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Glossary:

TSL tissus sirmulatng liquid

NORM: v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

LizhP diade compressian point

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

&8 B.CD maoduiation dependent inearization parameters

Polarization o ip rlaticn arcund probe axis

Falarization & 2 rotation around an axis that is in the plane normal to probe axis (at measurement cemer),

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

Calibration is Performed According to the Following Standards:

al

)
c)

d)

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

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

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

KDB 565664, "SAR Measurement Requirements for 100 MHz to § GHMz

Methods Applied and Interpretation of Parameters;

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

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

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

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

Ax,152: Br,y,z: Cay,z; Dxy,2) VRx.y,z A, B, €. D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

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

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

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

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

Movember 17, 2015

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

Basic Calibration Parameters

, : Sensor X SensorY Sensor £ Linc (k=2]
Morrm {uWEWm} i 1.03 1.03 0.99 =101 %
DEP {mV) 107.6 1053 107.9
Modulation Calibration Parameters
4]]a) Communication System Name A B C o | vR Unct
dB_ | dBvuv | B mv {k=2)
0 cw X | o0 4o 10 000 | 1921 | %278
ki [Ry] 0.0 1.0 183.6
— i oo 0.0 1.0 1833
é:l:lﬂ1ﬂ— SAR Validation (Square, 100ms, 10ms) ¥ oo a0, 02 10.00 186 1.4 %
Ah : - : =1
W 1.899 50.3 102 38.4
Z 5.38 GY.B T2.5 ar.z
: gfﬁ’”- _ UMTS-FDD QW ODMA) X H4o 66.0 183 | 281 | 1817 . H5%
) Ty | 3z7 670 | 182 BEEE —
. » Z | a4 68.3 12.1 1485
0012- IEEE 50Z.11h WiFi 2.4 GHz (DESS, 1 W 203 k& O 18.7 187 1324 307 %
CAB Mbps)
Py 3.12 K96 18.8 130.2
5 ) z 324 11 197 128.2
104013- IEEE 802119 Wik 2.4 GHz (D553- ¥ 1080 0.5 9% 0 a .46 1335 | +3.3
CAD OFDM, B Mbps) ’ i o
Y 1053 a2, 921 124.6
z 11.14 71.2 235 1471
é?faﬂ- | GEM-FID (TOMA, GMEK) x| 1505 a1.0 24.4 023 | 205 | #18%
Y 1011 ass 233 131,58
£ 1 1184 87 6 234 130.0
D10023- . GPRS-FDOD (TDMA, GMSK, TH 04 ® 10.42 LERs 2258 9.57 131.58 +3.0%
DAE i
¥ 13.29 86.7 245 1491
P 7 1417 Q0.2 242 14587
; 10024- GFRS-FOD (TDMA, GMSK, T 0-1) XD 128 851 154 B.56 1407 | +1.3%
| OAD
¥ I 26.29 95,5 23.8 134 7
P L g5.82 21.3 136
10027 - GPRE-FLO (TOA, GMSK, TH 0-1.2) X i B4T7d 9594 22.2 480 § 15 +2.2 %
DaR 5
Y T sETd 998 | z27 1247
il 5310 99.9 2.2 1241
10022- GFRS-FLO (TOMA, GMSK, TH 3-1-2-3) % 6211 0a.E M6 3.55 1461 +1.9 %
DAS
¥ 7761 598 1.2 132.0
£ 7233 9a. 7 2.2 1333
10032- IEEE 802.15.1 Bletooth {ZFSK, DIHES b 05,24 0o T 15.9 1.18 137 2 +1,7 o
[eoFY
v | esme | fdan 16.2 1245
z on.67 94,1 168 .4 1497
10100 LTE-FDD (3C-FOMA, 100% BB, 20 b4 614 EE.A 1972 5 57 126.2 +1.7
; CAR WHz, CIPSH)
: ¥ §.21 652 19,1 136.5 ]
! Z | 641 679 199 145 9

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

Movember 17, 2015

10103

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

X | 1007 T5.4 255 029 [ 1382 [ +25%
CAR MHz, OPSK)
Y B.54 73.3 245 1305
2 ogd 75,1 358 1306
10108- | LTE-FDO (SC-FDMA, 100% RE. 10 X i 634 67.6 19.8 580 | 1485 14 %
CAG MHz, QPSK)
v | 613 BE.5 18.1 1321
i z §.19 67.2 19.7 137 8
10117-  “TEEE 802 1n (HT Mixed, 13.5 Mbps, ¥ | 10413 580 210 B.OF | 1388 | +27%
CAB BPSK) 1
_ . Y 108 B8O 21.1 1425 o
7 i 9.9 687 ;. 211 127 1
16151- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz. X | 0.4z 744 25 5 28 1320 | =095
CAB QFSK)
¥ &.50 74,1 25.0 1437
] . z 9.0 734 25.0 1265
D 10154 LTE-FDD {SC-FOMA, 50% RE, 10 MHz, P 603 &7 A 19.5 5758 145,59 .4 %
CAC OPSK)
¥ 581 66.0 18.9 128.9
z 5.6 £6.5 18.5 1354 ]
10160~ | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | % | #.48 665 192 582 | 1267 | 14 %
CAB OPsK}
' Y 8.20 B4 190 132.8
. z .39 7.5 19,8 141,71
10169- LTE-FCD {SC-FDMA, 1 RB, 20 MHz, ¥ 505 57.6 0.0 573 | 146G | 14 %
CAE QAPSK)
¥ 4.82 £6.2 18.2 132.2
Z | 496 £7.4 200 1438
10172~ | LTE-TOD (SC-FDMA, 1 RB, 20 MHz, X 408 707 253 921 1479 | 230 %
CAR OP3K)
¥ | BOD 7.1 262 138.9
, z 5.39 755 378 1415
T0175- LTE-FDD (SC-FOMA, 1 RE, 10 MHZ, ¥ 490 BT.2 199 a.72 1407 11.2 %
CAC QPSK)
¥ | 480 5.2 19.1 1313
- ! z 4.90 &7 .1 15,4 1361
10181-  LTE-FDD {3C-FDMA, 1 RB, 15 MHZ * | 490 7.3 19.9 572 | 1454 . 144
._QAB . E}F‘SKJ
¥o: 481 6.2 14,2 130.8
z 4.85 B7.1 19.8 136.0
10106- IEEE 802110 {HT Mixed, 6.5 Mbps, ® 0,78 £8.8 21.3 B0 | 1310 | 25 %
I CAR BESK} _ .
Y | ara 684 21.0 140.7
z 0.04 §9.4 218 146.6
10225-  UMTS-FOD (HSPA) X 658 6.9 18.3 597 | 1339 | $1.7 %
CAB
5 5 Yo, 695 67.1 1.3 144.8 N
L N Z B.71 B5.6 18,2 1257 '
10237- LTE-TDD (SC-FOMa, 1 RB, 10 WAz, X 9,00 60.2 255 .29 1482 | 230%
| CAB QPSK) " i i
. Y | 77 751 257 1316 .
z | &z7 782 77 1361 B
10252- LTE-TBD [SC-FOMA, 50% REB., 10 MHz, X 0 &Y TE.3 PETF az24 1441 2.7 %
CAB OPSK}
¥ 8.74 72.9 24.5 $33.4
i zZ . 914 75.2 26.1 . 136.9
10267-  LTE-TODN {SC-FOMA, 100% BB, 10 X 925 738 ¢ 253 930 | 1248 | 20 %
CAB MHz, QPSK)
| S Y P a.4n 737 24.0 1421
| | z 9.86 761 255 145.3

Cerificate Mo: ES3-3334 Mov15
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E330W3- SN3334 Wovernber 17, 2015

10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP % | aam 560 18.7 306 | 1333 | #0.0%
CAB REIB.4]
¥ | a4 £i6.9 18.5 148.2
B Z 4.30 6.7 18.6 128.4
EEB*M - COMAZOOG, RCS, 8055, Full Rate x 468 673 12.7 346 145 5 0.7 %
¥ | ass 665 18.2 136.3
z .82 67.3 18,8 139.4
10292- COMA2000, RCS, S032, Full Rate * 373 680 131 339 147.5 HT %
LAAE : '
Y 35 | 687 183 BET
.2 560 67.6 18.9 1430,
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, . % - &.30 674 © 187 5.81 1414 | 1.2 9
AN QFSK) ;
L Y &N 665 | 191 130.3
B Lz ety 670 | 135 | 1368
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 T . 688 B8 0 01 | BO6 | 1470 | HT7%
_ABA MHz, GPSK) L
¥ | BE 671 195 | 1360
. _ Zi 675 67.7 | 20.0 1416 B
T 10400- IEEE 80Z.71ac WiFi [20MHz, G4-Cubkf, x 9,97 B8 21.4 837 | 1964 | 427 %
AbC 230G dity cycle)
Y | 1007 659 214 1436
Z | 1021 BY.7 220 T 1474
ﬁrsgja- COMAZOD0 {1%EV-DO, Rev. U) X 4.77 BG.5 188 ¢ 3.76 : 1348 | 0.5%
¥ 488 B8 155 126.7 ]
zZ 474 8.8 18.9 129.4
;id-aﬂntu CDMAZEOG (1xEV-DO, Rev. A) x 4.72 58.7 15.8 377 | 1329 | #0.7 %
ki 4.78 £33 18.9 1474
z | 483 68.7 15.9 1271
10M415- IEEE 8021tk Wikt 2.4 GHz (D558, 1 x 270 559 158 154 | 1319 | #05%
LY.TY hbps, 29pc duty cyele)
b 285 G683 18.% 145.%
z 2,72 £9.3 18.0 1273 7
10416- IEEE §02.11g WiFi 2.8 GHz {ERP- ¥ | 981 . 688 21.2 623 | 1316 | 27 %
AR QOFDM, & Mbps, 99pc duty cycle) | :
Y | sen £8.7 21.2 144.1
z BoO7 93 217 1460 ]

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

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

E Murnerical inearizatian parameter: uncsttainty nol required.

= Ungerainty is delerminsd using the ma deviation from linear response apolying redangular distribolion and is expressed for the square of the
figld valug,

Certificate Mo: ES3-3334_Now15 Fage £ aof 13



EZALNVE- SM13354 Movermber 17, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative Conductivity Depth ® Unc :
| f{MHZ)® | Permittivity" {Stm) " ConvFX | ComvFY | ConvFZ | Alpha® | {mm) (k=2)
i 55.5 0.75 613 | B13 . BA3 0.00 100 | £13.3%
13 55.5 0.75 5.76 576 5.76 .00 1.00 +13.3 %
750 41.9 {.89 £.56 6.55 6.56 0.24 2.35 12,0 %
835 415 | 0.80 6.37 6.37 6.37 0.37 170 | +12.0% |
1750 40.1 1.37 5.39 5.3%9 5.30 0.58 1.32 +12.0% |
1900 40.0 1.40 5.18 5.18 5.18 0.77 1.20 +12.0%
2300 385 ' 1.67 4.85 485 | 485 0.71 1.28 £12.0%
2450 3.2 180 | 488 4.58 458 . 079 | 197 . sf2.0%
2600 33.0 1.86 446 | 448 4.46 | 080 1.26 1 12.0 %

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

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

* Alpha'Depth are datermined during calibration. SPEAR warants that the rermaining deviation: dus w0 the kaundary sffect atter compensation i
Slways le2s than £ 1% for frequencies below 3 GHz and belew + 2% far frequencies between 3-8 SHz af any distance larger than half the probe tip
dizmetes fram the boundary.

Ceiffeate MNo: ES3-3334_ Nowls Page ¥ of 13



ES30 3~ SM:33534 Movembear 17, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

f(MHZ)®  Permittivity (Sfm) " ConvFX | ConwFY | ConvFZ | Alpha®| (mm) {k=2)
750 55.5 0.96 5.37 6.37 6.37 0.74 122 | +120%
835 55.2 .97 £.24 6.24 6.24 0.21 1.94 | £120%
1750 - 534 1.49 503 | 503 5.03 0.50 1.57 | #120%
1900 53.3 1.52 484 484 L 484 0.50 158 | #120%
2300 52.9 181 | 461 4.61 4.61 074~ 123 | +120%
245§ 527 : 1.95 | 4.45 4.45 4.45 0.74 1.20 +12.0%
2600 525 216 420 | a20 | 428 080 | 120 | +120%

- Fraquency velidity above 300 MHz of & 100 MHz cnly applies far DAY vd.d and higher {ses Page 2), elsa it & restricted ta £ 50 MHz. Tha
uncetaingy 18 the RSE of the ConvF uncertsinty at calibration frequency and the uncertainty for the indicazed frequency band. Freauency validity
Belowr 300 MHZ is + 10, 25, 40, 50 ard 70 MHz for SonvF assessments gt 30, 64 128, 150 and 220 MHz respectvely. Above 5 GHx frequency
validity cas be extendsd {o + 510 MHz

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

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

Cortificzams: Mo ES2-323_MNav1s Page 8 of 13
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Frequency Response of E-Field
(TEM-GCell:ifi110 EXX, Waveguide: R22)

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

s e

1.0+

T T

09

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2800
f [MHz]

Uncertainty of Frequency Response of E-field: 1 6.3% {k=2)
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ESIDN 3= BM;3234 MNovember 17, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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. b . - - b 1 : r . - .
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-150 -1 -4l ] a0 120G 150

& : T |
IR BOC ha—x 13 k2 i uc‘de

Uncertainty of Axial Isotropy Assessment: + 0.5% (h=2)
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ES30Va— SM:3334 Movernber 17, 2015

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

Input Sigral [ul]

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

= (o]

Nt cempensaied cormpensated

ALY et

Ereat [dB]

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

Uncertainty of Linzarity Assessment: * 0.6% {k=2)
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ES3DV3E— SM:3a Movember 17, 20156

Conversion Factor Assessment

f= 835 MHz.WGLS RS (H_comd)

f=1800 MHz WGLS R22 (H_convF)

234 ‘
aa !I:--: ......
E.I:I-__ y e
g i £ ]
- g
5 - ., ] i ‘x\
W [ -
3 h\\, " .
n -, A \\‘
nu-E: ' - E— L S TR I LT
L] 106 = 40 =L &l o 2 S ‘o .-[:::lrr] o o Tn A
m:;E:'::I -rp_-;:.md s.-ﬁl;m rma;:;lpd
Deviation from Isotropy in Liquid
Error (¢, &}, f = 900 MHz
=
=2
B
T
c

-0 -DE 05 04 02 00 0z D4 e 08 1.3
Uncerlainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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ESZ0WE- 8M:3334

MNovember 17, 2015

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

Other Probe Parameters

Sensor Arrangsment

Triangular
Connector Angle (%) 17.4
Machanical Surface Deteciion Mods enabled
Opticai Surface Detection Mode disabled
Probe Overall Lengih ' 337 mm
" Probe Bady Diameter Tmmn
Tip Length 10 rewen _'
Tip Diameater 4 mm .
Frobe Tip to Sensor X Calibration Foint 2 mm
Probe Tip to Sensor Y Calibration Poind Zmm
Probe Tip to Sensar Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Ceriificale Mo: ES3-33534_Mavis Page 13 of 13
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Schmid & Pariner
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

SN
M, i ™

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Contss o ES3-3319_Marts

CALIBRATION CERTIFICATI

Object

Calibration procedure(s)

Calibration data:

ESADVALSNISSTO T i e e

March 19,2015

Catibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the Iraceability 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 partt of the certificate.

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

=
“~

Primary Standards 1D Cal Date (Certificate No.} Scheduled Calibration
Power meter E4419B8 GB41293874 03-Apr-14 (No. 217-01811} Apr-15

Power sensor E4412A MY41488087 03-Apr-14 (No. 297-01911) Apr-15

Reference 3 dB Attenuator SN: 55054 (3c) 03-Apr-14 (No. 217-01815) Apr-15

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

Reference 30 dB Attenuator SN: $5128 (30b) 03-Apr-14 (No. 217-01920} Apr-15

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

DAE4 SN: 660 14-Jan-15 {No. DAE4-860_Jan15) Jan-16

Secondary Standards iD Check Date (in house) Scheduted Check

RF generator HP 8648C 1US3642U01700 4-Aug-99 (in house check Apr-13) tn house check: Apr-16
Network Analyzer HP 8753E 1JS37390585 18-Qct-01 (in house check Oct-14} 1n house check: Oct-15

Calibrated by:

Approved by:

Fu_nction

This catibration certificate shalf not be reproduced except in full without written approvai of the laboratory.

_ Signature

{ssued: March 19, 2015

Certificate No: £53-3318_Mar15

Page 10f 13




Calibration Laboratory of RN

i Sa ’/,} S Schweizerischer Kalibrierdienst
Schmid & Partner ﬁgé c Service suisse d'étalonnage
Engineering AG S P Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % Affq\\\‘w\? Swiss Calibration Service
i
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
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
ABC 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., 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, 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:
o NORMy,y,z Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL {see below ConvF).

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

o 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

s Axyz Bxyz Cxyz Dxy.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 NORMz,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to & 100
MHz.

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

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

o Connector Angle: The angle is assessed using the information gained by determining the NORMx {no
uncertainty required).
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ES3DV3- SN:3319

March 19, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pV/(Vim)H)* 112 1.08 1.15 £101 %
DCP (mV)® 104.4 106.0 104.4
Modulation Calibration Parameters
uiD Communication System Name A B C D VR Unc™
dB dBvpv dB my (k=2)

0 Ccw X 0.0 0.0 1.0 0.00 176.1 +3.3 %

Y 0.0 0.0 1.0 192.7

z 0.0 0.0 1.0 174.6
10010- SAR Validation {Square, 100ms, 10ms) X 3.26 64.8 13.4 10.00 | 417 +1.9%
CAA

Y 2.66 62.2 11.7 39.5

z 3.51 64.8 13.2 42 1
10011- UMTS-FDD (WCDMA) X 3.47 68.1 19.1 2.91 142.9 | #0.5%
CAB

Y 3.37 67.9 19.1 133.0

z 357 68.7 19.4 138.6
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.48 71.8 20.2 1.87 | 1439 | #0.7%
CAB Mbps)

Y 3.23 70.9 19.9 134.6

z 3.68 72.8 20.6 140.5
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X | 1148 70.5 23.1 946 | 1434 | #3.3%
CAB OFDM, 6 Mbps)

Y | 1098 70.5 23.2 129.9

Z | 11.19 70.6 23.1 138.8
10021- | GSM-FDD (TDMA, GMSK) X | 1555 92.7 26.1 939 | 1265 | #1.7%
DAB

Y | 2121 98.0 27.2 142.0

Z | 1950 96.1 27.0 125.4
10023- GPRS-FDD (TDMA, GMSK, TN 0} X | 2354 100.0 28.4 957 | 1426 | 22%
DAB

Y | 2324 99.9 28.0 137.4

Z | 2357 99.6 28.2 139.7
10024- GPRS-FDD {TDMA, GMSK, TN 0-1) X | 17.00 90.2 227 656 | 1288 | £22%
DAR

Y | 3520 99.7 24.9 148.2

z | 3312 99.6 25.4 123.8
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X 44.20 99.6 236 4.80 146.0 +1.9%
DAB

Y | 49.99 99.9 23.0 136.6

Z | 4143 99.6 23.9 141.4
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 46.56 90.7 227 355 | 1277 | +22%
DAB

Y | 58.11 99.8 21.9 145.3

Z | 5585 99.6 22.2 124.3
10032- IEEE 802.15.1 Bluetooth {GFSK, DH5) X | 34.25 99.4 21.1 116 | 1403 | #1.7%
CAA

Y | 40.72 100.0 20.6 135.7

Z | 4539 100.0 20.8 136.4
10100- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 6.30 67.1 19.5 567 | 1274 | #14%
CAB MHz, QPSK)

Y 6.58 68.4 20.3 149.0

z 6.55 68.0 19.9 146.3

Certificate No: ES3-3319_Mar15
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ES3DV3- SN:3319 March 19, 2015

10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 10.47 756 258 9.29 146.6 +3.0 %
CAB MHz, QPSK}

Y 10.18 75.8 26.3 136.2

Z 10.38 75.3 25.6 140.8
10108- LTE-FDD {SC-FDMA, 100% RB, 10 X 6.18 66.6 194 5.80 126.9 14 %
CAC MHz, QPSK)

Y 6.40 67.8 20.1 147.0

Z 6.44 67.6 19.9 145.7
10117- |IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.24 69.0 21.3 8.07 42,7 +2.5%
CAB BPSK)

Y 10.25 69.2 215 136.7

Z 10.16 68.8 21.2 136.6
10151~ LTE-TDD (SC-FDMA, 50% RB, 20 MHz, X 9.85 748 25.6 9.28 140.8 +3.0 %
CAB QPSK)

Y 9.49 747 259 130.5

z 9.90 74.8 25.6 136.8
10154- L TE-FDD (SC-FDMA, 50% RB, 10 MHz, X 6.13 87.1 19.7 5.75 146.6 4%
CAC QPSK)

Y 8.1 67.4 19.9 147.7

z 6.12 67.1 19.7 142.3
10160- LTE-FDD {SC-FDMA, 50% RB, 15 MHz, X 6.33 66.7 19.4 5.82 128.9 +1.4 %
CAB QPSK)

Y 6.33 67.1 19.7 128.7

Z 8.57 67.6 19.9 1474
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.89 66.4 19.5 573 127.5 +1.2 %
CAB QPSK)

Y 4.99 67.5 20.2 149.3

4 5.09 87.3 20.0 145.1
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 7.99 75.8 26.3 9.21 127.6 27 %
CAB QPSK)

Y 9.29 81.7 29.6 149.8

Z 8.04 75.8 26.3 123.6
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 5.08 67.3 20.0 5.72 149.3 +1.4%
CAC QPSK)

Y 5.00 67.6 20.3 145.0

pa 5.09 67.3 20.0 145.0
10181~ LTE-FDD {SC-FDMA, 1 RB, 15 MHz, X 5.08 67.3 20.0 5.72 148.5 1.4 %
CAB QPSK)

Y 5.06 67.9 20.4 147.1

Z 511 67.4 20.0 144.8
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.89 68.7 21.2 8.10 134.6 2.2 %
CAB BP3K)

Y 9.84 68.9 21.4 130.4

Z 9.82 68.5 21.1 130.4
10225- UMTS-FDD (HSPAT) X 7.02 /7.1 19.5 5.97 138.0 1.4 %
CAB

Y 6.88 67.0 19.5 133.2

z 7.01 87.1 19.5 134.6
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.01 759 26.4 9.21 128.0 27 %
CAB QPSK)

Y 9.39 821 29.9 149.7

Z 8.34 76.9 26.9 129.1
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 9.05 736 25.1 9.24 130.6 13.0 %
CAB QPSK)

Y 8.76 737 255 123.6

Z 9.10 736 25.1 127.8
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 9.81 747 256 9.30 139.3 +3.0 %
CAB MHz, QPSK)

Y 9,50 74.8 25.9 130.7

Z 9.81 74.6 255 135.0
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10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.49 67.1 18.9 3.96 140.1 0.7 %
CAB Rel8.4)

Y 4.46 67.2 19.0 137.6

zZ 4.52 67.1 8.9 137.1
10291- CDMA2000, RC3, SO55, Full Rate X 3.68 67.0 18.8 3.46 129.3 +0.7 %
AAB

Y 3.64 67.3 19.0 130.3

Z 3.84 67.9 19.2 148.6
10292- CDMAZ000, RC3, 8032, Fuli Rate X 3.64 67.2 18.8 3.39 131.8 0.5 %
AAB

Y 3.60 67.4 19.1 128.2

z 3.71 67.5 19.0 128.0
10297- . TE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 6.43 67.5 19.9 5.81 147.2 +1.7 %
AAA QPSK)

Y 6,39 67.7 20.0 145.4

Zz 65.42 67.5 19.8 143.2
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.73 67.1 19.7 6.06 129.7 £1.4 %
AAA MHz, QPSK)

Y 6.75 67.5 19.9 130.8

z B.75 67.3 19.7 126.2
10400~ IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.14 68.9 215 8.37 136.7 +2.5 %
AAB 99pc duty cycle)

Y 10.23 69.5 22.0 136.5

Z 10.13 68.9 21.5 132.8
10403- CDMAZ2000 (1xEV-DO, Rev. 0) X 4.97 69.2 19.3 3.76 143.5 +£0.5 %
AAB

Y 4.87 69.3 18.4 141.0

z 5.02 69.2 19.3 139.6
10404- CDMAZ2000 (1xEV-DOC, Rev. A} X 4.91 60.3 19.4 3.77 139.8 +0.7 %
AAB

Y 4,67 68.9 19.1 138.9

Z 4.89 59.1 18.3 1371
10415~ IEEE 802.11b WiFi 2.4 GHz {DSSS, 1 X 293 70.1 19.6 1.54 137.8 0.7 %
AAA Mbps, 99pc duty cycle)

Y 2.84 69.8 19.6 138.2

z 3.04 70.8 19.9 134.2
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 0,94 68.7 21.3 8.23 134.6 2.2 %
AAA QFDM, 6 Mbps, 99pc duty cycle)

Y 10.00 6591 21.7 134.1

z 9.89 G8.5 21.2 130.1

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

A The uncertainties of NormX,Y,Z do not affect the E>-field uncertainty inside TSL {see Pages 7 and 8).
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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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.

f(MHz)© | Permittivity " (sim)F ConvEX | ConvFY | ConvFZ | Alpha® ! (mm) {k=2)
750 41.9 0.89 6.69 6.69 6.69 0.40 1.70 +12.0%
835 41.5 0.90 6.41 6.41 6.41 0.43 1.62 £12.0%
1750 40.1 1.37 5.29 5.29 5.29 0.80 1.16 £12.0%
1900 40.0 1.40 5.10 5.10 5.10 0.80 1.24 +12.0%
2300 385 1.67 4.77 4.77 4,77 0.64 1.38 +12.0%
2450 30.2 1.80 4.55 4.55 4.55 0.80 1.29 +120%
2600 39.0 1.96 4.39 4.39 4.39 0.80 1.31 +12.0%

© 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 uncerainty 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 fissue parameters {e and o) can be relaxed to + 10% ¥ liquid compensation formula is applied to
measured SAR valuss. At frequencies above 3 Glz, 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 to 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 larger than half the probe tip
diameter from the boundary.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHZz) ¢ | Permittivity (shm)© ConvFX | ConvFY | ConvifZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.10 6.10 6.10 0.34 1.80 +12.0%
835 55.2 0.97 6.07 6.07 6.07 0.47 1.56 +12.0 %
1750 53.4 1.49 4.83 4,83 4.83 0.70 1.36 £12.0%
1900 53.3 1.52 4.53 4,53 4.53 0.71 1.39 +12.0%
2300 52.9 1.81 4.24 4.24 424 0.80 1.26 +12.0%
2450 52.7 1.95 4.11 4.11 4,11 0.80 1.10 £12.0%
2600 52.5 2.16 3.90 3.90 3.90 0.80 111 +12.0%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
urncertainty is the RSS of the ConvF uncertainty at calibration fraquency and the uncertainty for the indicated frequency band. Frequency validity
hetow 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 GHg, the vaiidity of tissue parameters (¢ 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 compensalion is
always less than & 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-6 GHz af any distance larger than half the probe tip
diameter fram the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

March 19, 2015
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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Receiving Pattern (¢),

=600 MHz, TEM
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Input Signal [uV]
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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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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle {°} -120.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm
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Service suisse d'étalonnage
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Accreditation No.: SCS 0108

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 (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate,

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

Calibrated by:

Approved by:

_Nam

Primary Standards ID Cal Date {Certificate No.) Scheduled Calibration

Power meter E44198 (5B41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 G1-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 55054 (3c) 1-Apr-15 (No. 217-02129) Mar-16

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

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

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Deci4} Dec-15

DAE4 SN: 6560 14-Jan-15 {No. DAE4-660_Jan15) Jan-16

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

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

Network Analyzer HP 8753E US37390585 18-Oct-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: May 19, 2015
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Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B,C,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

a) [EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless 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:

» NORMx.y,z: Assessed for E-field polarization $ = 0 (f < 900 MHz in TEM-cell; 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(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 s the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

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

= ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty cotresponds to that given for ComvF. A frequency dependent

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

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

* Sensor Offset: The sensor offset correspands 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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SN:3263

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc (k=2)
Norm (uV/(V/imy“)* 1.21 1.25 1.13 +10.1 %
DCP (mV)°® 106.1 103.6 108.3
Modulation Calibration Parameters
uib Communication Systermn Name A B c D VR Unc*
dB dBvVuv dB mv (k=2)

0 CW X 0.0 0.0 1.0 0.00 205.3 33 %

Y 0.0 0.0 1.0 207.3

4 0.0 0.0 1.0 199.5
10010~ SAR Validation (Square, 100ms, 10ms) X 1.83 58.4 94 10.00 412 1.4 %
CAA

Y 3.88 63.3 12.9 47.5

z 142 56.8 87 39.5
10011- UMTS-FDD (WCDMA) X 3.27 67.4 18.6 2.91 140.1 0.7 %
CAB

Y 3.39 67.5 18.7 142.7

z 3.32 67.6 18.6 136.9
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.85 68.8 18.8 1.87 1422 | 207%
CAB Mbps})

Y 3.38 70.7 19.5 144.8

z 3.07 70.0 19.1 138.1
10013- |EEE 802.11g WiFi 2.4 GHz (DSSS- X | 10.99 70.8 234 9.48 1359 | #25%
CAB OFDM, 6§ Mbps)

Y | 11.36 70.3 22.8 124.7

Z | 1057 70.0 22.9 129.4
10021- | GSM-FDD (TDMA, GMSK) X | 938 84.7 221 939 | 1398 | +19%
DAB

Y | 27.79 100.0 28.7 129.4

Z 9.29 86.8 23.8 1345
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 9.63 84.9 22.1 9.57 134.1 £25%
DAB

Y | 2529 98.2 28.2 124.0

z 9.65 87.7 24.3 128.2
10024- | GPRS-FDD (TDMA, GMSK, TN 0-1) X | 16.20 88.9 21.0 656 | 1452 | +14%
DAB

Y | 41.82 99.7 25.6 128.5

Z | 2457 96.8 241 142.0
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) x | 5877 99.6 221 4.80 1385 | #22%
DAB

Y | 53.39 99.7 23.9 140.5

Z | 4028 99.6 23.2 134.3
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) X 81.43 998 207 3.55 148.6 +1.7%
DAB

Y | 6049 99.7 22.9 148,0

Z | 62869 99.6 21.2 145.0
10032- IEEE 802.15.1 Bluetooth (GFSK, DHS5) X | 96.06 93.7 16.0 1.16 1403 | +18%
CAA

Y | 77.08 99.9 20.1 149.0

Z | 9964 99.9 18.6 138.0
10100- LTE-FDD (SC-FDMA, 100% RB. 20 X 6.24 67.2 19.6 5.67 1317 | 214 %
CAB MHz, QPSK)

Y 6.39 67.3 19.5 133.8

z 5.19 67.2 19.6 128.8
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10103- LTE-TDD (SC-FDMA, 100% REB, 20 X | 1013 76.3 26.6 9.29 1426 | #27%
CAB MHz, QPSK)

Y | 1207 77.9 26.6 138.9

z 9.41 743 25.6 134.1
10108- LTE-FDD (SC-FDMA, 100% RE, 10 X 6.13 66.9 19.5 5.80 1296 | +1.4%
CAC MHz, QPSK)

Y 8.35 67.1 19.5 133.7

z 6.39 58.0 20.1 150.0
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 1034 896 217 8.07 1470 | #18%
CAB BPSK)

Y | 10.05 68.3 20.9 123.4

Z | 10.08 69.1 21.3 1382
10151- LTE-TDD {SC-FDMA, 50% RB, 20 MHz, | X 9.44 75.3 26.3 9.28 137.0 +3.5%
CAB QPSK)

Y | 11.36 76.9 26.3 134.5

z 8.85 73.5 25.3 130.3
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 5.79 66.2 19.2 5.75 126.9 | #12%
CAC QPSK)

Y 6.05 665 | 19.3 130.9

z 5.92 66.9 19.5 1455
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 8.05 6.9 195 5.82 1318 | +14%
CAB QPSK)

Y 6.47 67.0 19.5 135.4

Z 6.09 66.5 19.3 127.5
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.78 66.7 19.7 573 1300 | 212%
CAB QPSK)

Y 5.14 66.7 195 135.0

z 4.83 67.1 18.9 147.9
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.63 80.4 29.1 9.21 147.7 27 %
CAB QPSK)

Y 9.72 785 27.2 1239

zZ 7.63 76.7 27.2 142.5
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 4.75 66.6 106 5.72 1282 | +12%
CAC QPSK)

% 5.12 66.6 19.5 1343

z 4.87 67.1 19.9 148.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 476 66.6 196 5.72 1279 | #12%
CAB QPSK)

Y 512 56.6 19.5 1345

z 487 67.3 20.0 147.0
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.87 69.1 2185 8.10 1358 | +2.2%
CAB BPSK)

Y | 1019 69.1 21.4 145.3

Z 9.65 68.8 21.3 130.5
10225- UMTS-FDD (HSPA+) X 6.90 67.2 19.5 597 1392 | +1.7%
CAB

Y 7.22 67.3 19.6 148.0

z 8.75 67.0 19.4 134.1
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.68 80.6 29.2 9.21 148.0 | #3.0%
CAB QPSK)

Y 9.82 78.8 27.3 125.0

z 7.85 77.6 277 1435
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 8.56 73.7 2586 974 | 1266 | #35%
CAB QPSK)

Y | 1058 76.0 25.9 126.3

Z 3.84 74.8 26.1 146.7
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 9.24 746 259 2.30 1336 | +33%
CAB MHz, QPSK)

Y | 11.38 76.9 262 134.3

z 8.79 73.2 25.1 128.6
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10275~ UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.39 87.0 18.9 3.96 143.8 0.9 %
CAB Rel8.4)

Y 4.55 67.1 18.8 147.3

yd 4.42 67.4 19.0 139.9
10291- CDMA2000, RC3, S055, Full Rate X 3.59 67.2 18.9 3.46 132.2 0.5 %
AAB

Y 3.68 66.7 18.5 136.0

z 3.57 67.1 18.6 128.5
10292~ CDMAZ2000, RC3, 8032, Full Rate X 3.50 87.0 18.7 3.39 134.0 +0.7 %
AAB

Y 3.62 66.6 18.4 138.6

Z 3.50 67.2 18.7 129.8
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 6.11 66.8 19.4 5.81 127.7 14 %
AAA QPSK)

Y 6.33 67.0 19.5 132.1

z 6.28 67.6 19.9 146.8
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.71 67.5 19.9 6.06 134.2 1.7 %
AAA MHz, QPSK)

Y 6.93 67.7 19.9 138.0

z 6.57 67.2 19.6 128.0
10400- IEEE 802.11ac WiFi (20MHz, 84-QAM, X 10.17 695 21.9 8.37 1385 +25%
AAC 99pc duty cycle)

Y 10.55 69.5 21.8 148.0

z 9.92 69.0 21.6 132.5
10403- | CDMAZ2000 (1xEV-DO, Rev. 0) X | 479 69.2 19.1 3.76 | 1441 | 0.7 %
AAB

Y 4.71 67.0 18.2 129.2

z 4.72 69.3 19.2 139.3
10404- CDMA2000 {1xEV-DO, Rev. A) X 4.69 69.2 19.2 3.77 1421 0.7 %
AAB

Y 4.71 67.5 18.5 126.7

z 4,51 68.6 18.8 137.3
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.55 68.0 18.5 1.54 141.7 0.7 %
AAA Mbps, 99pc duty cycle)

Y 2.67 68.4 18.6 144.0

z 2.98 70.8 19.5 138.0
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 10.01 69.3 21.8 8.23 137.3 25%
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 10.31 69.3 21.6 146.0

Z 9.69 68.8 214 129.¢

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distributi

probability of approximately 95%.

on corresponds to a coverage

" The uncertainties of NermX,Y,Z do not affect the EXfield uncertainty inside TSL. (see Pages 7 and 8).
Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear res

field value.

pense applying rectangular distribution and is expressed for the square of the
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.

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

€ Frequency validity above 300 MHz of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
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 parameters (e and o) can be relaxed to = 10% ¥ liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and ) is restricted to * 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than * 1% for frequencies below 3 GHz and belew + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ® Unct.

f{MHz)® | Permittivity” (sim)*© ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 .07 6.07 6.07 0.53 1.42 £12.0%
835 55.2 0.97 6.08 6.08 6.08 0.57 1.36 £12.0%
1750 53.4 1.49 4.88 4.88 4.88 0.54 1.50 £12.0%
1900 53.3 1.52 4.66 4.66 4.66 0.56 1.51 +12.0%
2300 52.9 1.81 4.42 4.42 4.42 0.69 1.33 +12.0%
2450 52.7 1.95 4.28 4.28 4.28 0.80 1.08 +12.0%
2600 52.5 2.16 4.11 4.11 4.1 0.80 1.08 £12.0%

¢ Fregquency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is resfricted to + 50 MHz. The
uncertainty is the R3S 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, B4, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

At frequencies below 3 GHz, the validity of tissue parameters (e and &) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
€ Alpha/Depth are datermined 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: ES3-3263_May15 Page 8 of 13



ES3DV3- SN:3263 May 20, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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=600 MHz, TEM

May 20, 2015

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial isotropy Assessment: % 0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell , feya= 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)

May 20, 2015

= 1900 MHz WGLS R22 (M_convF)
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May 20, 2015

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

Other Probe Parameters

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