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

Calibration Equipment used (M&TE critical for catibration)

\ ‘D_Q\g

Approved by:

Katja Pokovic

Technical Manager

This calibration certificale shall not be repreduced except in full without written approval of the laboralory.

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

Power meter E4419B (GB41293874 01-Apr-15 {No. 217-02128) Mar-16

Power sensor E4412A MYA41498087 01-Apr-15 {No. 217-02128) Mar-16
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Reference 20 dB Altenuator SN: §5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16
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Glossary:

TSL tissue simulating liquid

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

A BCD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

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

i.e., § =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)

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 82209-1, "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 Requirements for 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-cell; f > 1800 MHz: R22 waveguide).
NORMzx,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(x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearizalion 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 defermined based on the signal
characieristics

Ax,y.z; Bx.y.z; Cx,y,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 NORMXx,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 isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch anlenna.

Sensor Offsef: 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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ES3DV2 — SN:3022 August 26, 2015

Probe ES3DV?2

SN:3022

Manufactured:  April 15, 2003
Calibrated: August 26, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV2- SN:3022 August 26, 2015

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (pV/(Vim)))" 1.00 1.03 0.95 +10.1%
DCP (mV)" 99.9 99.7 100.9

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Unc®
dB dBvpV dB mv {k=2)

0 cw X 0.0 0.0 1.0 0.00 | 1796 | 3.3%

Y 0.0 0.0 1.0 183.9

z 0.0 0.0 1.0 179.0
10010- SAR Validation {Square, 100ms, 10ms) X 3.60 65.9 14.2 10.00 435 2.2 %
CAA

Y 2.84 635 13.0 433

Z 2,76 63.7 12.7 41.7
10011- UMTS-FDD (WCDMA) X 3.32 67.0 18.7 2.91 144.4 +0.7 %
CAB

Y 3.24 66.3 18.0 147.3

z 3.19 66.3 18.0 1435
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.15 69.9 19.5 1.87 146.,1 +0.7 %
CAB Mbps) :

Y 2.88 67.7 18.0 1479

z 2.78 67.4 17.8 145.6
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X | 11.40 71.3 238 9.46 144.9 3.3 %
CAB OFDM, 6 Mbps)

Y | 11.15 70.5 23.1 146.9

z 10.95 705 23.3 140.3
10021- GSM-FDD (TDMA, GMSK) X | 20.86 99.8 29.2 9.39 1326 | +¥22%
DAB

Y 14.36 93.3 26.6 145.3

yd 17.17 97.2 27.8 145.4
10023- GPRS-FDD (TDMA, GMSK, TN 0) X | 17.22 96.5 282 9.57 125.4 +1.9 %
DAB

Y | 11.06 88.6 25.0 136.0

z 8.71 84.6 234 130.7
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X | 31.05 99.5 25.9 6.56 135.2 +2.2 %
DAB

Y | 2528 97.4 25.0 132.5

Z | 2158 95.7 24.5 144.4
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 4288 99.9 24.0 4.80 1295 | #19%
DAB

Y | 40.80 99.6 237 124.9

Z | 3842 99.7 23.7 137.8
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 4448 100.0 232 3.55 1382 | #1.9%
DAB

Y | 44.03 99,7 22.8 133.0

Z | 41.38 99.8 22.8 1475
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 16.08 995 23.3 1.16 1275 1.4 %
CAA

Y | 79.69 99.6 19.3 146.2

Z | 45.81 99.9 20.4 138.2
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.43 67.4 19.8 5.67 138.7 +14 %
CAB MHz, QPSK)

Y 6.27 66.8 19.2 134.9

z 6.16 66.6 19.2 127.6
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ES3DV2- SN:3022 August 26, 2015
10103- LTE-TDD (SC-FDMA, 100% RB, 20 %X | 10.13 75.0 25.9 9.29 1294 | 3.3 %
CAB MHz, QPSK)

Y 946 73.0 24.5 131.8

pd 9.52 74.0 25.4 137.0
10108- LTE-FDD {(SC-FDMA, 100% RB, 10 X 6.27 66.9 19.7 5.80 137.0 | 1.7 %
CAC MHz, QPSK)

Y 6.24 66.7 19.3 140.0

z 6.06 66.3 19.2 127.1
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.16 68.7 21.3 8.07 1277 | ¥22%
CAB BPSK)

Y 9.99 68.2 20.9 1315

Z | 10.22 69.1 21.4 141.6
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 9.34 734 25.2 9.28 1250 | *3.3%
CAB QPSK)

Y 8.92 722 24.3 127.2

Z 8.95 73.1 251 131.9
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 5.05 66.4 19.4 5.75 1344 | 14 %
CAC QPSK)

Y 5.92 66.2 19.4 137.0

z 5.96 66.7 19.5 146.8
10160- LTE-FDD (SC-FDMA, 50% RB, 16 MHz, | X 6.39 66.9 19.6 5.82 1399 | H1.7%
CAB QPSK)

Y 6.35 66.7 19.3 141.9

z 6.15 66.2 19.2 128.4
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.96 66.6 108 573 1373 | %14 %
CAB QPSK)

Y 4.85 66.1 19.3 139.8

z 4.85 66.6 19.7 146.7
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.75 78.7 28.3 9.21 1389 | 30%
CAB QPSK)

Y 7.69 751 26.1 140.1

z 7.80 76.6 27.2 144.0
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 4.88 66.2 19.6 572 132.0 14 %
CAC QPSK)

Y 4.77 65.8 19.1 1326

Z 483 66.5 19.6 146.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 4.91 66.3 19.7 572 1317 | 214 %
CAB QPSK)

Y 4.82 66.0 19.2 138.4

z 4.86 66.7 19.7 1457
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X | 10.04 69.1 24.7 8.10 1409 | +2.2%
CAB BPSK)

Y 9,62 67.9 20.8 1252

z 9.74 68.6 213 133.3
éozzs- UMTS-FDD (HSPA%) X 7.01 67.1 10.6 5.97 1437 | 1.4 %

AB

Y 6.78 66.2 19.0 129.3

Z 6.80 66.7 19.3 136.5
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.55 78.0 27.9 9.21 1346 | #3.0%
CAB QPSK)

Y 7.79 75.6 26.3 141.6

z 7.89 76.9 27.4 145.2
10252- LTE-TDD (SC-FOMA, 50% RB, 10 MHz, | X 9.30 74.8 26.1 9.24 134.8 ¥3.3%
CAB QPSK)

Y 8.65 72,5 24.5 136.4

z 8.33 72.3 24.8 126.6
10267- LTE-TDD (SC-FDMA, 100% RB, 10 x | 1020 76.2 26.8 9.30 1448 | #33%
CAB MHz, QPSK}

Y 9.41 73.7 25.1 145.9

z 9.18 73.9 256 138.6
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ES3DV2- SN:3022 August 26, 2015
10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.45 66.7 18.0 3.96 147.0 +0.9%
CAB Rel8.4)

Y 4.21 65.5 17.9 126.5

Z 4.36 66.5 18.5 148.0
10291- CDMAZ2000, RC3, S055, Full Rate X 3.57 66.3 18.5 346 134.3 0.7 %
AAB

Y 3.48 65.6 17.8 136.8

Z 3.51 66.2 18.3 136.4
10292- CDMA2000, RC3, 8032, Full Rate b4 3.53 66.4 18.6 .30 135.8 +0.7 %
AAB

Y 3.45 65.8 17.9 140.4

Z 3.50 66.5 18.5 137.0
10297- LTE-FDD {SC-FDMA, 50% RB, 20 MHz, X 6.18 66.5 19.5 5.81 129.4 .4 %
AAA QPSK)

Y 6.15 66.3 19.1 133.6

Z 6.13 66.5 19.3 131.2
10311- LTE-FDD (SC-FDMA, 100% R8B, 15 X 6.77 67.2 19.9 6.06 1348 | 1.7 %
AAA MHz, QPSK)

Y 6.81 67.3 19.7 144.8

d 6.68 67.1 19.7 136.7
10400- |EEE 802.11ac WiFi (20MHz, 64-QAM, X 10.30 69.4 22.0 8.37 142.0 +25%
AAC 99pc duty cycle)}

Y 9.90 68.2 21.1 126.8

z 10.15 69.3 21.9 142.6
10403- CDMA2000 (1xEV-DO, Rev. 0) X 4.72 68.1 18.9 3.76 147.8 0.7 %
AAB

Y 4.56 67.5 18.2 133.6

Z 4.61 68.2 18.7 147.4
10404- CDMAZ000 (1xEV-DO, Rev, A) X 4.57 678 18.8 3.77 144.3 0.7 %
AAB

Y 4.43 67.3 18.1 131.3

z 457 68.3 18.8 145.0
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.64 67.9 18.7 1.54 142.1 0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.36 65.4 16.8 130.3

zZ 2.50 66.7 17.7 145.0
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 10.04 69.0 217 823 138.8 +2.2%
AAA OFDM, 6 Mbps, 99pc duly cycle)

Y 9.71 68.0 20.9 125.6

Z 9.94 69.0 21.6 140.4

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%.

* The uncertainties of Norm X.,Y.Z do not affect the E*field uncertainty inside TSL (see Pages 7 and 8).

® Numerical linearization parameter: uncerlainty nol required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ES3DV2- SN:3022

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Head Tissue Simulating Media

August 26, 2015

Relative Conductivity Depth © Unc

f (MHz) M Permittivity (S/m) F ConvEX | ConvFY | ConvFZ | Alpha® {(mm) (k=2)
750 41.9 0.89 6.33 6.33 6.33 0.46 1.43 +12.0%
835 41.5 0.90 6.11 6.11 6.11 0.24 2.08 +12.0%
1750 401 1.37 5.08 5.08 5.08 0.45 1.47 +12.0%
1900 40.0 1.40 4.93 4.93 4.93 0.59 1.25 +12.0%
2300 39.5 1.67 4.63 4.63 4.63 0.55 1.39 £12.0%
2450 39.2 1.80 4.30 4.30 4.30 0.51 1.47 +120%
2600 39.0 1.96 412 4.12 4.12 0.57 1.46 +12.0%

© Frequency validily 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 lhe indicated frequency band. Frequency validily
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

validily can be extended to + 110 MHz.

F At frequencies below 3 GHz, lhe validity of lissue paramelers (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied o

measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to # 5%. The uncerainly is the RSS of

the ConvF uncertainty for indicated larget lissue parameters.
G Alpha/Depth are determined during calibration. SPEAG warrants that Ihe remaining devialion due to the boundary effect after compensation is

always fess than + 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-6 GHz al any distance larger than half the probe tip

diameter from the boundary.

Certificate No: ES3-3022_Aug15
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ES3DV2- SN:3022

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

August 26, 2015

Relative Conductivity Depth ® Unc

f(MH2)¢ [ Permittivity” (Sim)© ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 6.16 6.16 6.16 0.50 1.34 +12.0%
835 55.2 0.97 6.13 6.13 6.13 0.25 2.16 £12.0%
1750 53.4 1.49 4.79 4.79 4.79 0.61 1.33 £12.0%
1900 53.3 1.52 4.56 4.56 4,56 0.31 2.02 £12.0%
2300 52.9 1.81 4.32 4.32 4.32 0.79 1.19 +12.0%
2450 52.7 1.95 4.08 4.08 4.08 0.80 1.12 +12.0%
2600 52.5 2.16 3.96 3.96 3.96 0.80 1.10 +12.0%

© 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
uncertainly is the RSS of the ConvF uncertainty at calibralion frequency and the uncertainly for lhe 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 lissue parameters (¢ and &) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values, Al frequencies above 3 GHz, the validity of tissue parameters {e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S AlphafDepth are determined during calibralion. 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 lhe probe lip

diameter from the boundary.
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ES3DV2- SN:3022

(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency Response of E-Field

August 26, 2015

1.0-fo:1

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: + 8.3% (k=2)
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ES3DV2- SN:3022 August 26, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz,TEM =1800 MHz,R22

Tot Y 4 Tot X Y 4
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Uncertainty of Axial Isotropy Assessment; * 0.5% (k=2)
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ES3DV2- SN:3022 August 26, 2015

Dynamic Range f(SAR}caq)
(TEM cell, foya= 1900 MHz)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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ES3DV2- SN:3022

=835 MHz, WGLS R9 (H_convF)

August 26, 2015

Conversion Factor Assessment

= 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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ES3DV2- SN:3022

August 26, 2015

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 098.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm

Cerltificate No: ES3-3022_Aug15
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ES3DW3 - SM33sz September 18, 2045

Probe ES3DV3

SN:3332

Manufactured:  January 24, 2012
Calibrated: September 18, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatitile with DASY2 syatem!)
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ES3DNV3E- SN:3532

Sepkmber 18, 2015

DASY/EASY - Parameters of Probe:- ES3DV3 - SN:3332

Basic Calibration Parameters

- Sensor X | Sensor Y Sensor 2 Unc [k=2]
Norm {uviVimPy" : 0.93 1.15 0.99 +10.1 5
DCP {mV® | 108.2 105.6 1117

Modulation Calibration Parameters
LD : Gommunication System Name A B o O [ vm Unet

L ) dB dB vy JdE my (=2}
! S ¥ ) 1] 1.0 0.00 1802 3.3 %

e 0.0 0.0 1.0 1581

z 0.0 [oXs] 1.0 187 7
é ﬂ - SAR Validation (Square, 100ms, 10ms) X 2.95 f4.5 11.8 1000 35.0 .2 %

¥ 2.25 605 10.5 40.1

2 2,62 85,4 12,9 356
éi%ﬂ- LUMTE-FOD (W COMA) X 344 8.4 19.7 2.91 1473 | 205 %

¥ i 337 | 877 18.7 1351

. Z 3.45 BE.0 134 1491 -

10012- |EEE B02.11b WiFi 2.4 GHz (D55, 1 X 3.28 7.7 20,1 187 1482 | 400 %
CAB Mbps)

: ki 3.30 711 18.7 137.5

; . . . . z 4.01 76.3 222 1495
1003~ | IEEE 802.11g WiFi 2.4 GHz [DSSS- X ' q0s3 695 227 | 946 | 1382 | =55 |
CaB QFDR, 6 Bibps) .

¥ | 1078 0.9 207 131.2
_ Z | 1035 Bo.9 22.9 138.0

é EEBE1~ BEM-FOD (TDMA, GMEK) X 549 BT 19.0 .39 1360 | 1.7 %
- Yol 17 B5.§ 23.3 136.5
Z | a5 77.8 205 1817

g} inaza- GPRS-FDD (TDMA, GMSK, TN 0 PX 510 TE4 9.8 857 | 1285 | =5%
Y 10.58 E6.6 233 129.0
z 453 773 202 146.7

E] ?a?é% - GPRS-FDD [TOMA, GMSK, TH 0-1) x 6,335 785 17.8 B.56 1405 [ f12%
Y | ardd o&.7 24.4 1452

L Z | 2495 8.6 247 1413

éiuéz?- GPRS-FDD (TOMA, GMEK, TN 0-1-2) %' osd7y Do.g 21.8 460 | T4DE | 225
Y 4573 30.6 28 | 1351 —
Z | 1883 uz.g 215 136.4
10028 GPRS-FDD [TDMA, GMSK, TN 0-1-2-3) | x | 9362 E) 202 355 1274 | 1.5 %
DAB -
¥ | B7.21 1040 21.5 1443
: Z 4651 4999 21,5 1492

C 00, IEEE 802.15.1 Bluatooth [GFSH, DHE) X arF.1a a7 14.6 116 1451 +1.9 %
DAL

i i v | 9634 | 954 [ 470 - 135.4

Z 1 8BTS 509 14.5 1466
16100G- LTE-FDD (SC-FOMS, 100% RE, 20 X .10 B7.1 9.4 Far | 1385 | zi49,
CAB hiHz, QPSK) :
i Y 642 BT.F 197 1467
bz 628 678 19.5 1358

Certificate Mo ES53-3332 Sepl5
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ES3DVE- BN:3332

Septermber 18, 2045

10103- LTE-TDD [SC-FDMA, 100% RE, 20 ¥ ARG 25 246 920 1421 7o !
AR MHz, QPSk)
Y .50 738 249 135.4
z .51 72.3 4.5 138.8
107108 LTE-FDD (SC-FOMA, 100% RE, 10 o f.05 E6.7 193 9.80 13440 1.4 %
CAC biHz, GPEK)
¥ B33 67 .4 19.7 1457
CFZ . 80n 671 185 1337
10117- ° [EEE 802.11n (HT Bixed. 13.5 Mbps, " 280 66.3 208 8.0v7 1238 #1325
D CAR BPEK) i B
: ) Y 10,05 647 211 136.1
z 3.72 £8.4 21.0 125 5 N
10151 LTE-TCB (SC-FOMA, 50% RE, 20 tiHz, X T Ta 244 025 136,49 43,7 %
CAE QPSED !
| i .10 7o 4.8 1314
z 7.2 71.3 242 133.2 —
10154- ' LTE-FOD (SC-FDMA, 50% RE, 10 MHz, | X | 5.75 6.3 TR 575 | 1307 . +1.4 %
I cas OPSK)
Y 6,00 G538 19,4 1427
z 5.71 &6.6 13.4 131.5
101 60- LTE-FOD (SC-FDMA, 50% RE, 15 MHz, | x = f.17 GR.T 193 532 158.2 =14 % |
CAR QFSK)
i ¥ | 844 A7.3 196 t47.2
. zZ 5,16 67.2 19,7 1367
10188- LTE-FDD [SC-FDMA. 1 BB, 20 MHz, X A T4 EBT 10.6 9.73 1337 +1.2%
CAR QPSR
ki 5.01 B7.4 18,9 1450
z 4.65 £7.0 188 1538
10172- LTE-TDD (SC-FOMS, 1 RE, 20 MHz. X BT 73 2541 2.1 1265 | ®5%
AR CIPSED
i DY 208 7a.0 Z6.9 144.3
: zZ 6,249 728 25.4 1282
10175- LTE-FDL {SC-FDAA, 1 BB, 10 MHz, W 487 873 19.8 BTz 148.0 +1.2 %
Cac CPSK)
¥ ¢ 408 &7 .2 19.8 1441
- Z 4,53 R 19,5 1317
10 51- LTE-FDD (SC-FOMA, 1 RE, 15 MHz. W 368 GE.4 1594 572 1271 2
CAE QPSKY
¥ 495 7.2 19.8 144 .1
z 453 £6.9 19.9 131.8
C0196- I[EEE 802.11n {HT Mixed, 6.5 Mbps, X [ 5.9 21.4 @10 1418 *2 2%
CAE BPSKD ]
¥ B EG 63.3 210 128.4
z 056 690 21.4 130,98
10225 UMTE-FOD (HSPA+) bd .54 7.3 19.5 597 454 1.4 %
CAB
. . Y 8.50 6.9 19.3 1343
. _ Z | 682 B8 | 201 [ 1445 ]
10237- LTE-TDD [(SC-FDMA 1 RB, 10 MHz, ® .71 733 25.2 9721 1274 | +25%
! CAB LPSK) .
: Y | 821 77.5 272 147.1
z .53 742 262 146.3
10252 LTE-TDD (SC-FOMA, 50% RB, 10 MHz, | x 8.26 73.2 52 0.24 147.4 +2 5 9
CAR QP5K) :
k'l 017 747 25T 1489
B ) ~ Z i 7I7 2o 249 | tes4
10267- | LTE-TDD (SC-FDMA, 100% RE, 10 X B4 720 244 230 1304 2%
CAR MHz, QPSK) : ;
: ¥ 5.0 73.2 2478 1305 !
| z 2,00 7.8 744 1327

Certificate Mo: ES3-3332_Sep13
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ES30W3— 8M:5332

Septermber 18, 2015

10275- LUMTS-FDDG {HSUPA, Subtest 5, 3GPE ¥ 430 B7.2 18.8 356 1436 +#1.7 %
| CAR Rel3.4)
¥ 443 £6.9 18.7 1379
| z 444 &80 10.5 1499
lgi;n - COMAZON0, RCE, 3055, FUIl Rate x 3 E1 575 164 348 134.1 0.7 %
¥ 352 651 193 1457
z 386 60.8 203 138.7 T
‘10%92— COMAZO00, RC3, S032, Full Bate ¥ 355 B7.5 18.8 330 135.0 1T U
.y
i Y | 364 67.5 1.9 1282 ]
z 5,70 §9.2 o8 140.6
10297- LTE-FDD (SC-FOMA, 50% RB, 20 MHz, | % 6,00 G6.5 49 541 1273 +1.7 %
AAA QPSK)
¥ 8.4 673 197 143.5
. Z | 810 67.3 19.8 . 1331 i
10311- LTE-FDQ {SC-FOMA, 100% RB. 15 * B.58 B7.1 19.5 E.0f 1323 17
_AAA MHz. GPSH)
. ¥ f.89 E7.9 20.0 150,
] Z  he6 678 | 20 EE
10400 IEEE BOZ.11ac WiFi {20MHz, 8408k, ¥ 9.8G 53,9 21,5 837 1377 5%
AT BEpc duty aycle) .
Y 5.99 8.7 2.4 1319
| z .84 f9.3 215 142.0
;itgﬂa— COMAZOOD [1xEV-B10, Rey, )] x 479 G0 A 105 376 1447 0.5 %
Y 451 3.1 191 1381
z 514 72,5 08 145.7
10:404- COMAZDO0 (1xEv-D0, Rev. A) . .05 TG 199 377 1436 H13 %
BAE,
h 492 iz B 193 137.0
z 515 728 2140 146.1 n
1041 5- IEEE 802110 WiFi 2 4 GHz (D35S, 1 w 275 BO.3 190 1.04 143.% 0.7 %
| Ass Mbps, 28pe duty oyole) )
¥ 2,86 R 193 134.9
z 383 76.3 3.3 140.9
10416 IEEE B2 {1y WiFf 2.4 GH= {ERP- A 0.a% B0 .5 8.25% 142 4 +37 %
AnA CFDR. 8 Mbps, 98pc duty avele)
¥ 9,75 63,4 211 130.2
Z | oEs 6.0 2.6 | 1412

The reported uncertainty of measurement
multiplied by the coverage factor k=2, whi

probability of approximately 95%.

is stated as the standard uncertainty of measurement
ch for a normal distribution corresponds to a coverage

“The uncertainties of Mo X..2 ¢ not affect the EXfield un

=‘ Mumedical Iinsarization parsmeter: unceraing nok required,

= Uncertafnty is determmad using tha ma.
field valuz,

certEinty insice TIL (see Pages T and 5]

deviation from lingar response =pphving rectangular distiaution and iz expraszed for the squane of the

Cerificate Mo: ES53-3337_Sepis
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ES30W3— SN:3332 September 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Calibration Parameter Determined in Head Tissue Simulating Media

i Relative Conductvity Depth © Une

f{MH2)® | Permittivity” (Sm)* ComvFX ConvFY ° ConvFZ | Alpha® | [mm) {k=2}
750 41.9 0.89 6.44 644 i 644 0.45 155 | 120 %
g3s 415 .90 6.23 £6.23 .23 025 | 220 | +120%
1750 40.1 137 825 5.25 525 | 048 | 148 | +120%
1900 40.0 1.40 5.06 506 . 5.08 0.61 130 | +12.0%
2300 39.5 1.67 4.78 478 4,78 0.61 143 | +12.0%
2450 38.2 180 444 | 444 4.44 0.80 1.26 | *120%
2600 39.0 196 | 421 a3 4.31 080 ! 127 | s120%

viliddy can be extenced to £ 170 MHz.

F At frequencies beor 3 UMz, the validity of tissue pasmeters (& and o} Gan be relaved to + 10% i liquid compensaton fomula is applied tz
measured SAR values. Al frequencies above 3 GHz, the vaiidity of tissue pacamsters & and =) is restricted o + 5%. The uncertairty iz the RES of
fe ConvF ungertainty far indicated target tizsue parsmetess.

& AlphaiDepth are determined during calibration. SPEAS wamanis that e remiaining deviation das tao the Joundary effect after compensaticn is
alveays less than + % for frequencies below 2 GHz and halow + 2% far frequencies between 16 GHz at any distance larger than half the probe tip
gliameter Fom the boundary.

Certificate Ma: ES3-3332_Sep15 Page T of 13



ESA0W3- SN:35332 September 18, 20Hs5

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity ' Depth Ung

| F{MH2)® | Permittivity™ | (Sim)T ConvFX | ConwF ¥ | ConvFZ  Alpha® ; {mmj} {k=2)
750 £5.5 0.96 636 | 638 6.36 0.80 116 . £120%
835 552 0.57 .21 621 6.2% 0.53 1.43 +12.0%
1750 - 534 1,49 4.85 485 4.55 0.40 1.67 £12.0 %
1500 533 1,52 470 4.70 4.70 0.55 1.55 +12.0 %
2300 52.9 1,61 445 448 446 | 080 | 125 | +12.0%
2450 52.7 1.85 4.30 430 . 430 | 0.80 1.25 £12.0 %
2600 52.5 216 4.06 4.08 406 080 | 130 £12.0%

- Frequency validity above 300 MHz of + 105 MHz anly agplies for DASY w4 4 anc higher (see Page 2), eise it is resfricted ta + 50 LHz. The
uncersinty Is the RES of the ConvF uacedainty at calibration Trafaency and the uncertainty for the indicated frecuency band, Frequensy walidity
below 300 MHz is = 10_ 28, 49, 50 and 70 MHz for Cone asEeszments at 30, B4, 128 159 and 270 MHz respeively. Above 5 GHz fraquency
walidity can be extendad 50 + 710 MMz

Fat freguangies below 2 GHz, the walidiy of tiszue parsmeters (= and a] can be relamed to = 10% i liguid compensaticn formula is applied 1o
measlred SAR valies. At frequencies above 3 Sy, the validity of tissus pararmeders (x and il is restricted to + 5% The wncertainty is the {33 of
the CanvF uncertainty for indicated target tissue parameters.

* AlphaiDepth are getsrmined curing calioration. SPEAS warrants that the remzining deviation due te the boundary effect after campensation is
always l2ss than £ 1% for Fequencies below 3 GHz and bolaw + 2% for frequencies between 5.6 Gtz =t BNy digtanca lzrger than half the probe tig
dizmeter from the boundary.

Cenificats No: ES2-3332_Sepis Fage & of 13



ES3DW3- SN:3532 September 18, 2014

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

151

i

L. R

(I RPN NSNS SO N

Frequency response (normalized)
—
O
111 !q.?’l T

1530 2000 2600 3000
T [MHz]

i i
Em E

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

Certificate No: ES2-3232 _Sep15 Page 9 of 13



ES30W3— M 53332

Receiving Pattern (¢), § = ¢°

=600 MHz, TEM

September 18, 2015

=1800 MHz,R22

- - i .
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850 7Hz

Uncertainty of Axial Isctrapy Assessment: £ 0.5% (k=2)

Cerificate Mo ES3-3332_Sapis Page 10 of 13



EZ30V3- 5N;3332 September 18, 2015

Dynamic Range f(SAR}..4)

(TEM cell , f..q= 1900 MHz)

Rl

105 |

1[]-1. .

-"ICIE_.....

Input Signad [uv]

ST o -

10 100 10T 10° 10 102 102
SAR [m¥Wicm3)]

e ] &
nat compensated compensates]

10- i [ g e} 102 103
SAR [mWemd]
& 8]
net compesated CoMEehzatad

Uncertainty of Linearity Assessment: + 0.6% (k=2)

Cerifficate Mo E33-3332_5ep15 Fage 11 of 13



ES30W3— SN:3352 September 18, 2015

Conversion Factor Assessment

T= 835 MHzWGLS RE (H_comd) f= 1900 MMz WGLS R22 (H_cornf]
car—" e . . . —_——.
o
is =
1.0~ _—
% :.5--: ka.. % 2:_; ;
ETH Z L
c - E o=
5] . in :
15 ‘ Ly |
: — :
o Z
; - - _ '1.\'-‘-.
a | ""—: o !‘ 1 ! L
a u] o R [i—ir'l S0 F a 11 =3 B [fw =5 i} =5 43
ardlazl iR ey amabral measred

Deviation from Isotropy in Liquid
Error {§, 3), f =900 MHz

Dewviadion

1.0 -08 08 04 02 08 02 04 06 OB 1.0
Uncertainty of Spherical Isofropy Assessment: + 2.6% (k=2}

Certificate No: ES3-3222 Sepis Page 12 of 13



ES30WV3- BN:3332 Septermber 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Other Probe Parameters

Sensor Arrangement : Triangulas

“Connector Angle () ' ) 1.9

| Wechanical Surface Detection Mede ) ' ' enabled

' Optical Surface Detectian Mode N dizabled !
Probe Overall Length i 337 mm
Prabe Body Diameter 70 |

i Tip Length i ' 10 mm
Tip Diameter 4 mm |

. Probe Tip to Sensor X, Calibration Point 2mm

Probe Tip to Sensor ¥ Calibration Poiat 2mm .
Probe Tip to Sengor Z Calibration Point 2 mrn
Recommended Measurement Distance from Surface _ 3 mm

Cenificats Mo: EE3-3332_Sepis Page 13 of 13



Calibration Laboratory of Iy,

Schweizerischer Kalibrierdienst

3 2
H \\\ v ‘J
Schmid & Partner m Service suisse d'étalonnage
Engineering AG L Servizio svizzero di faratura
Zeughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

e NN
afal

Accredited by the Swiss Accredilation 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

: Cortificate No: ES3-3351_Jun15

CALIBRATION CERTIFICATE

Object ES3DV3 - SN:3351
Calibration procedure(s) _ QA CAL-01.v9, QA CAI__-23.V5, QA CAL-25v6 : \j
' Calibration procedure for dosimetric E-field probes ;

Calibration date: June 22, 2015

This calibration certilicate documents the iraceability to national standards, which realize the physical units of measurements {3l).
The measuremenls and the uncertainties with confidence probability are given on the following pages and are part of the certificats.

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

Calibration Equipment used (M&TE critical lor calibration)

This calibration certificate shall not be reproduced except in full wilhout wriiten approval of the laboratory.

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

Power meter E44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16

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

Reference 3 dB Altenuator SN: 55054 (3¢} 01-Apr-15 (No, 217-02129) Mar-16

Reference 20 dB Aitenuator SN: $5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Aftenuator SN: §5128 (30b) 01-Apr-15 {No. 217-02133) Mar-16

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

DAEA SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jani6 -

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13} In house check: Apr-16

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

Calibrated by: : Leif Klysner Laboratory Technician ﬁ% %2

Approved by: i Kalja Pokovic Technical Manager

Issued: June 22, 2015

Certificate No: ES3-3351_Jun15
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Calibration Laboratory of

' S Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL fissue simulating liquid
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
A BCD modulation dependent linearization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., § = 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b} 1EC 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:
e  NORMx,y,z: Assessed for E-field polanzatlon 8 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegwde)
NORMzx,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}.

o NORM(x,y.z = NORMx,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 included
in the stated uncertainty of ConvF.

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

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

o Axy.z Bry.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 dicde.

e 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.

s 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.

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

Certificate No: ES3-3351_Junib Page 2 of 13




ES3DV3 - SN:3351 June 22, 2015

Probe ES3DV3

SN:3351

Manufactured:  May 22, 2012
Calibrated: June 22, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Cerlificate No; ES3-3351_Jun15 Page 3 of 13




ES3DV3- SN:3351

June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uVA(Vim)®* 0.99 1,17 1.19 +101 %
DCP (mV)® 113.8 105.2 104.5
Modulation Calibration Parameters
uiD Communication System Name A B ¢ D VR Unc™
dB dBvpv dB mv {(k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1888 | 38%
Y 0.0 0.0 1.0 196.2
Z 0.0 0.0 1.0 151.3
10010- SAR Validation (Square, 100ms, 10ms) X 273 65.7 12.7 10.00 359 +1.2 %
CAA
Y 1.18 58.1 9.8 374
z 2.44 61.9 12.5 42.0
100141- UMTS-FDD (WCDMA) X 343 68.2 18.9 2.91 1485 | 05%
CAB
Y 3.14 66.5 18.1 114.3
Z 3.26 66.5 18.1 119.3
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.13 70.5 194 1.87 1490 | #05%
CAB Mbps)
Y 2.46 65.9 17.0 115.2
z 3.02 68.7 18.5 120.9
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 10.59 69.9 22.6 9.46 139.1 2.5 %
CAB OFDM, 6 Mbps)
Y | 1041 68.9 224 103.4
Z | 1074 69.4 224 114.3
g) ?;)21- GSM-FDD (TDMA, GMSK) X 4,33 75.1 18.5 9.39 1255 | #14%
B
Y 5.13 776 20.0 144.5
Z | 17.70 96.1 27.5 1235
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 4.56 75.8 18.9 9.57 1477 | #22%
DAB
Y 5.75 78.8 20.2 140.4
Z | 18.60 97.9 28.5 17.3
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 342 718 15.3 6.56 1196 | £1.4%
DAB
Y | 14.95 90.8 22.0 1327
Z | 20.34 98.9 256 106.6
[13 0027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 2896 99.9 235 4.80 1357 | #1.9%
AB
Y | 55.26 99.9 21.9 1075
Z | 3515 09.9 246 120.0
10028- GPRS-FDD (TDMA, GMSK, TN0-1-2-3) | X | 36.32 96.2 20.3 3.55 1475 | #19%
DAB
Y | 7322 99.9 20.7 117.0
Z | 5278 99.6 22.4 128.3
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X | 3123 99.5 20.1 1.16 1228 | +14%
CAA
Y 0.74 62.4 7.0 135.2
Z | 56.68 99.6 20.2 141.5
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.01 66.4 8.9 5.67 1127 | #12%
CAB MHz, QPSK)
Y 6.14 66.9 19.3 124.6
z 6.37 67.2 19.4 129.3

Certificate NMo: ES3-3351_Jun15
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ES3DV3- SN:3391

June 22, 2015

10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 8.50 71.4 23.6 9.29 1379 | £27%
CAB MHz, QPSK)

Y 8.12 70.6 23.6 105.2

Z 9.68 73.4 24.7 118.6
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 5.88 66.0 18.8 580 | 1112 | 2%
CAC MHz, QPSK)

Y 5.99 66.5 19.2 122.8

z 6.28 66.9 19.4 128.7
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.19 60.3 21.2 8.07 149.1 22 %
CAB BPSK)

Y 9.73 68.2 20.9 111.5

Z 9.97 68.3 20.8 117.7
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 8.07 71.0 235 9.28 132.7 2.5%
CAB QPSK)

Y 8.82 74.2 25.9 147.0

z 9.11 72.5 24.4 115.3
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 5.55 65.4 18.6 575 1079 | 09%
CAC QPSK)

Y 5.67 66.0 19.0 1203

Z 5.96 66.3 19.1 126.2
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 5.96 65.9 18.7 5.82 1119 | #1.2%
CAB QPSK)

Y 6.12 66.6 19.3 125.0

z 6.38 66.8 19.3 131.2
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.68 66.6 19.4 573 1307 | #0.9%
CAB QPSK)

Y 4.81 67.2 20.0 144.7

Z 4.74 65.5 18.9 109.9
10172- LTE-TCD (SC-FDMA, 1 RB, 20 MHz, X 6.50 73.2 25.1 9.21 14398 | 225%
CAB QPSK)

Y 6.42 727 25.3 113.3

z 7.92 75.5 26.2 127.2
10175- LTE-FDD {SC-FDMA, 1 RB, 10 MHz, X 4.68 66.5 19.4 5.72 1286 | 0.9%
CAC QPSK)

Y 4.80 67.2 20.0 144.2

z 4.73 65.5 18.9 109.1
10181- LTE-FOD (SC-FDMA, 1 RB, 15 MHz, X 4.71 66.7 19.5 572 | 1289 | #12%
CAB QPSK)

Y 4.78 67.1 19.9 143.9

z 5.12 67.3 19.9 149.9
10196- |EEE 802.11n (HT Mixed, 6.5 Mbps, X 972 68.8 241 8.10 138.3 +1.9 %
CAB BPSK)

Y 9.32 67.9 20.9 105.9

Z 9.58 67.8 20.6 111.2
10225- UMTS-FDD {HSPA+) X 6.60 66.5 18.9 5.97 117.6 +1.2 %
CAB

Y 6.69 66.9 19.3 132.0

z 7.08 87.2 19.5 139.9
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 6.57 73.1 25.0 9.21 1445 | +2.2%
CAB QPSK)

Y 6.59 73.6 25.8 114.3

Z 8.03 76.0 26.4 1277
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 7.44 70.0 232 924 | 1229 | +25%
CAB QPSK)

Y 8.16 73.3 25.5 138.8

z 8.43 71.6 24.1 108.3
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 8.01 70.7 23.4 930 | 1305 | 27%
CAB MHz, QPSK)

Y B.86 74.4 26.1 146.7

Z 9.12 726 24.5 114.0

Certificate No: ES3-3351_Junib
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June 22, 2015

10275- UMTS-FDD (HSUPA, Sublest 5, 3GPP X 4.49 67.5 18.8 3.96 146.9 0.7 %
CAB Rel8.4)

Y 413 65.9 18.1 117.5

Z 4.36 66.2 i8.2 1211
10291- CDMA2000, RC3, S055, Full Rate X 3.66 67.7 18.9 3.46 133.9 +0.56 %
AAB

Y 3.37 66.1 18.1 109.3

Z 3.54 66.0 18.0 i12.1
10292- CDMAZ2000, RC3, SO32, Full Rate X .55 67.5 18.7 3.39 136.7 0.7 %
AAB

Y 3.35 66.4 18.2 110.1

Z 3.44 65.7 17.9 112.9
10297- LTE-FDD {SC-FDMA, 50% RB, 20 MHz, X 5.86 65.9 188 5.81 109.3 +1.2%
AAA QPSK)

Y 6.00 66.5 19.3 122.6

zZ 6.23 66.7 19.3 126.8
10311~ LTE-FDD (SC-FDMA, 100% RB, 15 X 6.42 66.5 19.1 6.06 114.1 +1.2%
AAA MHz, QPSK)

Y 6.60 67.2 19.7 127.9

Z 6.85 67.4 19.7 1326
10400- IEEE 802.11ac WiFi {20MHz, 64-QAM, X 10.03 69.2 215 8.37 141.2 +1.9%
AAC 99n¢ duly cycle)

Y 9.51 68.0 211 106.9

d 9.90 68.2 21.1 114.0
10403- CDMAZ000 (1xEV-DO, Rev. 0) X 5.00 70.6 196 3.76 146.5 0.5 %
AAB

Y 432 67.9 18.3 115.0

yd 4.63 67.5 18.3 121.9
10404- CDMAZ2000 (1xEV-DO, Rev. A) X 4.99 71.0 19.8 3.77 143.8 0.5 %
AAB

Y 4.37 68.5 18.7 113.5

zZ 4.56 67.5 18.2 120.2
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.07 71.2 199 1.54 145.7 +0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.43 66.6 17.4 116.6

Z 2.59 67.1 17.8 1243
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 9.84 60.0 21.3 8.23 139.6 +19%
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 9.37 67.9 21.0 106.5

Z 0.84 68.4 211 117.4

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 uncertainlies of NormX,Y,Z do nol affect the E-field uncertainty inside TSL (see Pages 7 and 8).
¥ Numerical linearization parameler: uncertainty not required.
E Uncertainly is determined using the max. deviation from linear response applying reclangular distribution and is expressed for the square of the

field value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f{MHZ) ¢ | Permittivity" (stm)*© ConvFX | ConvFY | ConvFZ | Alpha® [ (mm) (k=2)
750 41.9 0.89 6.43 6.43 6.43 0.31 1.96 £12.0%
835 41.5 0.90 6.17 6.17 6.17 0.21 2.59 +120%
1750 40.1 1.37 5.24 5.24 5.24 0.55 1.35 +120%
1900 40.0 1.40 5.07 5.07 5.07 0.54 1.42 £120%
2300 39.5 1.67 4.74 4.74 4.74 0.69 1.31 £12.0%
2450 39.2 1.80 4.48 4.46 4.46 0.80 1.26 £12.0%
2600 39.0 1.96 4.35 4.35 4.35 0.80 1.26 £12.0%

€ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricled to £ 50 MHz. The
uncerainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicaled lrequency 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
validily can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (= and a} is restricled lo + 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 devialion due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies befween 3-6 GHz at any dislance larger than haif the probe tip
diameter from the boundary.

Certificate No: ES3-3351_Juni5 Page 7 of 13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.

f{MHz)® | Permittivity" (sim)F ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 6.21 0.29 1.98 £12.0%
835 55.2 0.97 6.11 6.11 6.11 0.77 1.20 £120%
1750 53.4 1.49 4.88 4.88 4.88 0.68 1.30 £12.0%
1900 53.3 1.52 4.68 4.68 4.68 0.61 1.46 +12.0%
2300 52.9 1.81 4.47 4.47 4.47 0.80 1.16 £12.0%
2450 52.7 1.95 4.30 4.30 4.30 0.80 1.16 +12.0%
2600 52.5 2.16 4.16 4.16 4.18 0.80 1.20 £120%

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

validity can be extended to + 110 MHz.

F At fregquencies below 3 GHz, the validily of tissue parameters (e and o} can be relaxed to + 10% if liquid compensation formula s applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (e and o} is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target lissue paramelers.
S AlphafDepth are determined during calibration. SPEAG warrants Lhat the remaining deviation due lo the boundary effect after compensalion s
always less than * 1% for frequencies below 3 GHz and below + 2% for frequencies belween 3-6 GHz al any distance larger than half the probe tip
diameter from lhe boundary.
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ES3DV3- SN:3351

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

June 22, 2015
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isctropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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Conversion Factor Assessment

= 835 MHz WGLS R9 (H_convf) f= 1900 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: * 2.6% (k=2)
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June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 21.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measuremenit Distance from Surface 3 mm
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Calibration Laboratory of

' 5 Schweizerischer Katibrierdignst

Schmid & Partner ¢ Service suisse d'étalannage
Engineering AG Servizie svizzera di taratura

Teughausstrasse 43, 8004 Zurich, Swikedand S Swiss Calibration Service

Accreditad by the Swiss Accreditstion Senvice (SAS) Accreditation Wo.: SCS 0108

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: v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

LizhP diade compressian point

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

&8 B.CD maoduiation dependent inearization parameters

Polarization o ip rlaticn arcund probe axis

Falarization & 2 rotation around an axis that is in the plane normal to probe axis (at measurement 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 Cormmunications Devices: Measurement
Techniguss®, June 2013

IEC 622091, "Procedure o measure the Specific Absorption Rate (SAR) for hand-held devices used in class
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 Requirements for 100 MHz to § GHMz

Methods Applied and Interpretation of Parameters;

NORMx, v, 2 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 uncertzinty of Comef,

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

FAR: PAR is the Peak fo Average Ratio that is not calibrated but delermined based an Lhe =ignal
charactenstics

Ax,152: Br,y,z: Cay,z; Dxy,2) 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
measuraments 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 coresponds
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 highet 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 Offsel. 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
uncerainty required).
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Movember 17, 2015

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

Basic Calibration Parameters

, : Sensor X SensorY Sensor £ Linc (k=2]
Morrm {uWEWm} i 1.03 1.03 0.99 =101 %
DEP {mV) 107.6 1053 107.9
Modulation Calibration Parameters
4]]a) Communication System Name A B C o | vR Unct
dB_ | dBvuv | B mv {k=2)
0 cw X | o0 4o 10 000 | 1921 | %278
ki [Ry] 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 : - : =1
W 1.899 50.3 102 38.4
Z 5.38 GY.B T2.5 ar.z
: gfﬁ’”- _ UMTS-FDD QW ODMA) X H4o 66.0 183 | 281 | 1817 . H5%
) Ty | 3z7 670 | 182 BEEE —
. » Z | a4 68.3 12.1 1485
0012- IEEE 50Z.11h WiFi 2.4 GHz (DESS, 1 W 203 k& O 18.7 187 1324 307 %
CAB Mbps)
Py 3.12 K96 18.8 130.2
5 ) z 324 11 197 128.2
104013- IEEE 802119 Wik 2.4 GHz (D553- ¥ 1080 0.5 9% 0 a .46 1335 | +3.3
CAD OFDM, B Mbps) ’ i o
Y 1053 a2, 921 124.6
z 11.14 71.2 235 1471
é?faﬂ- | GEM-FID (TOMA, GMEK) x| 1505 a1.0 24.4 023 | 205 | #18%
Y 1011 ass 233 131,58
£ 1 1184 87 6 234 130.0
D10023- . GPRS-FDOD (TDMA, GMSK, TH 04 ® 10.42 LERs 2258 9.57 131.58 +3.0%
DAE i
¥ 13.29 86.7 245 1491
P 7 1417 Q0.2 242 14587
; 10024- GFRS-FOD (TDMA, GMSK, T 0-1) XD 128 851 154 B.56 1407 | +1.3%
| OAD
¥ I 26.29 95,5 23.8 134 7
P L g5.82 21.3 136
10027 - GPRE-FLO (TOA, GMSK, TH 0-1.2) X i B4T7d 9594 22.2 480 § 15 +2.2 %
DaR 5
Y T sETd 998 | z27 1247
il 5310 99.9 2.2 1241
10022- GFRS-FLO (TOMA, GMSK, TH 3-1-2-3) % 6211 0a.E M6 3.55 1461 +1.9 %
DAS
¥ 7761 598 1.2 132.0
£ 7233 9a. 7 2.2 1333
10032- IEEE 802.15.1 Bletooth {ZFSK, DIHES b 05,24 0o T 15.9 1.18 137 2 +1,7 o
[eoFY
v | esme | fdan 16.2 1245
z on.67 94,1 168 .4 1497
10100 LTE-FDD (3C-FOMA, 100% BB, 20 b4 614 EE.A 1972 5 57 126.2 +1.7
; CAR WHz, CIPSH)
: ¥ §.21 652 19,1 136.5 ]
! Z | 641 679 199 145 9

Cerificale Mo: E53-2334 MNov15
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ES30V3E— SMN:3334

Movember 17, 2015

10103

 LTE-TDD (SC-FDMA, 100% RB. 20

X | 1007 T5.4 255 029 [ 1382 [ +25%
CAR MHz, OPSK)
Y B.54 73.3 245 1305
2 ogd 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-  “TEEE 802 1n (HT Mixed, 13.5 Mbps, ¥ | 10413 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 | =095
CAB QFSK)
¥ &.50 74,1 25.0 1437
] . z 9.0 734 25.0 1265
D 10154 LTE-FDD {SC-FOMA, 50% RE, 10 MHz, P 603 &7 A 19.5 5758 145,59 .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, | % | #.48 665 192 582 | 1267 | 14 %
CAB OPsK}
' Y 8.20 B4 190 132.8
. z .39 7.5 19,8 141,71
10169- LTE-FCD {SC-FDMA, 1 RB, 20 MHz, ¥ 505 57.6 0.0 573 | 146G | 14 %
CAE 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 408 707 253 921 1479 | 230 %
CAR OP3K)
¥ | BOD 7.1 262 138.9
, z 5.39 755 378 1415
T0175- LTE-FDD (SC-FOMA, 1 RE, 10 MHZ, ¥ 490 BT.2 199 a.72 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 * | 490 7.3 19.9 572 | 1454 . 144
._QAB . E}F‘SKJ
¥o: 481 6.2 14,2 130.8
z 4.85 B7.1 19.8 136.0
10106- IEEE 802110 {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 §9.4 218 146.6
10225-  UMTS-FOD (HSPA) X 658 6.9 18.3 597 | 1339 | $1.7 %
CAB
5 5 Yo, 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 60.2 255 .29 1482 | 230%
| CAB QPSK) " i i
. Y | 77 751 257 1316 .
z | &z7 782 77 1361 B
10252- LTE-TBD [SC-FOMA, 50% REB., 10 MHz, X 0 &Y TE.3 PETF az24 1441 2.7 %
CAB OPSK}
¥ 8.74 72.9 24.5 $33.4
i zZ . 914 75.2 26.1 . 136.9
10267-  LTE-TODN {SC-FOMA, 100% BB, 10 X 925 738 ¢ 253 930 | 1248 | 20 %
CAB MHz, QPSK)
| S Y P a.4n 737 24.0 1421
| | z 9.86 761 255 145.3

Cerificate Mo: ES3-3334 Mov15

Page S af 13



E330W3- SN3334 Wovernber 17, 2015

10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP % | aam 560 18.7 306 | 1333 | #0.0%
CAB REIB.4]
¥ | a4 £i6.9 18.5 148.2
B Z 4.30 6.7 18.6 128.4
EEB*M - COMAZOOG, RCS, 8055, Full Rate x 468 673 12.7 346 145 5 0.7 %
¥ | ass 665 18.2 136.3
z .82 67.3 18,8 139.4
10292- COMA2000, RCS, S032, Full Rate * 373 680 131 339 147.5 HT %
LAAE : '
Y 35 | 687 183 BET
.2 560 67.6 18.9 1430,
10297- LTE-FDD (SC-FDMA, 50% RB, 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
¥ | BE 671 195 | 1360
. _ Zi 675 67.7 | 20.0 1416 B
T 10400- IEEE 80Z.71ac WiFi [20MHz, G4-Cubkf, x 9,97 B8 21.4 837 | 1964 | 427 %
AbC 230G dity cycle)
Y | 1007 659 214 1436
Z | 1021 BY.7 220 T 1474
ﬁrsgja- COMAZOD0 {1%EV-DO, Rev. U) X 4.77 BG.5 188 ¢ 3.76 : 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 15.9 1271
10M415- IEEE 8021tk Wikt 2.4 GHz (D558, 1 x 270 559 158 154 | 1319 | #05%
LY.TY hbps, 29pc duty cyele)
b 285 G683 18.% 145.%
z 2,72 £9.3 18.0 1273 7
10416- IEEE §02.11g WiFi 2.8 GHz {ERP- ¥ | 981 . 688 21.2 623 | 1316 | 27 %
AR QOFDM, & Mbps, 99pc duty cycle) | :
Y | sen £8.7 21.2 144.1
z BoO7 93 217 1460 ]

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 X¥.Z da not affest the 2 field uncerlainty irside TEL jsee Pages 7 and &),

E Murnerical inearizatian parameter: uncsttainty nol required.

= Ungerainty is delerminsd using the ma deviation from linear response apolying redangular distribolion and is expressed for the square of the
figld valug,
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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) " ConvFX | 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 +13.3 %
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 5.3%9 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 | 197 . sf2.0%
2600 33.0 1.86 446 | 448 4.46 | 080 1.26 1 12.0 %

= Frequency validity above 500 MHz of + 100 MHz anly appies for CASY wa,4 and higher [see Pace 2, else i is restigted to = B0 MHz. The
uncenainty is ihe RSS of the ConvF uncsrtainty at calibrtion frequensy and the unoartainty for the indicated frequency band. Frequrency validity
Beicw 300 MHz is « 10, 25, £0, 50 and 7 MHz for ConvF assessments ot A0, 64, 128, 130 and 220 MHz resgectvely. Above 5 GHz frequency
validity can be extended to + 110 MHz.

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

* Alpha'Depth are datermined during calibration. SPEAR warants that the rermaining deviation: dus w0 the kaundary sffect atter compensation i
Slways 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.
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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 6.37 0.74 122 | +120%
835 55.2 .97 £.24 6.24 6.24 0.21 1.94 | £120%
1750 - 534 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 cnly applies far DAY vd.d and higher {ses Page 2), elsa it & restricted ta £ 50 MHz. Tha
uncetaingy 18 the RSE of the ConvF uncertsinty at calibration frequency and the uncertainty for the indicazed frequency band. Freauency validity
Belowr 300 MHZ is + 10, 25, 40, 50 ard 70 MHz for SonvF assessments gt 30, 64 128, 150 and 220 MHz respectvely. Above 5 GHx frequency
validity cas be extendsd {o + 510 MHz

" at frequencias bélew 3 GHz, the validity of tissue narameters (@ and <) can be retased kg 0% if fiquid competwsation fomula s applied to
measured SAR values. At frequencies above 3 GHE, the valicity of tissue paramaters (= and 1) is resiicted o £ 5%, The unsertaginty is the KR5S of
the ConvF uncerainty for indicgied target tizsue paramatars,

& Alpha'Daath are determined during calibration. SPEAG wamaniz that te ramaining deviafion due to the boundary sftect sfler compensation is
abways less than £ 1% for frequencies balew 3 GHz ard below £ 2% for frequenciss between 5.6 SHz at any dislancs Emger than half the pobe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-GCell:ifi110 EXX, Waveguide: R22)

1_4_._..... __..__,_ et L T N SO U

s e

1.0+

T T

09

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2800
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 , foya= 1900 MHz)

Input Sigral [ul]

10t 1r2 10° 10 101 107 107
SAR [mittem 3]

= (o]

Nt cempensaied cormpensated

ALY et

Ereat [dB]

101 o 1IE|1 102
SAR [mYWem3]
net cobnpaassted COMmpensate

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

f= 835 MHz.WGLS RS (H_comd)

f=1800 MHz WGLS R22 (H_convF)

234 ‘
aa !I:--: ......
E.I:I-__ y e
g i £ ]
- g
5 - ., ] i ‘x\
W [ -
3 h\\, " .
n -, A \\‘
nu-E: ' - E— L S TR I LT
L] 106 = 40 =L &l o 2 S ‘o .-[:::lrr] o o Tn 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 -DE 05 04 02 00 0z D4 e 08 1.3
Uncerlainty of Spherical Isotropy 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
Opticai Surface Detection Mode disabled
Probe Overall Lengih ' 337 mm
" Probe Bady Diameter Tmmn
Tip Length 10 rewen _'
Tip Diameater 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: ES3-33534_Mavis Page 13 of 13
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CALIBRATION CERTIFICATE

Object

Calibralion procedure(s)

Calibration date:

'ES3DV3 - SN:3263

QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6

i
!

{May 20, 2015

Calibration Equipment used {M&TE crilical for calibration}

| Callibration procedure for dosimetric E-field probes

This calibration certilicate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and lhe uncertainlies with confidence probability are given on the following pages and are parl of the certificate.

Al calibrations have been conducted in the closed laboralory facility: environment temperature (22 £ 3)°C and humidily < 70%.

X
i

!

This calibration cerificate shall not be reproduced except in full without wrilten approval of the laboratory.

Primary Slandards 1D Cal Date (Cerlificate No.) Scheduled Calibration

Power meter E44198 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: 55054 (3¢} 01-Apr-15 (No. 217-02128) Mar-16

Reference 20 dB Attenuator 8N: 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 85129 (30b) 01-Apr-15 {No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Deci14) Dec-15

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

Secondary Standards 1D Check Date {in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-39 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E 537390585 18-0c¢t-01 {in house check Oct-14) In house check: Qct-15
Name Function Signature )

Calibrated by: ;’Leif Klysner ‘ Laboralory Technician : W @é

Approved by: . Katja Pokovic " Technical Manager
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Issued: May 19, 2015
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Calibration Laboratory of ~ \‘w’ 3 S Schweizerischer Kalibrierdienst
Schmid & Partner aiia\E/m:% c Service suisse d'étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland /"ﬁ & S Swiss Calibration Service
LUTI
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 calibratlon certificates
Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compressicn point
CF crest factor {1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., & =0is normal tc 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 Communications Devices: Measurement
Techniques”, June 2013

by 1EC 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:
o NORMpy,y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegmde)
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E Zfield
uncertainty inside TSL (see below ConvF).

e NORM(Nx,y.z = NORMx,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 included
in the stated uncertainty of ConvF.

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

o Axy,z: Bx.y.z; Cxy.z; Dxy,z; VRxy,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 NORMzx,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.

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

s Sensor Offset; The sensor offset correspands to the offset of virtual measurement center from the probe tip
{on prabe axis}. No tolerance required.

« Conneclor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe ES3DV3

SN:3263

Manufactured:  January 25, 2010
Calibrated: May 20, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3263 May 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unec (k=2)
Norm (uVJ’(Wm)z)A 1.21 1.25 1.13 +101 %
DCP (mVY’ 106.1 103.6 108.3

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Unc™
dB dBVpv dB mv (k=2)

0 Ccw X 0.0 0.0 1.0 0.00 2056.3 3.3 %

Y 0.0 0.0 1.0 207.3

yd 0.0 0.0 1.0 199.5
10010- SAR Validation (Square, 100ms, 10ms} X 1.83 584 9.4 10.00 41,2 +.4%
CAA

Y 3.88 63.3 12.9 47.5

zZ 1.42 56.8 8.7 39.5
10011- UMTS-FDD (WCDMA) X 327 67.4 18.6 2.91 140.1 0.7 %
CAB

Y 3.39 67.5 18.7 142.7

z 3.32 67.6 18.6 136.9
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 285 68.8 18.8 1.87 142.2 0.7 %
CAB Mbps)

Y 3.38 70.7 19.5 144.8

Z 3.07 70.0 19.1 1381
10013- |EEE 802.11g WiFi 2.4 GHz (DS5S- X 10.99 70.8 23.4 9.46 135.9 +2.5 %
CAB OFDM, 6 Mbps)

Y 11.36 70.3 22.8 1247

Zz 10,57 70.0 229 129.4
10021- | GSM-FDD (TDMA, GMSK) X | 9.38 84.7 22.1 939 | 1208 | x19%
DAB

Y 27.79 100.0 28.7 129.4

yd 9.29 86.8 238 134.5
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 9.63 84.9 221 9.57 134.1 2.5 %
DAB

Y 25.29 98.2 28.2 124.0

Z 9.65 87.7 243 128.2
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 16.20 88.9 21.0 6.56 145.2 1.4 %
DAB

Y 41.82 99.7 25.6 128.5

zZ 24.57 96.8 241 142.0
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X 55.77 99.8 221 4.80 138.5 22 %
DAB

Y 53.39 99.7 23.9 140.5

Z 40.28 99.6 23.2 134.3
10028- GPRS-FDD (TOMA, GMSK, TN 0-1-2-3) | X 81.43 99.8 20.7 3.55 148.6 +1.7%
DAB

Y 60.49 99.7 22.9 146.0

Z 62.69 99.6 21.2 145.0
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 96.06 93.7 16.0 1.16 140.3 +1.9%
CAA

Y 77.08 99.9 20.1 149.0

Z 99.64 99.9 18.6 138.0
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.24 B67.2 19.6 5.67 131.7 1.4 %
CAB MHz, QPSK)

Y 6.39 67.3 19.5 133.8

zZ 6.19 67.2 19.6 126.8
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ES3DV3- SN:3263 May 20, 2015
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 10.13 76.3 26.6 9.29 142.6 +2.7 %
CAB MHz, QPSK)

Y 12.07 77.9 26.6 138.9

Z 9.41 74.3 25.6 134.1
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 6.13 66.9 19.5 5.80 129.6 +1.4%
CAC MHz, QPSK)

Y 6.35 67.1 19.5 133.7

Z 6.39 68.0 20.1 150.0
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.34 69.6 21.7 8.07 147.0 +1.9%
CAB BPSK)

Y 10.05 68.3 20.9 123.4

d 10.08 69.1 21.3 138.2
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, X 9.44 75.3 26.3 9.28 137.0 3.5 %
CAB QPSK)

Y 11.38 76.9 26.3 134.5

z 8.85 735 253 130.3
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, X 5.79 66.2 19.2 5.79 126.9 1.2%
CAC QPSK)

Y 6.05 66.5 19.3 130.9

Z 592 66.9 19.5 145.5
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, X 6.25 66.9 19.5 5.82 131.8 1.4 %
CAB QPSK)

Y 6.47 67.0 19.5 135.4

Z 6.09 66.5 19.3 127.5
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.78 66.7 19.7 5.73 130.0 +12%
CAB QPSK)

Y 5.14 66.7 19.5 135.0

Z 4.83 67.1 19.9 147.9
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.63 80.4 29,1 9.21 147.7 27%
CAB QPSK)

Y 9.72 78.5 27.2 123.9

z 7.63 76.7 27.2 142.5
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 475 66.6 196 572 128.2 1.2 %
CAC QPSK)

Y 5.12 66.6 19.5 1343

Z 487 67.1 19.9 148.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 476 66.6 19.6 572 127.9 1.2 %
CAB QPSK)

Y 5.12 66.6 19.5 134.5

Z 4.87 67.3 20.0 147.0
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X Q.87 69.1 21.8 8.10 135.8 2.2%
CAB BPSK)

Y 10.19 69.1 21.4 145.3

Z 9.65 68.8 21.3 130.5
10225- UMTS-FDD (HSPA+) X 6.90 67.2 19.5 5.97 139.2 +.7 %
CAB

Y 7.22 67.3 19.6 148.0

Z 6.75 67.0 19.4 134.1
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.68 806 29.2 9.21 148.0 #3.0%
CAB QPSK)

Y 9.82 78.8 27.3 125.0

Z 7.85 776 27.7 143.5
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 8.56 73.7 25.6 9.24 126.6 +3.5%
CAB QPSK)

Y 10.58 76.0 25.9 126.3

z 8.84 74.8 26.1 146.7
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 9.24 74.6 259 9.30 1336 +33 %
CAB MHz, QPSK)

Y 11.38 76.9 26.2 134.3

Z 8.79 73.2 25.1 128.6
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10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.39 67.0 18.9 3.96 143.8 0.9 %
CAB RelB.4)

Y 4.55 67.1 18.8 147.3

Z 4.42 67.4 19.0 1399
10291- CDMA2000, RC3, SO55, Full Rate X 3.50 67.2 18.9 3.46 132.2 0.5 %
AAB

Y 3.68 66.7 18.5 136.0

z 3.57 67.1 18.6 128.5
10292- CDMAZ2000, RC3, S032, Full Rate X 3.50 67.0 18.7 3.39 134.0 0.7 %
AAB

Y 3.62 66.6 18.4 138.6

Z 3.50 67.2 18.7 129.8
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, X 6.11 66.8 19.4 5.81 127.7 1.4 %
AAA QPSK}

Y 6.33 67.0 19.5 1321

Z 6.28 67.6 19.9 146.6
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.71 67.5 19.9 6.06 134.2 7%
AAA MHz, QPSK)

Y 6.93 67.7 19.9 138.0

Z 6.57 67.2 19.6 128.0
10400- IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.17 60.5 21.9 8.37 138.5 12659
AAC 99pc duty cycle)

Y 10.55 69.5 21.8 148.0

z 9.92 69.0 21.6 132.5
10403- CDMAZ000 (1xEV-DO, Rev. 0) X 4.79 69.2 19.1 3.76 144 1 0.7 %
AAB

Y 4.71 67.0 18.2 129.2

Z 4.72 69.3 19.2 139.3
10404- CDMA2000 (1XEV-DO, Rev. A) X 4.69 69.2 19.2 3.77 142.1 10.7 %
AAB

Y 4,71 67.5 18.5 126.7

z 4.51 68.6 18.8 137.3
10415- IEEE 802.11b WiFi 2.4 GHz {DSSS, 1 X 255 68.0 18.5 1.54 141.7 0.7 %
AAA Mbps, 99pc duty cycle)

Y 2.67 68.4 18.6 144.0

Z 2.98 70.8 19.5 138.0
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 10.01 69.3 21.8 8.23 137.3 *2.5%
AAA QFDM, 6 Mbps, 99pc duty cycle)

Y 10.31 69.3 21.6 146.0

Z 9.69 68.8 21.4 129.9

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 E*field uncertainty inside TSL (see Pages 7 and 8).
® Numerical linearizalion parameter: uncertainty not required.
Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of lhe

field value.
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ES3DV3- SN:3263

May 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Head Tissue Simulating Media

Relatlve Conductivity Depth © Unct.

f(MHz)® | Permittivity™ (8/im)" ConvFX | ConvFY | ConvEZ | Alpha® | (mm) {k=2)
750 41.9 0.89 6.27 6.27 6.27 0.29 1.87 +120%
835 41.5 0.90 6.18 6.18 6.18 0.49 1.42 £120%
1750 40.1 1.37 5.27 5.27 5.27 0.49 1.46 +12.0 %
1900 40.0 1.40 4.96 4.96 4.96 0.66 1.28 £12.0%
2300 39.5 1.67 4.63 4.63 4.63 0.58 1.41 £12.0%
2450 39.2 1.80 4.40 4.40 4.40 0.71 1.34 £12.0%
2600 39.0 1.96 4.25 4.25 4.25 0.80 1.25 £12.0%

© 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
uncertaintly is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validily
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessmenls 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 o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue paramelers (g and o} is restricted lo + 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissuve 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 lhan half the probe tip
diameter from the boundary.

Certificate No: ES3-3263_May15
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ES3DV3- SN:3263 May 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity" {Sim)" ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.5 0.96 6.07 6.07 6.07 0.53 1.42 +192.0%
835 55.2 0.97 6.08 6.08 6.08 0.57 1.36 +12.0%
1750 53.4 1.49 4.88 4.88 4.88 0.54 1.50 +12.0 %
1900 53.3 1.52 4.66 4.66 4.66 0.56 1.51 £12.0%
2300 529 1.81 4.42 442 4.42 0.69 1.33 £12.0%
2450 52.7 1.95 4.28 4.28 4.28 0.80 1.08 £12.0%
2600 525 2.16 4.11 4.11 4.1 0.80 1.09 +12.0%

© Frequency validily above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is reslricled lo + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validily
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 paramelers (e and o) can be relaxed to + 10% if liquid compensalion formula is applied to
measured SAR values. At frequencies above 3 GHz, the validily of tissue parameters (& and o) is restricted to & 5%. The uncertainty is the RSS of
the ConvF uncedainly for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants thal 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.
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ES3DV3- SN:3263 May 20, 2015
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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ES3DV3- SN:3263 May 20, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial [sotropy Assessment: * 0.5% (k=2})
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ES3DV3— SN:3263 May 20, 2015

Dynamic Range f(SARcaq)
(TEM cell , foya= 1900 MHz)

Input Signal [uv]
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Uncertainty of Linearity Assessment: & 0.6% (k=2)
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ES3DV3- SN:3263

Conversion Factor Assessment

May 20, 2015

f = 835 MHz, WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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ES3DV3-— SN:3263

May 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 65.6
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Prabe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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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):

e o L L coss ol joroee) ") gy
n a

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates refer to

Idp

source and observation points, respectively, r> = p°>+ p'> —2pp'cos¢’ , wis the angular frequency, and j=+-1.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450
Tissue Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 44.92 29.44 26.7
S 1 1
HEC e¢ page See page 2 See page 4
NaCl 23 145 0.94 04 02 0.8 039 0.1
Sucrose 57 44.9
Water 40.45 53.06 52.6 68.8 54.9 70.17 73.2
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2 Composition / Information on ingredients
The ltem is composed of the following ingredients:

H:0 Water, 35 - 58%

Sucrose Sugar, white, refined, 40 — 60%

NaCl Sodium Chloride, 0 - 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,
01-07%
Relevant for safety; Refer to the respective Safety Data Sheet".

Figure D-1

Composition of 750 MHz Head and Body Tissue Equivalent Matter

Note: 750MHz 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

Item Name Body Tissue Simulating Liquid (MSL750V2)
Product No. SL AAM 075 AA (Charge: 150223-3)
Manufacturer SPEAG

Measurement Method
| TSL dielectric parameters measured using calibrated OCF probe. |

Setup Validation
| Validation results were within + 2.5% towards the target values of Methanol. |

Target Parameters
|T$ Earameters as defined in the IEEE 1528 and IEC 62209 compliance standards. |

Test Condition

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

Test Date 25-Feb-15

Operator IEN

Additional Information
TSL Density 1.212 glem® l
TSL Heat-capacity 3.006 kJ/(kg"K)

[m [Target _[Diffto Target %] |
t Hz)| HP-e' [HP<"[sigmal eps sigma| aeps a-sigma 160
600 | 573 |24.78| 03| 581 o095 | 22 132 :. ;:'
625 571 |24.43| 0B5 | 560 085 18 -11.0 ﬁ 25
650 | 568 |24.09| 087 559 0s9s| 15 88 E oo \"‘—__.___“
675 565 |2380)| 089 | 558 096 12 47 G .25 -
700 | 56.2 |2351| 092 | 557 o096 | 09 48 & 50
725 | 560 |2328) 094|556 o006 | 08 24 | ";-:‘ |
| 750 | 557 [23.06/ 096|555 06| 04 01 0, e
775 | 665 | 2267 0.99 | 554 ﬁl o1 24 ‘ = ?ﬂm::gwf sl B s
80O 5652 |22868]| 101 | 553 097 -02 4.4 —_—
825 | 550 (2252|103 552 o098 | 05 57
B38 540 | 2244|105 | 552 098 08 83
B50 548 | 2236| 1.06 | 552 049 0.7 70 10.0
875 | 545 | 2224|108 | 581 1.02| -10 62 #® 751
200 543 | 2Z2a2| 111 | 550 1.05 -13 55 £ 50
925 | 541 | 2201|113 550 106| 18 65 § ol |
950 | 539 |2189| 116|549 108 20 78 & _gg: |
975 | 536 |2181| 118|549 109 | 23 88 Y
1000 | 534 | 2173 121 | 548 110 27 104 &

600 650 700 750 800 850 900 950 1000

MHz
Figure D-2
750MHz Body Tissue Equivalent Matter

Reviewed by:
FCC ID: ZNFK428 SAR EVALUATION REPORT @ LG

Quality Manager
Test Dates: DUT Type: APPENDIX D:
03/07/16 - 03/24/16 Portable Handset Page 2 of 4

© 2016 PCTEST Engineering Laboratory, Inc. REV 17.0 M
12/1/2015



Measurement Certificate / Material Test

Head Tissue Simulating Liquid (HSL750V2)
SL AAH 075 AA (Charge: 150213-1)
SPEAG

Item Name
Product No.
Manufacturer

Measurement Method

ﬁ'SL dielectric parameters measured using calibrated OCP probe.

Setup Validation

[Validation results were within + 2.5% towards the target values of Methanol.

Target Parameters . -
Ita:gat parameters as defined in the IEEE 1528 and IEC 62209 compliance standards.

Test Condition N
Ambient Environment temperatur (22 + 3)°C and humidity < 70%.
TSL Temperature 22°C
Test Date 18-Feb-15
Operator IEN
Additional Information
TSL Density 1.284 g/cm’
TSL Heat-capacity 2.701 kJ/(kg*K)
|Measured |Target |Diff.to Target [%]
f MHz]| HP-e' | HP-2"|si eps_si s A-sigma L ‘g-g
600 | 44.6 |2242| 075 | 427 o0m8| 45 -15.1 50 |
625 | 443 [2220]| 077 | 426 o088 | 39 -12.7 § 25 .
650 | 439 (2198|079 | 425 o089 | 33 -10.3 E oo
675 | 435 [21.75]| 082 | 423 o089 | 28 8.0 la '2‘4
700 | 43.1 |2153| 084 | 422 o0m8 | 22 5.7 g 5.0 1 .
725 | 428 |21.36] 086 | 42.1 088 ] 1.8 3.3 1';‘: |
750 | 425 [21.22( 089 | 419 o089 | 13 -0.9 e
775 | 422 |21.06| 091 | 418 o0g0| 08 14 1 Y, 0 T:Grequﬁ:y MaHszo W e
B0O 418 | 2090| 093 | 41.7 090 0.3 3.7
825 | 415 |2077| 095 | 416 091 | -0.2 5.1
838 | 41.4 [2071]| 0968 | 415 091 | -04 58
850 | 41.2 |2065| 098 | 415 082 | -0.7 6.6 10.0
875 | 40.9 [20.53| 1.00| 415 o094 | 1.4 6.0 £ 75
900 | 406 | 2042| 1.02| 415 o097 | 21 54 £ 50
925 | 40.4 (2032|105 | 415 o098 | 28 65 g 2'::
950 | 40.1 [20.22) 1.07 | 414 099 | 32 75 _ 25 4
975 | 39.8 [20.14| 108 | 414 100| 38 8.7 2 &0
1000 | 395 [20.05] 112 | 413 101| <3 8.9 R 751 /
-10.0
600 650 700 750 8O0 850 900 950 1000
‘ Frequency MHz
Figure D-3
750MHz Head Tissue Equivalent Matter
Reviewed by:

FCC ID: ZNFK428

SAR EVALUATION REPORT

Quality Manager

Test Dates: DUT Type:
03/07/16 - 03/24/16 Portable Handset

APPENDIX D:
Page 3 of 4

© 2016 PCTEST Engineering Laboratory, Inc.

REV17.0M
12/1/2015




2 Composition / Information on ingredients
The Item is composed of the following ingredients:
H20 Water, 52 - 75%
C8H1803 Diethylene glycol monobutyl 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-4
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

Item Name Head Tissue Simulating Liquid (HSL2450V2)
Product No. SL AAH 245 BA (Charge: 150206-3)
Manufacturer SPEAG

Measurement Method

TSL dielectric parameters measured using calibrated OCP probe. |
Setup Validation

Validation results were within + 2.5% towards the target values of Methanal. ]
Tal Parameters

Ta rameters as defined in the IEEE 1528 and IEC 62209 compliance standards. |
Test Condition

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

TSL Temperature 23°C

Test Date 11-Feb-15
IEN

Additional Information

TSL Density 0.988 glem”
TSL Heat 3.680 ku/(kg'K)
|Measured |Target |Diff1o Tarpet (%] [ e ——————
f [Mitz)| HP-e'| HP-o" | sigmal eps sigmal a-eps _4-sigma | L e TH TFT T T TR TN A
1900 | 404 [11.89] 126 400 140 10  -102 ::

1925 | 403 |1198| 128 | 400 140 | OF 43

#

£

E 25
1950 | 402 |1207] 131 | 400 140 | 04 £4 0.0 §
1975 | 401 [1218]| 13¢ | 400 140 | 02 s 2 -25-‘\
2000 | 400 [1223] 136 | 400 140 | -01 28 g -5.0
2025 | 399 [1232| 139 | 400 142 | -02 24 75
2000 | 308 (1241 142 | 209 14| 03 20 .
2075 | 39.7 |1250| 144 | 399 147 04 -1.6 1900/ 5000: 2900 2900: 2000 240, 56002000 - 7750
2100 | 206 [1250] 147 | 308 140| 05 2 Friccy Wt
2125 | 395 [1266) 150 | 398 151 | 07 08
2150 | 384 |1273| 152 | 9.7 153 08 Q.7 .
2175 | 293 [1283] 155 | 397 156| 08 02 100 — |
2200 | 39.2 [1202| 158 | 398 158 | -11 02 ® 751
2225 | 991 [13.00| 161 | 296 180| 42 o0 § 50
2250 | 390 |13.08 ) 164 | 396 182 13 os 5 bt
2275 | 389 |1a17| 167|305 184 15 s g _g';:
T ey e e e
2325 | 987 1334|173 | 394 188 | 18 22 &8 754
2350 | 3858 | 1342|175 | 394 171 20 25 -10.0 - o
2375 | 385 [1350) 1.78 | 303 173 | 21 29 1900 2000 2100 2200 2300 2400 2500 2800 2700
2400 | 384 (1358|181 | 383 178 | -23 a3 Frequency MHz

2425 | 383 |1365| 184 | 392 178 | -24 38
32 |1373| 167|392 180 26 38
2475 | 381 |1380| 190 | 392 183 | -28 40
2500 | 38.0 |1387| 193 | 391 185 | A0 40
2525 | 379 |1360| 185 | 381 188 -31 s
2550 | 378 |1393)| 188 | 381 13 a2 3s

2575 | 37.7 |1405] 201 | 390 194 35 4.0

2600 | 37.6 | 1417|205 | 390 196 | 37 44
2625 | 374 [1423| 208 [ 200 190| 38 44
2650 | 373 [1420| 211 | 289 202 41 44
2675 | 372 (1437 214 | 389 205 | <3 48

2700 | 371 |1445) 217 | 389 207 45 4.7
Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION ‘

Per FCC KDB Publication 865664 D02v01r02, 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 Publication 865664 D01v01r04 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[ISIE:]! DATE PRSONBE P'IBYOP?EE PROBE CAL. POINT © ) SENSITIVITY PROBE PROBE MOD. DUTY PAR
# LINEARITY | ISOTROPY | TYPE FACTOR
C 750 10/5/2015 3288 ES3DV3 750 Head 0.898 41.055 PASS PASS PASS N/A N/A N/A
| 835 11/3/2015 3333 ES3DV3 835 Head 0.930 41.384 PASS PASS PASS GMSK PASS N/A
K 1750 2/9/2016 3022 ES3DV2 1750 Head 1.385 38.918 PASS PASS PASS N/A N/A N/A
A 1900 2/16/2016 3332 ES3DV3 1900 Head 1.452 39.489 PASS PASS PASS GMSK PASS N/A
E 2450 9/15/2015 3351 ES3DV3 2450 Head 1.871 38.712 PASS PASS PASS IOFDM/TDDy PASS PASS
| 750 11/5/2015 3333 ES3DV3 750 Body 0.973 54.585 PASS PASS PASS N/A N/A N/A
| 835 11/3/2015 3333 ES3DV3 835 Body 1.006 54.946 PASS PASS PASS GMSK PASS N/A
G 835 11/30/2015( 3334 ES3DV3 835 Body 0.982 54.571 PASS PASS PASS GMSK PASS N/A
H 1750 7/15/2015 3263 ES3DV3 1750 Body 1.471 51.582 PASS PASS PASS N/A N/A N/A
C 1750 10/5/2015 3288 ES3DV3 1750 Body 1477 51.065 PASS PASS PASS N/A N/A N/A
G 1900 12/3/2015 3334 ES3DV3 1900 Body 1.5652 50.709 PASS PASS PASS GMSK PASS N/A
H 1900 7/13/2015 3263 ES3DV3 1900 Body 1.542 52.273 PASS PASS PASS GMSK PASS N/A
E 2450 9/15/2015 3351 ES3DV3 2450 Body 2.005 50.900 PASS PASS PASS IOFDM/TDDY PASS 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
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (>5
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.
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APPENDIX G: SENSOR TRIGGERING DATA SUMMARY

ZNFK428 Sensor Triggering Data Summary

Per FCC Guidance, this device was tested by the manufacturer to determine the proximity sensor
triggering distances for all applicable sides and edges of the device. The technical descriptions in the
filing contain the complete set of triggering data required by the FCC.

When proximity sensor is ON, 2.4 GHz WIFI will operate at reduced power level during voice or VolP
scenarios. Detailed descriptions of the power reduction mechanism are included in the operational
description.

The operational description contains information explaining how this device remains compliant in the
event of a sensor malfunction.
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The device was moved towards and away from a flat phantom, parallel to the phantom, according to the
tablet proximity sensor procedures in KDB 616217 to determine the triggering distance.

4] OFF 60 OFF
47 OFF 55 OFF
44 OFF 50
41 OFF 40
38 35
a5 30
32 25
29 20
26 15
20 10
10 5
Y 0
Moving towards the phantom Moving away from the phantom
: Near FAR
E—— —
Rear side Front side Phantom Front side

FCC ID: ZNFK428

SAR EVALUATION REPORT

Reviewed by:
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With the device’s front side positioned underneath a flat phantom and at 2.5 cm below the phantom, the
proximity sensor is triggered. The device is then gradually moved across its length towards the edge of
the flat phantom and the alignment between the top edge of the device and the edge of the phantom is
identified.

Phantom

Proximity sensor

E OFF
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With the device’s front side positioned underneath a flat phantom and at 2.5 cm below the phantom, the
proximity sensor is triggered. The device is then gradually moved horizontally across its width towards the
edge of the flat phantom and the alignment between the right edge of the device and the edge of the

phantom is identified.
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With the device’s front side positioned underneath a flat phantom and at 2.5 cm below the phantom, the
proximity sensor is triggered. The device is then gradually moved horizontally across its width towards the
edge of the flat phantom and the alignment between the left edge of the device and the edge of the
phantom is identified.
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The device was then positioned with the device’s front side positioned fully outside the boundary of a flat
phantom and at 2.5 cm below the phantom. The device is then gradually moved across its length towards
the edge of the flat phantom and the alignment between the bottom edge of the device and the edge of
the phantom is identified.
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The device was then positioned with the device’s front side positioned fully outside the boundary of a flat
phantom and at 2.5 cm below the phantom. The device is then gradually moved across its width towards
the edge of the flat phantom and the alignment between the right edge of the device and the edge of the
phantom is identified.
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The device was then positioned with the device’s front side positioned fully outside the boundary of a flat
phantom and at 2.5 cm below the phantom. The device is then gradually moved across its width towards
the edge of the flat phantom and the alignment between the left edge of the device and the edge of the

phantom is identified.
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