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Glossary:

TSL tissue simufating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DGP diode compression point

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

A B C, D modulation dependent linearization parameters

.Polarization i ¢ rotation around probe axis

Polarization 8 $§ rotation around an axis that is in the plane normal o probe axls (at measurement ceitter),
i.e,, 8 = 0is normal fo probe axis

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

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

Methods Applied and Interpretation of Parameters:
e NORMx,y,2: Assessed for E-field polarization 9 =0 {f 5 900 MHz In TEM-celi; f > 1800 MHz: R22 waveguide)
NORMX,y,z are only iritermediate values, l.e., the uncertaintiss of NORMX,y,z does not affect the E-fleld
uncerlainty Inside TS (see below ConvF).

o NORM(fix,y,z = NORMx,y,z * frequency résponse (see Frequency Response Charl). 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,

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

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

o Axy.ziBxy.z Cxy.z'Dxy,.z; VRxY,z. A, B, C, D are numetical lingarization paramelers assessed based on
the data of pawer 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.

= GConvFand Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
‘Standard for f < 800 MH2) and inslde wavegulde 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 uncerlainty values are given. These parameters-are
used in DASY4 soflware to improve probie accuracy close fo the boundary, Thé sensitivily in TSL corfesponds
to NORMX,y,z * ConvF whereby theé uricertainty corfesponds to that glven for ConvF. A frequency dependent
ConvFis used in DASY version 4.4 and higher which allows extending the validity from * 50 MHz to & 100
MHz.

o Spherical isotropy (3D deviation frormn Isotropy): in a field of low gradients realized using a fiat phantom
-exposed by a patch antenna,

o Sensor Offsef: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

o Conhsctor Angle: The angle is assessed using the information gained by determnining the NORMx {no
uncerlainty required).
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ES3DV3- SN:3331

August 20, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3331

Basic Calibration Parameters

~ Sensor X SensorY Sensor Z Uric (k=2)
Norm (uVAVIm)“Y 1.16 1.22 0.65 +10.1%
DCP (mVv)” 97.2. 104.5 101.6
NModulation Calibration Parameters
Ui Communlcation System Name A B c D VR Unc™
dB dB8vpv ds mv {k=2)
0 ow x| oo 00 | 10 | 000 | 1969 | #27%
Y 0.0 0.0 1,0 202.0 '
_ Z 0.0 0.0 1.0 1824
10010- | SAR Validalion {(Square, 100ms, 10ms) X 3.20 824 12.3 10,00 | 418 1.7 %
CAA
Yy | 318 62.4 iz 437
z | 3685 88.0 19.5 B 35.8
10011~ UMTS-FDD (WCDMA) X 303 63.8 15.9 291 133.8 200 %
CAB :
Y | 328 67.2 18.6 1409
z | 332 66.8 18.3 _ 146,0
100%2- | IEEE 802.11b WiF| 2.4 GHz (DSSS, 3 x| 251 63.6 150 | 167 | 1344 | 2090%
CAA Mbps) .
Y1 any 69.9 19.3 144.5
_ o Z | =292 683 | 184 1451
10093- | IEEE 802.11g WiFi 2.4 GHz (DSS8- X | 1132 70,3 228 | 946 | 1354 | 35%
CAA OFDM, 6 Mbps) ' _ . ,
y | 1179 722 | 242 146.6
Z | 1130 70.4 22.8 146.6 _
0021- | GSM-FDD (TDMA, GMSK) X | 1103 | 864 | 234 | 939 | 1274 | #22%
DAB
y | 2584 99.5 20.1 119.9
z | 1102 88.4 24.4 1231
10023- | GPRSFDD (TDMA, GMSK, TN 0) X | 1284 87.5 243 | 957 | 1386 | 125%
DAB _
Y | 2690 | 998 | 282 146,7
. Z | o027 87.7 24.4 113.6 _
$0024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 14,52 85.4 20,8 6.56 149.8 +2.2 %
DAB L 1 i _
y | 38.05 99.8 254 119.6
1z | 3143 99.9 254 | 1470
10027- | GPRS-FDD {TDMA, GMSK; TN 0-1-2) X | 6.94 75.0 160 | 480 | 1365 | *1.7%
DAB .
Y | 5593 99,7 23.3 134.0
Zz | 3881 o8 | 238 1454
10028- | GPRS-FDD (TDMA, GMSK, TN O0-1-2-3) | X | 468 71.0 136 | 255 | 1496 | #1.7%
DAB
Y | 5860 99.9 22.7 140.1
. e z | #4145 | 908 22,7 1201 |
10032- | IEEE 802.15.1 Bluetooth {GFSK, DHS) x 1 148 62.6 8.4 146 | 1341 | 2T %
CAA _ _ . a ' .
Y | B1i5 99.8 19.6 149.1
o Z | 50.90 99,9 204 - 1420 _
110039- | CDMA2000 (1xRTT, RG1) X | 467 64.5 172 | 457 | 1302 | 214 %
CAB ' _
' y | 483 | er2 | 193 145.2
Z | 479 665 | 188 1413
Certificate No: ES3-3331_Augi4/2 Paga 4 of 14
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(13 %051- CDMA2000 (1xRET, RC3) X 3.91 64.7 i7.0 397 | 1486 | x14%
Y | 3.94 66.4 18.7 139.3
Z | 393 659 + 183 136.4
2" %tgw UMTS-FDD (HSUPA, Sublest 2) X 4,42 64.7 16.9 3.08 138.2 +1.2%
Y 4.53 66.5 18,6 128.9
. _ Z 4.60 66.3 18.3 1275 -
10100- LTE-FDD (SC-FDMA, 100% RE, 20 X | 639 6.6 18.8 567 | 1438 | t1.9%
CAB MHz, QPSK) ' -
Y 6.42 67.7 19.9 134.4
z 8.37 66.9 19.2 132.5
10108- | LTE-FDD (SCG-FDMA, 100% RB, 10 x| 827 66.1 18.6 580 | 1405 | 1.9%
CAB MHz, QPSK)
Y 627 | 671 19,7 _ 1323
_ z 8.27 66.5 19.1 131.4
40110~ LTE-EDD (SC-FDMA, 100% RB, 5 MHz, | X 5.98 65.6 18.4 575 | 137.0 | #1.9%
CAB QPSK) - T
Y 6.98 66.8 19.6 129.1
: z 5,98 66.2 19.1 1281
10114- IEEE 802.11n (HT Greeénfield, 13,5 X 10,08 68.1 20.6 8.10 131.5 3.3%
CAA { Mbps, BPSIS) ' -
1 vy | 1054 69.9 22,0 148.4
_ Z | 1046 £9.1 21.2 149.0
10117- {EEE 802.11n (HT-Mixed, 13.5 Mbps, X §0.12 68.2 20.6 8.07 132.9 +$27%
CAA BPSK) _
¥ | 10.54 £9.9 290 | 149.5
- Z ] 1004 | 681 | 206 | 1235
101561- LTE-TDD {SC-FDMA, 50% R8, 20 MHz, | X 40.07 74.4 24.8 8.28 1355 +3.8 %
CAB QPSK) ' _
Y | 1033 76.0 26.3 1239
Z 9.05 718 | 239 145.1
10154- LTE-FDD {SC-FDMA, 50% RB, 10 MHz, | X 5.96 65.6 18.4 575 | 1370 | 21.9%
CAB QPsiK} '
' Y | 593 66.5 19.4 120.7
i _ 2 | 600 66,2 194 1209
10160- LTE-FDD (SG-FDMA, 50% RB, 16 MHz, | X 6.41 66.2 18.7 582 | 1413 | #1.9%
CAB -QPSK) 1T _
Y 6.42 67.3 19.8 133.3
_ B Z | 645 66.8 19.3 _ 133.9
10169- | LTE-FDD {(SC-FDMA, 1 RB, 20 MHz, x| sm 85.8 185 | 573 | 1309 | #.7%
CAB QPSK) B ' T
Y 5,00 66.9 19.8 1335
Z | 488 | 6861 19,2 132586
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 9.20 77.8 26.8 9.21 1491 1 138%
CAB QPSK) ! _ . .
Y | 11.00 84.2 30.5 1406
- z 7.06 722 24,3 1294
10175- | LTE-FDD (SC-FDMA, 1 RB, 10 Mz, X1 493 §5.2 183 572 | 1318 | 21.7%
CAB QPSIKY . _
Y| 503 87.0 199 | 133.9
_ Z i Ag7 66.5 194 | | 1480 -
10181- | LYE-FDD (SC-FDMA, 1 RB, 16 MHz, X1 497 65.4 18.3 672 | 1376 | £1.9%
CAB. ‘APSK) _ B
Y 501 | 66.9 19.8 | 1333
2| 496 66.5 19.4 146.6
10193- | IEEE 862.11n (HT Greenfleld, 6.5 Mbps, | X 9.74 67.7 204 | 800 | 1234 | £3.0%
CAA BPSK)
Y | 1016 69.6 218 | 1 1428
Z | 10.03 68.5 21.0 ) 136.4
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10196- | IEEE 802.11n (HT Mixed, 6.5 Mbps, 9.71 677 | 204 | 8.0 | 1245 | 3.0 %

CAA BPSK) X ‘
Y| 1016 | 695 | 219 1441
Z i 1017 68.9 2%1.2. 146.1
10219- IEEE 802.11n (HT Mixed, 7.2 Mbps, X 9,59 87.5 20.3 8.03 123.8 3.0 %
CAA BPSK) _ _ ,
Y | 10,07 69.5 21.8 1437
. Z | 10,08 8.9 212 | 1455
10222- | IEEE €02.11n (HT Mixed, 15 Mbps, X | 10.01 68.0 20,5 8.06 | 1291 | #227%
‘CAA BPSK)
Y | 10.16 69.0 214 1237
Z | 10.02 8.1 20,7 123.3
é (3\2_25~ UMTS-FDD (HSPA+) X 6.84 85.7 18,3 5.97 128.3 7%
B
Y 7.40 87.5 19.8 145.9
Z 747 | 672 19.4 146.7
10237- | LTE-TRD (SC-FDMA, 1 RB, 10 MHz, X 9.23 77.8 26.8 9.21 1497 | 4.1 %
CAB QPSK) _ .
Y | 1146 85.4 314 1436
o z 747 726 24,5 132.3
10252- LTE-TDD {SC-FDMA, 50% RB, 10 MHz, | x 0.84 744 | 250 924 | 1433 | #41%
.CAB QPSK)
' Y | 11,53 80.3 28.7 147.8
) 4 8.43 71.1 23.5 136.1
10267- | LTE-TDD (SG-FDMA, 100% RB, 10 X | 9.606 72.7 24.1 930 | 1241 | 135%
CAB MHz, GPSK)
Y | 1050 76.3 26.6 125.1
_ _ z 9.07 720 | 239 144.3
10274- | UMTS-FDD (HSUPA, Subtest 5, 3GPP X1 595 66.0 18.0 487 | 1471 | 1.7 %
CAB Rel§.10} _ y _
Y | 600 67.2 19.2 130.8
z 6.11 67.0 18.9 140.6
10275- | UMTS-FDD (HSUPA, Sublast 5, 3GPP X 417 64.3 16.7 396 | 1290 | +1.2%
CAB Rel8.4) _
' Y | 450 67.3 9.1 1447
_ 4 448 | 668 186 1. 1415
;%2;1- CDMAZ2000, RC3, S055, Full Rale X 3.50 64.4 16.6 346 | 1421 | +12%
Y | 369 67.2 19.0 134.8
_ . Z | 3.67 66.6 18,5 130.8 |
}\%252- CDMAZ2000, RC3, S032, Full Rate X | 345 64.6 16.5 33% | 4452 | 212%
Y | 384 | 673 190 | 135.9
Z 3.66 67.0 18.7 133.8
10297- | LTE-FDD {SC-FDMA, 50% RB, 20 MHz, | X 6.28 664 18.8 5.81 4390 | #1.9%
AAA QPSK)
' Y| B2s 67,2 19.8 _ 1301
Fd 6.29 86.6 19.2 1284 |
103114- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.86 86.8 46.1 6.06 144.6 +1.9% -
AAA MHz, QPSIQ) . _
Y 6.89 67.9 20.2 135.9
L Z | 688 67.3 19.6 1350 1.
10315- IEEE 802.11b WIF] 2.4 GHz (DSSS, 1 X | 232 63.0 14.7 1.71 1287 | #0.7%
AAA | Mbps, 96pc duty tycle) ) . )
Yy | 314 71.0 20.1 142.2
Z 2.95 69,2 189 | 142.4
10346-" | IEEE 802.11g WiFi 2.4 GHz (ERP- X | o0 680 | 208 | 8.36 | 12565 | 133%
AAA OFDM, 8 Mbps, 96p¢ duly cycla)
' Y | 1041 69,8 22.2 1415
Z !l 1036 69.1 214 143.6
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Hgos- CHMA2000 {1xEV-DO, Rev, 0) X | 441 652 | 166 | 376 | 1350 | 200%
Y | 481 68.3 190 149.0
2 4,82 8.1 18.7 150.0
)10\%4304_ CDMAZ000 (1XEV-DO, Rev. A) X | 431 65.1 166 | 377 | 1316 | 209%
y | 471 68.2 19.0 146.2
_ . ' 1z | 486 68.7 190 | 147.0
10415- | IEEE 802.41b WiF} 2.4 GHz [DSSS, 1 X | 213 62.1 14.2 164 | 1287 | 07 %
AAA Mhbps, 99pe duly cycle)
' v | 265 68.6 19,0 1428
fd 2.74 68.6 18,7 143.2
10416- | IEEE 802.11g WiFi 24 GHz (ERP- X 9.84 67.8 206 | 823 | 1252 | #3.0%
AAA OFDM, 6 Mbps, 99pc duty cycle)
v | 1022 69.5 21.9 142.0
z 1 10.23 68.9 21.3 144.4

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 uncerlainties of NormX,Y,Z do not affect the E*le!d uncerlainty inside TSL {sse Pages & and 9).

® Numericel Hineafizalion paremeter; uncerlainly not raquired. )

E Uncertainty is delermined using iha mak. davialion from finear responsea applying rectangular distribwion and Is expressed for the square of the
field value. '
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3331

Calibration Parameter Determined in Head Tissue Simulating Media

August 20, 2014

Relatlve Conductivity Depth® Unct.
f(MH2)® | Permittivity” (sim)" " | ConvFX | ConvFY | ConvFz | Alpha®| (mm) {k=2)
750 41.9 0.89 6.47 6.47 6.47 0.48 148 | £12.0%
835 41.5 0.90 . 6.24 6.24 6.24 0.30 1.98 £12.0 %
1750 401 1.37 5.28 5.28 5.28 0.75 149 | £120%
1900 40.0 1.40 5.09 5.09 5,09 080 | 1.16 t12.0 %
2450 39.2 1.80 448 448 4.48 0.70 1.32 £120%
2600 39.0 1.96 4.38 4.38 4.38 0.80 1.29 +12,0%

© Frequency valldily abova 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), elsé it is restricled to 5O MHz. The
uncertainty is the RSS of the ConvF uncérialnty at calibration frequency and the uncertainty for the indicated frequrency band. Frequency vatidily
below 300 MHz i 10, 25, 40, 50 and 70 MHz for ConvE assessments at 30, 64, 128, 150 and 220 MHz respeclively, Above 5 GHz fragquancy

validity can be extended 1o £ 110 MHz,

At fraquencies betow 3 GHz, the validily of tissue parameters (: and a} can be relaxed to = 10% If liquid compensalion formula Is applied 1o

measurad SAR vaiues, At frequencles above 3 GHz, the validily of issue parameters {¢ end a) Is resisicled 1o + §%. The uncorainly is the RSS of

‘tha ConvF uncertainty for indicaled largst tissue parameters.
9 Alpha/Depth are datamined durlng callbration, SPEAG warrants that ihe remalning daviation dua to the boundary éffect after compensation is

always less than + 1% for fraquencies befow 3 GHz and below + 2% for fréquensies betwean 3-6 GHz al any distance largar than half the probe tip

diameter from the boundary.

Cenificate No: ES3-3331_Aug14/2
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3331

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Ungct.

F(MH2)® | Permittivity” (5m)" . | ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.5 096 | 6.12 6.12 6.12 0.64 130 | 2120%
835 55.2 0.97 6.14 6.14 6.14 080 | 114 | +120%
1750 534 149 493 4,93 4.93 0.46 1.67 +12.0%
1900 53.3 1,52 473 4,73 473 0.44 1.72 £12.0 %
2450 62.7 1.95 4.29 4.29 429 .1 071 | 098 | £120%

2600 52.5 2.16 4.23 _4.23 4,23 0.68 100 | £12.0%.

€ Frequency validity abova 300 MHz of + 100 MHZ only applies for DASY v4.4 and higher (see Page 2), else it Is seslricted to * 50 MHz. The
uncerlainly I5 tha' RSS of the ConvF uncertainty at calibralion frequeincy and the uncentainty for the {ndicated frequency band. Frequency valldity
batow 300 Mz Is + 10, 25, 40, 50 and 70 MRz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 6 GHz frequency
validity can be extended to + 110 MHz. .

F At frequencles below 3 GHe, the validily of lissue perameters {& and o) can be refaxed to 3 10% if liquid compansalion fofmula Is appliad lo
measured SAR values, At frequencies above 3 GHz, the validily of tissue parameters (s and o) is restricted fo ¢ 5%. The uncerlainty is the RSS of
the ConvF unceriainty for indicaled target tissua parameters. )

© Afpha/Depth are determined during calibralion. SPEAG warrants {hat the remaining deviation due to the houndary effact alter compensalion is
always lass than £ 1% for frequencies below 3 GHz and below + 2% for frequencies batween 3-8 GHz at any dislance larger than half the probe lip
diametef from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: & 8.3% (k=2)
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August 20, 2014

Receiving Pattern (¢), & = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARgad)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: & 0.6% (k=2)
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Conversion Factor Assessment

=835 MMz WGLS R® (H_convF) f= 1750 MHz WGLS R22 (H_convF)
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ES3DV3- SN:3331

August 20, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3331

Other Probe Parameters

‘Sensor Arrangement Triangular
Connector Angle (%) ~108.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
| Probe Body Diameter 10 i
Tip Length 10 mm
Tip Diametar 4 mm
Probe Tip to Sensor X Calibralion Point Zmm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip'to Sensor Z Calibration Point 2mm
Recommended Measuremeht Distance from Surface 3 mm
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CALIBRATION CERTIF

Accreditation No.: SCS 108

HES3:3333 Oetd.

Objoct ESSDV3-SN:3333

Calibralion procedura(s)

CcC

iz

Celibration date;

This calibration certificate documents the traceabilily lo nafional standards, which realize the physical units of measurements (SI).
The measuremenis and the uncerlainties with confidance probabliily are given on the follpwing pages and are part of tha cerlificate.

Alt calibrations have been conducted in the closed Yaboratory facilily: environment temparature (22 + 3)°C and humidily < 70%.

Calibration Equipment used {M&TE critical for calibration)

Primary Standards D Cal Date (Certilicate No.) Scheduled Calibration
Power mater E4419B GB41203874 03-Apr-14 (No.247-01911) Apr-15

Powbr sensor E4412A MY41498087 Oa—Apr;M (No. 217-019_11) Apr-15

Reference 3 d8 Alleriuator SN: 55054 (3c) 03-Apr-14 (No._217-ﬂ1_915_) Apr-15

Reference 20 dB Attenuator SN: 85277 (20%) 03-Apr-14 (No. 217—0191;9) | Ape-i5

Referance 30 dB Attenuator SN: 85129 (30b) 03-Apr-14 (No. 217-01920) | Apr-15

Reference Probe ES3DV2 SN: 3013 30-Dec-13 {No. ES3-3013_Dec13) Dec-14

DAE4 SN: 680 13-Dac-13 (No. DAE4-660_Daci3) Dec-14

Secondary Standards ID. Check Date (in houss) Scheduled Check

RF generalor HP 8648C US2642U01700 4:Aug-89 {in house check Apr-13) in house check: Apr-16_
Network Analyzer HP 8753E 18-Cct-01 (in house check (f)ct-"ld) In house check: Ocl-15

U337390585

Calibrated by:

Approved by:

| This calibration certificate shall not ha reproduced extept in full without writlen approval of the faboratery.

Signature

Issued: Octobar 24, 2014
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Accradiled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swias Accreditation Service Is one of the signatorles to the EA
Multilateral Agreement for the recognition of calibration certlficates

Glossary:

TSL tissue simulating liquid

NORMx,v,Z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode comprassion point

CF crest factor (1/duty_cycle) of the RF signal

A, B,GCD modulation dependent linearization parameters

Polarization ¢ « rotation around probe axis

Polarization 8 8 rotation around an axis that Is in the plane normal o probe axis {at measurement center},
l.e,, 8 =0 Is normal to proba axls

Connector Angle inforration used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wiraless Communications Devices: Measurement
Technigues”, June 2013 _ o

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

Methods Applied and Interpretation of Parameters: _

s NORMx,y,z: Assessed for E-field pofarization 8 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,v,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*fisld
unceitainty instde TSL (ses below ConvF).

e NORM(Nx,y.z = NORMxy,z * frequency_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions [ater than 4,2. The uncertainty of the frequency response is included
in the stated uncerainty of ConvF,

s DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no unceriainty 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; Bx,y.Z; Cxy,z; Dx,y,z; VRX,Y,Z: A, B, C, D are numerical Iineari_zaﬁon parameters assessed based on
the data of power sweep for specific modulation signal. The paramsters do not depend on fraquency nor
media. VIR Is the maximum calibration range expressed in RMS voltage across the dicde.

»  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytica! field distributions basad on power
measurements for f > 800 MHz. The same selups are Used for assessment of the parameters applied for
boundary coinpensation {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 fraquency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

o 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 corresponds to the offset of viriual 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 NORMXx (no
unicertalnty required}.
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ES3DV3- SN:3333 Octoher 24, 2014

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

Basic Calibration Parameters

Sensor X, SensorY Sensor Z Unc (k=2)
Norm (pvi(Vimy*)* 1.08 090 0.88 +10.1 %
DCP {mVY" 102,7 107.7 106.3
Modulation Calibration Parameters _
uib Communication System Name A B c D JR Unct
dg dBVpY dB my {=2)
0 oW X 0.0 0.0 1.0 000 | 1807 | +25%
Y 0.0 0.0 1,0 183.3
Fd 0.0 0.0 1.0 | 197.9
2;(:\(20- SAR Validation {Square, 100ms, 10ms) | X | 3,47 61.7 122 | 1000 | 424 +19%
v | ais 63.7 12.4 38,0
_ Z | 184 59.2 10.5 39.9
1C (AO; - UMTS-FDD (WCDMA) X 3,92 65.9 i7.6 291 128.5 0.5 %
Y | 360 69.3 19.8 146.7
‘Z | 351 68.1 18.8 133.7
10012- | IEEE 802,11b WiFi 2.4 GHz (DESS, 1 x| 314 68,6 18.2 1.87 | 1326 | 07 %
GAA _| Mbps) _ . .
Y | 364 733 | 21.1 _ 1275
_ ‘ Z | 350 71.4 19.6 136.4
10013- [ IEEE 802.11g WiFl 2.4 GHz (DSSS- X | 1156 70.8 23.0 9.46 | 1358 | +35%
CAA OFDM, 6 Mbps) _ ‘
Y | 1093 702 | 230 122.3
. 2z | 1093 70.0 22.6 T 1328
11) ('})\0;1- GSM-FDD (TOMA, GMSK) X | 2480 06.9 27.6 9.39 147.6 1,9%
Y | 1944 94.3 26.1 148.8
_ Z | 958 82.7 219 | 138.2
'é%ﬂé& GPRS-FDD (TDMA, GMSK, TN 0) X | 2000 93.0 28.4 | 967 | 1447 | 27 %
' Y | 2486 | 990 | 279 1435
lz ]| 1174 | 864 23,4 134.4
1D(j_\082_4- GPRS-FDD (TDMA, GMSK, TN 0-1) X | 2378 91.2 231 6.56 147.8 25 %
Y | 3740 99.8 25,3 140.9
. _ . Z | 1601 | 881 21,8 128.0
3)%0827- GPRS-FDD (TDMA, GMSK, TN 0-1:2) X | 3624 94.6 29 6 480 | 1286 | 225%
y | 4787 99,9 237 1335
_ _ Zz | a4a7 99,7 23.6 14041
g}\oaz& 'GPRS-FDD (TDMA, GMSK; TN 0-1-2-3) | x | e5.86 99.7 2.7 355 | 1334 | 27%
' Y | 6592 | 1000 | 226 1420
7 | 5941 100.0 22.2 125.1 _
étﬁs_z- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 85.87 100,0 20.1 1.16 138.3 2.2 %
Y | 1441 99.2 233 1 1305
- _ Z | 8582 99.8 19.3 | 1359
10100- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 6.49 67.4 104 567 | 1448 | 7%
CAB MHz, QPSK)
Y | 64e 68.0 20.1 1399
z 6.54 67.9 19.7 147.3

Cerlificate No: ES3-3333_Oct14 Paga 4 of 13




ES3DV3- SN:3333 Octobér 24, 2014

10103- LTE-TDD (SC-FDMA, 100% RB, 20 10.8% 747 24.9 9.29 122.0 3.0 %

X
CAB MHz, QPSK) o
¥y .| 1050 75.9 26.1 1316
Z 9.76 735 24.5 1388
10108- | LTE-FDD (SCFMA, 100% RB, 10 X | 643 67.2 104 6.B0 | 1433 | #£1.7%
CAB MHz, QPSK) o
y | sa7 67.7 20.0 1380
z 6.43 67.6 19.7 148.7
10147- | IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 4049 | 686 20.9 807 | 1362 | 225%
CAA BPSK)
Y | 1045 68.9 21.4 128.3
|z ] 1042 68,7 21,0 137.9
i0161- | LTE-TDD (SC-FDMA, 60% RB, 20MHz, | X | 11.48 77.0 26.1 g.28 1 1475 | 33%
CAB QPSK)
Yy | 81 74.9 26.8 125.7
7 8,22 72.8 243 1332
10154- | LTE-FDD (SC-FDMA, 50% RB, 10MHz, | X | 6.10 66.5 10.1 575 | 1400 | 1.7%
CAB QPSK) _
Y 604 | 671 19.8 134.8
_ Z | s12 67.1 19.6 143.3
10160- | LTE-EDD (SC-FDMA, 50% RB, 15MHz, | X | 6.57 67.2 19.4 582 | 1463 | 21.7%
CAB QPSK)
Y | 647 67.6 20,0 139.6
Z 1 6.66 67,6 19.7 1485
10169- | L1E-FDD (SC-FDMA, 1 RB, 20 MHz, X | 516 66.7 19.4 573 | 1458 | +14%
CAB QPSK) _
Y 502 I 675 20,2 1375
. z | s07 67.2 18.7 | 147
10172- | L1E-TDD (SC-FDMA, 1 RB, 20 MHz, X | 1007 792 27.3 921 | 1365 | 0%
CAB . | GPSK) . . _ _ .
Y ] 870 81.5 29.3 1 1425
Z | 763 74.3 25.3 | 125.0
10175~ | LTE-FDD (3G-FDMA, 1 RB, 10 MHz, X | 543 66.6 193 672 1 1458 | 4%
CAB QPSK) _
Y 5.01 67.4 20.1 137.5
Z 1 504 67.1 19.7 1 1463
10181~ | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 514 66.8 10.3 572 | 1457 | +14%
CAB QPSK)
vy | 503 | 675 20.3 1374
: z 8.06 | . 67.2 19.7 1466 _
10196- |EEE 802.11n (HT Mixed, 6.5 Mbps, X | 9.88 68,3 20.8 8.10 | 1308 | #25%
| CAA BPSK) . _
v | 10413 696 | 218 | 148.0
z | eqt 668.4 20.9 1318
é 2('2825" UMTS-FDD (HSPA+) X 8.08 66.5 19.0 5,97 1329 | +.7%
Y| 7144 | 678 200 | T 149.7
_ Z 7.02 67.2 194 1 1343
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHZ, X | 1013 79.4 274 | 821 | 1375 | £30%
CAB QPSK) . e
v | 973 81.6 25.3 143.3
. 1zt 750 ] 741 25.1 125.6
10262- | LTE-TDD (SC-FDMA, 50% RB, 10MHz, | X | 10.80 764 95.9 924 | 1400 | #3.3%
CAB QpPsK) _ _ - .
vy | 10419 77.2 274 147.2
_ _ Z 1 885 | 718 23.9 124.9
10267- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 1159 77.3 26.3 9.30 | 1484 | #35%
CAB MHz, .QPSK)
Y | 087 75.1 26.9 ' 126.0
z | a2 72.7 24.2 1336

Certificale No: ES3-3333_0ct14 Page 50f 13
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10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP 4.40 66.1 i8.1 3.96 1341 0.7 %

CAB. Rel8.4) x
Y 4.48 67.4 19.2 129.7
Z 4.54 67.2 18.7 137.4
;&291- CDMA2000, RC3, SO55, Fult Rale ¥ 3.69 65.7 17.7 3.46 1275 0.7 %
8
Y | 385 68.4 19.7 1434
Z | 378 67.6 18.8 129.7
10292- | CDMAZ000, RC3, S032, Full Rate X 3.56 65.9 17.8 3.30 | 1279 | *0.7%
AAB
Y 3.81 68.6 19.8 1442
zZ 3.71 67.5 18.8 130.7
10297- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 6.44 67.1 19.4 581 1430 | +1.7%
AAA QPSK) _
Y 6.37 87.6 20.0 137.9
_ z 6.43 67.5 19.7 - 146,5
10314- | LTE-FDD (SC-FDMA, 100% RE, 16 X 7.02 67.8 19.8 606 | 1487 | #18%
AAA MHz, QPSK)
¥ 5.96 68.2 204 143.6
z 6,72 67.1 10,5 126.9
10403- | CDOMA2000 (1xEV-DO, Rev. ) X | a7 67.0 1706 | 376 | 1402 | 20.7%
AAB _
Y 4,96 69.4 19.5 130.7
Z | 5.05 69.3 19.1 ' 1408
10404- CDMA2000 (1XEV-00, Rev, A) X 4.70 67.2 181 377 | 1381 | 07 %
AAB
Y | 485 89.5 19.6 129.6
Z 5.4 70.1 19,5 139.3
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.47 66.1 171 164 | 4332 | 20.7%
AAA Mbps, 99pc duly cycle) .
Y 3.15 722 | 209 127.9
. . Z 3.32 72.0 20.1 137.2
10416- IEEE 802,11g WiFi 2.4 GHz (ERP- X 509 66.4 21.0 823 | 1316 | +25%
AAA OFDM, 6 Mbps, 99pc duty ¢ycle)
Y 9.84 68.6 214 ' 123.3
z .69 686 | 211 133.4

The reported uncertainty of measurement is stated s 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 uncerlainties of NormX,Y,Z do not affect the Eleld uncerlalnty insida TSL {see Pages 7 and 8).

' Numerical linearization parameter: uncerainty nol required. ]

E.Uncertainty is detemined using the max. deviation from lingar respanse applying rettangular distribution and is expressed for the square of the
field value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.

fFH2)® | Permittivity” {sim)© ConvEX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 6.55 6.55 6.55 0.34 174 | +120%
835 41.5 0.90 6.33 6.33 6.33 0.44 1.48 +£12.0 %
1750 40.1 1.37 5.26 5.26 526 0.73 1.21 +12.0%
1900 40.0 1.40 5.11 5.11 511 0.66 1.32 £12.0 %
2450 39.2 _1.80 4.53 4.53 4.53 0.62 140 | £120%
2600 39.0 1.96 4.40 4.40 4.40 0.68 138 | +120%

¢ Frequency validity above 300 MHz of £ 100 MHz only applles for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicaled 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 respeclively, Above 6 GHz frequency
validily can be extended to + 110 MHz, '

¥ At frequencles below 3 GHz, the validity of lissue parametars {c and o) can be relaxed to +10% if liquid compensation formula is applied to
messured SAR values. At frequencles above 3 GHz, the validily of tissua parameters (c end o) Is restricled fo + 5%. The uncertalnty is the RSS of
the ConvF unceriainly for indicated ferget {issue paramelers.

S Alpha/Doplh are detesmined during callbeation. SPEAG warrants that the remaining devialion due to the boundary affect afler compensation is
always less than 2 1% for frequsncies below 3 GHz and below + 2% for {requencies between 3-6 GHz al any distance [argar than half the probs fip
diametér from the boundary. ’

Cerlificate No: ES3-3333_0ct14 Pago 7 of 13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Calibration Parameter Determined In Body Tissue Simulating Media

Relative Conductivity | Depth® Unct.

f(MHz)® | Permittivity" (Sim)* | ConvFX | ConvFY | ConvFZ | Alpha? | (mm) (=2}
750 55.5 0.96 6,14 6.14 6.14 035 | 176 | +120%
835 55.2 097 6.12 6.12 6.12 057 | 137 | %120%
1760 534 149 4.89 4.89 4.89 080 | 124 | x120%
1900 63.3 1.52 4,67 4.67 4.67 075 | 129 | £120%
2450 52.7 1.95 4.26 4.26 4,26 080 | 101 | +120%
2600 52.5 216 413 4.13 4.13 080 | 089 ! +120%

€ Frequency valldity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher {sge Pago 2), else it Is restrictad to £ 50 MHz. The
uncertainty is the RSS of the ConvF uncertalrity &t calibration frequency arid the uncertainty for the indicated frequency band. Fragueéncy validily
below 300 MHz is 2 10, 25, 40, 50 and 70 MHz for ConvE essessments at 30, B4, 124, 150 and 220 MHz respectively. Above & GHz frequency
validily can be extended to + 110 MHz. )

F At frequencfes below 3 GHz, the validity of lissue paramelers (e and g} can be relaxed to + 10% If liquid compensation formuta is applied to )
meastred SAR values. Al fraquencies abiove 3 GHz, lhe validity of tissus paramelers (£ and o) Is restricled to + 5%. The uncarlainly s the RSS of
the ConvF unceralnty for indicated targat lissue paramaters. )

9 Alpha/Dapth ere delermingd during calibration. SPEAG warrants that the remalning deviation due 1o the boindayy effect alter compensation is
always less than 1 1% for fréquencies betow 3 GHz and below + 2% for frequencies between 3-6 GHz al any distance larger than half tha probe tip’
diameter from the boundary.

Cerlificate No: ES3-3333_0ct14 Page § of 13




ES3DV3- SN:3333 Oclobar 24, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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H > i == 0
Receiving Pattern (¢), 3 =0
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Uncertainty of Axlial Isotropy Assessment:  0.5% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell , fovar= 1900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)
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Conversion Factor Assessment

f = 835 MHz, WGLS R9 (H_convF)
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ES3DV3- SN:3333

Other Probe Parameters

Qclober 24, 2014

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

Recommandad Measurement Distance from Surface

Sensor Arrangement Triangular
Connactor Angle () -34.9
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
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
3mm

Cerlificate No: ES3-3333_0ctt4
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CALIBRATION CERTIFIGATE
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Calibration pracedura(s) i CC
Calibration date: December 16,2014 2 i B _'f;':‘ SR L T e

This calibration cerlificate documents tha traceabilily to nationa! standards, which realize the physical units of measuremsnts (Sl).
The measuraments and the uncorlainties with confidenice probability are given on the following pages and are parl of the coiificata.

All éalibretions have been conducted In tha closed Jaboratory facliity: environment temperatura (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

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

Power mater E4419B (B41293874 03-Apr-14 {No. 217-01811) . Apr-15 .

_Poivst sensor E4412A MY41498087 03-Apr-14 {No. 217-01811) Apr-18

‘Réfatance 3 dB Alenustor SN: 55084 (3c) ' 03:Apr-14 {No. 217-01815) Apr-15

Reéfejaince 20 B Attenuator SN: 85277 (20%) 03-Apr-14 {No. 217-01918) Apr-15

iReference 30 dB Altenuator SN: 56129 (30b) 03-Apr-14 (No, 217-01820) } Apr-15

‘Reference Probe ES3DV2 SN: 3013 30-Deo-13 (No. ES3-3013_Dec13) Dec-14

DAE4 _ SN: 789 30-Apr-14 (No. DAE4-789._Aprid) Apr-15.

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

_RF generator HP 8648C | usasdzuoiTon 4-Aug-99 {in house.check Apr-13} I house check: Apr-16

Network Analyzer HP 8763E | US37300585 18-Oct-01 (in house &hack Ogl-14) In house chesk: Oct-15
‘Function

Nama

Stgnalur__e_s_ -
i o i

Calibrated by: Labi

Approved by: Kalja Pokovig - - Techiiical Manager -

Issuad: Decembar 16, 2014

| This calibration cerlificate shall not be reproduced excepl in full without written approval of the laboratory.
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Glossary:

T8L tissue simulating fiquid

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,B,CD modulation dependent linearizatlon parameters

Polarization ¢ « volation around probe axis

Polarization 9 8 rotatlon around an éxis that is in the plane normal to probe axis {at measurement center),
i.e,,-9 =0 is normal to. probe axis

Connector Angle information used In DASY syster to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, "Procedure to measure the Spacific 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 NORMxy,z: Assessad for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide}.
NORM,y.z are only intermediale values, i.e., the uncertaintios of NORMx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

° NORM(f)x,y,z_m' NORMx.y,z * frequeicy_rasponse (ses 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 CopvF.

¢  DGPx,y,z: DCP are numerical IinearlZation parameters assessed based on the dala 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 i$ not calibrated but determined based on the signal
characteristics

° Ax,y,z; Bx,y,z: Cx,y,2; 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.

e ConvF arid Boundary _Eﬁect Paramelers: 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 paramoters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used In DASY4 sofiware to improve probe accuracy close to the boundary, The sensitivity in TSL coiresponds
0 NORMX,y,z * ConvF whereby the unceftainty corresponds to that given for CorivF, A frequency dependent
ConvF is used in DASY version 4,4 and higher which allows extending the valldity from + 50 MHz to & 100
‘MHz.

o Spherical isotropy (3D deviation from isotropy); in a field of low gradients realized using a flat phantom
exposad by -a patch antenna.

o Sensor Offsel; 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 gainad by determining the NORMx (no
uncertainty required}. '
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Manufactured:  January 24, 2012
Repaired: December 9, 2014
Calibrated: December 16, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3334 Dacember 16, 2014

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

Basic Calibration Parameters .

Sensor X ] SensorY SensorZ Unc (k=2)
Norm (uv/(Vim)®* 1.04 1.05 1.0 £101 %
DCP {mv)® 108,56 105.0 105.8 '
Modulation Calibration Parameters
D Communication Systerm Name A B | ¢ D VR Un_c':
dB dBEVpV dB my (Ilk=2)
0 cw X 0.0 00 | 1.0 000 | 1880 | #3.0%
' Y 0.0 0.0 1.0 183.2
. z 0.0 08 | 1.0 181.8
10010- | SAR Validation (Square, 100ms, 10ms) | X | 4.81 67.2 137 | 1000 | 384 1.4 %
CAA .
Y | 2036 827 | 187 38.0
Z | 1765 80.3 17.6 37.0 _
10011- UMTS-FDD (WCDMA) X 156 68.4 19.1 2.91 148.4 #0.7 %
CAB
' Y | 344 68.1 | 19.2 146.9
. Z | 352 68.3 19.1 144.7
10092- | IEEE 802.11b WiFl 2.4 GHz (DSSS, 1 X1 354 71.9 20,0 1.87 | 1480 | 207 %
CAB 1 Mbps) i
Y 3.51 72.2 20.5 148.9
_ Z 3.80 73.3 20.6 144.6
10013- | IEEE 802.11g WIFi 2.4 GHz (DSSS- X 1 139 71.4 23.3 046 | 1498 | *38%
CAB OFDM, 6 Mbps)
Y 1 11.54 718 24.0 149.5
Z1 14| 708 23.0 1416
8%21‘ GSM-FDD (TDMA, GMSK) % | 1529 913 | 250 | 930 | 1319 | +17%
Y | 2446 100.0 | 284 142.8
_ 121 1305 89.2 24.5 126.6
10023- GPRSFDD (TDMA, GMSK, TN 0) X | 1607 917 95,1 057 | 1440 | 2.2%
DAB o .
Y { 19.00 95.3 268 | 1364
Zz | 1393 89.8 24.8 141.0
10024- | GPRS-FDD (TDMA, GMSI, TNO-1) | x | 18908 | 910 | 224 656 | 1342 | +1.9%
DAB
' Y | 3478 | 997 | 256 1450
Z | 2089 96.8 1 2441 129,8
10027- | GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 5830 99,7 22.8 480 | 12652 | £1.0%
DAB
Y | 4116 99.8 23,9 131,2
_ _ _ Z | 5078 99.8 23,1 _ 1476
10028- | GPRS-FDD (TDMA, GMSK, TN0-1-23) | X | 49.35 99,7 225 355 | 1332 | #22%
DAB _ _ '
Y | 4649 90.6 229 139.2
Z | 5821 997 | 220 _ 129.4
10032- IEEE. 802.15.1 Bluetooth {GFSK, DHS) X | B854 | 100.0 20,9 .96 | 1280 | 1.7 %
CAA _
Y | 2003 99,3 22.4 T 1303
Z 1 8401 | 1000 19.4 141.0
10100- LTE-FDD (8C-FDMA, 100% RB, 20 K| B4d 676 | 198 567 | 1388 | £14%
CAB MHz, GPSK) _ o
Y 6.50 679 | 200 142.1
Z 1 631 67.2 | 194 128.4

Cerlificale No: ES3-3334_Dec14 Page 4 of 13




ES3DV3- SN:3334 December 16, 2014

10103- | LTE-TDD (SC-FDMA, 100% RB, 20 9.77 73.6 246 | 929 | 1296 | #3.3%

-CAB MHz, QFSK) X
v | 052 76.0 263 132.1
: Z | 10.21 75.0 254 147.7
10108- | LTE-FDD (SC-FDMA, 100% RB, 10 X | 636 67.2 196 580 | 136.8 | 1.4 %
CAC MHz, QPSK) _ _ o
Yy | 831 67.3 19.8 1 1ar.2
N Z{ 620 66.7 19,3 128.8
10117- | IEEE 80Z.19n {HT Mixed, 3.5 Mbps, X | 996 683 | 208 807 | 1265 | 22.5%
CAB BPSK)
Y | 1042 68.8 21.3 126.6
Z | 1022 $9.0 212 1437
10164 | LTE-TDD (SC-FDMA, 60% RB, 20MHZ, | X | ©.29 73.0 24.4 028 | 1263 | #3.3%
CAB QPSK) _ '
Y 8.65 74.5 2556 _ 1244
_ _ _ Z | 885 74.3 25,2 1411
10164- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X | 6.03 66.7 19.3 575 | 1327 | %14 %
CAC QPSK)
Y | 597 66.7 f95 | 1327
Z 6.17 67.3 19.7 1483
10160- | LTE-FDD (SC-FDMA, 50% RB, 16 MHz, | X | 6.47 67.2 195 582 | 1381 | 14 %
CAB QPSK) _
Y | 644 67.3 19.8 138.2
z 6.27 66.6 | 192 126.8
10169- | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 503 66.0 196 573 | 137.2 | #1.2%
chAB QpPsK) L
Y | 497 67.0 19.9 | 1357
Z 4.91 66.5 19.5 1271
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.53 77.4 26.9 9.21 142.4 2.7 %
CAB . QPSK) _ ' _ - 1
1Y 953 | . 813 29,3 142.3
. p 7.78 75.0 26.7 ' 126.7
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 5.02 &7.0 19.7 5.72 131.8 +1.2%
CAG Qrsk) : _
Y 4.98 87.0 19.0 ' 1361
_ Z | 495 | 688 | 196 _ 1281
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 4.99 668 | 1086 572 | 1312 | #12%
CAB QPsK) _
Y | 4.99 s71 |.200 1 1362
_ _ Z | 492 66.6 19.5 127.9
10196- | IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.98 68.8 21.2 810 | 1417 | #25%
CAB BPSK) _ i
Y | 1014 | 895 | 218 147.2
. . Z | 9.85 886 | 214 1375
23%255" UMTS-FDD (HSPA+ X, 7.17 87.5 19.6 597 | 1460 | 214 %
Y 7.13. 67.7 19.9 "149.9
Z 7.12 87.5 19.5 1429 |
10237- LTE-TDD {SC-FDMA, 1 RB, 10 MHz, X | 829 76.8 265 | 9.21 1361 | 27 %
CAB QPSK) ‘ _
Y 060 | 614 29.3 1423
o Z | 798 | 758 26.1 1329
10252- LTE-TDD (SC-FDMA, G0% RB, 10MHz, | x | 927 | 744 251 9024 | 1391 | #33%
CAB QPSK) . _ _ ' L _
Y | 10.25 77.86 274 1463 |
z 907 | 737 1 250 1358
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 9.95 749 | 254 930 | 1470 | +33%
CAB MHz, QPSK)
' ' Yy | o860 | 750 25,9 ' 125.9
Z 9.74 74.5. 254 143.8
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ES3DV3- SN;3334 Decamber 16, 2014

10376 T UMTSEDD (HSUBA, Sublest 5, 3GPP 463 | 676 | 490 | 396 [ 1475 | 207 %

CAB 1 Reld) .. , X o . _
- Yy | 441 66.9 8.9 1295
: z | 461 67.6 19.1 148.1
; %2;31- CDMA2000, RC3, 8055, Full Rate X 3.83 67.7 19.0 3.46 133.7 +0,7 %
' Y | a7 67.4 19.0 138.0
_ Z 3.86 68.1 19.2 | 1337
2\(}\2;)2- GDMA2000, RC3, S032, Full Rate x| ass 68.2 19.2 339 | 1367 | 05%
vy | 387 67.5 19.1 | . 1413
z | 375 67.8 19.0 136.2
10287- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X | 6.31 67.1 19.5 581 | 1306 | x14%
AMA . aPsk) _
R E B87.3 19.8 135.1
Z 6.24 66.9 19.4 129.2
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 X1 68 67.5 19.8 606 | 1351 | 14 %
AAA MHz, QPSK)
' Yy | 690 67.9 20.2 141,6
Fa 6.82 67.5 19.8 _ 1 1384
Kgﬂ- CDMA2000 {1xEV-DO, Rev. 0) X | 504 69,1 19,1 376 | 1260 | x05%
Y 4.90 60,0 | 19.3 129.6
P 5.11 69.7 19.4 "125.8
)\%agm- COMA20600 (IXEV-DO, Rev. A) %X | 508 69.6 19.4 377 | 1471 | #07%
Y| 484 69.2 19.5 127.8
. 2 5.15 70.1 19.6 143.3
10415- | 1EEE 802,11b WiFi 2.4 GHz (DSSS, 1 X | 343 712 19.9 164 | 1445 | 205%
AAA Mbps, 99pc duly cycle} . -
Y 2,93 704 19.9 149.8
o Z ] 318 716 | 204 141.4 -
10416- | IEEE 80Z.11g WiFl 2.4 GHz (ERP- x 1 101 69.0 21.4 8.23 | 1443 | *25%
AAA OFDM, 6 Mbps, 99pc duty cycle) ) . .
. ' ' Y | 1021 69.6 219 | 1483
2z 9,09 68.9 21.3 1411

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

A The uncerlalnties of NormX.Y,Z do not affect the Efiefd uncertainty Inside TSI, (ses Pages 7 and 8).

Numerical linearization parameter: uncerlainty not required. .
E Uncertainly s determined using the max. deviation from fnear response applying rectangular distribution and Is expressed for the square of the
flold value. . i
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ES3DV3- SN:3334

DASYIEASY - Parameﬁ:ers of Probe: ES3DV3 - SN:3334

Calibration Parameter Determined in Head Tissue Simulating Media

December 16,2014

Relative Conductivity _ Depth® Unct.

F{MH® | Permittivity” {8im)* ConvEX | ConEY.| ConvFZ | Atpha® |  (mm) {l=2)
750 41.9 0.89 6.51 651 8.51 0.80 1.47 +12.0 %
835 41.5 0.90 6.25 6.25 6.26 0.38 1,68 £12,0 %
1750 40.1 1.37 5.21 5.21 5.21 0.43 1.63 £12.0 %
1900 40.0 140 5.03 5.03 5.03 0.53 1.46 £12.0 %
2450 39.2 1.80 451 451 4.51 0.80 1.26 £12.0 %
2600 30.0 1.96 4.31 4.31 4.31 0.79 1.27 +120%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), elso It Is reslricted to £ 50 MHz. The
unéertalnty is tha RSS of the ConvF uncertainly at calibralion fraquency and the uncertainty for the indicated fraguency band. Frequency validily
below 300 MHz is + 10, 25, 40, 60 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respectivoly. Above B GHz fraquancy

validily can be extended to ¢ 140 MHz,

F At frequencies balow 3 GHz, the validity of fissus paramieters (e and o) can be Tefaxed to + 10% if liguid compansaion formiula is epplied to

measured SAR values. At frequencies above 3 GHz, the validily of fissue parameters {& end a) is resticted to # 6%, The uncertainty Is tha RSS of
the ConvF® uncerainty for indicated target tissue parameters.

% AlphaiDeplh are determined during calibration. SPEAG warrants thal the remaining deviation due lo the boundary effect aiter compensaiion is

always less than + 1% for frequencies betow 3 GHz and below # 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificale No: ES3-3334_Dec14
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ES3Dv3- SN:3334

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

Calibration Parameter Determined in Body Tissue Simulating Media

December 16, 2014

Relativa Conductivity | Bepth® | Unct.

f(MHz)° | Permittvity” (sim* ConvF X | ConvFY | GonvFZ | Alpha®| (mm) (l=2)
750 55.5 0.96 6.09 6.09 6.09 0.49 147 | £120%
835 55.2 0.97 _6.14 6.14 6.14 0.69 127 | £12.0%
1750 53.4 149 4.94 404 | 494 | 080 | 124 | £120%
1900 53.3 1,62 4.73 4.73 4.73 0.62 144 | £120%
2450 62.7 195 4.28 4.28 4.28 080 | 143 | £120%
2600 52,5 2.16 418 4,18 4.16 0.75 1.26 +120%

© Fraqusncy validily above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it Is restricted lo 2 50 MHz, The

uncerlainty Is the
befow 300 MHz s £ 10, 2
yalidily can be extended to £110 MHz.

RSS of the, ConvF uncérlainly at callbration frequency and thé unceriainly for the indicaled frequency band. Frequency validity
5, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above b GHz frequency

F At frequancies below 3 GHz, the validily of iissue parameters (e and a) can be'relaxed to + 10% if liguid comipensation formuta is applied 1o

meastred SAR values, At fréquencies above 3 GHz, the validily of tissue parameters (e and a) Is restricted to ¥ 5%. The uncerlainty is the RSS5 of

the ConvT uncertalnty for indicaled target tissue parameters.

% Alpha/Depth are determined duiing calibration, SPEAG warran
always less than t 1% for frequencias below 3 GHz and belaw 2% fo

diameter from the boundary,

{s that the remaining deviation due to the boundary effect after com pensation ks
r frequencias belween 3-6 GHz at any distance larger than half the probe tip

Garlificate No: ES53-3334_Dec14

Page 8 of 13




ES3DV3-SN:3334 December 16, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Fregquency Response of E-field: x 6.3% (lc=2)
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Receiving Pattern (¢), 8 = 0°

f=600 MHz,TEM f=1800 MHz,R22
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Uncertalnty of Axial Isotropy Assessment: & 0.5% (k=2}

Cerlificate No: ES3-3334_Dec14 Paga 10 of 13




ES3DV3- SN:3334

Input:Signal Tuv]
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f = 836 MHz,WGLS RO (H_convF)

December 16, 2014

f= 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isofropy Assessment: * 2.6% (k=2)
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ES3DV3- 5N:3334

Other Probe Parameters

December 16, 2014

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

‘Sensor Arrangement Trianguiar
Connector Angle (°) 18.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337mm
Probe Body Diameter 10 mm
Tip Lehgth 10 mm
Tip Diéﬁﬁqeter 4 mm
Probe Tip to Sehsor X Calibration Point 2 mm
Probe Tip to Sensor Y Callbration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm

Cerlificate No: ES3-3334_Deci4
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

\\\\lllll',',-,/l’

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

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration}

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

All calibrations have been conducted in the clased labaratory facility: environment termperature (22 + 3)°C and humidity < 70%.

Calibrated by:

Approved by:

Name

Primary Standards D Cal Date {Certificate No.) Scheduied Calibration

Power meter E4419B GB41293874 03-Apr-14 (No, 217-01911) Apr-15

Power sensor E4412A MY 41498087 03-Apr-14 (No. 217-01911) Apr-15

Reference 3 dB Attenuator SN: 85054 (3¢) 03-Apr-14 {Ne. 217-01915) Apr-15

Reference 20 dB Attenuator SN: 85277 (20x) 03-Apr-14 (No. 217-01919) Apr-15

Reference 30 dB Attenuator SN: §5129 (30b) 03-Apr-14 (No. 217-01920) Apr-15

Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec¢-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Dec13) Dec-14

Secendary Standards 1D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700C 4-Aug-98 (in house check Apr-13) In house check: Apr-18

Network Analyzer HP 8753E US37390585 18-0ct-01 (in house check Oct-14} In house check: Oct-15
Function Signature

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

Issued: December 13, 2014

Certificate No: EX3-3920_Dec14
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzeriand

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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,B,C,D modulation dependent linearization parameters

Polarization ¢ ( rotation around probe axis

Polarization & 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) 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
Technigues”, 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 polarization 8 = 0 (f < 900 MHz in TEM-cel; f > 1800 MHz: R22 waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMX,y,z does not affect the E>field
uncertainty inside TSL (see below ConvF).

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

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

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

o Axy.z; Bxy.z; Cx.y,.z, Dx.y,z; VR.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.

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 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

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.

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

Certificate No: EX3-3920_Dec14 Page 2 of 12



EX3DV4 — SN:3920 December 12, 2014

Probe EX3DV4

SN:3920

Manufactured: December 18, 2012
Calibrated: December 12, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4— SN:3920

December 12, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(Vim)9)™ 0.35 0.50 0.50 +101%
DCP (mV)® 104.2 98.5 97.7
Modulation Calibration Parameters
uiD Communication System Name A B C D VR Unc®
dB dBVyuV dB L\ (k=2)
0 CwW X 0.0 0.0 1.0 0.00 | 1317 | 35%
Y 0.0 0.0 1.0 1403
z 0.0 0.0 1.0 136.8
10010- SAR Validation (Square, 100ms, 10ms) X 0.94 56.5 83 10.00 38.1 +0.7 %
CAA
Y 2.14 63.7 12.2 41.6
Z 3.89 70.9 15.1 409
10012- TEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 201 682 18.0 1.87 1427 | 07 %
CAB Mbps)
Y 2.48 64.3 15.8 132.6
Z 2 61 65.8 16.8 129.2
10013~ IEEE 802.11g WiFi 2.4 GHz (DS33- X 10.41 69.4 29 9 946 1493 +3.5 %
CAB QFDM, 6 Mbps)
Y | 1078 59.4 22.2 146.4
z | 1078 69.7 22.6 141.9
10 (}332- 1EEE 802.15.1 Bluetooth (GFSK, DH5) X 0.29 583 5.2 116 | 1362 | 0.7 %
Y 0.52 61.5 7.4 148.5
z 0.99 66.7 9.6 1465
10062~ IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 9.78 68.2 21.1 868 | 1262 | #33%
CAB Mbps)
v | 1040 68.9 214 145.8
Z | 1043 69.3 21.9 146.6
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 7.49 63.0 21.7 929 | 1450 | #22%
CAB MHz, QPSK)
Y 7.76 68.0 217 137.3
Z 8.12 69.7 22.9 1395
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, ¥ | 10.08 68.6 20.8 8.07 1407 | *3.0%
CAB BPSK)
Y | 10.01 67.8 20.3 129.1
z | 1013 68.3 20.8 130.9
10151- LTE-TDD {SC-FDMA, 50% RB, 20 MHz, | X 742 67.7 217 9.28 1400 | 22 %
CAB QPSK)
¥ 7.42 67.6 21.5 133.0
z 7.70 69.2 228 135.2
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 555 58.8 275 9.21 1209 | #£27%
CAB QPSK)
Y 6.01 9.1 22.6 1445
z 6.16 70.6 23.9 146.7
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.56 68.2 20.7 8.10 132.3 +3.0 %
CAB BPSK)
| v | 1009 | 687 | 209 1499
[z [ 1008 | 690 | 213 | 147.9 B
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, ) X | 560 69.2 228 l 9.21 ' 1336 | =27 %J
CAB QPSK)
LY | 605 69.3 227 | 145.6 |
|z | 6.5 70.5 239 | 147.8 1

Certificate No: EX3-3920_Dec14
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EX3DV4— SN:3920 December 12, 2014

10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 6.68 67.3 21.6 9.24 133.4 2.7 %
CAB QPSK)

Y 7.19 68.0 219 147.8

z 7.38 69.3 230 147.7
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 714 67.7 21.8 9.30 139.9 +2.2 %
CAB MHz, QPSK)

Y 7.44 67.6 215 133.0

z 7.68 69.1 22.7 131.5
10317- IEEE 802.11a WiFi 5 GHz (OFDM, 6 X 972 68.3 21.0 8.36 132.1 +3.3 %
AAB Mbps, 96pc duty cycle)

Y 10.25 68.8 21.2 148.1

Z 10.27 69.2 21.6 148.7
10400- IEEE 802.11ac WiFi (20MHz, 84-QAM, X 9.78 68.3 20.9 8.37 131.2 33 %
AAB 99pc duty cycle)

Y 9.97 67.9 20.7 125.1

Z 10.36 69.3 217 148.4
10401- \EEE 802.11ac WiFi (40MHz, 64-QAM, X 10.63 €68.9 21.2 8.60 142.5 3.0 %
AAB 99pc duty cycle)

Y 10.72 68.6 21.0 133.5

Z 10.74 68.8 21.4 133.0
10402- IEEE 802.11ac WiFi (80MHz, 64-QAM, X 10.89 £9.3 21.2 8.53 145.0 +3.3 %
AAB 99p¢ duty cycle)

Y 10.70 68.4 20.8 133.2

Z 10.95 £69.2 214 134.0
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 284 68.2 17.9 1.54 141.1 +0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.39 64.2 15.6 130.2

z 2.63 66.6 17.2 128.6
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X Q.67 £58.3 20.0 8.23 131.6 +3.3 %
AAA OFDM, 6 Mbps, 99pc duty cycie)

Y 10.14 68.6 21.0 147.9

Z 10.17 69.1 21.5 148.5
10417- IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 9.67 658.3 209 8.23 133.0 +3.3%
AAA Mbps, 99pc duty cydle)

Y 9.78 687.7 20.5 124.4

Z 10.21 69.1 21.5 149.4

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 uncertainties of NormX,Y.Z do not affect the E2field uncertainty inside TSL (see Pages 6 and 7).
B Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:3920 December 12, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ° Unct.

f(MHz)® | Permittivity (sim)F ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 39.2 1.80 7.12 7.12 7.12 0.62 0.65 £12.0%
2600 39.0 1.96 6.85 6.85 6.85 0.36 0.86 +12.0%
5200 36.0 4.66 4.87 4.87 4.87 0.35 1.80 +131%
5300 35.9 4.76 4.69 4.69 4.69 0.35 1.80 131 %
5500 35.8 4.96 4.44 4.44 4.44 0.40 1.80 +13.1%
5600 35.5 5.07 4.35 4.35 4.35 0.40 1.80 £13.1%
5800 35.3 5.27 4.27 4.27 4.27 0.40 1.80 +13.1%

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

F At frequencies below 3 GHz, the validity of tissue parameters {e and &) can be relaxed to = 10% if liquid compensation formula is applied to
measured SAR values. At frequencies 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 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below = 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No; EX3-3920_Dec14 Page 6 of 12



EX3DV4-- SN:3920 December 12, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.
£(MH2)® | Permittivity " (stm)© ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 52.7 1.95 7.02 7.02 7.02 0.80 0.50 £12.0%
2600 52.5 2.16 8.78 6.78 6.78 0.80 0.50 +12.0%
5200 49.0 5.30 4.33 4.33 4.33 0.45 1.90 131 %
5300 48.9 542 4.186 4.16 4.16 0.45 1.90 £131%
5500 48.6 5.65 3.79 3.79 3.79 0.50 1.90 £13.1%
5600 48.5 5.77 3.66 3.66 3.66 0.50 1.90 +13.1%
5800 48.2 6.00 3.93 3.93 3.93 0.50 1.90 £13.1% J

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to = 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 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 parameiers (¢ 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 parameters (e and o) is restricted to + 5%. The uncertairty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after corpensation 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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EX3DV4— SN:3920 December 12, 2014

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

Frequency response (normalized)
o
I

%) 3
TEM RrR22

Uncertainty of Frequency Response of E-field: * 6.3% (k=2})
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EX3DV4-- SN:3920

December 12, 2014

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM

f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell, fero= 1900 MH2)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f= 2450 MHz, WGLS R22 (H_convF) f= 2450 MHz,WGLS R22 (M_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f= 900 MHz

Deviation

-1.0 -08 -08 -04 -02 00 D2 04 06 038 1.0
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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EX3DV4— SN:3920

December 12, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) -23.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client

Object

Calibration procedure(s)

Calibration date:

Calibration Equipment used {M&TE citical for calibration)

Schweizerischer Kaiibrierdienst
Service suisse d'étalonnage

Servizio svizzero di taratura
Swiss Calibration Service

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

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

Calibrated by:

Approved by:

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

Primary Standards D Cal Date (Ceriificate No.} Scheduled Calibration

Power meter E4419B (GB41293874 03-Apr-14 (No. 217-01911) Apr-15

Power sensor E4412A MYA41498087 03-Apr-14 (No. 217-01911) Apr-15

Reference 3 dB Attenuator SN: 55054 (3c) 03-Apr-14 (No. 217-01915} Apr-15

Reference 20 dB Attenuator SN: 85277 (20x} 03-Apr-14 {No. 217-01819) Apr-16

Reference 30 dB Altenuator SN: 55129 (30b) 03-Apr-14 {No. 217-01920) Apr-15

Reference Probe ES30V2 SN: 3013 30-Dec-13 {No. ES3-3013_Dec13) Dec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Pec13) Dec-14

Secondary Standards D Check Date {in house) Scheduled Check

RF generater HP 8648C 183642001700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-13) in house check: Oct-14
Name Function

Sig

re

Issued: August 21, 2014
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. . WY,
Callbfatlon Laboratory of \\\“\‘\‘\\\__J//’ , Schweizerischer Kalibrierdienst
Schmid & Pariner SIE‘ \———"’EME—E‘: Service suisse d'étalonnage
Engineering AG z ,—/—_,-—-\\ S Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland 4,4’ //r:\\\\\\\} Swiss Calibration Service
MmN
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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,B,C.D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis {at measurement center},
i.e., § =0 is normai 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)

)

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
Technigues®, June 2013

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

Methods Applied and Interpretation of Parameters:

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

NORM(f)x,y,z = 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.

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

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

Ax.y.z; Bxy,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 moduiation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voitage 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 fo 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 isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 — SN:3949 August 21, 2014

SN:3949

Manufactured:  July 24, 2013
Calibrated: August 21, 2014

Calibrated for DASY/EASY Systems

{(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3949

August 21, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3949

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uv/(Vimy>)* 0.52 0.44 0.37 +10.1 %
DCP (mV)® 102.8 08,7 97.9
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc™
dB dBvVpv dB mv (k=2)

0 cwW X 0.0 0.0 1.0 0.00 123.7 +4.1%

Y 0.0 0.0 1.0 126.8

Z 0.0 0.0 1.0 130.7
10010~ SAR Validation (Square, 100ms, 10ms} X 2.84 64.9 12.4 10.00 44.3 +1.4 %
CAA

Y 8.91 75.3 16.6 387

z 22.01 99.4 25.6 41.8
10011- UMTS-FDD (WCDMA) X 3.51 68.0 19.1 2.91 133.5 .7 %
CAB

Y 3.37 66.5 18.0 138.5

Z 3.49 67.5 19.1 140.9
10012 |EEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 323 70.8 19.9 1.87 130.3 0.9 %
CAA Mbps)

Y 2.99 68.4 18.4 136.4

z 3.46 720 20.8 135.3
10013- IEEE 802.11g WiFi 2.4 GHz {DSSS- X 10.63 68.9 22.0 9.46 124.6 +3.0 %
CAA OFDM, 6 Mbps)

Y 10.76 69.4 22.4 131.2

z 10.53 68.6 22.0 1280
10021- GSM-FDD (TDMA, GMSK) X 256 66.9 14.7 9.39 96.8 2.7 %
DAB

Y 2.96 69.8 16.4 116.2

Z 2.35 70.2 17.5 721
1%?23- GPR3-FDD (TDMA, GMSK, TN 0} X 3.02 69.6 16.1 9.57 93.4 #3.0 %
DAB

Y 2.86 69.4 16.3 109.9

z 2.61 71.7 18.3 70.2
10024~ GPRS-FDD {TDMA, GMSK, TN 0-1) X 3.66 733 16.0 6.56 140.4 +1.9%
DAB

Y 3.34 73.2 16.4 142.2

z 4.1 99.7 26.4 143.2
1(;027- GPRS-FDD {TDMA, GMSK, TN 0-1-2) X 37.27 99.8 227 4.80 140.7 +1.9 %
DAB

Y 4.14 76.4 16.4 139.7

Z 13.02 99.9 25.8 136.7
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) X 34.81 995 22.0 3.55 127.8 +1.9%
DAB

Y 32.41 90.8 224 131.2

z 13.90 100.0 24.6 129.5
10032- IEEE 802.15.1 Blustooth (GFSK, DHS) X 52.94 99.5 19.1 1.16 149.4 27 %
CAA

Y 55.09 990.6 19.3 129.4

z 0.40 98.1 45.0 131.5
10039~ CDMAZ2000 (1xRTT, RG1) X 4.80 66.8 19.0 4.57 127.6 +0.9 %
CAB

Y 4.78 66.5 18.7 1317

z 4.82 67.1 19.4 135.6
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10062- |EEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 10.19 68.4 21.3 8.68 1228 | #30%
CAA Mbps)

Y 10.31 68.7 215 129.3

Z 10.30 68.6 215 132.0
10081~ CDMA2000 (1xRTT, RC3) X 410 66.9 18.9 397 148.9 +0.9 %
CAB

Y 4,02 66.1 18.4 129.6

z 4.15 67.3 19.5 127.8
10098- UMTS-EDD (HSUPA, Subtest 2) X 4.80 67.3 18.9 3.08 139.9 +0.7 %
CAB

Y 477 66.8 18.5 144.4

z 4.87 67.4 19.2 146.5
16100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.58 67.7 19.7 5.67 1446 | 1.4 %
CAB MHz, QPSK)

Y 6.44 66.9 19.3 124.7

Z 6.67 67.7 19.9 148.1
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 6.42 67.2 19.6 5.80 140.7 +1.4 %
CAB MHz, QPSK}

Y 6.55 674 19.7 148.4

Z 6.51 67.3 19.9 145.0
10110- LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X 6.10 66.7 194 575 137.0 | #1.2%
CAB QPSK)

Y 6.18 66.8 19.4 1427

z 6.15 66.8 197 140.5
10114- IEEE 802.11n (HT Greenfield, 13.5 X 10.23 68.5 209 8.10 130.8 2.7 %
CAA Mbps, BPSK)

Y 10.42 68.9 21.2 138.9

z 10.33 68.6 21.1 134 .4
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.25 68.6 20.9 8.07 1327 | £27%
CAA BPSK)

Y 10.45 58.9 212 140.7

Z 10.37 68.7 2141 138.1
101561- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, X 7.88 69.2 225 9.28 140.8 25%
CAB QPSK)

Y 8.12 70.1 23.2 146.4

z 7.19 66.9 21.6 135.7
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 6.07 66.6 19.3 5.75 137.1 1.4 %
CAB QPSK)

Y 6.18 66.8 19.4 141.7

z 6.17 66.8 19.7 146.4
10160- LTE-FDD {SC-FDMA, 50% RB, 15 MHz, | X 6.53 67.1 19.5 5.82 1416 | +1.4%
CAB QPSK)

Y 6.65 674 19.7 147.4

z 6.65 67.4 19.9 148.8
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 5.08 66.9 19.7 573 140.6 £1.2 %
CAB QPSK)

Y 5.06 66.8 19.6 1433

z 4,98 66.9 20.1 142.5
10172- LTE-TDD {SC-FDMA, 1 RB, 20 MHz, X 6.27 69.9 23,2 9.21 1202 | 425 %
CAB QPSK)

Y 6.25 70.3 237 130.1

z 5.72 68.5 23.0 125.4
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 5.08 66.9 19.6 5.72 141.2 +1.2 %
CAB QPSK)

Y 5.04 66.8 19.6 141.9

Z 4,97 66.8 20.0 145.4
10181- LTE-FDD {SC-FDMA, 1 RB, 15 MHz, X 5.05 66.7 19.6 572 138.9 1.7 %
CAB QPSK)

Y 5.13 67.2 19.8 1419

z 4.96 66.8 20.0 141 1
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10193- IEEE 802.11n (HT Greenfield, 6.5 Mbps, X 9.85 68.1 20.8 8.09 124.5 2.7 %
CAA BPSK)

Y 10.03 68.6 211 134.5

Z 9.98 68.4 21.1 128.3
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.90 68.3 20.9 8.10 127.6 +2.7 %
CAA BPSK)

Y 10.08 68.7 21.2 137.3

Z 10.02 68.6 21.2 130.0
10219- IEEE 802.11n (HT Mixed, 7.2 Mbps, X 9.80 68.2 20.8 8.03 127.5 27%
CAA BPSK)

Y 9.98 68.7 21.2 137.2

yd 9,91 68.5 21.1 131.7
10222- IEEE 802.11n (HT Mixed, 15 Mbps, X 10.21 68.5 20.9 8.06 133.8 +3.0 %
CAA BPSK)

Y 10.50 69.1 21.3 145.2

z | 1034 | 687 | 211 137.1
10225- | UMTS-FDD (HSPA*) X | 7.1 67.1 194 | 597 | 1308 | #14%
CAB

Y 7.21 67 .4 19.6 139.9

Z 7.25 67.7 19.9 1353
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 835 70.3 234 921 | 1331 | £25%
CAB QPSK)

Y 6.38 71.0 24.0 139.0

yd 575 68.6 230 132.0
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 7.43 68.8 224 9.24 134.7 +25%
CAB QPSK)

Y 7.56 69.4 23.0 1359

Z 6.86 66.9 21.7 136.9
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 7.92 69.3 226 9.30 140.8 +2.5%
CAB MHz, QPSK)

Y 8.11 70.0 23.2 143.5

z 7.26 67.2 21.8 142.7
10274~ UMTS-FDD (HSUPA, Subtest 5, 3GPP X 8.21 67.5 19.2 4.87 149.2 +1.2 9%
CAB Rel6.10)

Y 6.03 66.7 18.7 127.3

Z 6.17 67.4 19.3 138.1
10275~ UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.65 67.5 19.1 3.96 1499 +0.9 %
CAB Rel8.4)

Y 454 66.6 18.5 134.5

Z 4,75 67.9 19.6 138.2
10291- CDMAZ000, RC3, SO55, Full Rate X 3.80 67.5 19.0 3.46 129.4 +0.9 %
AAB

Y 3.90 67.7 19.0 148.5

Z 4.13 69.6 20.6 149.8
10292- CDMAZ2000, RC3, 8032, Full Rate X 377 67.8 192 3.39 133.7 +09%
AAB

Y 3.81 67.5 18.8 i49.3

zZ 4,00 69.2 20.3 131.0
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 6.37 67.0 19.5 5.81 1312 | #17%
AAA QPSK)

Y 6.54 67.3 19.6 144.4

Z 6.56 67.5 20.0 149.3
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.99 67.6 19.8 6.06 | 14486 | 1.7 %
AAA MHz, QPSK)

Y 6.89 67.1 19.6 126.1

Z 7.00 67.5 20.0 131.9
10315- IEEE 802.11b WiFi 2.4 GHz (DSSS, * X 3.15 70.8 19.9 1.71 149.2 0.9 %
AAA Mbps, 96pc duty cycle)

Y 37 70.0 19.3 1339

Z 3.88 74.8 221 137.6

Ceriificate No: EX3-3949_Aug14 Page 6 of 14




EX3DV4- SN:3949 August 21, 2014

10316- IEEE 802.11g WiFi 2.4 GHz {ERP- X 10.00 68.2 21.0 8.36 124.3 +30%
AAA OFDM, 6 Mbps, 96pc duty cycle}

Y 10.15 68.6 21.3 1314

Zz 10.19 68.7 214 135.4
10317- IEEE 802.11a WiFi 5 GHz (OFDM, 6 X 10.05 66.4 21.1 8.36 127.0 3.0 %
AAA Mbps, 96pc duty cycle)

Y 10.17 68.7 21.3 132.9

z 10.24 68.8 215 137.4
10400- iEEE 802.11ac WIFI (20MHz, 64-QAM, X 10.15 68.5 21.1 8.37 128.0 2.7 %
AAA 99pc duty cycle)

Y 10.26 68.7 214 1321

Z 10.33 68.9 21.5 139.5
10401- IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.87 69.0 21.4 8.60 136.3 +3.0 %
AAA 99pc duty cycle)

Y 11.08 69.4 21.7 141.8

zZ 11.09 69.4 21.8 149.8
10402- {EEE 802.11ac WiFi (B0OMHz, 64-QAM, X 10.87 69.0 21.2 8.53 136.8 3.0 %
AAA 99pc duty cycle)

Y 11.30 69.8 21.7 145.0

Z 10.80 68.6 21.2 123.1
10403- CDMA2000 {1xEV-DO, Rev. 0) X 5.21 69.7 19.4 3.76 136.1 +0.9 %
AAB

Y 5.15 69.5 19.3 138.7

Z 5.40 71.5 20.6 i44.1
10404- CDMAZ2000 {(1xEV-DO, Rev. A) X 512 69.7 19.4 3.77 132.5 0.9 %
AAB

Y 5.04 69.5 19.3 134.6

Z 5.43 71.9 209 141.2
10415~ IEEE 802.11h WiFi 2.4 GHz {DSSS, 1 X 3.28 71.9 204 1.54 1291 +0.9%
AAA Mbps, 99pc duty cycle)

Y 3.04 69.4 18.9 133.2

Z 3.85 75.0 22.2 141.8
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 9.94 68.3 20.9 8.23 125.7 +2.7 %
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 10.05 68.5 21.2 130.3

Z 10.19 68.8 21.4 138.0
10417- IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 9.99 68.3 21.0 8.23 128.2 2.7 %
AAA Mbps, 99pc duty cycle)

Y 10.06 68.5 21.2 132.1

Z 10.19 68.8 214 139.6

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 25%.

A The uncertainties of NormX.Y,Z do not affect the E*field uncertainty inside TSL {see Pages 8 and 9).

B Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from finear response applying rectangular distribution and is expressed for the square of the
field value.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3949

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity" (sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.89 10.89 10.89 0.28 1.09 +12.0%
835 41.5 0.90 10.47 10.47 10.47 0.22 1.25 £120%
1750 40.1 1.37 8.69 8.69 8.69 0.63 0.67 +12.0%
1900 40.0 1.40 8.47 8.47 8.47 0.70 0.81 +12.0%
2450 30.2 1.80 7.78 7.78 7.78 0.40 0.85 +12.0 %
2600 39.0 1.96 7.48 7.48 7.48 0.41 0.84 +12.0%
5200 36.0 4.66 5.46 5.46 5.46 0.35 1,80 +13.1 %
5300 35.9 4.76 5.19 5.19 5.19 0.35 1.80 +13.1 %
5500 35.6 4.96 5.15 5.15 5.15 0.35 1.80 +13.1%
5600 35.5 5.07 4.84 4.84 4,84 0.40 1.80 +13.1%
5800 35.3 5.27 4.92 4.92 4.92 0.40 1.80 +13.1 %

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

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and &) can be relaxed to £ 10% if liquid compensation formua is applied to
measured SAR values. At 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.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due o the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance Jarger than half the probe tip
diameter from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3949

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 0.86 10.40 1040 10.40 0.58 0.75 +12.0%
B35 55.2 0.97 10.44 10.44 10.44 0.80 0.62 +12.0%
1750 53.4 1.49 8.38 8.38 8.38 0.54 0.74 +12.0 %
1900 53.3 1.52 8.09 8.09 8.09 0.50 0.74 +12.0%
2450 52.7 1,95 7.66 7.66 7.66 0.10 1.87 +120%
2600 525 2.16 7.60 7.60 7.60 0.80 0.50 £12.0%
5200 49.0 5.30 4.68 4.68 4.68 0.45 1,90 +13.1%
5300 48.9 542 4,47 4.47 4.47 045 1.90 +13.1%
5500 48.6 5.65 4,16 4.16 4.16 0.50 1.90 +13.1 %
5600 48.5 5.77 3.97 3.97 3.97 0.50 1.90 +13.1 %
5800 48.2 6.00 4,27 4.27 4.27 0.50 1.90 +13.1 %

¢ Frequency validity above 300 MHz of + 100 MHz only applies for DASY vd.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 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 o £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (& 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 parameters (s and o} is restricted 10 + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than * 1% for frequencies below 3 GHz and below + 2%, for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Dynamic Range f(SARnead)
(TEM cell , fova= 1900 MHz)
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SAR MgV

f= 835 MHz, WGLS R9 (H_convF)

August 21, 2014

Conversion Factor Assessment

f = 1900 MHz, WGLS R22 (H_convF)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3949

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -3.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabied
Probe Overali Length 337 mm
Probe Body Diameter 10 mm
Tip Length g mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 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):

: H ' /2

200 &, bpbpr ex[— ar 551]

Y: J r ()ZJ J. I COS¢' p J (:uo r 0) d¢'d,0’d,0
[In(b/a)]’ Ja 7a Jo r

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

refer to source and observation points, respectively, r’=p?+p’? —2pp'cosd’ , wis the angular frequency,

and j=\/—_l.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450 5200-5800 | 5200-5800
Tissue Head Body Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 44.92 2044 267
HEC See page 1 1
Nacl 2.3 See page 2 145 0.94 04 0.2 0.18 0.39 See page 4 01 See page 5
Sucrose 57 44.9
Polysorbate (Tween) 80 20
Water 40.45 53.06 52.6 68.8 54.9 70.17 732 80
Reviewed by:
FCC ID: ZNFUS995 SAR EVALUATION REPORT @ LG
Quality Manager
Test Dates: DUT Type: APPENDIX D:
01/19/15 - 01/27/15 Portable Handset Page 1 0f 5

© 2015 PCTEST Engineering Laboratory, Inc. REV 14.0 M
07/21/2014



2 Composition / Information on ingredients
The ltem is composed of the following ingredients:

H.0O 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,

0.1-07%

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

ftem Name Body Tissue Simulating Liguid {(MSL750V2)
Product Mo. SL AAM 075 AA (Charge: 130313-1)
Manufaciurer SPEAG -

K

Measurement Method

|TSLdialactric parameters measured using calibrated OCP probe.

Setup Validation .
[Validation results ware within + 2.5% towards the target values of Mathanal_

Target Parameters

[Target parameters as defined in the [EEE 1528 and IEC 62208 compliance standards.

Test Condition

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

Test Dale 13-Mar-13

Operator IEN

Additional Information

TSL Density 1.212 glem’®
TSL Heat-capacity 3.008 k){kg"K)

Measured [Target TDiff.to Target [%)]
|1 [itz]| HP-¢* | HP-" |5l aps aigmal Aeps  A-sigma &
600 | 575 |246¢| 082 | 61 085 | 23 38 =
626 | 57.2 | 24.51 | 084 | BEL  nss | 24 114 ]
650 | 6570 {23.60| 087 | 550 086 | 18 92 £
675 | 567 |za60| 080 | 558 086 | 1s T L
700 | 564 |zasafost | 557 086 | 12 .61 B s 7
755 | 662 |2nraf08s | sse 08| 1o 28 !‘;-g' T e
c7so | osss [20dv] ooe [ 555 wes | or o os e
775 | 557 |2270) 658 | 554 007 0.4 17 600 €50 700 ?:?equ:?cnmféo 800 950 1a0g- |
800 | 554 (2260|101 553 097 | 0 40 -

B2Z3 | 5h2 |Z2adf 103 | 552 008 | 02 53
036 | 550 lE2RS8| .04 | BB2 088 | 08 59
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Measurement Certificate / Material Test

Item Nama Head Tissue Simulating Liquid {(HSL750V2)
Product Mo. SL AAH 075 AA fCharge: 130212-4)
Marufacturer SPEAG -
Measurement Method
[TSL dielectric parameters measured using calibrated OGP probe. |
Selup Validation .
[Validation results ware within = 2.5% towards ihe target valuss of Methanal. |
Target Parameters
[Target parameters as defined in the IEEE 1526 and IEC 62200 compliance standards, |
Test Condition
Armient Environment tempearatur (22 + 3)°C and humidity < 70%,
TSL Temperature 22°C
Test Date 13-Mar-13
Operator IEN
Additional Information
TSL Density 1.284 glom”
TSL Heat-capacity 2.701 kJ/{kg*K)
Measurad [Target Diff. b0 Target %] . ]
1 [MHzj| HP-&'| HP-2" |sig BpS  sigma) A-eps  A-sigma "
600 | 446 | 2325|078 | 427 08B | a3 RET =
625 | 442 |23.00| 060 | 428 oBA | 28 25 &
650 | 458 | 2276|082 | 425 om0 | 32 71 E
875 | 434 | 2250} 084 | 423 080 | 28 4.9 it
To0 | 430 | 2224 0AT7 | 422 080 | 24 2.8 &
Teh 427 | 2206 ) 089 | 421 0B 1.6 0.2 -
780 | w24 |zege oo | ane owe] WU Taa ;
¥Th 42,1 | 21.72) 084 | 418 D80 e 4.6 B00. 850 700 ?:?equ:::yl.-'l:in 500 650 1IJ|ZIIII.
B0 | 417 (2156|006 [ 417 080 041 6.9 —
825 | 414 | 2140 008 [ 418 091 | 04 8.3
atet] 413 [ME2 | o9s | 45 0 0.8 4.0
50 | #M14 |224] 100 [ 445 oge| 08 9.6 10D -
875 | 408 |21.11] 103 | 415 o0s4 | -1 20 # 754 /"V
900 | 40 | 2088 | 105|415 oo7 | 24 8.3 £ 50+
925 | 403 | 2087 | 1.07 | 415 oss | 20 8.4 E g‘g} o
950 | 200 |20.78| 1.t0 | 414 008 | a5 10.3 5 .54
975 | ma7 (2066|142 ) 414 100 | 40 116 S 504
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2 Composition

I 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 Sodiu

m 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 Tast

Itam Mame Head Tissus Simulating Liquid (HSL2480V2)
Product Mo, SL AAH 245 F!A';Gharm: 130212-2)
Marulaciuner SPEAG .

Measursment Method

|TSL diehectic paramatars measured using calibrsied OGP probe,

Setup Validation

Validation results wese wilhin = 2 5% fowards the targel values of Methanol.

Targel Parameters

[Target paramatars as defined in the IEEE 1526 and IEG 62208 compliance slandands.

Tast Condition

TSL Temperature  23°C

Amibient Environmen| bempearatur (22 + 3 C and humidity < 70%.

Test Date 13-Felr-13

Dperator ]}
Additional Infc i
TSL Diensity 0,986 glom’
TSL Heat-capacity 3.680 kJiky K}

Measured Tangal Di.io Targal [%]
|1 uHz]| P | 9-u” [algma] @ps sigmal Aeps  s-sigma # ";: I T
100 | did | 1134 | ves | @0 van| 1o T E osn
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1076 | 40 | 120 ) 0.4 | S0 140 oz 42 ﬂ,\
2000 | 400 | 1220 157 [ 400 140 [ a0 21 i oen -
s | 300 | 125|180 | 400 142 | 02 Y- e |
S0 | A | AR 142 | D08 14d ) 04 e ——————— P F00
2075 | Sk [ 1aEF | vas | s 147 | 08 A4 Froguancy bHz )
a0 | 8 | 1265 ves | aae 148 [ 07 o7 —
EIECT T KEESY RN-2) (TR T 04
im0 | wa | ez 6| @y 153 a0 o — — — —
im | #eE | 125|165 | By 156 [ a2 k] 00— —
2op0 | w84 (1267|959 | BaE 158 43 a8 #£ 75 |
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

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

Sodium salt 0-1.5%

Figure D-6

Composition of 5 GHz Head Tissue Equivalent Matter

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

Measurement Certificate / Material Test

Item Mame ‘Heod Tresue Simulating Liguid (HBBLI500-5800V5)
Froduct No 5L AAH 502 AC [Charge: 13090G-1)
Manulaciurer SPEAG

Measurement Methed

[TSL gwlectric parareters measured using calibrated OGP probe

Setup Validation

|\|'<1':(I.'1| 0 resulls ware withn = 2.5% lowards the targed waluas of Mathanal

Targe! Parameters

—
=

|Target parameters as defined m the IEEE 1528 and IEG 62200 comphance slandards

Test Condition

|Arnkisrt Ervironment temparatur (22 = 35°C and humidity < 0%
TSL Temporature  22°C

Tast Dale d-Sep-13

Oiperator IEM

Additional Information

TSL Density 0.985 glem”
TSL Heat-capacity 3.383 klifkg K}

Figure D-7
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APPENDIX E: SAR SYSTEM VALIDATION

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

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

Table E-I
SAR System Validation Summary
PR COND. PERM. CW VALIDATION MOD. VALIDATION
SIOIEN IEI\R/IIIi(z:’] D= PRSONBE PTRY(I):’?EE IFRCIEE @AL, [FOINTY SENSI- PROBE PROBE MOD. TYPE DUTY PAR
& © &) TIvITY LINEARITY ISOTROPY : FACTOR
B 750 1/3/2015 3334 ES3DV3 750 Head 0.934 42.08 PASS PASS PASS N/A N/A N/A
J 835 9/30/2014 3022 ES3DV2 835 Head 0.911 41.35 PASS PASS PASS GMSK PASS N/A
B 835 11712015 3334 ES3DV3 835 Head 0.927 41.77 PASS PASS PASS GMSK PASS N/A
A 1750 1/13/2015 3331 ES3DV3 1750 Head 1.419 38.82 PASS PASS PASS N/A N/A N/A
C 1900 11/13/2014 3333 ES3DV3 1900 Head 1.427 38.69 PASS PASS PASS GMSK PASS N/A
G 2450 3/6/2014 3258 ES3DV3 | 2450 Head 1.736 38.36 PASS PASS PASS OFDM PASS PASS
H 5200 1/18/2015 3920 EX3DV4 5200 Head 4.609 36.48 PASS PASS PASS OFDM N/A PASS
H 5300 1/18/2015 3920 EX3DV4 5300 Head 4.647 35.22 PASS PASS PASS OFDM N/A PASS
H 5500 1/18/2015 3920 EX3DV4 5500 Head 4.853 34.92 PASS PASS PASS OFDM N/A PASS
H 5600 1/18/2015 3920 EX3DV4 5600 Head 4.960 34.73 PASS PASS PASS OFDM N/A PASS
H 5800 1/18/2015 3920 EX3DV4 5800 Head 5.137 34.49 PASS PASS PASS OFDM N/A PASS
B 750 1/3/2015 3334 ES3DV3 750 Body 0.987 56.40 PASS PASS PASS N/A N/A N/A
B 835 1/7/2015 3334 ES3DV3 835 Body 0.950 52.57 PASS PASS PASS GMSK PASS N/A
C 1750 11/17/2014 3333 ES3DV3 1750 Body 1.525 52.44 PASS PASS PASS N/A N/A N/A
J 1900 9/4/2014 3022 ES3DV2 1900 Body 1.555 52.66 PASS PASS PASS GMSK PASS N/A
| 2450 7/14/2014 3209 ES3DV3 2450 Body 1.928 51.04 PASS PASS PASS OFDM PASS PASS
A 5200 1/16/2015 3949 EX3DV4 5200 Body 5.378 48.80 PASS PASS PASS OFDM N/A PASS
A 5300 1/16/2015 3949 EX3DV4 5300 Body 5.514 48.48 PASS PASS PASS OFDM N/A PASS
A 5500 1/16/2015 3949 EX3DV4 5500 Body 5.815 47.97 PASS PASS PASS OFDM N/A PASS
A 5600 1/16/2015 3949 EX3DV4 5600 Body 5.968 47.77 PASS PASS PASS OFDM N/A PASS
A 5800 1/16/2015 3949 EX3DV4 5800 Body 6.278 47.25 PASS PASS PASS OFDM N/A PASS

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