalDepin ama detarmined during calibration. SPEAG warrants thal Ine remalning devialien due to Ihe boundarny effect after compensallon is

always Iess than £ 1% for equancies below 3 GHz and Balaw + 2% for feequencies balwean 3.6 GHz at any distance larger ihan hall the proba tip

dismater rom the boundary,

Carlificale Mo: ES3-3332_0c1

Page ¥ of 13




ES3DW3- 5M:3333 Qctoher 29, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Calibration Parameter Determined in Body TIssue Simulating Media

Relativa Conductivity Depth ® Unc

fIMHz)® | Pormiitivity" (Simy© convyFX | ConvF Y | ComEZ | Alpha® | fmmj fl=2)
750 56.5 0.95 6.31 6.31 6.31 0.70 1.26 +12.0%
835 55.2 0.97 .25 6.25 6.25 0.47 1.54 £12.0 %
1750 53.4 149 4.90 4.90 4.90 0.49 1.63 +12.0%
1900 53.3 1.52 4.70 4.70 4.70 0.54 1.49 £12.0%
2300 52.9 1.81 4,51 4.51 4.51 0.80 1.15 £12.0%
2450 52.7 1.95 4,34 4.34 4.34 0.80 1.15 £12.0%
2600 52.5 216 4.23 4.23 4.23 0.30 1.03 £120%

E Frequency validily sbove 200 MHz of 2 100 MHz only applies for BASY v4.4 and higher (3ee Page 2}, else it is resticted 1o + 33 MHz, The
uncartainty is the BSS of lhe ComF uncartalnly al calibation frequency @nd the uncarainty for the indicated fraquancy band. Frequency validity
balow 00 MHZ |5 3 10, 256, 40, 50 and 70 MHz for CanwF assessments al 30, 64, 128, 180 and 220 MHz respeclivety. Abova § GHz frequency
validily can be extendad 1o + 110 MHz.

Fal frequencies balow 3 GHz, the validily of tissue paramealais (e and o) can be relaxed to + 105 1t liguid compensalion formula |s applied o
measured SAR valuas. At Irequencies above 3 GHz, the validity of tissue parameters (e and o) is raskticled to + 5%, The ungertainly Is the RSS of
the ConwF uncerdainly for indlcated large! lissue paramsters.

& Alpha/Depth are delermined during calibration. SPEAS warranis 1hal the remaining devialion due o Ihe boundary effect afler compensallon |s
alwiys lass than £ 19 For requencies below 3 GHz and below + 2% for frequencias between 3-8 GHz at any dislance karger than hall the probe 1lp
dismeter irom the Saundany.

Ceriilizate No: E52-3333_0c15 Pags 8 of 13



ESI0NV - BN:3333 Oetober 28, 2015

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Wavepuide: R22)
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Uneertainty of Frequency Response of E-flald: £ 6.3% (k=2)
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ES30v3~ SN:3333

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM

=1800 MHz R22

Oclober 29, 20135
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Uncertainty of Axlal Isotropy Assessment: £ 0.5% [(k=2)

28 @Hz
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E330VI- SME2323 Oclober 29, 2015

Dynamic Range f(SAR}c.q)
(TEM cell, fova= 1900 MHz)

1084

105—;
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Input Signal [uv]
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L ]
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Emar [dB]

102 102 101 09 101 102 102
SAR [mWWem3]
e
Tok compensated coimpensaled

Uncertainty of Linearity Assessment: 1 0.6% (k=2)
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ESADVE— 5M-3333 Oactober 29, 2015
Conversion Factor Assessment

f= 835 MHz,WGLS R8 {H_convF) f= 1800 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9}, f= 900 MHz
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Uncertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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ESA0WA- SM:3333

Qclober 29, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Other Proba Parameters

Sansor Arrangemannt Triangular
Connectar Angle {7) «32.8
Mechanical Surface Delection Made ghabled
Oplical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameiar 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Frobe Tip to Sensor X Calibration Polnt 2 i
Probe Tip to Sensor Y Galibratian Point 2 mm
Proba Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Cerfificate Mo: ES3-3323_0cl15 Page 13 of 13




Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Client

S
c
S

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Object

Caiibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability fo 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.

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

Primary Standards D Cal Date (Certificate No.) Scheduled Calibration
Power meter E44 198 GB41293874 01-Apr-15 {No. 217-02128) Mar-16

Power sensor E4412A MY41498087 01-Apr-15 {No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: §5054 {3c} 01-Apr-15 {No. 217-02128) Mar-16

Reference 20 dB Attenuator SN: 85277 (20x) 01-Apr-15 (No. 217-62132) Mar-16

Reference 30 dB Attenuator SN: 85128 (30b) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 3SN: 3013 30-Dec-14 (No. ES3-3013_Dec14} Dec-15

DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16

Secondary Standards D Check Date (in house} Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13} Int house check: Apr-i6
Network Analyzer HP 8753F US37390585 18-0ci-01 (in house check Oct-14) In house chack: Oct-156

Calibrated by:

Approved by:

Name

Function

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

Sigriature

lssued: July 22, 2015

Certificate No: EX3-7308_Jult5
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Calibration Laboratory of

‘g\||||l'|;‘
SN

) S [ Schweizerischer Kalibrierdienst
Schmid & Partner ila‘\\-\z//sl IE?: C Service suisse d'étalonnage
Engineering AG g S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”34@\\3‘ Swiss Calibration Service
LU
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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Glossary:
TSL tissue simulating liguid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor {(1/duty_cycle) of the RF signal
AB CD modutation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 3 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

c)
d)

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

IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

IEC 62209-2, "Procedure to determine the Specific Absorption Rate {(SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 865664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-celi; f > 1800 MHz: R22 waveguide),
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(fx,y,z = NORMx,y,z * frequency_response (see Freguency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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.

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

Ax,y.Z; Bx,y.z; Cx,y,Z; Dx,y.z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed hased 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.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups 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 corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for Convf. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from % 50 MHz to + 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center 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}.
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EX3Dv4- SN:7308

July 21, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7308

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/my)* 0.50 0.60 0.45 + 101 %
DCP (mVY" 98.7 98.5 103.0
Modulation Calibration Parameters
uID Communication System Name A B c D VR Unct
dB dBvVpv dB mv (k=2)

0 cw X 0.0 0.0 1.0 0.00 | 1579 | $33%

Y 0.0 0.0 1.0 152.7

Z 0.0 0.0 1.0 146.1
10010- SAR Validation (Square, 100ms, 10ms) X 157 63.2 12.0 10.00 44.9 0.9 %
CAA

Y 4.80 74.9 16.5 43.8

Z 0.93 58.1 8.8 41.8
10063- | IEEE 802.11alh WiFi 5 GHz (OFDM, 6 | X | 10.36 | 692 | 21.9 | 868 | 1454 | 433%
CAB Mbps)

Y 10.44 69.2 21.9 144.1

Z 9.89 68.5 21.5 130.2
10147- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.03 68.2 20.8 8.07 127.1 +3.0%
CAB BPSK)

Y 10.43 69.2 21.4 148.2

Z 10.05 68.6 21.1 138.2
10196~ IEEE 802.11n {(HT Mixed, 6.5 Mbps, X 10.03 68.9 214 8.10 146.1 £3.0%
CAB BPSK)

Y 10.09 68.9 214 143.56

Z 9.59 68.3 21.1 131.0
10317- IEEE B02.11a WiFi 5 GHz (OFDM, 6 X 10.17 69.0 216 8.36 144.5 +3.3%
AAB Mbps, 96pc duty cycle}

Y 10.23 69.0 21.6 i41.8

Z 9.72 68.4 21.3 130.2
10400~ IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.28 69.1 21.6 8.37 1446 +3.3 %
AAC 99pc duty cycle)

Y 10.32 68.1 21.8 142.0

Z 9.81 68.5 213 129.4
10401~ IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.70 68.8 215 8.60 129.8 +3.0%
AAC 99pc duty cycle)

Y 10.55 68.4 21.2 123.2

Z 10.64 69.1 21.6 140.3
10402- IEEE 802.11ac WiFi (80MHz, 64-QAM, X 10.84 69.0 21.4 8.53 130.1 3.0 %
AAC 99pc duty cycle}

Y 10.57 68.4 21.0 123.5

Z 10.91 69.6 21.7 1427

Certificate No: EX3-7308_Jul15
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EX3DV4- SN:7308

July 21, 2015

10417- IEEE 802.11a/h WiFi 5 GHz (OFDM, & X 10.10 68.9 21.5 8.23 145.0 3.0 %
AAA Mbps, 99pc duly cycle}

Y 10.15 68.9 21.5 142.0

z 9.64 68.3 21.1 130.3

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%.

A The uncertainties of Norm X,Y.Z do not affect the E%dield uncertainty inside TSL {see Pages 6 and 7).

h<] . - - - . .
Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation frem linear response applying rectangular distribution and is expressed for the square of the

fietd value.
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EX3DV4- SN:7308 July 21, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7308

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (sm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
5250 35.9 4.71 5.20 5.20 5.20 0.35 1.80 +13.1%
5600 355 5.07 4,65 4.85 4.65 0.40 1.80 +13.1%
5750 35.4 5.22 4.86 4.86 4.86 0.40 1.80 +131%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF ungertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e and ) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies abave 3 GHz, the validity of tissue parameters (s and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than 1% for frequencies below 3 GHz and helow + 2% for froquencies between 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.
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EX3DV4- SN:7308 July 21, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7308

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc

f(MHz)® | Peormittivity" {smyf ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
5250 48.9 5.36 4,63 4.63 4.63 0.40 1.90 £13.1%
5600 48.5 577 3.92 3.92 3.92 0.50 1.90 £13.1 %
5750 48.3 5.94 4,24 4.24 4,24 0.50 1,90 £13.1%

€ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency vaiidity
below 300 MHz is % 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to = 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters {¢ and &) can be relaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and o} is restricted to + 5%. The uncertainty is the RSS of
the CenvF uncertainty for indicated target fissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% fer frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN:7308

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

f=1800 MHz,R22

July 21, 2015
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Uncertainty of Axial isotropy Assessment: + 0.5% (k=2)
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Dynamic Range f(SARqead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= 5250 MHz, WGLS R58 (H_convF)-SCS f= 5750 MHz, WGLS R58 (H_convF)-SCS
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4— SN:7308

July 21, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7308

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 111.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Bedy Diameter 10 mm
Tip Length 9amm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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The Swizs Accreditalion Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissus sirmulatng liquid

NORM:x v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

Lzl diade compression paoint

CF crest factor {1/duty_cycle} of the RF signal

&8 B.CD maoduiation dependant inearization parameters

Polarization o ip rolaticn arcund probe axis

Falarization & @ rotation around an axis that is in the plane normal to probe axis (at maasurement cemer),

i, & =0is normal o probe axis
Connector Angle imormalicn used in DASY system to align probe sensor X to the robot coominate system

Calibration is Performed According to the Following Standards:

al

)
c)

d)

|EEE Std 1528-2013, "IEEE Recommendead Practce for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues®, June 2013

IEC 622091, "Procedure fo measure the Specific Absorption Rate (SAR) for hand-held devices used in closs
proximity to the ear (frequency range of 300 MHz o 3 GHz)", February 2005

tEC 6220%-2, "Procedurs 1o determine the Spagific Absorption Rate {SAR) for wireless communication devices
uzed in clgse proximity to the human body {frequency range of 30 MHz 1o & GHz)", March 2010

KDB 565664, "SAR Measurement Reguirements for 100 MHz to § GHz

Methods Applied and Interpretation of Parameters;

NORMx, v,z Assessed for E-fisld palanzation % = 0 {f < 800 MHz in TEM-cell: f = 1800 MHz: R22 waveguide).
NORM:,y.2 are only intermeadiate values, | e, the uncertainties of NORMyx, y.z does not affect the E=-field
uncertainty inside TSL {see betow ConvF).

NORM{fx y.z = NORMy v,z * frequency_response {see Frequency Response Chatl). Thiz linearzation is
implemented in DASY4 software versions later than 4.2, The uncerainty of the frequency response is included
in the stated uncertainty of Comefl,

DCPx,y.z: DCP ara numerical lineatization paramaters assessed based on the data of power swaep with Gy
signal {ho uncertainty required). DCP does not depend on frequency nor media.

FPAR: PAR is the Peak fo Average Ratio that is not calibrated but delermined based an Lhe signal
charactenstics

Ax,152: Br,y,z: Cay,z; Dxy,z; VRx.y,z A, B, €. 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. VA is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfsr
Standard far f < 800 MHz} and inside waveguide using analylical fizld distributions based an pawer
mzasuraments far f = 300 MHz. The same setups are used for assessment of the parameters applied for
baundary compensation {(alpha. depth) of which typical uncertainty values are given. These paramsters are
used in DASY4 software o improve prabe accuracy close o the boundary, The sensitivity in TSL corresponds
o NORMx, vz * Comd wheraby the uncertainty corresponds to that given for ConvF. A fraquency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz o + 100
MHz.

Spherical isotropy (30 deviation from isotropy): in a field of low gradienls realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset correspands to the offsef of virual measurement cenler from the probe tip
{on probe axis). Mo tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMY (no
uncenainty required).
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ES3DVI— SM:3354

Movember 17, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Basic Calibration Parameters

, : Sensor X SensorY Sensor £ Linc (k=3]
Morm {uWEWm} b 1.03 1.03 0.99 =101 %
DEP {mV} 107.6 105.3 107.9
Modulation Calibration Parameters
o Communication System Name A B C o | vR Unct
dB | dBvuv | B mv {k=2)
9 cw X | o0 4o 10 000 | 1921 | 2278
Y Q.0 0.0 1.0 183.6
— i oo 0.0 1.0 1833
é:l:lﬂ1ﬂ— SAR Validation (Square, 100ms, 10ms) ¥ oo a0, 02 10.00 186 1.4 %
Ah : - : =
W 1.99 50.3 102 38.4
z 5.38 GY.B 2.5 vz
: gfﬁ’”- _ UMTS-FDD QW ODMA) X Hao 66.0 183 | 281 | 1817 . H5%
) Ty | 3z7 670 | 182 BEEE S
. » Z | a4 68.3 12.1 1485
0012- IEEE §0Z.11h WiFi 2.4 GHz (DESS, 1 W 283 k&g 18.7 187 1324 307 %
CAB Mbps)
Py 3.12 K98 18.8 1302
5 ) z 3.24 11 197 128.2
104013- IEEE 802119 Wik 2.4 GHz (D553- % 1080 0.3 9% a9 .46 1335 | 3.3
CAD OFDM, B Mbps) ’ i o
Y 1053 &2.0 921 124.6
z 11.14 71.2 235 1471
é?faﬂ- | GEM-FID (TOMA, GMESK) x| 1505 a1.0 24.4 023 | 205 | #18%
Y 1011 as55 233 131,58
£ 1 1184 87 6 234 130.0
D10023- . GPRS-FDOD (TDMA, GMSK, TH 04 x 10.42 84 14 2258 9.57 131.5 +3.0%
DAE i
¥ 13.29 86.7 245 1491
Pz 1417 90,2 242 1487
; 10024- GFRS-FOD (TDMA, GMSK, T 0-1) XD 128 851 154 B.56 1407 | +1.2%
| OAB
Y I 26.29 95,5 23.8 134 7
N L g5.9 21.3 1316
10027 - GPRE-FOO (TOA, GMSK, TH 0-1.2) X i BT 9594 22.2 480 § 135 +2.2 %
DaR 5
Y T sETd 998 | z27 1247
il 5310 99.9 2.2 1241
100:22- GFRS-FOO (TOMA, GMSK, TH 3-1-2-3) x 6211 0a.g M6 3.55 1461 +1.9 %
DAS
¥ 7761 598 21.2 132.0
£ 7233 9a. 7 2.2 133.3
10032- IEEE 802.15.1 Bletooth {3FSK, DIHES b 05,24 0o 7 159 1.18 137 2 +1,7 o
A8
v | esme | fdan 16.2 1245
z on.67 94,1 168 .4 1497
S 10100- LTE-FDD (3C-FOMA, 100% BB, 20 b4 614 EE.A 1972 557 126.2 +1.7
; CAR WHz, CIPSK)
: ¥ §.21 658 19,1 136.5 ]
! Z | 641 67.9 199 145 9

Cenfficale Mo: E53-2334 Nov15
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Movember 17, 2015

10103

{ LTE-TDD [SC-FDMA, 100% RB. 20

X | 1007 T5.4 255 829 [ 1382 [ +25%
CAB MHz, OPSK)
Y B.54 73.3 245 1305
2 9gd 75,1 358 1306
10108- | LTE-FDO (SC-FDMA, 100% RE. 10 X i 634 67.6 19.8 580 | 1485  +14 %
CAG MHz, QPSK)
v | 613 BE.5 18.1 1321
i z §.19 67.2 19.7 137 8
10117-  “[EEE 802 ¥ 1n (HT Mixed, 13.5 Mbps, ¥ | 1013 580 210 B.OF | 1388 | +27%
CAB BPSK) 1
_ . Y 108 B8O - 21.1 1425 o
7 i 9.9 687 ;| 211 127 1
16151- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz. X | 0.4z 744 25 5 28 1320 | 0%
CAB QPSK)
¥ &.50 741 25.0 1437
] . z 9.0 734 25.0 1265
D 10154- LTE-FOD {SC-FOMA, 50% RE, 10 MHz, P 603 &7 A1 19.5 5758 1455 1.4 %
CAC OPSK)
¥ 581 66.0 18.9 128.9
Z 5.6 £6.5 18.5 1354 ]
10160~ | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | % | #4185 665 192 582 | 1267 | =14 %
CAB OPsK}
' Y 8.20 B4 190 132.8
. z 5.39 7.5 19,8 141,71
10168- LTE-FCD (3C-FDMA, 1 RB, 20 MHz, ¥ 505 57.6 0.0 573 | 146G | 14 %
CAB QAPSK)
¥ 4.82 £6.2 18.2 132.2
Z | 496 £7.4 200 1438
10172- | LTE-TOD (SC-FDMA, 1 RB, 20 MHz, X 408 707 283 921 1479 | £30%
CAR OP3K)
¥ ' 0D 7.1 262 138.9
, z 539 755 378 1415
T0175- LTE-FDD (SC-FOMA, 1 RE, 10 MHZ, * 499 BT.2 19.9 a2 1407 11.2 %
CAC QPSK)
¥ | 480 5.2 19.1 1313
- ! z 4.90 &7.1 15,4 1361
10181-  LTE-FDD {3C-FDMA, 1 RB, 15 MHZ x| 490 87.3 19.9 572 | 1454 . 144
._QAB . E}F‘SKJ
¥ i 481 6.2 14,2 130.8
Z 4.85 R7.1 19.8 136.0
10106- IEEE 802.11n {HT Mixed, 6.5 Mbps, ® 0,78 £8.8 21.3 B0 | 1310 | 25 %
I CAR BESK} _ _
Y | ara 684 21.0 140.7
z 0.04 £9.4 1.8 145.6
10225-  UMTS-FDD {HSPAT X 658 6.5 19.3 597 | 1339 .| $1.7 %
CAB
N 5 Y, 695 67.1 1.3 144.8 n
L N Z B.71 B5.6 18,2 1257 '
10237- LTE-TDD (SC-FOMa, 1 RB, 10 WAz, X 9,00 60.2 25.5 .29 1482 | 2530%
| CAB QPSK) = i i
. Y | 778 751 257 1316 .
z | &z7 782 77 1361 o
10252- LTE-TBD [SC-FOMA, 50% REB., 10 MHz, X 0 R4 FE.3 PETF a24 1441 2.7 %
CAB OPSK}
y 8.74 72.9 24.5 1334
) zZ . 914 75.2 26.1 . 136.9
10267-  LTE-TODN {SC-FOMA, 100% RE, 10 X 928 738 ¢ 253 930 | 1248 | 20 %
CAB MHz, QPSK)
| S Y P a4n 737 24.0 1421
| | z 985 76.1 265 145.3

Cerificate Mo: ES3-3334 Nov15
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E330W3- SN3334 Wovernber 17, 2015

10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP % | a3m 560 18.7 306 | 1333 | #0.9%
CAB REIB.4]
¥ | 444 £i6.9 18.5 148.2
R Z 4.30 65.7 18.6 128.4
EEB*M - COMAZNOD, RCS, 8055, Full Rate pe 488 673 12.7 346 145 5 0.7 %
¥ | ass 665 18.2 136.3
z 282 67.3 18,8 139.4
10292- COMA2000, RCS, S032, Full Rate * 373 (23] 191 339 147.9 HT %
fatal=] : '
Y 35 | 667 183 BEE
i 560 7.6 18.9 1430,
10297- LTE-FDD (SC-FDMA, 50% REB, 20 MHz, . % - &.30 674 © 187 5.81 1414 | +1.2 9
AN QFSK) ;
L Y &N 665 | 191 130.3
B Lz ety 670 | 135 | 1368
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 T % . 688 B8 0 01 | BO6 | 1470 | HT7%
_ABA MHz, GPSK) L
¥ | BEB 67.1 195 | 1360
. _ Zi 675 67.7 | 20.0 1416 B
T 10400- IEEE 80Z.71ac WiFi [20MHz, 64-CubkE. X 9,97 B8 214 837 | 12960 | 427 %
AbC 230G duty eycle)
Y | 1007 659 214 1436
Z | 1021 BY.7 220 T 1474
ﬁrsgja- COMAZQD0 {1%EV-DO, Rev. U) X 4.77 BG.5 188 ¢ 3.6 : 1348 | 0.5%
¥ 488 B8 155 126.7 ]
zZ 474 £8.8 18.9 129.4
;id-aﬂntu CDMAZEOG (1xEV-DO, Rev. A) x 4.72 58.7 15.8 377 | 1329 | #0.7 %
ki 4.78 £33 18.9 1474
z | 483 68.7 16.9 1271
1014 15- IEEE 80211k Wikt 2.4 GHz (D558, 1 x 270 559 158 154 | 1319 | #05%
AAS hbps. 29pc duty cyele)
b 285 683 18.% 1452
z 2,72 £9.3 18.0 1273 7
10416- IEEE &02.11g WiFi 2.8 GHz {ERP- ¥ | 981 . 88 21.2 623 | 1316 | 27 %
ABA QOFDM, & Mbps, 99pc duty cycle) | :
Y | sen £8.7 21.2 144.1
z Boe7 93 217 146.0 N

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

* The uncertainties of Mom X2 da not affest the ¥ field uncerlainty inside TEL jsee Pages 7 and &),

E Murmerical inearizatian parameter: uncettaindy nol required.

= Ungerainty is delerminsd using the meae deviation from linear respongse apolying redangular distribolion and is expressed for the equare of the
figld valug,

Certificate Mo ES3-3334_Now15 Fage £ of 13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative Conductivity Depth ™ Unc :
| f{MHZ)® | Permittivity" {Stm) " ComvFX | ComvFY | ConvFz | Alpha® | {mm) (k=2)
i 55.5 0.75 613 | B13 . BA3 0.00 100 | £13.3%
13 55.5 0.75 5.76 576 5.76 .00 1.00 +133 %
750 41.9 {.89 £.56 6.55 6.56 0.24 2.35 12,0 %
835 415 ' 0.80 6.37 6.37 6.37 0.37 170 | +12.0% |
1750 40.1 1.37 5.39 539 5.30 0.58 1.32 +12.0% |
1900 40.0 1.40 5.18 5.18 5.18 0.77 1.20 +12.0%
2300 385 ' 1.67 4.85 485 | 485 0.71 1.28 +12.0%
2450 3.2 180 | 488 4.58 458 . 079 | 117 . sf2.0%
2600 33.0 1.86 446 | 448 4.46 | 080 1.26 1 12.0 %

= Frequency validity above 505 MHz of + 100 MHz anly appies for CASY vd.4 and higher [see Pace 2), else i is restigted to = B0 MHz. The
uncenainty is ihe RSS of the ConvF unczrtainty at calibrtion frequensy snd the unoartainty for the indicated frequency band. Freguency validity
beicw 300 MHz is = 10, 25, £0, 50 and 7 MHz for ConvF assessments ot A0, 64, 128, 150 and 220 MHz resgectvely. Above 5 GHz frequency
validity can be extended to + 110 MHz.

At frequencies below 2 (3Hz, the validity of tissue parameters [s and =1 63N be ralaxed o + T0% if linuid compensztion famula is sppiied to
measursd SAR valles. At frequencies adave 3 GHz, the validity of tissua paramaters (g and o) it restricted to £ 5%. The uncertainty is the RS af
the: CameF uncerainty for indicated tarpet tissue parameters.

* Alpha/Depth are datermined during calibration. SPEAG wartants that the rermaining deviation: dus 20 the kaundary sffect atter compensation i
Shways le2s than £ 1% for frequencies below 3 GHz and belew + 2% far frequencies between 3-8 SHz af any distance larger than half the probe tip
dizmetes fram the boundary.

Ceniffecate No: ES3-3334_Nowls Page 7 of 13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

f(MHZ)®  Permittivity ™ (Sfm) " ConvFX | ConwFY | ConvFZ | Alpha®| (mm) {k=2)
750 55.5 0.96 5.37 6.37 5.37 0.74 122 | +120%
835 55.2 .97 £.24 6.24 5.24 0.21 1.94 | £120%
1750 - 53.4 1.49 503 | 503 5.03 0.50 1.57 | #120%
1900 53.3 1.52 484 484 L 484 0.50 158 | #120%
2300 52.9 181 | 461 4.61 4.61 074~ 123 | +120%
245§ 527 : 1.95 | 4.45 4.45 4.45 0.74 1.20 +12.0%
2600 525 216 420 | a20 | 428 080 | 120 | +120%

- Fraquency velidity above 300 MHz of & 100 MHz only applies far DAY vdd and higher {ses Page 2), elsa it & restricted ta £ 50 MHz. Tha
uncetaingy is the RSE of the ConvF uncertsinty at calibration frequency and the uncertainty for the indicazed frequency band. Frequency validity
Below 300 MHZ is + 10, 25, 49, 50 ard 70 MHz for ConvF assessments gt 30, 64 128, 150 and 220 MHz respectvely. Above 5 GHx frequency
validity caa be extendsd {o + 510 MHz

" at frequencias balew 3 GHz, the validity of tissue sarameters (& and o) can be retaxed kg 0% if fiquid competsation formula s applied to
measured SAR values. At frequencies above 3 GHz, the valicity of tissue paramaters (= and 1) is resiicted o £ 5%, The unsertaginty is the KR5S of
the ConvF uncerainty for indicaied target tizsue paramatars,

& Alpha'Death are determined during calibration. SPEAG wamaniz that the ramaining deviafion due to the boundary effect sfler compensation is
abways less than £ 1% for frequencies balew 3 GHz ard below £ 2% for frequenciss between 5.6 SHz at any dislancs &mger than half the probe tip
diameter from the boundary.

Cortifiams: Mo ES3-323_MNov16 Page 8 of 13
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

1_4_._..... __..__,_ L T o S U

s

1.0+

T T

LA SO SN A

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2500
f [MHz]

Uncertainty of Frequency Response of E-field: 1 6.3% {k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (h=2)
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Dynamic Range f(SAR..q)
(TEM cell , fopu= 1900 MHz)

Input Sigral [ul]

10 1r2 10 100 101 107 107
SAR [mittem3)]

= (o]

Nt cempensaied cormpensated

ALY et

Ereat [dB]

101 ‘o 1IE|1 102
SAR [mYWem3]
net cobnpaasated COMmpensatec

Uncertainty of Linzarity Assessment: * 0.6% {k=2)
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Conversion Factor Assessment

f= 835 MHz.WGLS RS (H_comd)

= 1900 MHz WGLS R22 (H_convF)

224 ‘
an !I:--: ......
E.I:I-__ y e
g £ ]
- g
5 - ., ] -IE ‘x\
W [ -
- h\\, " .
n -, i \\‘
nu-E: ' - E— L S I R I LT
a 106 = 40 =L &l o 2 SE ‘o .-[:::lrr] o jul THn A
m:;E:'::I -rp_-;:.md s.-ﬁl;m rma;:;lpd
Deviation from Isotropy in Liquid
Error (¢, &}, f = 900 MHz
=
=2
B
T
c

-0 -D& 05 04 02 00 0z D4 0e 08 1.3
Uncerlainty of Spherical Isotrapy Assessment: & 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Other Probe Parameters

Sensor Arrangsment

Triangular
Connector Angle (%) 17.4
Machanical Surface Deteciion Mods enabled
Optical Surface Detection Mode disabled
Probe Overall Length ' 337 mm
" Probe Bady Diameter T mm
Tip Length 10 rewn _'
Tip Diameter 4 mm .
Frobe Tip to Sensor X Calibration Foint 2 mm
Probe Tip to Sensor Y Calibration Poind Zmm
Probe Tip to Sensar Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Ceriificale Mo: ES3-3334_Mavis Page 13 of 13



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage

s Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Client

| Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
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 fagiiity: envircnment temperature (22 # 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Power meter E44198 (GB41293874 Q1-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-186

Reference 3 dB Attenuator SN: 85054 (3c) 01-Apr-15 (No. 217-02129) Mar-16

Reference 20 dB Attenuator SN: 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator 8N: 35129 (30b} 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES30DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15

DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US3842U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Anaiyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signatut ]

Calibrated by: Cla

Approved by:

lssued: Agril 23, 2015

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

TSL tissue simulating liquid

NORMzx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

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 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) [EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Cormmunications Devices: Measurement
Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

» NORMx,y.z: Assessed for E-field polarization $ = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx.y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E>-field
uncertainty inside TSL (see below ConvF).

* NORM(f)x.y,z = NORMXx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is inciuded
in the stated uncertainty of ConvF.

* DCPxy,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.

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

o 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.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups 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 corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

ConvF is used in DASY version 4.4 and higher which allows extending the validity from 50 MHz to + 100
MHz.

e Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

» Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center 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).

Certificate No: EX3-7357_Apri5 Page 2 of 12
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Probe EX3DV4

SN:7357

Manufactured:  February 5, 2015
Calibrated: April 23, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN:7357 April 23, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(Vimy*)* 0.41 0.49 0.42 +10.1%
DCP (mV)® 103.9 96.9 101.6

Modulation Calibration Parameters

uID Communication System Name A B c D VR Unc®
dB dBvuV dB mV {(k=2)

0 cw X 0.0 0.0 1.0 0.00 146.9 #33%

Y 0.0 0.0 1.0 157.7

z 0.0 0.0 1.0 138.2
10010~ SAR Validation (Square, 100ms, 10ms) X 0.83 57.1 8.0 10.00 456 7%
CAA

Y 142 59.0 9.6 45.6

4 0.93 584 8.9 43.4
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.61 73.9 21.5 1.87 1333 | +09%
CAB Mbps)

Y 2.64 66.3 17.3 127.2

Z 3.06 70.4 19.9 149.2
10013~ IEEE 802.11g WiFi 2.4 GHz (DSSS- X 10.42 68.9 22.1 9.46 142.7 3.3 %
CAB OFDM, 6 Mbps)

Y | 1068 69.5 22.6 140.9

Z | 1033 68.6 21.9 1343
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 0.06 0.0 100.0 1.16 1404 | +35%
CAA

Y 0.26 57.7 4.5 143.7

Z 0.05 0.6 100.0 1433
10062- IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X | 10.19 68.8 215 8.68 1440 +35%
CAB Mbps)

Y | 10.40 69.2 21.8 145.6

z | 10.11 68.5 21.4 138.3
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 7.94 671 214 9.29 1323 | +19%
CAB MHz, QPSK)

Y 7.94 69.4 22.8 136.4

Z 7.15 66.8 213 145.0
10117~ IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.10 68.5 20.9 8.07 131.3 2.5 %
CAB BPSK)

Y | 1012 68.3 208 128.9

z 9.95 68.0 20.6 124 4
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 6.07 67.1 215 9.28 1489 | #1.9%
CAB QPSK)

Y 7.50 68.7 225 130.8

Z 6.89 66.6 21.3 141.8
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 5.57 68.9 229 9.21 141.8 +1.9%
CAB QPSK)

Y 5.84 69.6 23.4 139.9

Z 5.43 68.1 22.5 134.4
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.60 68.2 20.8 8.10 124 .8 +3.39%
CAB BPSK)

Yy | 10.09 69.0 214 148.5

zZ 9.90 68.6 21.1 143.9
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 557 69.0 22.9 9.21 1403 | #19%
CAB QPSK)

Y 5.85 69.6 23.4 1412

z 5.43 68.0 22.4 133.8

Certificate No: EX3-7357_Apr15 Page 4 of 12
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10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 6.62 67.0 216 9.24 143.6 22%
CAB QPSK)

Y 7.21 68.9 22.9 144.8

zZ 6.54 66.4 21.3 137.3
10267~ LTE-TDD {SC-FDMA, 100% RB, 10 X 7.00 67.1 216 9.30 148.1 #19%
CAB MHz, QPSK)

Y 7.52 68.7 22.6 128.6

Z 6.91 66.6 213 142.7
10317- IEEE 802.11a WiFi 5 GHz (OFDM, 6 X 9.81 68.2 21.0 8.36 1235 +3.3 %
AAB Mbps, 96pc duty cycle)

Y 10.26 69.1 21.6 148.1

z 10.06 68.7 21.3 144.2
10400- IEEE 802.11ac WiFi {20MHz, 64-QAM, X 9.88 68.2 21.0 8.37 123.6 *27%
AAB 99pc duty cycle)

Y 9.94 68.1 21.0 124.7

z 10.15 68.8 21.3 144.7
10401- IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.61 68.7 212 8.80 132.4 +3.0 %
AAB 99pc duty cycle)

Y 10.82 69.0 215 134.7

zZ 10.54 68.4 211 126.8
10402- IEEE 802.11ac WiFi (80MHz, 64-QAM, X 10.66 68.6 21.1 8.53 133.5 +3.0%
AAB 99pc duty cycle)

Y 11.03 69.4 21.5 136.6

Z 10.56 68.3 20.9 126.5
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 415 76.8 225 1.54 130.0 0.9 %
AAA Mbps, 99pc duty cycle)

Y 2.63 66.8 17.4 129.6

Z 3.25 72.3 20.7 147.1
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 9.99 68.7 21.2 8.23 146.6 +33%
AAA OFDM, & Mbps, 99p¢ duty cycle)

Y 10.19 69.0 21.5 149.3

z 9.96 68.6 21.2 141.2
10417~ IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 10.02 68.8 213 8.23 148.2 +27 %
AAA Mbps, 99pc duty cycle)

Y 8.78 68.0 20.9 1242

Z 9.86 68.6 212 142.5

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%.

A The uncertainties of NormX,Y,Z do not affect the EX-field unceriainly inside TSL (see Pages 6 and 7).

Numerical lingarization parameter: uncertainty not required.

£ 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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EX3DV4- SN:7357

April 23, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® Unct.

f(MHz)® | Permittivity " (sm)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 39.2 1.80 7.31 7.31 7.31 0.36 0.80 +12.0 %
2600 39.0 1.96 7.06 7.06 7.06 0.38 0.80 +12.0%
5200 36.0 4.66 5.14 5.14 5.14 0.40 1.80 +131%
5300 35.9 4.76 4.93 4.93 4.93 0.40 1.80 +13.1%
5500 35.6 4.96 4.70 4.70 4.70 0.40 1.80 +13.1%
5600 355 5.07 4.38 4.38 4.38 0.45 1.80 +13.1%
5800 35.3 5.27 4.41 4.41 4.41 0.45 1.80 +13.1%

€ Frequency validity above 300 MMz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), eise it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to * 110 MMz,

At frequencies below 3 GHz, the validity of tissue parameters (s and &) can be relaxed to + 16% i liquid compensation formuia is applied to
measured SAR values. At fraquencies above 3 GHz, the validity of tissue parameters (s and o) is restricted fo + 5%. The uncerainty is the RSS of

the CenvF uncertainty for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than * 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary,

Certificate No: EX3-7357_Apr15
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EX3DV4- SN:7357 April 23, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (8im)" ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
2450 52.7 1.95 6.95 6.95 6.95 0.26 0.99 £12.0%
2600 52.5 2.16 6.68 6.68 6.68 0.28 0.99 £12.0%
5200 49.0 5.30 4.27 4.27 4.27 0.50 1.90 £13.1%
5300 48.9 5.42 4.11 4.11 4.11 0.50 1.90 +13.1%
5500 48.6 5.65 3.83 3.83 3.83 0.50 1.90 +13.1%
5600 48.5 5.77 3.72 3.72 3.72 0.55 1.90 +13.1%
5800 48.2 6.00 3.82 3.82 3.82 0.55 1.90 +13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MMz is % 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

At frequencies below 3 GHz, the validity of tissue parameters (e and ¢) can be relaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than * 1% for frequencies below 3 GHz and below + 2% for frequencies betwsen 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:7357

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

April 23, 2015

Frequency response {(hormalized)

05 L 1 1

U N N N S S N N

Uncertainty of Frequency Response of E-field: % 6.3% (k=2)

|
2000

1500
f [MHz]

RZ22
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EX3DV4- SN:7357 April 23, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22

Error [dB]

= = [
100 MHz 600 MHz 1800 MHz 25E10|:]MH3

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4~ SN:7357 April 23, 2015

Dynamic Range f(SAR}c.q)
(TEM cell , foya= 1900 MHz)

input Signal fuv]

103 102 10 100 10 102 108
SAR [mW/icm3]

&

not compensated compensated

2 H

1
o |
k=1 :
5 ° SRR
[y - H
T}
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2 | | : it RN SR H BB

103 102 10+ 10¢ 101 102 103
SAR [mW/cm3)
e
not compensated compensated

Uncertainty of Linearity Assessment: + 0.6% (k=2)
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EX3DV4- SN;7357 April 23, 2015

Conversion Factor Assessment

f= 2600 MHz WGLS R22 (H_convF) f= 2600 MHz, WGLS R22 (M _convF)
- : a0
40+ : E ;
s 354 -
sl E
E sl s |
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

Deviation

-t9 -08 -06 -04 -02 00 02 04 0.6 08 1.0
Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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EX3DV4- SN:7357

April 23, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 13.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-7357_Apri5
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APPENDIX D: SAR TISSUE SPECIFICATIONS ‘

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight
angle.

3) The complex admittance with respect to the probe aperture was measured

4) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

jza)grgo bpeber ,GXp[— ja)r(luog'ré‘o)l/z] 1y
y_ J208,8, dddp'd
[in(p/a)f I 1Ly cose ' e

where Yis the admittance of the probe in contact with the sample, the primed and unprimed coordinates
refer to source and observation points, respectively, > = p* + p'* —2pp'cosd’ , wis the angular frequency,

and j:\/—_l.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 2450 2450 5200-5800 | 5200-5800
Tissue Head Body Head Body
Ingredients (% by weight)
0.1
NaCl See page 2 See page 3
Polysorbate (Tween) 80 20
Water 73.2 80

Reviewed by:
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

H20
C8H1803

Water, 52 — 75%
Diethylene glycol moncbutyl ether (DGBE), 25 — 48%

(CAS-No. 112-34-5, EC-No. 203-961-6, EC-index-No. 603-096-00-8)
Relevant for safety; Refer to the respective Safety Data Sheet*.

NaCl

Sodium Chloride, <1.0%

Figure D-1
Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Itern Mame
Product Mo,

Manufacturar SPEAG

Head Tissue Simulating Liquid (HSL2350V2)
SLAAH 245 BA (Charge: 150208-3)

Maasuremsnt Method

TSL dislectric parameters measured using calibrated OCP probe,

|

Setup Validation

[Validation results were within = 2.55 towards the target values of Methanol,

Target Parameters
Ta%t parametars as dsfined in the |EEE 1528 and IEC 62208 compliance standards. |

Test Condition

Ambient Envitonment temparatur (22 = 3)°C and humidity < 70%.
TSL Temperature  25°C

11Feb15

IEN

Additional Information

TSL Density 0.888 glem”
TSL Heat-capacity 3.680 kuJ/(kg'K)

2350 | 386 |1342)| 1.75 | 324 179 20 25
2375 | 385 (1850178 383 173 | -29 29
2907 | 354 1358 1.60 | 893 76| 23 a3

75 /
=100

Measured |Target Diff o Tarpet [%]
| [hibiz) | P [HPe~ Sﬂiﬁgﬂe Aeps  A-sigma p ‘gg
1800 | 40.4 [11.88] 126 | 400 140 10 02 5
1825 | 403 |1108| t28 | 400 140 | oF 53 _‘=: 25 -
1950 | 402 |1207| 481 | 400 40 | 04 4 £ ool
1675 | an1 [1295| 1ae | 400 40| o2 s L
2000 | 400 |122a| vse | 400 Gao| w0 2 i a0
2025 | 3om [12.82) 139 | 400 142 | -b2 24 -7
2050 | 308 1241 142 | aoe 144 | 02 20 PARAL e——
Gt | vie |t e | s, 1o || g o 1500 2000 2100 2200 2300 2400 2500 2600 2700 |
2100 | 8s8 |125a | 147 | as8 40| 05 1.2 — Ebial’
2125 | 285 | 1266 150 | 308 151 | b o8
2150 | 334 1273|152 | @7 155 08 o7
2175 | 323 |1283| 185 | 37 is6 | 08 08 M —
2200 | 392 |1z292| 1568 | 396 58| -1 02 # TaT
7225 | 8o |1300| 164 | 328 ven| 42 o £ &0 b
eesy | 33 |1o08| 164 | seE 12| s 08 E =
2275 | 388 |1aa7| v | gos sea| 45 s E 2
2300 | g8 |1a26| 1700 s9s asrl a7 s REE
2375 | 987 [1884| 173 384 e8| B 22 8

1200 2000 2500 2200 2300 2400 9500 2800 2700

Frequency MHz

2425 | 388 |1986) 184 | asz 178 | 24 35
2450 | 382 {133 167 | 30 tan ) -2m 348
2475 | 3891 [1880| 180|382 1a3| 28 44
2500 | 3m0 |1sar| veg| @1 185 | an 40
2525 | 379 |1390) 165 ) 381 188 | 3 8
2550 | a7B |13.93| rem| 384 191 | @2 a5
2575 | 377 |14.05) 208 | 300 194 | -3m 44
200 | 275 | 1447 205 | 300 128 =7 s
2625 | a7a [1423] 208 | o0 10| as 44
2650 | 373 [1429 | 217 | sme 202 | «a 44
2675 | 372 [ 1497 | 214 | 388 205 | -43 4
2700 | 374 |j445( 247 | 3w 207 | 5 AT

Figure D-2
2.4 GHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water 50 - 65%
Mineral oil 10 -30%
Emulsifiers 8 —-25%

Sodium salt 0-15%

Figure D-3

Composition of 5 GHz Head Tissue Equivalent Matter

Note: 5GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

ltem Mame Head Tissue Simulating Liquid (HEBL3500-5800V5)
Product No. SLAAH 502 AE (Charge: 141104-1)
Manufacturer SPEAG

Measurament Methed

TSL dielectric parameters measured using calibrated OCP probe.

Setup Validation
Validation results were within = 2.5% towards e \araet values of Methanal.

Target Parameters
|TE;§el ﬁa:amete:s as defined in fhe |EEE 1528 and |EC 82202 compliance standards.

Test Condition

Ambient Environment temperatur (22 = 3)°C and humidity < 70%.
TSL Temparature  22°C

Test Date 25-Feb-15

Cperator IEN

Additional Information

TSL Density 0.985 g/om® |
TSL Heat-capacity 3.383 kl{ky"K)
Isasured Target Difi.te Target [%]
f[neHz]| HP-2' | HPe" [sigma] eps sigmal Aeps  A-sigma L
3400 [ 385 (1519 286 [ as0 2@ | 12 1.8 i‘ 75 5 |
3500 | 384 |1508| 2es| 378 e | 1z [} §
3600 | 382 | 1507 so2 ] a7 ace| 10 0.2 E 5
3700 | 381 | 15.0s| 840 | 377 a2 14 0% £ o0 ey
3800 | 38.0 | 1504| 378 | a6 322 | 14 2 25
ag00 | 379 | {508| sy | avs Az | wu 8 |9 50
a000 | 575 | 1507|335 | 574 @43 | 12 23 5
4100 | 576 | 15,09 344 | 372 ass | 10 25 St A |
sao0 | 575 | 1514) 354 | o7t aes | 10 25 3400 #4800 4400 AS00 5400 5000
4300 | 374 | 1518| asa | 3r0 a7z | 10 27 Fragqueney WHz
aaon | 75 [1524) 373 | e 3ee | 0 27
eson | 74 [ 1528 383 [ ses 394 | o 27 N
se00 | 870 | 15.37| 393 | 387 404 | wa 27 < E
4700 | 368 | 1542| 402 | 366 a4 | o7 27 o
azo0 | 367 1547 493 [ 384 2z | o7 27 rag
agsn | nes |1ss0| a8 | ame ad0 | o 27 X P
2900 | 356 | 1554 | 424 | 383 435 | os 25 & oA
a0 | 985 | 55| 4z | 968 aun | ns 27 é “-“k
s00 | 584 (1550|424 | 382 445 | 05 2s S 'E-5|
5050 | 285 | 1582 | 439 | 882 450 | 04 25 g344
5100 | 952 | 1586 | 444 | 381 435 | o2 <25 Qa <75
5150 | 382 | 1567 440 | 380 460 | 04 25 e '
5200 | 98 | 1571|4551 380 46| 02 9a I T
5250 | 3601573 450 | 358 4m [ oz 25 e il
5300 | 359 (1576 465 | 383 475 | o4 23
5350 | 359 | 15738 470 | 358 &8 [1¥-3 -23
5400 | 358 [ 1581|475 [ 358 486 | 09 23
5450 | 357 | 15.82| 480 [ 357 401 | 00 23
5500 | 356 | 1589 485 [as56 &85 | 04 23
ses0 | 35.8 1587 | 420 [ 356 501 00 22
So00 05.5 | 15.50] 456 | 955 GO7 €3 23
ses0 | 354 (1504|501 | 355 saz| 22 =2y
5700 | 354 (1596 508 | 854 57| 00 2y
=50 | 35| q600f 512 ] 554 se2 | 92 18
5800 | 35.2 | i5.01| 546 | 953 sa7 | 08 &%
SE80 | 351 | 16.04| 522 | 353 534 | 48 =22
5900 | 351 | 1606[ 527 | 959 540 ]| a8 2a

Figure D-4
5GHz Head Tissue Equivalent Matter

. Reviewed by:
FCC ID: A3LSMG930X POTEST SAR EVALUATION REPORT : ;

BN ST @ Quality Manager
Test Dates: DUT Type: APPENDIX D:
12/28/15 - 01/04/16 Portable Handset Page 3 of 3
© 2016 PCTEST Engineering Laboratory, Inc. REV 16.0 M

06/12/2015




APPENDIX E: SAR SYSTEM VALIDATION ‘

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 v01 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-I
SAR System Validation Summary
SAR COND. PERM. CW VALIDATION MOD. VALIDATION

SYSTEM F[hRAﬁg DATE PRS%BE P.fY?,?EE PROBE CAL. POINT © @) |sensmiviTy] PROBE PROBE MOD. DUTY PAR

# LINEARITY | ISOTROPY | TYPE FACTOR

| 2450 11/16/2015| 3333 ES3DV3 2450 Head 1.862 39.522 PASS PASS PASS OFDM/TDD| PASS PASS

E 5250 10/6/2015 7308 EX3DV4 5250 Head 4.621 36.087 PASS PASS PASS OFDM N/A PASS

E 5600 10/6/2015 7308 EX3DV4 5600 Head 4.982 35.624 PASS PASS PASS OFDM N/A PASS

E 5750 10/6/2015 7308 EX3DV4 5750 Head 5.151 35.406 PASS PASS PASS OFDM N/A PASS

G 2450 12/4/2015 3334 ES3DV3 2450 Body 1.997 51.699 PASS PASS PASS OFDM/TDD)| PASS PASS

D 5300 11/9/2015 7357 EX3DV4 5300 Body 5.568 47.186 PASS PASS PASS OFDM N/A PASS

D 5800 11/9/2015 7357 EX3DV4 5800 Body 6.257 46.285 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a high peak to average ratio (>5 dB), such as
OFDM, according to KDB 865664.
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