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Calibration pracedure(s) HOA CAL-01.v9; QA CAL-23.v5, QA CAL-25.v8 . | 1‘1\%77

Callhratmn pmne-dura far dnslmeld-:: E ﬂel-::l probes

Calibration date: ;{_){;tuh_e_r 29, 2015 v ST _ ) o

This calitration cerificate doguments the raceabilily 1o national standards, which realize the physical units of rmeasuemenls {S1).
The measwramens and lhe uncerdainties with comfidence probabilily sre given on the following pages and are par of the cofHicate,

All catibrations have baan conducted in 1he closed laboralony fagility: envirenment temperature (22 £ 3)°C and humidiy < 70%.

Calibration Equipmen used {MSTE crilical for calibralicn)

Primary Standards I Cal Date {Cartificala Moy Seheduled Calitration

Prowsgr meter E44188 GB4 1203674 01-ApE15 (Mo, 217-02128) har-16

Power sensor E44124 KA1 498087 Q1-Ap=18 (Mo, 2 T7-DH128} hiiar-1G

Referance 3 dB Altenuator EM; 55054 (3c) 01-Ape15 (Mo, 27-02129) Mar- 16

Referanca 20 dB Alienuator Sk BR2TT (200} O1-Ap=15 (Mo, 217-02132} Mar-16

Referance 30 dB Altenuaior Sk 25120 (30b) 01-Apr15 (Mo, 217-02133} har-16

Refarence Proba ES30W2 SH: 3013 A0-Dec-14 {No. ES3-3H135_Dac14) D15

i E4 Si: G840 14-Jan-15 (Mo, DAE4-660_Jan15) Jan-16

Secondary Standands 1D Check Date {in house) Scheduked Check

RF generator HP BR48L US35a2001700 4-Aug-BE (in hause check Apr-13) In howss ehack: Apr-16

Metwork Analyzar HP 8753E 837390585 18-0ci4M {in house check Ocl-15) In house check: Gel-16
Marmie Fuqcﬂgn Sinalurs

Gallbratad by: IiLeHm-_.mmr o - Labormiory Technlclan w %/‘M
Appraved by: i Katja Pokavie . . - Tmhrhal Hanagar ﬂg

Izsued: Oelobar 28, 2015

This calibratlan cenificate shall nol ba raproducad except Tn full without written appraval of Ihe laboratony.
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Calibration Laboratory of

Schwalzerlscher Hallbrierdisnst
Schmid & Parner g Service sufsse d'étalonstage
Enginesring AG Servizio svizzaro di taratura
Leughausetrassa 43, 8004 Zurich, Switzerland 3 Swiss Calibratlon Sarvice
Accraditest by the Swizs Accreditalion Sanvice (SAS) Accraditation No.: SCS (108
Thae Bwiss Aecredilation Service is one of the slgnalerles Fa the Eb
Multllateral Agreemenl for the recognoitien of callbratlon certifeatas
Glossary:
TSL tlssue simalating liquid
MORMx v 2 sensilivily in free space
ConvF sensilivity in TSL / NORM=.y.z
DCP diade compressian point
CF crest factor {1/duty_cycle) of the RF signal
AB C D modulation dependent linearization parameters
Polarizalion ¢ ¢p rotation arcund probe axls
Polarization & 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis
Conneclar Angle infarmation used in DASY system to align probe sensor X {o the robot coordinate system

Calibration is Performed According to the Followlng Standards:

a}

b}
)

d)

|EEE Std 1528-2(13, "IEEE Recommendead Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wirelese Communications Devices: Measurement
Technigues®, June 2013

|[EC §2203-1, "Procedure lo measure the Specific Absarption Rate (SAR) for hand-held devices usad in close
proximity ko the ear {frequency range of 300 MHz to 3 GHz)", February 2005

EC 62209-2, "Procedure to determine Ihe Specific Absorption Rate (SAR) for wireless communication devices
usad in close proximity to lhe human body {frequency range of 30 MHz to & GHz)", March 2010

KCB 865664, “SAR Measurement Reguiremenls for 100 MHz to § GHz"

Methods Applied and Interpretation of Parameters:

NORMy w2 Assessed for E-field polarization 8 = 0 {f = 300 MHz in TEM-cell; F> 1800 MH=z: R22 wavepuide),
NORMY, Y.z are only intermediate values, i.e., the uncaertainties of NORMx ¥,z does not affect the E>-fisld
uncertainty Inside TSL (see below Convi).

NORMFx v,z = NORMz y 7z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 soffware versiong laler fhan 4.2. The uncertainty of the frequency response is included
in the stated uncerlainty of ConwE,

DCFPxy.z: DGP are rurnerical linearization paramaters assessed based an the data of pawer swaep with CW
signal {no uncartalnty required). DCP does not depend on frequency nor meadia.

FPAR: PAR is the Peak to Average Rafic thal is not calibrated but determined bazed on the signal
characleristics

Axyz Be vz Cay.z; Dry 2z VR, 20 A, B, C, D are numerical linearization parameters assessed based an
lhe data of power sweaep for speciflc modulation signal. The parameters do not depend on frequency nar
media, VR is the maximum calibration range expressed in RMS voltage across the dicde.

ComvF and Roundary Efect Paramelers: Assessed in flat phantam uging E-field (or Temperature Transfer
Slandard far f < BOO MHz) and inside waveguide using analylical field distribulions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the parameaters appliad for
boundary compensallan (alpha, depth) of which typical uncertainty values are given. These paramesters are
used tn DASYY software f0 improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORM, ¥,z * Conv whareby the uncertainty correspands to that given for ConvF, A frequency dependentl
ConvF is used in DASY version 4.4 and higher which allows extending the validity frorm + 50 MHz to + 100
MHz.

Spherical isolropy (30 deviation from /sofropy): in a field of low gradients realized using a flat phantam
exposed by a patch antenna.

Sansar Offset: The sensor offset corresponds lo the offset of virtual measurement cenler Irom the probe tip
{on probe axis). Mo tolerance required.

Connecfor Angle: The angle is assessed uslng the information gained by determining the MORMy (no
uncertainty reguired).

Cariificate Mot E33-3287_0clis Page 2 of 13




ES30W3 — SM:32R7

Probe ES3DV3

SN:3287

Manufactured: June 7, 2010
Repaired: October 26, 2015
Calibrated: October 29, 2015

Calibrated for DASY/EASY Systems

{Mote: non-compalibla with DASY2 system!)

Ocloher 28, 2018
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ES3043— SN 32587 Oclober 28, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Basic Calibration Parameters

Sanser X SenzorY Sensor L Une {k=2}
Norm [pw]g\ﬁmﬁ"‘ .90 1.02 1.03 £ 101 %
DCP {m\) 107.9 102.8 106.2

Modulation Calibration Parameters

Ui GCommunicatlen System Name A R C b VR Unat
dB dBVpY dB mv (=2}
0 G X ) 0.0 1.0 000 | 1744 | +33%
Y 151} .0 1.0 1820
Z 0.0 .0 1.0 1940.2
:1?:: 0- SAR Validation (Square, 100ms, 10mas) x .95 517 51 10,00 43.0 157 O
Y 368 645 12.4 378
i 1481 G0E. 10,6 374
:}[}ADET 1- UMTS-FOD (WCDMA) b 347 &a.1 18.7 2.9 138,09 0.7 o
W 334 66,7 1748 146.6
zZ 3.09 66.1 170 1114
10012- | IEEE 802.11b WiFl 2.4 GHz (D8G5, 1 X | 291 56.5 183 187 | 1413 | 0.7 %
CAB Mhpsh
Y 2.89 BF.5 174 147.4
£ 2.68 G675 18.0 1128
1001 3- |EEE BRZ.11g WiFi 2.4 GHz {DE55- X 10.36 TO.T 232 246 1341 +3.0 %
CAB COFDM, & Mbps)
Y 1147 71.3 234 146.7
il 10,21 G6.0 224 1.8
EJ ii[l?— GSM-FDD (TOMA, GMSK]) X .66 AQD 207 939 135.4 1.7 %
Y 17.65 8943 26.1 1498
Z 745 g2 21.8 14749
E}TEES- GPRE-FDD (TDMA, GMSK, TN 0} % | se04 76.8 19.2 857 | 260 | 019%
hd 12.07 ar.z 236 402
Z 945 a7 23.5 141.5
E;l{.:lazntw GPRS-FOO (TOMA, GSK, T 0-1] x 7.78 7oz 17.8 6.56 11564 +1.7 %
Y 25,36 24,3 232 1233.5
i 8.04 ag.y 1B.5 1318
E'iﬂé??- GPRS-FDQ {TCHAA, GMSK, TM 0-1-2) b4 63.55 99.9 2148 4 .80 137 +.4 %
ki &4.01 LEL R 225 1033
£ 52.60 95,4 222 1441
BDAEEB GSPRS-FDO {TOMA, GMSE, TH 0-1-2-3) ® T.A5 ¥6.H 14 8 3.65 141.6 1.4 %
Y 52 .52 695 223 109.9
Z 12,72 £4.3 17.2 113.6
::[LTE- IEEE B02.15.1 Bluetoolh (GFSK, DHS) ¥ | 9445 95.7 7.0 116 | 1158 | 214 %
Y 07.56 0i.9 158 1237
z D627 a9z 2 153 1314
10100- LTE-FDI} [SC-FDMA, 100% BB, 20 -y 6.04 664 19.0 5487 105.9 #.2%
CAB MHz, QPSK)
Y 6.03 68,9 18.6 112.4
Z 6.10 6.9 194 121.2

Certificals No: ES3-3287_0ct15 Fage 4 of 13




ES30M3- SN.a287 Cretorbier 249, 2015

10103- | LTE-TDD (SC-FDMA, 100% RB, 20 x| o968 74.8 5.6 928 | 1328 | 27 %
AR MHz, APSK)

Y .08 rENi 237 1011

z .43 1.3 24.0 1033
10103- LTE-FDD (SC-FDMA, 100% RB, 10 ¥ .45 6H.0 20.0 5.80 149 4 24
CAC MHz, QPSH)

b 5.896 65.68 18.5 112.0

z 6.1 GG.5 19.3 T20.0 ]
10117- IEEE 802.11n {HT Mixed, 13.5 Mhps, x 160,29 RO 21.5 8.07 1388 +] .4
CAB BPSK)

Y 51 67.1 201 100.8

Z 072 681 20.8 108.8
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, ¥ Q12 Td4.0 a5 .4 o8 1200 2.5 %
CAR QFSK)

Y 1012 9.5 258 144,32

Z 9,36 a5 26.5 146.1
10154- LTE-FDD {8C-FOMA, 50% RB, 10 MHz, X .14 E7.5 19.6 575 1457 2%
CAC QPSK)

Y 5.67 65.1 18.3 i10.8

z A.74 G52 194 117.6
10160 LTE-FDD {2C-FDOMA, 50% RB, 15 MHz, X RO2 h5.9 18.0 5.82 06,3 +1.2 %
CAB QPSKY

¥ B.11 65.7 18.5 115.6

il B.13 B8.5 19.2 1228
10169- LTE-FOD [SC-FDMA, 1 RB, 20 MHz, x 4092 ET.2 19.8 5.73 1258 1.2 %
CAB QPSR

A 4,98 66.5 18.2 13%.8

ra 4,85 Gr.5 20.1 142.5
10172- LTE-TDD (SC-FDMA, 1 BB, 20 MHZ, b4 .18 B3 2TH 921 1415 +1.99%
CAB APSH)

Y 7.34 .2 4.7 111.0

£ 6.97 4.4 26.1 1132
10175- LTE-FDD {SC-FDMA, 1 RB, 10 MHz, » 484 65.8 19.6 5.72 1247 | £12%
oA CPSK} i

Y 4.96 GG.5 19.2 133.8

il 4.90 67.3 20.0 1418
10181- LTE-FDD{SC-FOMA, 1 BB, 15 MHz, x 4.91 LiFiy 19.8 572 125.6 +H.2 %
AR QPEK)

Y 463 G623 189.0 133.1

z 4 .89 G7.2 185.9 1414
101986- |EEE BGZ.11n (HT Mixad, 6.5 Mbps, X oe5 HO.0 214 BAD | 1320 | 222 %
CAB BF3K)

Y 10.13 39.3 214 1454

Z 9.2 GBY.8 2005 103.6
10225- UMTS-FDO (HSRPAS) w &.63 BE.2 18.9 597 112.6 1.4 %
CAB

Y .95 66.4 18.9 124.%

£ 677 6BE.9 i9.4 129.8
10237 - LTE-TPD {SC-FOMA, 1 RB, 10 MHz, ¥ 817 743 T8 aM 1416 H O %
CAB QPSE}

Y 7.56 74,1 252 114.4

ra 7.0 .5 262 1146
1025:2- LTE-TDD {(SC-FOMA, 50% RE, 10 MHz, H4 244 a0 250 924 120.9 .7 %
A8 PEK)

Y .42 746 254 13e.7

z B.64 74.5 2641 137.8
10267- LTE-TDD (SC-FOMA, 100% BB, 11 x 913 74.0 254 8,30 128.7 2.7 %
CAE MHz, QPSH)

N 10.25 75.8 26500 148.8

zZ 2.4 75.% 264 145.2

Cetiflcate No: ES3-3287_0ctis Page 5 of 13



ES30W3- SNi3287 Celobar 29, 2015

10275- UMTS-FOD {(HEUPA, Subtest 5, 3GPP b4 4.56 G7.6 19.0 3.96 140.5 0.7 %
CAB Ralg.4)

Y 411 £4.9 17.4 107 6

Z 417 B5.49 18.2 1141
lizél‘l - CORMAZORD, RT3, 5055, Full Rate b4 371 G7.5 16.8 348 130.6 T %

L 3.66 66.4 168.0 138.5

Z 368 G768 16.9 147 4
10292- COMAZO00, RC3, 5032, Full Rate x 358 67T 1.0 3.34 1325 3.7 %
AAE

Y 2.54 66.0 177 1423

Z .67 678 18.1 148.2
10297- LTE-FDD (SC-FORS, 50% BB, 20 MHz, | X 594 66.2 18.1 581 105.7 +i.2 %
ADA QPRSI

b 6.00 65.7 18.5 113.0

i 6.1 66.4 19.2 1203
10311- LTE-FOD (SC-FOMA, 100% KRB, 15 X 6.4 €54 192 .06 109.3 1.2 %
AdA, MHz, GFPSK)

Y 8.55 654 19.0 118.2

i 6.62 G7.2 19.7 1250
10400- IEEE 802.11ac WiFi (20MHz, 54-0AM, Y 10.23 69.5 21.9 Bar 1367 5%
AAC B9 duly cyele)

Ad 10.44 i) 21.5 14491

£ 8.60 £8.1 21.2 104.3
104‘;]3- COMAZDND (1xEY-DO, Ray. O x 494 B9.5 192 a7 1427 0.5 %
AR

Y 144 G692 17.5 109.4

Z 4 57 664 16.7 1136
114;4- COMAZDT (1xEV-D0, Rav. A) W 4,97 GO0 10.4 337 140,53 +0.5 %

Y 4 57 674 17.4 107 .6

Z 4.62 79,2 19.2 113.40
10415- IEEE 802 11b WiFl 2.4 GHz {353, 1 X 3.00 7053 14.4 1.64 13049 5%
AdA hbps, 99pc duty cycial

b 2.56 B6.F 17.1 147.2

bl 281 704 18.2 114.2
10416- IEEE 802,119 WiFi 2.4 GHZz [ERP- ke 10.01 6R.2 25 823 1348 ¥2.5 U4
oYLy OFOM, & Mbps, 95900 duty aycle)

Y 10.23 634 215 146.8

i 9.44 680 21.0 104.7

The reported uncerainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 25%.

* Thy uncertaintias of Mom X.Y.Z do nol affect the E-field uncedainty inslde TAL (see Pages 7 and &)

& Wumerical linearizalicn paramater: uncartainty not required,

E Uncertainly iz delammined using lhe max. daviallon from linear response applying rectangukar distribulion and |s expressed hor the square of the
fiald value.

Certificate Moy ES3-32B7_Octis Paga 6 of 13



ES30N3— SN:3287 Qotober 29, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Calibration Parameter Determined in Head Tissue Simulating Media

Relafive Conductivity Depth © Une

f(MH2)% | Permlttivity” {Stm " ConvEX | ConvFY | ConvFZ | Alpha® |  [mm} {k=2}
750 414 .58 B.72 B6.72 B.72 0.19 232 +12.0%
835 415 0.90 B.57 B.57 6.57 0.15 257 +12.0 %
1750 40.1 1.37 5.30 5.30 5.30 0.31 1.72 £+12.0%
1900 40.0 1.40 5.08 5.08 5.08 0.50 1.29 £+12.0%
2300 30.5 1.67 458 4.68 4.69 0.37 1.63 £120 %
2450 39.2 1.80 4.38 438 4.38 065 1.26 £12.0%
2600 39.0 1.96 4.25 4.25 4725 0.44 1.65 +120%

£ Fraguoncy wvalidity above 3K MHz of + 1} MHz enly spplies for TASY w44 and higher {see Page 2}, o il i resiricted to + 50 MHz. The
uncectinty is the RSS of the ConvF uncedainty at calivation frequency and the uncertainly for the indicated frequency beand., Frequency validity
below 30 MHz is + 10, 25, 40, 50 and 70 MHz lor ConwF assessments at 30, 64, 128, 150 and 220 MHz respeciively, Above 5 GHz Trequency
vatidily can be axtanded 1o £ 110 MHZ.

Fal frequencies below 3 GHz, the validity of fissue parameters (£ and o) can be relaxed to + 10% if liquid compensation fomula is applied o
measured SAR valuas. At fraquancias above 3 GHz, the validily of lissua parameters {¢ and o) is restricied Lo + 5%. The uncertainly is the R3S of
Iha ConvF uncanaintly for Indlcatad largel ssua parametsns.

B AlphasDopih e detesmingd during ealibratien, SPEAL warratis that Iha ramalning davialion dua to the boundary aeffact atter com pensation f
always leas lhan + 1% for reguencies below 3 GHz and below £ 2% for frequencies bebween 3-§ GHz gt any distance larger than half the proba tp
diamedar fram the boundany.

Certlflcate Mo: ES3-32687_0c11H Page ¥ of 13




EE30VI— GN:3287

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Callbration Parametar Determined in Body Tissue Simulating Media

Cclober 23, 2015

Relative Gonductlylty Dapth ” Unc

F{MHZ}© | Permittivity® {Sfm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm} {k=2)
750 55.5 0.96 B.62 6.62 6.62 0.39 1.42 +12.0%
835 5.2 0.07 B.34 6.04 6.34 0.20 247 +12.0%
1750 53.4 1.49 4.96 4.96 4.96 0.35 1.65 £12.0%
1900 533 1.52 4,72 472 4.72 0.31 1.87 +12.0%
2300 52.9 1.81 4.38 4.38 4.38 0.49 1.49 £12.0%
2450 52.7 1.95 4.20 4,20 4.20 0.75 1.05 +120%
2600 52.5 216 400 4.00 4,00 0.68 1.06 +120%

¢ Frequency validily above 304 MHz of + 100 MHz anly applias [or DASY w4 4 and higher (ses Pags 2), alse i 15 resticed 1o £ 50 MHz. Tha
uncertalnly ls the RSS of the ConvF uncartainty at calibration frequency and tha ungedainty lor fhe indicated frequency band. Frequenacy validity
b F06) BAHZ i5 & 10, 25, 40, 50 and 79 BHz for ConvF assessmenta at 30, G4, 128, 150 and 220 MHz respectively, Above 5 GHz frequency

validity can be extended to X 110 MHz.

F At Irequencies below 3 GHz, he validily of lisgue paramelers (& and «) can be relaxed o + 40% il liguid compensalion foomula is appied to
measured SAR valuee. At frequencies above 3 GHz, 1he validity of lissue paramelers (& and o) iz resiricled o + 5%. The uncerainly is the RS5 of

the ConvF uncerdainty for indicated largel tissue parameters.

& AlphafDapth are dataminad during calibrafion. 3PEAG wamanls that Lha ramalning devlatian dus o the boundary sffect after compansallon is
always less han £ 1% for frequencies balow 3 GHz and below + 2% for frequencles betwaen 3-6 GHz at any dislarce larger than half the probe ip
diameter from the boundary,

Cartificata Mo: ES3-328T_Octis
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ES30V3— SMNa287 Oaotober 29, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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ES30W3E— SW:3287 October 20, 2045

Receiving Pattern (¢), 3 =0°

=600 MHz, TEM 1800 MHz, R22

ST NSRS SSSORSSSRS: EESSSSSSR S SN S S S—
_. 1 1 | ; 1 | 1 1 E 1 1 1 1 : 1 1 1 i I: 1 1 1 1 E 1 1 1 1 E 1 1
100 < 5 S 1l 150
Rot [1]

oy (7]
10@42 ﬁtﬁlﬂlz 1200 MHZ 2500 KHZ

Uncerainty of Axizl Isotropy Assessment: £ 0.5% {k=2)
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ES3DV3- SN 3267 Oclober 20, 2015

Dynamic Range f(SARpcaq)

(TEM cell, foa= 1900 MHz)
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Uncartainty of Linearity Assessmeant: & 0.8% (k=2}
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ES3DW3— Sh:3287 Qclober 29, 2015

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convF) 1= 1900 MHz WGLS R22 (H convF)
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Al rmearwed arakical mearured

Deviation from Isotropy in Liquid
Error {, $}, f= 900 MHz

Deviation

-0 -0& 08 -04 02 00 02 04 065 08 1.0
Uncertainty of Spherical Isotropy Assessment: & 2.6% [k=2]
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ES30N3- 8N:3287

Cclober 29, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Other Probe Parameters

Sensor Arrangement Triangular
Connectar Angle (%) 833
Mechanical Surface Delection Mode enablad
Optical Surface Deteclion Made disabled
Probe Overall Length 337 mm
Probe Bady Diameter 10 mm
Tip Lenglh 10 mm
Tip Diameter 4 mm
Probe Tip to Sensar X Calibration Point 2mm
Probe Tip to Sensar Y Callbration Paint 2mm
Probe Tip to Sensor 2 Calibralion Paint 2 mm
Recomrmended Measurement Distance from Surface 3mm

Carificata No: ES3-3287_0ct15 Page 13 of 12




Calibration Laboratory of \&‘\M”I”P' 3 & Schweizerischer Kalibrierdienst

Schmid & Partner i‘ia\éi\://mé c Service suisse d'étalonnage
Engineering AG o S Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

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

Accreditation No.: SCS 0108

Certificate No: ES3-3351_Jun15 o

Calibration procedure(s)

'QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
“Calibration procedure for, dosimeric E-field probes . .

June 22,2015 .

Calibration date:

This calibration certificate documents the traéeability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Approved by:

LeifKiysner -

Ketia Pokovie

" Technical Manager - -

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

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

Power sensor E4412A MY 41498087 01-Apr-15 {No. 217-02128) Mar-16

Reference 3 dB Aftenuator SN: 85054 (3¢) 01-Apr-15 (No. 217-02128) Mar-16

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

Reference 30 dB Attenuatar SN: $5129 (30b) 01-Apr-15 (No. 217-02133) Mar-16

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

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

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

RF generator HP 8648C US3642U01700 4-Aug-98 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-0ct-01 {in house check Oct-14) In house check: Oct-15
Name . Signature

Calibrated by: ‘ o/

lssued: June 22, 2015

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

1
S,

S § Schweizerischer Kalibrierdienst
Schmid & Pariner i‘%//mj C Service suisse d'étalonnage
Engineering AG N S Servizio svizzero di faratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ 4ﬁ‘\\‘\~‘ Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL 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 9 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) 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) |EC 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 NORMx,y,z: Assessed for E-field polarization 8 = 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 Efield
uncertainty inside TSL (see below ConvF}.

e NORM(Nx,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
impiemented 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.

s 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 Dxyz VRxy.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

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

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

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

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

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

SN:3351

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3351 June 22, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)*)* 0.99 1.17 1.19 +10.1 %
DCP (mV)® 113.6 - 105.2 104.5
Modulation Calibration Parameters
1]]3] Communication System Name A B c D VR Unc:
dB dBVuv dB mV {k=2)

0 cw X 0.0 0.0 1.0 0.00 | 1888 | #38%

Y 0.0 0.0 1.0 196.2

Z 0.0 0.0 1.0 151.3
10010- SAR Validation (Square, 100ms, 10ms) X 2.73 65.7 12.7 10.00 35.9 +1.2%
CAA

Y 1.18 58.1 9.8 374

Z 2.44 61.9 12.5 42.0
10011- UMTS-FDD (WCDMA) X 343 68.2 18.9 2.91 1485 | 0.5%
CAB

Y 3.14 66.5 18.1 114.3

Z 3.26 66.5 18.1 119.3
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 313 70.5 19.4 1.87 149.0 0.5 %
CAB Mbps)

Y 2.46 65.9 17.0 115.2

Z 3.02 68.7 18.5 120.9
10013- |EEE 802.11g WIFi 2.4 GHz (DSSS- X | 10.59 69.9 226 9.46 139.1 £2.5%
CAB QFDM, 6 Mbps)

Y | 10.11 68.9 224 103.4

Z 10.74 69.4 22.4 114.3
$%0821- GSM-FDD (TDMA, GMSK) X 433 75.1 18.5 9.39 1255 1.4 %

Y 5.13 77.6 20.0 144.5

Z 17.70 96.1 27.5 123.5
E)(/)XOst GPRS-FDD (TDMA, GMSK, TN 0) X 4.56 75.8 18.9 9.57 147.7 2.2%

Y 5.75 78.8 20.2 140.4

z 18.60 97.9 28.5 117.3
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 3.42 71.8 15.3 6.56 119.6 +1.4 %
DAB

Y 14.95 90.8 22.0 132.7

Z | 20.34 98.9 256 106.6
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 28.96 99.0 235 4.80 135.7 1.8 %
DAB

Y | 5526 99.9 21.9 107.5

Z | 3515 99.9 24.6 120.0
B(JJB?BZB- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 38.32 96.2 20.3 3.55 147.5 1.9 %

Y | 73.22 99.9 20.7 117.0

Z 52.78 99.6 224 128.3
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 31.23 09.5 20.1 1.16 122.8 +1.4 %
CAA

Y 0.74 62.4 7.0 135.2

Frd 56.68 99.6 20.2 141.5
10100- LTE-FDD (SC-FDMA, 100% RE, 20 X 6.01 66.4 18.9 5.67 112.7 +1.2%
CAB MHz, QPSK)

Y 6.14 66.9 19.3 124.6

z 6.37 67.2 19.4 1293

Certificate No: ES3-3351_Jun15 Page 4 of 13
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10103- | LTE-TDD (SC-FDMA, 100% RB, 20 X [ 850 714 236 929 [ 1379 [ #27%
CAB MHz, QPSK)

Y B.12 70.6 23.6 105.2

zZ 9.68 73.4 247 118.6
10108- LTE-FDD {SC-FDMA, 100% RB, 10 X 5.88 66.0 18.8 5.80 111.2 +1.2%
CAC MHz, QPSK)

Y 5.99 66.5 19.2 122.8

Z 6.28 66.9 194 128.7
10117~ IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.19 69.3 21.2 8.07 149.1 ¥22%
CAB BPSK)

Y 8.73 68.2 20.9 1115

4 9.97 68.3 20.8 M7.7
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, X 8.07 71.0 23.5 9.28 132.7 +2.5 9%
CAB QPSK)

Y 8.82 74.2 259 147.0

V4 8.1 72.5 24.4 115.3
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, X 555 685.4 18.6 575 107.9 *09%
CAC QPSK)

Y 5.67 66.0 19.0 120.3

4 5.96 66.3 19.1 126.2
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, X 5.06 65.9 18.7 5.82 111.9 +1.2%
CAB QPSK)

Y 6.12 66.6 19.3 125.0

z 6.38 66.8 19.3 131.2
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X | 468 66.6 19.4 573 | 1307 | z09%
CAB QPEK)

Y | 481 67.2 20.0 1447

Z | 474 65.5 18.9 109.9
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 6.59 73.2 25.1 9.21 143.9 ¥25%
CAB QPSK)

Y 6.42 72.7 25.3 113.3

z 7.92 75.5 26.2 127.2
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 4.68 66.5 104 572 128.6 H.9%
CAC QPSK)

Y | 4.80 67.2 20.0 144.2

zZ | a73 65.5 18.9 109.1
10181- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 47 66.7 19.5 572 | 1289 | #12%
CAB QPSK)

Y | 478 67.1 19.9 143.9

z 5.12 67.3 19.9 149.9
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 972 68.8 21.1 8.10 138.3 +1.9%
CAB BPSK)

Y 9.32 67.9 20.9 105.9

z 9.58 67.8 20.6 111.2
(1:?2‘255- UMTS-FDD (HSPA#+) X 6.60 66.5 18.9 597 | 1176 | #12%

Y 6.69 66.9 18.3 132.0

Z 7.08 67.2 19.5 139.9
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 6.57 73.1 25.0 9.21 144.5 +22 %
CAB QPSK)

Y 6.59 73.6 25.8 114.3

Z 8.03 76.0 26.4 127.7
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 7.44 70.0 23.2 9.24 1229 +2.5 0
CAB QPSK)

Y 8.16 73.3 25.5 138.8

Z 8.43 71.6 241 108.3
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X | 8.01 70.7 234 930 | 1305 | +27%
CAB MHz, QPSK)

Y 8.86 74.4 26.1 1467

Z 9.12 72.6 24.5 114.0
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Page 5 of 13




ES3DV3— SN:3351

June 22, 2015

10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.49 67.5 18.8 3.96 146.9 .7 %
CAB Reld.4)

Y 413 65.9 18.1 117.5

Z 4.36 66.2 18.2 121.1
10291- CDMAZ2000, RC3, S0O55, Full Rate X 3.66 67.7 18.9 3.46 133.9 +0.5 %
AAB

Y 3.37 66.1 18.1 109.3

Z 3.54 66.0 18.0 112.1
10292- CDMAZ2000, RC3, 3032, Full Rate X 3.55 67.5 18.7 3.39 136.7 0.7 %
AAB

Y 3.35 66.4 18.2 110.1

Z 3.44 65.7 17.9 112.9
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, X 5.86 659 18.8 5.81 109.3 2%
AAA QPSK}

Y 6.00 66.5 19.3 122.6

Z 6.23 66.7 19.3 126.8
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 X 6.42 66.5 19.1 606 | 1141 | #12%
AAA MHz, QPSK)

Y 6.60 67.2 19.7 127.9

rd 6.85 67.4 19.7 132.6
10400- IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.03 69.2 215 8.37 141.2 +1.9%
AAC 99pc duty cycle)

Y 9.51 68.0 21.1 106.9

z 9.90 68.2 21.1 114.0
10403- CDMAZ2000 (1xEV-DO, Rev. 0) X 5.00 70.6 196 3.76 146.5 +0.5 %
AAB

Y 4.32 67.9 18.3 115.0

Z 4.63 67.5 18.3 121.9
10404~ CDMA2000 (1xEV-DO, Rev. A) X 4.99 71.0 19.8 377 143.8 0.5%
AAB

Y 4.37 68.5 18.7 113.5

z 4.56 67.5 18.2 120.2
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.07 71.2 19.9 1.54 145.7 +0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.43 66.6 17.4 116.6

Z 2,59 67.1 17.8 124.3
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 9.84 69.0 21.3 8.23 139.6 +1.9%
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 9.37 67.9 21.0 1086.5

Z 9.84 68.4 21.1 1174

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
muliiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

A The uncertainties of NormX,Y,Z do not affect the E*-field uncertainty inside TSL. {(see Pages 7 and 8).
& Numerical 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:3351

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 6.43 6.43 6.43 0.31 1.96 +12.0%
835 41.5 0.90 6.17 6.17 6.17 0.21 2.59 +12.0%
1750 40.1 1.37 5.24 5.24 5.24 0.55 1.35 +12.0%
1900 40.0 1.40 5.07 5.07 5.07 0.54 1.42 +12.0%
2300 39.5 1.67 4.74 4.74 4.74 0.69 1.31 £120%
2450 39.2 1.80 4.48 4.46 4.46 0.80 1.26 £12.0%
2600 39.0 1.96 4.35 4.35 435 0.80 i.26 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicaied 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 ¢an be extended o £ 110 MHz.

FA frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation fermula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and g} is restricted to x 5%, The uncertainty is the RSS of
the ConvF unceriainty for indicated target tissue parameters.

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

Certificate No: ES3-3351_Jun15 Page 7 of 13



ES3DV3- SN:33561 June 22, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity" (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 6.21 0.29 1.98 £12.0%
835 55.2 0.97 6.11 6.11 6.11 0.77 1.20 +120%
1750 53.4 1.49 4.88 4.88 4.88 0.68 1.30 £120%
1900 53.3 1.52 4.68 4.68 4.68 0.61 1.46 £12.0%
2300 52.9 1.81 4.47 4.47 4.47 0.80 1.16 +12.0%
2450 52.7 1.95 4.30 4.30 4.30 0.80 1.16 +12.0%
2600 52.5 2.16 4.16 4.16 416 0.80 1.20 £120%

© 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, 84, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

F At fraquencies below 3 GHz, the validity of tissue parameters (¢ and &) can be relaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {z 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 dus 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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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern ($), 3 = 0°

=600 MHz,TEM =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 , fova= 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) f = 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 215
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 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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CALIBRATION CERTIFICATE:
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Calibration Laboratory of

' 5 Schweizerischer Katibrierdignst

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

Teughausstrasse 43, 8004 Zurich, Swikzedand S Swiss Galibration Service

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

The Swizs Accreditalion Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissus sirmulatng liquid

NORM:x v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

Lzl diade compression paoint

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

&8 B.CD maoduiation dependant inearization parameters

Polarization o ip rolaticn arcund probe axis

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

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

Calibration is Performed According to the Following Standards:

al

)
c)

d)

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

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

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

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

Methods Applied and Interpretation of Parameters;

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

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

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

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

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

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

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMY (no
uncenainty required).
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Probe ES3DV3

SN:3334

Manufactured:  January 24, 2012
Calibrated: November 17, 2015

Calibrated for DASY/EASY Systems

{Moter non-compatibile with DASYZ system!)
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Movember 17, 2015

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

Basic Calibration Parameters

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

Cenfficale Mo: E53-2334 Nov15
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Movember 17, 2015

10103

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

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

Cerificate Mo: ES3-3334 Nov15
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10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP % | a3m 560 18.7 306 | 1333 | #0.9%
CAB REIB.4]
¥ | 444 £i6.9 18.5 148.2
R Z 4.30 65.7 18.6 128.4
EEB*M - COMAZNOD, RCS, 8055, Full Rate pe 488 673 12.7 346 145 5 0.7 %
¥ | ass 665 18.2 136.3
z 282 67.3 18,8 139.4
10292- COMA2000, RCS, S032, Full Rate * 373 (23] 191 339 147.9 HT %
fatal=] : '
Y 35 | 667 183 BEE
i 560 7.6 18.9 1430,
10297- LTE-FDD (SC-FDMA, 50% REB, 20 MHz, . % - &.30 674 © 187 5.81 1414 | +1.2 9
AN QFSK) ;
L Y &N 665 | 191 130.3
B Lz ety 670 | 135 | 1368
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 T % . 688 B8 0 01 | BO6 | 1470 | HT7%
_ABA MHz, GPSK) L
¥ | BEB 67.1 195 | 1360
. _ Zi 675 67.7 | 20.0 1416 B
T 10400- IEEE 80Z.71ac WiFi [20MHz, 64-CubkE. X 9,97 B8 214 837 | 12960 | 427 %
AbC 230G duty eycle)
Y | 1007 659 214 1436
Z | 1021 BY.7 220 T 1474
ﬁrsgja- COMAZQD0 {1%EV-DO, Rev. U) X 4.77 BG.5 188 ¢ 3.6 : 1348 | 0.5%
¥ 488 B8 155 126.7 ]
zZ 474 £8.8 18.9 129.4
;id-aﬂntu CDMAZEOG (1xEV-DO, Rev. A) x 4.72 58.7 15.8 377 | 1329 | #0.7 %
ki 4.78 £33 18.9 1474
z | 483 68.7 16.9 1271
1014 15- IEEE 80211k Wikt 2.4 GHz (D558, 1 x 270 559 158 154 | 1319 | #05%
AAS hbps. 29pc duty cyele)
b 285 683 18.% 1452
z 2,72 £9.3 18.0 1273 7
10416- IEEE &02.11g WiFi 2.8 GHz {ERP- ¥ | 981 . 88 21.2 623 | 1316 | 27 %
ABA QOFDM, & Mbps, 99pc duty cycle) | :
Y | sen £8.7 21.2 144.1
z Boe7 93 217 146.0 N

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

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

E Murmerical inearizatian parameter: uncettaindy nol required.

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

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

Calibration Parameter Determined in Head Tissue Simulating Media

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

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

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

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

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

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

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

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

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

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

1_4_._..... __..__,_ L T o S U
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1.0+

T T

LA SO SN A

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2500
f [MHz]

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

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

Input Sigral [ul]

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

= (o]

Nt cempensaied cormpensated

ALY et

Ereat [dB]

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

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

f= 835 MHz.WGLS RS (H_comd)

= 1900 MHz WGLS R22 (H_convF)

224 ‘
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n -, i \\‘
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a 106 = 40 =L &l o 2 SE ‘o .-[:::lrr] o jul THn A
m:;E:'::I -rp_-;:.md s.-ﬁl;m rma;:;lpd
Deviation from Isotropy in Liquid
Error (¢, &}, f = 900 MHz
=
=2
B
T
c

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

Other Probe Parameters

Sensor Arrangsment

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

Ceriificale Mo: ES3-3334_Mavis Page 13 of 13



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
.Servizio svizzero di taratura

S Swiss Calibration Service

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

Accreditation No.: SCS 0108

Client

| Objest

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory fagiiity: envircnment temperature (22 # 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

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

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

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

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

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

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

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

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

Secondary Standards D Check Date (in house) Scheduled Check

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

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

Calibrated by: Cla

Approved by:

lssued: Agril 23, 2015

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

S Schweizerischer Kalibrierdienst
Schmid & Partner C  Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensifivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A,B,CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) [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) 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:

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

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

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

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

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

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

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

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

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

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

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

SN:7357

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

Calibrated for DASY/EASY Systems

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

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

Basic Calibration Parameters

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

Modulation Calibration Parameters

uiD Communication System Name A B C D VR Unc®
dB dBvuv dB mv {(k=2)

0 cw X 0.0 0.0 1.0 0.00 1469 | #33%

Y 0.0 0.0 1.0 157.7

Z 0.0 0.0 1.0 138.2
10010- SAR Validation (Square, 100ms, 10ms) X 0.83 57.1 8.0 10.00 45.6 +0.7 %
CAA

Y 1.12 59.0 98 456

z 0.93 58.4 8.9 434
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 361 73.9 215 1.87 1333 +0.9%
CAB Mbps)

Y 2.64 66.3 17.3 127.2

Z 3.06 70.4 19.9 149.2
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 10.42 £8.9 22.1 0.46 1427 +3.3%
CAB OFDM, 6 Mbps)

Y | 1068 69.5 22.6 140.9

z 10.33 68.6 21.9 1343
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 0.06 0.0 100.0 1.16 140.4 +35%
CAA

Y 0.26 57.7 4.5 143.7

4 0.05 0.6 100.0 143.3
10062- IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 10.19 68.8 215 8.68 144.0 +359%
CAB Mbps)

Y 10.40 69.2 21.8 145.6

z 10.11 68.5 21.4 138.3
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 7.21 67.1 214 9.29 132.3 +1.9%
CAB MHz, QPSK)

Y 7.94 69.4 228 136.4

Z 7.15 66.8 213 145.0
10117- IEEE 802.11n (T Mixed, 13.5 Mbps, X 10.10 58.5 20.9 8.07 131.3 2.5 %
CAB BPSK)

Y | 10.12 68.3 20.8 128.9

z 9.95 68.0 20.6 124.4
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 5.97 67.1 215 9.28 148.9 1.9 %
CAB QPSK)

Y 7.50 68.7 225 130.8

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

Y 5.84 69.6 234 139.9

z 543 68.1 225 134.4
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 9.60 68.2 20.8 8.10 124 .8 +3.39%
CAB BPSK)

Y | 10.09 69.0 214 148.5

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

Y 5.85 69.6 23.4 141.2

z 5.43 68.0 224 133.8
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EX3DV4- SN:7357

April 23, 2015

10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, X 6.62 67.0 216 9.24 143.6 229,
CAB QPSK)

Y 7.21 68.9 229 144.8

Z 6.54 66.4 213 137.3
10267- LTE-TDD {SC-FDMA, 100% RB, 10 X 7.00 67.1 2186 9.30 149.1 #19%
CAB MHz, QPSK)

Y 7.52 68.7 226 128.6

Z 6.91 66.6 21.3 142.7
10317- IEEE 802.11a WiFi 5 GHz (OFDM, 6 X 9.81 68.2 21.0 8.36 123.5 £33 %
AAB Mbps, 96pc duty cycle)

Y 10.26 69.1 21.6 148.1

Z 10.06 68.7 21.3 144.2
10400- IEEE 802.11ac WiFi {20MHz, 64-QAM, X 9.88 88.2 21.0 8.37 123.6 2.7 %
AAB 99pc duty cycle)

Y .94 88.1 21.0 124.7

Z 10.15 £8.8 21.3 144.7
10401- IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.61 68.7 21.2 8.80 1324 +3.0%
AAB 99pc duty cycle)

Y 10.82 69.0 215 134.7

zZ 10.54 68.4 211 126.8
10402- IEEE 802.11ac WiFi (80MHz, 64-QAM, X 10.66 68.6 211 8.53 1335 +3.0 %
AAB 99pc duty cycle)

Y 11.03 69.4 215 136.6

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

Y 2.63 66.8 17.4 129.6

Z 3.25 72.3 20.7 147.1
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 8.99 68.7 21.2 8.23 146.6 +33%
AAA OFDM, & Mbps, 99p¢ duty cycle)

Y 10.19 69.0 21.5 149.3

Z 9.96 68.6 21.2 141.2
10417- IEEE 802.11&/h WiFi 5 GHz (OFDM, 6 X 10.02 68.8 21.3 8.23 148.2 2.7 %
AAA Mbps, 99pc duty cycle)

Y 9.78 68.0 20.9 1242

Z 9.86 68.6 212 142.5

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

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

Numerical lingarization parameter: uncertainty not required.

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

field value.
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EX3DV4— SN:7357

April 23, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

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

¢ Freguency 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 MMz,

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

the CenvF uncertainty for indicated target tissue parameters.

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

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

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

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (Sm) " ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
2450 52.7 1.95 6.95 .95 6.95 0.26 0.99 £12.0%
2600 52.5 2.16 6.68 6.68 6.68 0.28 0.99 £12.0%
5200 49.0 5.30 4.27 4.27 4.27 0.50 1.90 £13.1%
5300 48.9 5.42 4.11 4.11 4.11 0.50 1.90 +13.1%
5500 48.6 5.65 3.83 3.83 3.83 0.50 1.90 +13.1%
5600 48.5 5.77 3.72 3.72 3.72 0.55 1.90 +13.1%
5800 48.2 6.00 3.82 3.82 3.82 0.55 1.90 £13.1%

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

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

always less than * 1% for frequencies below 3 GHz and below + 2% for frequencies betwsen 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:7357 April 23, 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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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22

Error [dB]

= | =]
100 MHz 600 MHz 1800 MHz 2500 MHz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}c.4)
(TEM cell , foya= 1900 MH2)

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

f = 2600 MHz, WGLS R22 (H_convF) f = 2600 MHz, WGLS R22 (M_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)

Ceriificate No: EX3-7357_Apr15 Page 11 of 12



EX3DV4- 8SN:7357

April 23, 2015

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

Other Probe Parameters

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

Certificate No: EX3-7357_Apri5
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient PCTest oo s Certificate No: D750V3-1003_Jan15

Object D750V3 - SN: 1003
Calibration procedure(s) QA _CAL’_‘_Q_S.VQ IR S cel : o _ CC
Calibration procedure for dipole validation kits above 700 MHz e
S e T %345
Calibration date: January 16, 2015
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards iD # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Qct-15
Power sensor HP 8481A Us37292783 07-Oct-14 (No. 217-02020) Qct-15
Power sensor HP B481A MY41082317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k} 03-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 7 06327 03-Apr-14 (No. 217-01921) Apr-15
Reference Probe ES3DV3 SN: 3205 40-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Augi4) Aug-15
Secondary Standards ID# Check Date (in house} Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-1 3) In house check: Oct-16
Network Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Oct-14) in house check: Oct-15
Name _ Function _ Signature
Calibraied by: Michael Weber = - L : . Laboratory Technician .- i1 0t e SR
Approved by: Katja Pokovic .. .- Technical Manager %% L
Issued: January 18, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of Schweizerischer Kalibrierdienst

. = ~
Schmid & Partner % Service suisse d'étalonnage
Engineering AG g gl Servizio svizzero di taratura
. . AN
Zeughausstrasse 43, 8004 Zurich, Switzerland KA /f/_\\\\\\“ Swiss Calibration Service
gnms
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

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

DASY Version DASY5 Vv52.8.8

Extrapolation Advanced Exirapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0+ 0.2} °C 41726% 0.91 mho/m =6 %

Head TSL temperature change during test <0.5°C mm=n ----
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 2.06 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.35 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.32 Wikg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2) °C 56,.0+6 % 0.99 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.16 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

8.46 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.42 W/kg.

SAR for nominal Body TSL parameters

normalized to 1W

5.58 Wikg = 16.5 % (k=2)

Certificate No: D750v3-1003_Jan15
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Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point B370Q-14iQ
Return Loss -28.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.30-38jQ
Return Loss -27.5dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.043 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on January 21, 2009
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DASYS5 Validation Report for Head TSL

Date: 16.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1003

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f =750 MHz; 6 = 0.91 S/m; &, =41.7;, p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
o FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
e DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 53.08 V/m:; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.05 W/kg

SAR(1 g) = 2.06 W/kg; SAR(10 g) = 1.35 W/kg

Maximum value of SAR (measured) = 2.41 W/kg

0 dB =2.41 W/kg = 3.82 dBW/kg
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Impedance Méasurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1003

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz,; o = 0.99 S$/m; & = 56; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANST C63.19-2011)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 16.01.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 52.21 V/m; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 3.16 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) =1.42 W/kg
Maximum value of SAR (measured) = 2.52 W/kg

8.00

-10.00

4.00

6.00

0 dB =2.52 W/kg = 4.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client PC Test Certificate No: D835V2-4d133_Juli5

CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d133

Calibration procedure(s) QA CAL-05.v9 F,\I
Calibration procedure for dipole validation kits above 700 MHz § / Zf / {5

Callbration date: July 23, 2015

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

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

Calibration Fquipment used (M&TE ciitical for cafibration}

Primary Standards iD # Cal Date (Certificale No.) Scheduled Calibration

Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A US37292783 07-Oct-14 {No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-0Oct-14 {No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 {No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 {No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 1B-Aug-14 (No. DAE4-601_Aug14) Aug-15

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

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

Network Analyzer HP B753E US373905B85 S4206 18-0ct-01 (in house check Oct-14) In house check: O¢t-15
Name Function Signature

Calibrated by: Michael Weber : ‘Laboratory Technician § Inf

Approved by: Katja Pokovic Technical Manager

Issued: July 23, 2015

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

Certificate No: D835V2-4d133_Jul15 Page 1 of 8




Calibration Laboratory of o,

& \\___// s, S Schweizerischer Kalibrierdienst
Schmid & Partner m c Service suisse d'étalonnage
Engineering AG -;///‘:-\\;: Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ! /ﬁ\\x‘ S  Swiss Calibration Service
LT T
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SC$S 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

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

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

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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate No: D835V2-4d133_Jul5 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

835 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41,5 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 424 +6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm? (1 g} of Head TSL Condition
SAR measured 250 mW input power 2.31 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 m\W input power

1.50 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5,94 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters {22.0+0.2) °C 549+6% 1.00 mho/m + 6 %
Body TSL temperature change during test <0.5°C - e
SAR result with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.37 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.25 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.55 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6,08 W/kg + 16.5 % (k=2)

Certificate No: D835V2-4d133_Jul15
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 516Q-16iQ
Return Loss -33.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.00Q-3.7jQ
Return Loss -27.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.395 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 22, 2011

Certificate No: D835V2-4d133_Juf15 Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 22.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d133

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; ¢ = 0.92 S/m; & = 42.4; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001

o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56.11 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.44 W/kg

SAR(1 g) = 2.31 W/kg; SAR(10 g) = 1.5 W/kg

Maximum value of SAR (measured) = 2,70 W/kg

0dB =270 W/kg =4.31 dBW/kg

Certificate No: D835V2-4d133_Jul15 Page 5of 8




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

Date: 23.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d133

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 1 S/m; & = 54.9; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.91; Type: QDO00P49AA; Serial;: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 54.56 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.50 W/kg

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 2.77 W/kg

-1.20

-9.60

'-12.00

0dB =2.77 W/kg = 442 dBW/kg

Certificate No: D835V2-4d133_Jui15 Page 7 of 8




Impedance Measurement Plot for Body TSL
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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

PC Test

oW,
NN S
SN="%

Schweizerischer Kalibrierdienst

Servizio svizzero di taratura
Swiss Calibration Service

S
c Service suisse d'étalonnage
S

Accreditation No.: SCS 0108

Certificate No: D1750V2-1051: Apri5: .

CALIBRATION CERTIFICATE

Object

Calibration date:

Calibration procedure(s)

DA750V2-:SN:1051 - .

QA CAL-05.v9

.Cahbratlon proc'ed'ure for-dlpole vaildation k:ts above 700 MHz

Calibration Equipment used (M&TE critical for calibration})

This calibration certificate documents the traceabllity to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

P

I

15

Approved by:

Jeton Kastrati. -

Katja Pokovic . =

b --Laboratory Techmman'

71 Technical Manager -

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

Power meter EPM-442A GB37480704 07-Oct-14 {No. 217-02020) Qct-15

Power sensor HP 8481A U837292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Qct-15

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-18

Type-N mismatch combination SN: 5047.2 7 068327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

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

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

RF generator R&S SMT-06 100005 04-Aug-99 {in house check Oct-13) iIn house check: Oct-18

Network Analyzer HP 8753E US37380585 54206 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature

Calibrated by:

Issued: April 15, 2015

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

Certificate No: D1750V2-1051_Apri15
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Calibration Laboratory of N

RN Schweizerischer Kalibrierdienst
. - -~
Schmid & Partner % Service suisse d'étalonnage
Engineering AG =S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzetland AN

Swiss Calibration Service

fet, NN AY
’/;,,r” |||‘\“\\\

Accredited by the Swiss Accreditation Service (SAS8)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “lIEEE 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) 1IEC 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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.
Feed Point Impedance and Return Loss: These parameters are measured with the dipole

positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

muitiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1750V2-1051_Apri5 Page 2 of 8



Measurement Conditions

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

DASY Version

DASYs5 V52.8.8
Extrapolation Advanced Extrapolation
FPhantom Moduiar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx,dy, dz =5 mm
Frequency 1750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0x£0.2)°C 389+£6% 1.35 mho/m + 6 %
Head TSL temperature change during test <0.5°C - -
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.04 W/kg

SAR for nominal Head TSL parameters

normalized to TW

36.2 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.80 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters'

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 534 1.49 mho/m
Measured Body TSL parameters (22.0:0.2)°C 51.5+6 % 1.48 mho/m 6 %
Body TSL temperature change during test <0.5°C . -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.32 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

37.1 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.01 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D1750V2-1051_Apr15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.830-02j0

Return Loss -37.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4690 +0.3jQ

Return Loss -29.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.221 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on February 19, 2010

Certificate No: D1750V2-1051_Apr15 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 15.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1051

Communication System: UID 0 - CW: Frequency: 1750 MHz
Medium parameters used: f= 1750 MHz; 6 = 1.35 $/m; &, = 38.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63. 19-2011)
DASYS52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(5.2, 5.2, 5.2); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 94.99 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 16.3 W/kg

SAR( g) = 9.04 W/kg; SAR(10 g2)=4.8 Wikg

Maximum value of SAR (measured) = 11.5 W/kg

0 dB = 11.5 W/kg = 10.61 dBW/kg

Certificate No: D1750v2-1051_Apri5 Page 50f 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1051

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; 6 = 1.48 $/m; &, = 51.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/EC/ANSI C63.19-201 1)

DASYS52 Configuration:

L

Probe: ES3DV3 - SN3205; ConvF(4.88, 4.88, 4.88); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back): Type: QDO00P30AA; Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 15.04.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 92.87 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 16.0 W/kg

SAR(1 g) = 9.32 W/kg; SAR(10 g) = 5.01 Wikg
Maximum value of SAR (measured) = 11.7 Wikg

0dB =117 W/kg = 10.68 dBW/kg

Gertificate No: D1750V2-1051_Apri5 Page 7of 8



Impedance Measurement Plot for Body TSL
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Schweizerischer Kalibrierdienst

Calibration Laboraiory of S,
y N\ g Schw '

C Service suisse d'étalonnage

S

Schmid & Partner
Engineering AG

' Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o Iﬁ\ \\\:‘\ Swiss Calibration Service
oy
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client PCTest ~ i o oinn Certificate No: D1900V2-5d149_Jul15:" -

Object D1900V2 - SN:Bd149 -0
Calibration procedure(s) QA CAL 05. V9 _ _ T R D C(, Y
Callbratlon procedure for dlpoie valldatlon klts above 700 MHz ; S
Calibration date: July 14,2015
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probabitity are given on the following pages and are parl of the certificate.
Al calibrations have been conducted in the closed laboratory facility: environment temperatura {22 = 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards 1D # Cal Date {Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5068 (20k) 01-Apr-15 {No. 217-02131) Mar-16
Type-N mismatch combination SN: 5047.2 /06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Deci4) Dec-15
DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Augl4) Aug-15
Secondary Standards 1D # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) in house check: Oct-16
Network Analyzer HP 8753E US37300585 54206 18-Oct-01 (in house check Oct-14) in house check: Oct-15
Name - Function o o ~ Signature
Calibrated by: Leif Klysner. " e Laboratory Techniclan ..~ - e
Approved by: K_atj_a_'F’_c_jk@y_ic_ s '_ _T__ei:hn_i_c?!_ _I‘:\/Ia'n'ager '
Issued: July 14, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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. " RO
Cahb"-atlon Laboratory of “:\‘i\_\f/_/h/l? Schweizerischer Kalibrierdienst
Schmid & Partner _3 Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 2,0 /ﬁ\\\v‘ Swiss Calibration Service
]
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “I[EEE 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) 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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

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

DASY Version DASY5 Vv52.8.8

Extrapolation Advanced Exirapolation

Phantom Modular Fiat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz £ T MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0£02)°C 39.7x6% 1.3B mho/m £ 6 %

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

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 10.1 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measurad

250 mW input power

5.34 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2) °C 527+6 % 1.54 mho/m +6 %
Body TSL temperature change during test <0.5°C o -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

10.2 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.4 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.49 Wikg

SAR for nominal Body TSL parameters

normatlized to 1W

21.8 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments ouiside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.4Q+56jQ
Return Loss -24.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.7Q+86.1Q
Return Loss -23.5dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.197 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1800V2; Serial: D1900V2 - SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; 6 = 1.38 S/m; &, = 39.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(5, 5, 5); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantomn 5.0 (front); Type: QDO00OP50AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.22 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.34 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

#1700

-6.80

-10.20

-13.60

0dB=129W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1960V2; Serial: D1900V2 . SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: £ = 1900 MHz; 6 = 1.54 S/m; ¢, = 52.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;

[-]

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014
Phantom: Flat Phantom 5.0 (back); Type: QDO0OP50AA; Serial: 1002

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331}

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

Reference Value = 95,96 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.49 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

-6.40
-4.60

-12.80

B 1600 |
0dB =12.9 Wrkg = 11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

PC Test Certificate No: D2450V2-719_Aug15

[CALIBRATION CERTIFICATE |

Accreditation No.: SCS 0108

Client

Object D2450V2 - SN: 719
Calibration procedure(s) QA CAL-05v8 = _
Calibration procedure for dipole validation kits above 700 MHz
W]
Calibration date: August 20, 2015 a [’b | &
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards ID# Cal Date (Cerfificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A U837292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe ES30DV3 SN: 3205 30-Dec-14 (No. E$3-3205_Dec14} Dec-15
DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16
Secondary Standards 1D # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check; Oct-16
Network Analyzer HP 8753E US37390585 54206 18-0Oc¢t-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Michael Weber . -Laboratory Technician
Approved by: Katja Pokovic - Technical Manager ,x(?%??i
- -
Issued: August 21, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYs V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

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

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

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

SAR measured 250 mW input power 13.8 W/kg

SAR for nominal Head TSL parameters

normalized to TW

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

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

condition

SAR measured

250 mW input power

6.48 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were appiied.

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

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.11 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.5Q+53jQ

Return Loss -235dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 501Q+65jQ

Return Loss -23.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 10, 2002
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DASY5 Validation Report for Head TSL

Date: 20.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

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

kl

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

e Electronics: DAE4 Sn601; Calibrated: 17.08.2015

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

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

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

Peak SAR (extrapolated) = 28.1 W/kg

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

Maximum value of SAR (measured) = 18.2 Wikg

0dB =18.2 W/kg = 12.60 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

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

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

DASYS52 Configuration:

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

*

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 17.08.2015

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

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

Date: 19.08.2015

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

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

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

0dB =17.3 W/kg = 12.38 dBW/kg
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Impedance Measurement Plot for Body TSL
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Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Servizio svizzero di taratura

S
C Service suisse d'étalonnage
S Swiss Calibration Service

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

PC Test

CALIBRATION CERTIFICATE

SCS 0108

Accreditation No.:

Client Certificate No: D2600V2-1004 Apri5

Object

D2600V2-SN: 1004 = v

Calibration procedure(s)

Calibration date:

QA:CAL-05:v9 :.

Cahbratlon procedure fer dlpole validatlon klts above 700 MHZ

PN
4119

April 142015,

Calibration Equiprment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncerfainties 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%.

Approved by:

Katja Pokovie

“L-aboratory Technician: -

- Technical Manager

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

Powar meter EPM-442A GB37480704 07-Oct~14 (No. 217-02020) Qct-15

Power sensor HP 8481A LJS37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20K} 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 O1-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 S8N: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-801_Augt4) Aug-15

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

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

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

Calibrated by: Claudio Leubler ...

Issued: April 14, 2015

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

Certificate No: D2600V2-1004_Apris
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Calibration Laboratory of S, G  Schweizerischer Kalibrierdienst
Schmid & Partner iég\%—_{/”é Service suisse d'étalonnage
Engineering AG BN c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % 4ﬁ\\3¢‘ S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

o Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m

Measured Head TSL parameters (22.0+02)°C 37.1+6% 1.99 mho/m +6 %

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

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 14.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25,2 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL. parameters 22.0°C 5258 2.16 mho/m
Measured Body TSL parameters (22.020.2) °C 502+6% 2.20 mho/m =6 %
Body TSL temperature change during test <0.5°C -— —-
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

14.3 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.39 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

25.3 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 496 Q-4.7 G

Return Loss -26.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4650 -36jQ

Return Loss -25.6dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.150 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on December 23, 2006
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DASYS5 Validation Report for Head TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: £ = 2600 MHz; ¢ = 1.99 S/m; &, = 37.1; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014:
* Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+ Phantom: Flat Phantom 5.0 (front); Type: QDO00OP50AA; Serial: 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.70 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.37 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

0dB =17.9 W/kg = 12.53 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 2.2 S/m; g = 50.2; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO00OP50AA; Serial: 1002

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

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

Reference Value = 95.83 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.39 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

-8.00

| 1200

| |-16.00

2000 fB N R R
0dB = 18.3 W/kg = 12.62 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Pariner
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o Schweaizerischer Kalibrierdienst

c Serrvice sisse d' elalonnage
Servizio svizzero di taratura

8 Bwiss Calibration Service

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

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

'CALIBRATION CEFITIFICATE
|

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

Callbration date: Septerber 16, 2015« 1

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

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

Calibration Equipmen used (METE critical for calibration)

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

Laboratory Technictan- . - .. {

Approved by kKatjer Edkbﬂd LY

lzsued: Saplember 18, 2015

This calibration certificate shatl not be repreduced except in full without written approval af the laboratory.
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Calibration Laboratory of
Schmid & Parlner

Engineering AG
Leughaussirasse 43, 5004 Zurich, Swikerland

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

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a} |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

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

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

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

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

Additional Documentation:
d} DASY4/5 Systerm Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Paramelters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point lmpedance and Aeturn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the

measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncerlainty required.

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

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

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

» S5AR for nominat TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

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

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

DASY Yersion

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

Zoom Scan Resolution

dx. dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (7 direction)

Frequency

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

Head TSL parameters at 5250 MHz

The following parameatars and calculations were applied.

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

SAH for nominal Head TSL parameters

normalized to 1%

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

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

cardition

SAR measured

100 mvY input power

2.38 Wik

SAR far norrinal Head TSL parameters

normalized ta 1W

23.6 Wikg = 19.5 % (k=2)

Cerificate Mo: DSGHZVE-1181_Bep15
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Head TSL parameters at 5600 MHz

The following parameaters and caloulations were applied.

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

SAR for nominal Head TSL parameters

nomalized to 1

84.5 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.43 Wikg

SAR for nominal Head T5L paramslers

normalized to 1W

341 Wikg + 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calsulations were applied.

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

SAHR for nominal Head TSL paramelars

normalized to 19

80.0 Wikg = 19.9 % (k=2)

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

candition

SAR measured

100 m input power

2.31 Wik

SAR for nominal Head TSL parameters

normalized to 1

22.9 Wikg = 19.5 % (k=2)

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

The foliowing parameters and calculations ware applied.

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

SAR for nominal Bady TSL parameters

normalized to TW

77.2 Wikg = 19.9 % (k=2]

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

condition

SAR measured

100 mwW inpiut power

217 Wik

SAR for nominal Body TSL parametars

normalized ta 1%

21.5 Wkg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The fallowing parametars and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized 1o 1W

81.9 Wikg + 19.9 % (k=2)

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

conditicn

SAR measurad

100 MW inpuat power

2,30 Wikg

SAR for neminal Body TSL parameters

nomualized to 1w

228 Wikg = 19.5 % {k=2}

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

The following parameters and calculations were applisd,

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

SAR for nominal Body TSL parameters

narmakized to 1w

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

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

condition

SAR measured

100 mW inpul power

2.16 Wikg

SAR for nominal Body TSL paramelers

normalized to 1w

21.4 Wikg £ 12.5 % (k=2)

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

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed poir B4 {-520

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

Impeadance, transhomed to fead point SHOD-32 0

Return Loss -22.0dB

Antenna Parameters with Head TSL at 3750 MHz

Impedance, transformed to feed point

53.2 0 +3.7 0

Return Loss

-208dB8

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 450 -390

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

Impedance, transformed fo feed point 200 -25i0

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

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

Return Loss -26.0dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 n=

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

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

accarding to the Standard,

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

feedpaoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Marufactured on

August 23, 2003

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

Date: 15.09.2015
Test Laboratory: SPEAG, Zudch, Swiizerland

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

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

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

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

Phantom section: Fial Section

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

DASY32 Configurarion:

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

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

« Electromics: DABEA Sp601; Calibrated: 17.08.2015

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

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

Reference Value = 64.94 Vim; Power Drift = 0.02 dB

Peak SAR (exirapolated) = 30.7 Wikg

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

Maximum value of SAR (mecasured) = 19.5 Wika

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

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

Peak SAR {extrapolated} = 33.8 W/ke

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

Maximum valve of SAR {measured) = 20.7 Wike

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

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

Pcak SAR {(extrapolated) = 33.4 Wikg

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

Maximum value of SAR {(measured) = 19.9 Wikg

Certificate No: DAGHzVE-1181_Sep15 Page S of 13



-25.00

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

Diate: 16.09.2015
Test Labomatory: SFEAQG, Zurich, Switzerfand

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

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

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

DASYS52 Configuration:

I (=3

*

]

k]

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

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

» Electronics: DAERA Sn61; Calibrated: 17.08.2015

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

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

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

Paak SAR {extrapolated) = 30.8 Wikg

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

Maximurm value of SAR {(measured) = 19.0 Wiky

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

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

Peak SAR (extrapoclated) = 36.1 Wikg

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

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

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

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

Peak SAR (extrapolated) =355 Wikg

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

Maxaamum value of SAR (measured) = 19.9 Wike
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0dB =19.9 Wike = 12.99 dBW/kg
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Impedance Measurement Plot for Body TSL
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Engineering AG N Setvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand % /ﬁ\\\ S  swiss Calibration Service
iy
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Certificate No: D750V3-1046_Feb15. -~

Calibration procedure(s) QA AL—OS VQ
Calibration pro

Calibration date: February ‘]9'2015

This calibration cerlificate documents the traceability to national standards, which reafize the physicat units of measurements (Shh.
The measurements and the uncertaintles with confidence probability are given on the foliowing pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for cafibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-0Oct-14 {No. 217-02020) QOct-15

Power sensor HP 8481A 537292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 {(No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 {No. 217-01918} Apr-15

Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01221) Apr-15

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. £53-3205_Dec14) Dec-15

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

Secondary Standards D # Check Date (in house) Schedulad Check

RAF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13}) In house check: Oct-16
Network Analyzer HP B753E US37390585 54208 18-0Oct-01 (in house check Oct-14) in house check: Oct-15

_ Funciion Signature

Calibrated by:

Approved by:

Issued: February 19, 2015

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

. \\:\‘ \_\\;J// %, Schweizerischer Kalibrierdienst
Schmid & Partner ilﬁé Service suisse d'étalonnage
Englneerlng AG ] ) :’//—ﬁ\; Ser_vizio svizzero di tar:cztura
Zeughausstrasse 43, 8004 Zurich, Switzerland “ /ﬁ\\\v‘ Swiss Calibration Service
M
Accredited by tho Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are availablie from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate No: D750V3-1046_Feb15 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 \V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

750 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m
Measured Head TSL parameters {22.0+0.2)°C 41.6£6% 0.90 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - mnm
SAR resuli with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

2.03 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

8.04 Wkg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.33 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.28 W/kg = 16.5 % {k=2)

Body TSL. parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.98 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.9+86 % 0.98 mho/m +86 %
Body TSL temperature change during test <0.5°C -—- -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.12Wikg

SAR for nominal Body TSL parameters

normalized fo 1W

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

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

condition

SAR measured

250 mW input power

1.39 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D750V3-1046_Feb15

Page 3of8




Appendix (Additional assessments outside the scope of SC50108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 558+ 1.5Q
Return Loss -24.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.4Q-13jQ

Return Loss -345dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.038 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 02, 2011

Certificate No: D750V3-1046_Feb15 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1046

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f =750 MHz; ¢ = 0.9 S/m; & = 41.6; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(6.44, 6.44, 6.44), Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO0O0P49AA; Serial: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 52.99 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.02 W/kg

SAR(1 g) = 2.03 W/kg; SAR(10 g) = 1.33 W/kg

Maximum value of SAR (measured) = 2.37 W/kg

0dB = 2.37 W/kg = 3.75 dBW/kg

Cenrtificate No: D750V3-1046_Feb15 Page 5 of 8




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

Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1046

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f =750 MHz; ¢ = 0.98 S/m; €, = 53.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration: )
s Probe; ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21;_)_; Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Détecﬁon)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
¢ Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
s DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm

Reference Value = 52,00 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 3.10 W/kg

SAR(1 g) = 2.12 W/kg; SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.46 W/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S,

) DA Q Schweizerischer Kalibrierdienst
Schmid & Partner il;"\\-\‘——_//gngg C Service suisse d'étalonnage
Engineering AG 2 s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s /ﬁ\o S Swiss Calibration Service
EUTma

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client PC Test

Certificate No: D5GHZzV2-1057_Jan15

Object D5GHzV?2 - SN:1057

Calibration procedure{s)

QACAL22v2 . Ce
Callbratlon procedure for. dlpoie val;datton kats between 3-6 GHz 93t

January 21, 2015

Calibration date:

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

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

Calibration Equipment used (M&TE critical for calibration}

Approved by:

Michasl Weber

Primary Standards 1D # Cal Date (Cettificate No.} Scheduled Calibration

Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020} Oct-15

Power sensor HP 8481A Us37292783 07-Oct-14 (No. 217-02020} Oct-1b

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (Na. 217-01918} Apr-15

Type-N mismatch combination SN: 5047.2 /06327 03-Apr-14 (No. 217-01921) Apr-15

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

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

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

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

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

Calibrated by:

~Laboratory Technician

= Technical Manager

i
Katja, Pokovi T
alfa Pokavic //@/,( e
o

issued: January 22, 2015

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

S Schweizerischer Kalibrierdienst
Schmid & Partner i?%%/—/mﬁ Service suisse d'étalonnage
Engineering AG T3 c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o 4@\\0\\‘ S  swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL

ConvF

N/A

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

Calibration is Performed According to the Following Standards:

a)

b)

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

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

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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate Mo: D5GHzV2-1057_Jan15 Page 2 of 16




Measurement Conditions

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

DASY Version DASY5S V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Freguency

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

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

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

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.31 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4,76 mho/m
Measured Head TSL parameters (22.0+0.2)°C 36.1+8% 4,66 mho/mx6 %
Head TSL temperature change during test <05°C o —aen
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.47 Wikg

SAR for nominal Head TSL parametsrs

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.41 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The foliowing parameters and calculations were applied.

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

SAR for nominal Head TSL parameters

normalized to 1W

84.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.38 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg + 19.5 % (k=2)

Certificate No: D5GHzV2-1057_Jan15
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

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

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.37 Wiy

SAR for nominal Head TSL parameters

normalized to 1W

23.7 Wikg = 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters {22.0 £0.2) °C 354+6% 518 mho/m+ 8 %
Head TSL temperature change during test <0.5°C - o
SAR result with Head TSL. at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Cenificate No: D5GHzV2-1057_Jan15
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized to 1W

73.9 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.05 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 Wikg + 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized to 1TW

74.2 Wikg = 19.9 % (k=2)

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

candition

SAR measured

100 mW input power

2.08 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1057_Jan15
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Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.19 Wkg

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized to 1W

77.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,14 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1057_Jan15
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

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

SAR for nominal Body TSL parameters

normalized to 1TW

75.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.06 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 49.0Q-94iQ

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

impedance, transformed to feed point 4830-4.2Q

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

Impedance, transformed to feed point 49.2Q-5.0iQ

Return Loss -259dB
Antenna Parameters with Head TSL at 5600 MHz

tmpedance, transformed to feed point 54.4Q-48jQ

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

Impedance, transformed to feed point 51.8Q-26jQ

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

impedance, transformed to feed point 482Q-8.4iQ

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

Impedance, transformed to feed point 48.6Q-3.6jQ

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

tmpedance, transformed to feed point 4840 -41jQ

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

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

Antenna Parameters with Body TSL at 5800 MHz

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

General Antenna Parameters and Design

Electrical Delay (one direction) 1.202 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can he measured.

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

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may he damaged.

Additional EUT Data

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

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

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

Medium parameters used: f = 5200 MHz; 6 = 4.56 S/m; ¢, = 36.3; p = 1000 kg/m® , Medium parameters
used: f = 5300 MHz; 6 = 4.66 S/m; a-:r =36.1; p= 1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
4.86 S/m; E‘.r =35.9; p=1000 kg/m® , Medium parameters used: f = 5600 MHz; ¢ = 4.97 S/m; er =35.6;p=
1000 kg/m , Medium parameters used: { = 5800 MHz; 6 = 5.18 S/m; g, =354, p = 1000 kg/m

Phantom section: Flat Section

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

DASYS52 Configuration:

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

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

o Electronics: DAE4 Sn601; Calibrated: 18.08.2014

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

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

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

Peak SAR (extrapolated) = 29.8 W/kg

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

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

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

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

Peak SAR (extrapolated) = 32.1 W/kg

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

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

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

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

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) = 8.43 W/kg; SAR(10 g) = 2.38 W/kg

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

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

Peak SAR (extrapolated) = 33.5 W/kg

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

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

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

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

Peak SAR (extrapolated) = 33.8 W/kg

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

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

-20.00
-30.00

-40.00

-50.00

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

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

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

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

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

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

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

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

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

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

Peak SAR (extrapolated) = 28.9 W/kg

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

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

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

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

Peak SAR (extrapolated) = 29.8 W/kg

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

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

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

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

Peak SAR (extrapolated) = 33.7 W/kg

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

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

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

Peak SAR (extrapolated) = 34.1 W/kg

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

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

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

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

Peak SAR (extrapolated) = 34.7 W/kg

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

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

E 5000
0dB =174 W/kg=12.41 dBW/kg
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Impedance Measurement Plot for Body TSL
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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):

_ J2we, J2me, &y eXIO[ jor (p46,5,)" ] dn
[n(o/a)f J [[[ooss r et

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'cos¢’ , wis the angular frequency, and j = J-1.

Table D-1
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450-2600 | 2450-2600 | 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 29.44 26.7
HEC See page ! !
Nacl 03 |Seepage2| 145 094 04 02 018 0.39 See page 4 01  [Seepage5
Sucrose 57 449
Polysorbate (Tween) 80 20
Water 40.45 53.06 52.6 68.8 54.9 70.17 732 80
Reviewed by:
FCC ID: A3LSMJ700P SAR EVALUATION REPORT
Quality Manager
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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.

Figure D-2
750 MHz Body Tissue Equivalent Matter
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Figure D-3
750 MHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:
H20 Water, 52 — 75%
C8H1803 Diethylene glycol monobutyl ether (DGBE), 25 — 48%

(CAS-No. 112-34-5, EC-No. 203-961-6, EC-index-No. 603-096-00-8)

Relevant for safety; Refer to the respective Safety Data Sheet”.
NaCl Sodium Chiloride, <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.

Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water
Mineral oil
Emulsifiers
Sodium salt

Composition of 5 GHz Head Tissue Equivalent Matter

50 - 65%
10 - 30%
8-25%
0-1.5%
Figure D-6

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.

5 GHz Head Tissue Equivalent Matter

Figure D-7
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software versions)
used for this device were validated against its performance specifications prior to the SAR measurements.
Reference dipoles were used with the required tissue- equivalent media for system validation, according to the
procedures outlined in FCC KDB Publication 865664 D01v01r04 and IEEE 1528-2013. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid
frequency range of the probe calibration point, using the system that normally operates with the probe for routine
SAR measurements and according to the required tissue-equivalent media.

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

Table E-1
SAR System Validation Summary — 1g
SAR COND. PERM. CW VALIDATION MOD. VALIDATION
SYSTEM F[SIEZQ] DATE PRSC:\‘BE P‘IBY?’?EE PROBE CAL. POINT ©) () SENSITIVITY PROBE PROBE MOD. DUTY PAR
# LINEARITY | ISOTROPY | TYPE FACTOR
K 750 9/17/2015 3022 ES3DV2 750 Head 0.894 42.461 PASS PASS PASS N/A N/A N/A
| 835 11/3/2015 3333 ES3DV3 835 Head 0.930 41.384 PASS PASS PASS GMSK PASS N/A
D 1750 11/18/2015 3209 ES3DV3 1750 Head 1.369 38.667 PASS PASS PASS N/A N/A N/A
K 1900 9/14/2015 3022 ES3DV2 1900 Head 1.450 39.133 PASS PASS PASS GMSK PASS N/A
J 2450 5/28/2015 3319 ES3DV3 2450 Head 1.875 39.702 PASS PASS PASS OFDM N/A PASS
H 2600 7/20/2015 3263 ES3DV3 2600 Head 2.021 38.377 PASS PASS PASS TDD PASS N/A
E 5250 10/6/2015 7308 EX3DV4 5300 Head 4.621 36.087 PASS PASS PASS OFDM N/A PASS
E 5600 10/6/2015 7308 EX3DV4 5600 Head 4.982 35.624 PASS PASS PASS OFDM N/A PASS
E 5750 10/7/2015 7308 EX3DV4 5800 Head 5.151 35.406 PASS PASS PASS OFDM N/A PASS
B 750 11/4/2015 3287 ES3DV3 750 Body 0.972 54.420 PASS PASS PASS N/A N/A N/A
E 835 9/11/2015 3351 ES3DV3 835 Body 0.986 54.118 PASS PASS PASS GMSK PASS N/A
K 1750 9/13/2015 3022 ES3DV2 1750 Body 1.491 52.532 PASS PASS PASS N/A N/A N/A
| 1900 11/4/2015 3333 ES3DV3 1900 Body 1.579 51.524 PASS PASS PASS GMSK PASS N/A
J 2450 4/28/2015 3319 ES3DV3 2450 Body 2.028 51.126 PASS PASS PASS TDD PASS N/A
G 2450 12/4/2015 3334 ES3DV3 2450 Body 1.997 51.699 PASS PASS PASS OFDM N/A PASS
J 2600 12/1/2015 3319 ES3DV3 2600 Body 2.254 50.431 PASS PASS PASS TDD PASS N/A
D 5300 11/9/2015 7357 EX3DV4 5300 Body 5.568 47.186 PASS PASS PASS OFDM N/A PASS
D 5600 11/9/2015 7357 EX3DV4 5600 Body 5.977 46.653 PASS PASS PASS OFDM N/A PASS
D 5800 11/9/2015 7357 EX3DV4 5800 Body 6.257 46.285 PASS PASS PASS OFDM N/A PASS
Table E-2
SAR System Validation Summary — 10g
SAR COND. PERM. CW VALIDATION MOD. VALIDATION
SYSTEM F[EEZQ] DATE PRSC:\IBE P'IBY%?EE PROBE CAL. POINT ©) (e SENSITIVITY PROBE PROBE MOD. DUTY PAR
# LINEARITY | ISOTROPY TYPE EACTOR
D 5300 11/9/2015 7357 EX3DV4 5300 | Body 5.568 47.186 PASS PASS PASS OFDM N/A PASS
D 5600 11/9/2015 7357 EX3DV4 5600 | Body 5.977 46.653 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
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (>5
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.
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