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Glossary:

T3L tissus simulatng liquid

NORM: vz sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

DCP diode compression point

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

&8 B.CD maoduiation dependant inearization parameters

Polarization o ip rotaticn arcund probe axis

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

i, & = 0is normal to probe axis
Connector Angle irformaticn used in DASY systern to align probe sensor X to the robot coordinate system

Calibration is Performed Accerding to the Following Standards:

al

)
c)

d)

|EEE Std 1528-2013, "IEEE Recommended 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 to 3 GHz}", February 2005

tEC 622(13-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless communication devices
uzed in clgse proximity to the human body {frequency range of 30 MHz to & GHz)", March 2010

KDB 5365664, "SAR Measurement Reguirements for 100 MHz to § GHz

Methotts Applied and Interpretation of Parameters;

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

MORM{Bx y.z = NORMy, v,z * frequency_response {see Frequency Response Chatt). Thiz linearzation is
implemnented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of Comel,

DCPx vy z: DCP are numerical inearization parameters assessed based on the data of power swaep with Ty
signal {ho uncertainty required). DCP does not depend on fraquency nor media.

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

A 1nZ: Bayy,z Cay,z; Dey,z) VRx.yz A, B, €, D are numerical linearization parameters assessed bassd on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. ¥ 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 analytical fizld distributions based an pawer
measuraments far f = 300 MHz. The same setups are used for assessment of the parameters applied for
baundary compensation {(alpha. depth) of which typical uncertainty values are given. These paramsters are
used in DASY4 software o improve prabe accuracy close to the boundary, The sensitivity in TSL corresponds
o NORM: .z * Comd wheraby the uncertainty corresponds to that given for ConvF. A fraquency dependent
Conmv is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncentainty requirad).
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ES3DVI— SM:3354

Movember 17, 2015

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

Basic Calibration Parameters

, : Sensor X SensorY Sensor £ Linc (k=3]
Marm {u‘u’f{BWm} b 1.03 1.03 0.99 +10.1 %
DEP {mV} 107.6 105.3 107.9
Modulation Calibration Parameters
o Communication System Name A B C o | vR Unct
d8 | 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 3064
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 &2.0 271 124.6
z 11.14 71.2 235 1471
é?faﬂ- | GEM-FID (TOMA, GMESK) X | 1505 a1.0 24.4 8337 | 4305 | +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 B5.1 154 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 B47d 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

Cenfficate Mo: ES3-3334, Nov15
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ES300W3— SN:3334

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. Nowis
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E330W3- SiN,333 Wovernber 17, 2015

10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP W | aam 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 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
prabability of approximately 95%.

* The uncertainties of Mom XY.Z da not affect the 2 field uncertainty inside TEL {see Pages 7 and &),

E Murmerical inearizatian parameter: uncsttainty not required.

= Ungertainty is determined using the meee deviation from linear response apolying rectangular distribution 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



ES30 3~ SM:3334 Movember 17, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

f(MHZ)®  Permittivity ™ (Sfm) " ConvFX | ConwFY | ConvFZ | Alpha®| (mm) {k=2)
750 55.5 0.96 5.37 6.37 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 MH

" at frequencias balew 3 GHz, the validity of tissue sarameters (& and o) can be retaxed ta & 0% if fiquid competsation formula s applied to
measured SAR values. At frequencies above 3 GHz, the valicity of tissue paramaters (= and 1) is restricted 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 after compensation is
abways less than £ 1% for frequencies balew 3 GHz ard below £ 2% for frequenciss between 5.6 SHz at any distancs &mger than half the probe tip
diameter from the boundary.

Cortificats Mo ES2-323_Naov1s Page 8 of 13



ES30VI— ShNiEasg Movember 17, 2015

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

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

s

1.0+

T T

LA SO SN A

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2500
f [MHz]

Uncertainty of Frequency Response of E-field: 1 6.3% {k=2)

Certificate Mo: ES3-3334_Movis Page 9 of 13
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Receiving Pattern (¢), 8 = 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(SAR..q)
(FEM cell , foy= 1900 MHz)

Input Sigral [ul]

g 102 10 107 101 10° 107
SAR [miiem3)]

= (o]

not cempensaied cormpensated

E ORI P

Ereat [dB]

101 ‘o 1IE|1 102
SAR [mWem3]

2 N

net cobnpaasated COMmpensatec

Uncertainty of Linzarity Assessment: * 0.6% {k=2)
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ES3DW3E— 3M:3334 Movember 17, 20156

Conversion Factor Assessment

f= 835 MH2.WGLS RS (H_comd)

= 1800 MHz WGLS R22 (H_convF}

L34 ‘
an !I:--: ......
E.I:I-__ y b
o 2 )
L g
5 - . E] i ‘x\
W [ -
- h\\, " .
n -, i \\‘
nu-E: ' - E— L S I R I LT
a 1w = an sC & p E W e Gpoow 0w 4
m:;E:'::I -rp_-;:.md s.-ﬁl;m rma;:;lpd
Deviation from Isotropy in Liquid
Error (¢, 4}, f = 900 MHz
=
=2
B
o
]

-0 -D& 05 04 02 00 02 04 0e 08 1.3
Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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ES20W3E- 8M:3334

MNovember 17, 2015

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

Other Probe Parameters

Sensor Arrangsment

Triangular
Connector Angle (%) 17.4
Machanical Surface Deteciion Mods enabled
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

Ceriificate Mo: ES3.3334_Mavis Page 13 of 13



Calibration Laboratory of
Schmid & Partner

Engineering AG
Feughausstrasse 43, 5004 Zurich, Switradand

5 Schweizerischer Kalibrierdienst

C Servipe suizse d'étalonbage
Servizia svizzero oi taratura

g Sweins Calibrafion Seryvice

2117,
AN

Accredited by the Swiss Agcreditation Jervice [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Tuttilateral Agreement for the recognition of calibration cortificates

Accreditatian No: SCS 0108

Chent

Geritiéae o EX3-3589 :Jan16

CALIBRATION CERT!

Object EX30V4 - SN:3589:

Calibratien precedursis) QA CALGT VY

Galibration Procedins for dosimestric Eifield: pmbes

Calibration date: JAnGany 20,204

Thiz caiibradcn cenificate documnants the traceability ta national standards, which realize the physizal units of messurements (S0,
The measurarments and the Lncentainties with confidence probaility are given on the fallowing pages and sre part of the cerfficate.

© Al ealiprations havs heen canducted in the clozed labaratary Facility: ervimrment iemperaturs (22 = %)°0 and hurmidity <= 7%,

Celiarstion Equipment used (METE crtical far calibration)

Calibrated hy:

tApprovsd by

i This calibration certificate shall rot ke reprodused except in full without written 2pproval of the laboratory.

Primary Starcards 10 Cal Date [Cetifizate No.) Zohetuled Calibradon

Pawer matar E44198 EB41283874 M-Apr-14 {Ma, 217-02128) Mar-16

Pawer ssnsor E44124, w4 140ELAT Obpre s o, 21702126 har-16

Referanca 3 o Alerwstor SN 53054 (3c) A1-Apr-15 (Mg, 217-02129) Mar-16

Referance 20 dB Attenuator SR SE2TT [20x) O1-Apr-15 Mo, 21702155 Mar-16

Feferenes 30 dB Attenuator SN: 85420 (30b) A1-Apr-15 Mg, 217-02133) Mar-18

Refersnce Frobe ES3002 SR 3013 31-Dec-15 (Mo, E&3-3013_ Dee15) Dec-16

DaE4 SN BE0 23-Dec-15 (Mo, DAF4-B50_Deg15) Dec-16

Sacondany Standards 1] " Check Date fin noussl : Seheduled Check

RE ganarater HP BG450 LIS3542U01700 | &AugeE (e house check Apr-13) © In hause check: Apr-16

hetwork Analyzer HE 8733E US373005a5 18-0ctD1 fin houge check Oct-15) In hause check: Oct-16
Functmn

Zignature

lesued: Janugry 21, 2016
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Calibration Laboratory of

] 5 Schweizerischer Kalibrierdicnst

Schmid & Partner C Service suisse d'&étalonnage
Engineering AG g Servizio svizzero di taratura

Zeughausstrazse 43, 3004 Zurich, Switrarland Swiss Calibration Servico

Aceradited oy the Swiss AccTecitation Servics (SAS Accreditation No.: SCS 0108

The Swiss Accreditatinn Service is one of the signataries to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

MORM: vz sengitivity in free space

ConvFE sensitivity n TSL / NORMx,y,z

oCcP diode compression point

CF crest factor (1/duty_cycle) of the RF =ignal

ABCD modulation dependent linsarization parameters

Polarization g o ratation araund probe axis

Polarization % rofation around an axis that (s in the plane nomal to probe axis (at measurement center),

i.e., & =0 normal o probe axs

Connector Angle information used in DASY system to align probe senser X to the rebot coordinate system

Calibration is Performed According to the Following Standards:

a} |EEE Std 1528-2013, “IEEE Recommernded Practice for Determining the Peak Spatial-Averaged Specific
Abzorption Rate (AR} in the Human Head from Wireless Communications Devices: Measurement
Tachmiques”, fune 2013

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

c) |EC 82200-2, "Procedurs t determine the Specific Absorption Rate (SAR) far wireless communication devices
used in closg praximity to the human body {frequency range of 30 MH=z ta § GHz}", March 2010

d) KDE 563664, "SAR Measurement Requirements for 100 MHz to § GHZ"

Methods Applied and interpretation of Parameters:

MNORMzx v,z Aszezsed for E-field polarization % =0 (f = 900 MHz in TEM-cell; f > 1500 MHz: R22 waveguide).
MNORM:,v.z are only intermediate values, e, the uncartainties of NORM:x,v.z does not affect the E-field
uncertainty inzide TSL (see below CaonvF).

MORM(fx Y.z = MORMxy, 2 * frequency_response (see Frequency Response Chart). This linearizatian is
implemented in DASY4 software verstons later than 4.2, The uncertainky of the frequency response is included
in the stated wncertainty of ConwF.

OCFx v,z DCP are numerical linsanzation parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP does not depend on frequency nor media.

FAR: PAR is the Feak to Average Ratio that is not calibrated bt determined based an the signal
characteristics

Ax v Z By r Cxy.z Dy, z; VExy,z A B, C. 0 are numerical linearization parameters assessed based on
the data of power sweep for specific modulation sigral, The parameters do not depend on frequency nor
media. VR is the maximum calibraticn range expressed in RMS valtage across the diode,

Convf and Boundary Effect Paramefers: Assessed in flat phantom using E-field {or Temperature Transfar
Standard far f < 800 MHz) and inside waveguide using analytical fizld distributions basad on powsr
measuraments far f = 800 MHz The sarme setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncettainty values are given. Theze parameters are
usad in DASYS software to improve prebe accuracy Close to the boundary. The sensitivity in TSL correspands
to MORMK, Y.z ™ Convi whereby the uncertainty comesponds to that given for ComeFE. A frequency dependent
Cormel i used in DASY version 4.4 and higher which allows extending the validity from + 50 MH=z to £ 100
MHz.

Spharfcal isotropy (30 deviation fram /=ofrapy): In a field of low gradients realized using a flat phantom
axposed by a patch antenna.

Sensor Offset. The sensor offaet corresponds to the offset of vidual meazuremeant center from the probe tip
{on probe axis). Mo tolerance required.

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

Cerntificate Mo: EX3-3589_Jan16 Fage 2 of 11
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Probe EX3DV4

SN:3589

Manufacturad: March 30, 2006
Calibrated: January 20, 2016

Calibrated for DASY/EASY Systems

(Mote: noo-campatible with DASYZ2 system!)
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EX30W4w SN 358G

Jarmuary 20, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Basic Calibration Parameters

Sensor X Sensor Y Sonzor Z Unc (k=2)
Norm (uVivimy™" 0.47 0.40 041 +10.1 %
DCP (m\v)” 99 3 102.8 100.4
Modulation Calibration Parameters
Ui Communication System Name A E c o VR Unct
vavava ) dB | dBvuv dBé | mv {k=2)
il Ow x| .00 0.0 10 | 000 ¢ 1437 | 27 %
L 0.0 00 14 i 129.9
z 0.0 G 10 1331
éﬁﬂ- SAR validation {(Square, 100ms, 10ms) X - GE.8 135 10,00 . A7 5 +1.0 4%
Y BET 972 218 330
: z 1016 [ 16,1 425
10082-  IEEE 802112/ WiFi 5 GMHz (OFDM, 6 X 1042 9.0 217 | 868 | 1324 | =30%
CAB Mbps) . o
vvvvvvvvvv ¥ 1036 BE.6 213 | 136.0 '
........ z 10.60 694 219 1%85
10117- IEEE 802111 (HT Mixed, 13.5 Mbps, x 10.37 63.0 21.2 8.07 1351 2T
CAB EPSK)
. ks 10.20 56 .4 207 137.2
.......... 2 | 1003 &5.1 20.7 1242
10196- [EEE 202 11 (HT Mixed, 8.5 Mbps, ® g.04 554 210 B0 311 oL
CAB BPEHK)
Y 9.q8 G, 207 131.5
zZ 1008 £9.0 213 1448
10400 IEEE 802 11ac WiFi (20hHz, 54-ThN, ® 10,25 G627 =14 5,27 1328 | £=27%
AL Sopc dury cyole) ;
N 013 G873 2048 1318
z 10.38 (A1 216 145.7)
10401- IEEE 802 11ac Wik (d0MHz, &4-03AM, ¥ 11.08 &34 21.8 &80 1412 £33 %
AAC Hpc duty oycle)
ki T0.7Y 637 21.1 1340}
£ 10,82 G20 214 134 9
10402~ IEEE 202.11a¢ WiFi (800MHz, §4-03aN6, ¥ 1.2 59.9 218 5.53 1443 2.7 %
AAC Sope duty cycle)
¥ 10,69 Gas 209 1365
Z | 10.88 621 21.2 132

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

The uncertzinties of Nom 5% Z do not affect the EX-field urcartzinty inside TSL 4 ieee Pages 5 and 6).

Nurnerlc-a linearizadon pararmeter: uncertainty not required.

F Uncertainty is determéned using the ma dewiation from linear response apg! lying ractangular dismibution and is expressed far the square of the

field value.

Certificate Mo: EX3-3582_lanis
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EX30WI— SM35ED January 201, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:35589

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Une
£(MHZ)® | Permittivity " (Simy}F ConvFX | CorwTY | ConvFZ | Alpha® | {mm) fle=2)
5250 35.9 471 4.28 4,25 4.28 0.45 1.80 +13.1 5%
5600 35.5 5.07 3.90 3,90 3.90 0.50 1.80 +13.1 %
5750 35.4 522 4.07 4.07 4.07 Q.50 1.80 +13.1%

® Frequency validity above 300 MHz of = 100 Mrlx arly applies for DASY vd.4 and higher (ses Page 2], else it i restricsed 1o £ 50 MHz. The
uhcertairty iz the RS3 of the ConvF unzertainty at calibration frequency and the uncetainty far the indiested freguancy band. Freguency velidity
bestewie 300 WHz s £ 10, 25, 40. 55 and ¥0 MHz for ConvF assessments a1 30, 54, 128, 150 and 220 MHz respectively. Above & GHz frequency
validicy can be extended to + 110 MHz,

F arfrequencies below 3 GHz, the validity of fssue parameters fe and &) ean be relaxed to + 153% if Equid com pensation formuls is apolied o
messured SAR values. At frequencies abave 3 GHz, the validity of tiseue parameters (¢ and o) is restricted to + 5%, The uncartsinty is the RSS of
the ConvF uncertainty for indizsted target tissue parameters.

= AlphaiDepth are determined curng calioration. SPEAL warrarts that the remaining deviation due ta the boundary effect after compenzation is
always iess than + 1% for frequsncies below 3 GHz and belaw % 2% for frequencies between 3-6 (GHz 2t any distance larger than half the probe tip
diarnater from the Soundary.

Certiicate Ma: EX3-3569_Jan16 Fane & of 11



EX30W A SN3582 danuary 20, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® ~ Unc
f(MHZ)® | Permiitivity" {Sf) " ConvFX | ConvFY | ConvFZ ! Alpha® |  (mm {k=2)
i ...
8250 488 5.36 3.80 3.80 1.90 =131 %
5600 4585 577 3.37 3.37 3.37 0.55 ! 190 131 %
: 5750 483 5.94 . 371 3.71 3.71 050 | 1.90 £131%

* Frequency validity above 306 M2 of £ 100 MHz orly applies for CASY w44 and higher (see Paoe 20, elss & is resticted to = S0 MHz The
unserainty is e RE3 of the ConvE uncerainty at calibration fraquency and the uncartainity for the indicated frequency band. Frequency validity
Bzl 300 MHz iz £ 10, 25, 40, 50 and 70 MHz for Corf assessrments at 30, 84, 128, 150 ang 220 MHZ respactively. Above 5 GHz frequancy
validity 0 9g extended to = 110 MHz.

AL frequentizs below 3 GHz, the valicity of tissue parameters (kand o) can be relaxed to £ 10% ¥ liquid comaensation farmuola is applied o
rmeasured BA% valugs. At frequencies above 3 GHz. the validity of 4ssue parametars (o and o) is restricted to = 5% The uncertainty is the RSS of
the CanvF znzerainty for indicated arget tesue parameters.

* AlphalDepth are determined dusing calibraticn. SPEAR warrants thzt the remaining deviation due 0 the boundary effzat sfter compensadon is

slways |38 than £ 13 for requancies below 3 GHz and below = 2% for frecuencies betwaen 3-8 BHz at any distance larger than half the probe dp
ciameter froen the boundany.

Certificate No: EX3-53880 lan16 Fage £ of 11
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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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ExnA— 5N:3589 January 20, 2018

Receiving Pattern ($), 9 = ¢°

=600 MHz, TEM

=1800 MHz R22
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Uncertainty of Axial Isstropy Assessment: £ 0.5% (k=2)

Certificate Mo: EX3-3589_Janié

Fage 8 of 11




EX30NA— SN:3580 January 20, 2018

Dynamic Range f{(SARncad)
(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= 3250 MHz WGELE R53 {H_convF)-5C5 f= 5750 MMz WGELS REE (H_convF)-5CS
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Deviation from [sotropy in Liquid
Error (9, 9), f = 900 MHz

Deoviation

-08 -06 -04 02 00 a2 0.4 0.5 W) 1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)

-1,
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Ex30va- ShN:3589

January 20, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Other Probe Parameters

Zensor Amangement Triangular

| Connester Angle 4y 1 -36.2

: Wechanical Suface Defection Mede | 77T enabled
Optical Surface Detection Mode disabied |

| Probe Overalf Length 337 mm
Probe Body Diameter 10 mm
Tiplength " 89 mm
Tip Diameter 2.5 mm |
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip ta Sensor Y Calibration Poing 1 mm
Proke Tip to Senscr £ Calibration Point 1 mm
Recammendead Measurement Distance from Suiface 1.4 mm

Cerificate Mo: EX3-3588_Jan1& Page 11 of 11



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client

S
Cc
S

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

Accreditation No.: SCS 0108

Object

Caiibration procedure{s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

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

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

Primary Standards D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 01-Apr-15 {No. 217-02128) Mar-18

Power sensor £4412A MY41498087 01-Apr-15 {No, 217-02128) Mar-16

Reference 3 dB Attenuator SN: 85054 {3c} 01-Apr-15 {No. 217-02128) Mar-16

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

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

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

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

Secondary Standards 8] Check Date (in house} Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13} In house check: Apr-i6
Network Analyzer HP 8753F UUS37390585 18-Oci-01 (in house check Oct-14) In house chack: Oct-15

Calibrated by:

Approved by:

Name

Function

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

Sigriature

lssued: July 22, 2015

Certificate No: EX3-7308_Jults
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Calibration Laboratory of
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) S S Schweizerischer Kalibrierdienst
Schmid & Partner ila‘\\-\z//sn IE?: c Service suisse d'étalonnage
Engineering AG P S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”34@\\3‘ Swiss Calibration Service
LU
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration ceriificates
Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
bCP diode compression point
CF crest factor {(1/duty_cycle) of the RF signal
ABCD 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)

b)

c)
d)

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

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

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

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

Methods Applied and Interpretation of Parameters:

NORMX,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celi; 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(fix,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

Ax.y.z; Bx,y,.z; Cx,v,z; Dx,v,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.

ConvE and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

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

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

Certificate No: EX3-7308_Jul15 Page 2 of 12
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SN: 7308

Manufactured: March 11, 2014
Calibrated: July 21, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3Dv4- SN:7308

July 21, 2015

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

Basic Calibration Parameters

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

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

Y 0.0 0.0 1.0 152.7

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

Y 4.80 74.9 16.5 43.8

Z 0.93 58.1 8.8 41.8
10062- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X | 10.36 69.2 21.9 866 | 1454 | *33%
CAB Mbps)

Y 10.44 69.2 21.9 144.1

d 9.89 68.5 21.5 130.2
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.03 68.2 20.8 8.07 1271 £3.0%
CAB BPSK)

Y 10.43 69.2 21.4 148.2

Z 10.05 68.6 21.1 138.2
10196~ IEEE 802.11n (HT Mixed, 6.5 Mbps, X 10.03 68.9 21.4 8.10 146.1 £3.0%
CAB BPSK)

Y 10.09 68.9 214 143.5

Z 9.59 68.3 21.1 131.0
10317- IEEE 802.11a WiFi 5 GHz (OFDM, 6 X 10.17 69.0 21.6 8.36 144.5 +3.3%
AAB Mbps, 96pc duty cycle}

Y 10.23 68.0 21.6 i41.8

z 9.72 68.4 21.3 130.2
10400~ IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.28 691 21.6 8.37 1446 +3.3%
AAC 99pc duty cycle)

Y 10.32 69.1 216 142.0

Z 9.81 68.5 21.3 129.4
10401- IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.70 68.8 215 8.60 129.8 +3.0 %
AAC 99pc duty cycle)

Y 10.55 68.4 21.2 123.2

Z 10.64 69.1 21.6 140.3
10402- IEEE 802.11ac WiFi (80MHz, 64-QAM, X i0.84 69.0 21.4 8.53 1301 3.0 %
AAC 99pc duty cycle}

Y 10.57 68.4 21.0 123.5

z 10.91 69.6 21.7 142.7

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

July 21, 2015

10417- IEEE 802.11a/h WiFi 5 GHz (OFDM, & X 10.10 68.9 215 8.23 145.0 +3.0 %
AAA Mbps, 99pc duty cycle)

Y 10.15 68.9 21.5 142.0

Z 9.64 68.3 21.1 130.3

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

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

i . - - - . .
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

fietd value.

Certificate No: EX3-7308_Jul15
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EX3DV4- SN:7308 July 21, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (sm)" ConvFX | ConvFY | ConvFZz | Alpha®| (mm) {k=2)
5250 35.9 4.71 5.20 5.20 5.20 0.35 1.80 +13.1%
5600 35.5 5.07 4,65 4.85 4.65 0.40 1.80 +13.1%
5750 35.4 5.22 4.86 4.86 4.86 0.40 1.80 +131%

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

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to £ 10% if liquid compensation formufa 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 ConvE 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.

Centificate No: EX3-7308_Julb Page 6 of 12




EX3DV4- SN:7308 July 21, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc

f(MHz)® | Permittivity” {smyf ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
5250 48.9 5.36 4.63 4.63 4.63 0.40 1.90 £13.1%
5600 48.5 5.77 3.92 3.92 3.92 0.50 1.90 131 %
5750 48.3 5.94 4,24 4.24 4,24 0.50 1.90 213.1%

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

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

& Alpha/Depth are datermined during calibration. SPEAG wairants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below £ 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary.

Ceriificate No: EX3-7308_Jul15 Page 7 of 12




EX3DV4—- SN:7308

Frequency Response of E-Field

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

July 21, 2015
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EX3DV4- SN:7308

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

=1800 MHz,R22

July 21, 2015
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:7308 July 21, 2015

Dynamic Range f(SARyead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:7308 July 21, 2015

Conversion Factor Assessment

f = 5260 MHz WGLS R58 (H_convF)-SCS f = 5750 MHz WGLS R58 (H_convF)-SCS
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:7308

July 21, 2015

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 111.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Bedy Diameter 10 mm
Tip Length amm
Tip Diameter 2.5mm
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 14 mm

Certificate No: EX3-7308_Jul15
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
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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 US37292783 07-Oct-14 (No. 217-02020) QOct-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.
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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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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland ’/(/;%\\\\

S Schweizerischer Kalibrierdienst
C Service suisse d'étalonnage
S

Servizio svizzero di taratura
Swiss Calibration Service

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

cient  PCTest

Accreditation No.: SCS 0108

Certificate No: D1900V2-5d149_Jul15." -

Obiject D1900V2 - SN:5A149 .- i

QA CAL-05.v9. -

Calibration procedure(s) : : R S .
Callbratlon procedure for dlpoie valldatlon klts above 700 IVin

CCv
Bl

July 14,2015

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 fellowing pages and are part of ihe certificats.

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

Calibration Equipment used (M&TE critical for calibration)

Approved by:

Leif Klysner .

Katja Pokovie

Laboratory Téc'i_i_ﬁic_i'an e .' »

. Technical Manager

[ 5;/ mw

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

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

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

Power sansor HP 8481A Us37292783 07-Oct-14 (No. 217-02020) Oct-15

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

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

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

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Deci4) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Augi4) 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 US37390585 54206 18-0Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function ~ Signature

Calibrated by: e s

T

Issued: July 14, 2015

Certificate No: D1800V2-5d149_Jdul1s
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Zeughausstrasse 43, 8004 Zurich, Switzerland o /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 recegnition 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

¢) 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:

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

Certificate No: D1900V2-5d149_Jul15 Page20of 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 Cenier - 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

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

Measured Head TSL parameters {22.0+0.2) °C 39.7+6% 1.38 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 Wrkg = 17.0 % (k=2)

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

condition

SAR measured

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 paramelers 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 W/kg

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

normalized to 1W

21.8 Wikg = 16.5 % {(k=2)

Certificate No: D1900V2-5d148_Julis
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Appendix (Additional assessments ouiside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5140 +56jQ
Return Loss -24.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47702 +6.1Q
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 measurad.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
sacond 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

Certificate No: D1200V2-5d149_Jul15 Page 4 of 8




DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: £ = 1900 MHz; ¢ = 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; ConvF(5, 5, 5); 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)

Date: 14.07.2015

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 =129 W/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: D1900V2; 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: DASY5 (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: QDO00OP50AA; 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=Smm, 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

0dB =129 W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland A

S Schweizerischer Kalibrierdienst
c Service suisse d'étalonnage
S

Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Sarvice (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

ciet PCTest . = Certificate No: D1900V2-5d148_Feb15

Object DA 900V2 'SN5d148 Sl i

Calibration procedure(s) QACAL_05 Vg o
Cahbratlon proced

g 36115

ure for .dzpolé'yalldaiioﬁ._kiiS__:éboi}éfT_O:(:):Mﬁ.zii:_- :

Calibration date: February1 8. 20.[ 5 :

This cafibration certificate documents the traceability to national standards, which reafize the physical units of measurerments (St}
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%.

Callibration Equipment used (M&TE critical for calibration)

Primary Standards iD# Cal Date (Certificaie No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-0ci-14 {No. 217-02020) Oct-15

Power sensor HP 8481A Us37292783 07-Oct-14 (No. 217-02020) Cet-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) QOct-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-Apt-14 (No. 217-01921) Apr-18

Reference Probe ES3DV3 SiN: 3206 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_AugT4} Aug-15

Secondary Standards ID # Check Date {in houss) Scheduled Check

RF generator R&5 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: Gct-15

Name ., Function
Calibrated by: ‘Michasl Weber "

Labotatory Technician

Approved by: 'Ka:ijé-'Pékdv'ic - - " Technical _Mé_n:_agj:e_r:_'. >

Issued: February 18, 2015

This calibration certificate shall not be reproduced except in full without written approval of the faboratory.
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Calibration Laboratory of \\\“\\&7’2, Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'étalonnage
. . = . . .
LA - Servizio svizzero di taratura
Engineering AG . NG vizio svizze :
Zeughausstrasse 43, 8004 Zurich, Switzerland Y f/-\\ W Swiss Calibration Service
2T
Accredited by he 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 Sysiem 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 Return Loss ensures low
reflected power. No uncetrtainty 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
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1900V2-5d148_Feb15 Page 2 of 8




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

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0 £ 0.2} °C 391+6% 1.42 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 10.3 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.37 Wikg

SAR for nominal Head TSL parameters

normalized fo 1W

21.3 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 5316 % 1.53 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 10.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.2 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.40 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d148_Feb15
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Appendix (Additional assessments outside the scope of SC50108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 524 Q +6.2jQ
Return Loss -23.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4820 +6.6Q
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.198 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: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1960V2; Serial: D1900V2 - SN: 5d148

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

Medium parameters used: £ = 1900 MHz; ¢ = 1.42 S/m; & = 39.1; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvE(5, 5, 5); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
e 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 = 98.30 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) = 10.3 W/kg; SAR(10 g) =5.37 W/kg

Maximum value of SAR (measured) = 13.0 W/kg

0dB = 13.0 W/kg = 11.14 dBW/kg

Certificate No; D1800V2-5d148_Feb15 Page 5 of 8




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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 19060 MHz; Type: D19006V2; Serial: D1900V2 - SN: 5d148

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

Medium parameters used: f = 1900 MHz; ¢ = 1.53 S/m; & = 53.1; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:

o Probe: ES3DV3 - SN3205: ConvE(4.65, 4.65, 4.65); Calibrated: 30.12.2014;

L]

&

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 {back); Type: QDOO0OP50AA; Serial: 1002
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 18.02.2015

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 = 95.79 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 17.2 Wikg

SAR( g) =10.1 W/kg; SAR(10 g) = 5.4 W/kg
Maximum value of SAR (measured) = 12.7 W/kg

0dB=12.7W/kg=11.04 dBW/kg
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ciient  PC Test

CALIBRATION CERTIFICATE _

Ce:lfti_f_i_c_é_te No: D2450V2-882_Feh15 -

Object D2450V2 - SN:882

Calibration procedura(s) QA CAL 05 VO SR
Callbratlon procedure for

Calibration date: February18, 2015

This calibration cettificate documents the traceability to national standards, which realize the physical units of measurements (sh.
The measurements and the uncertainties with confidence probabiiity 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 D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020} Qct-15

Power sensor HP 8481A 837292733 07-Oct-14 (No. 217-02020) Cot-15

Power sensor HP 8481A 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: 6047.2 7 06327 03-Apr-14 (No. 217-01921) Apr-15

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 # Chaeck Date {in house) Scheduled Check

RF generator R&S SMT-06 100005 04-Aug-29 (in house check Oct-13} In house check: Oct-16
Network Analyzer HP 8753E US37390585 54206 18-Oct-01 {in house check Qot-14) In house check: Oct-15

Name Function _
Calibrated by: '_Mlchael Webei S o Laboratory Techn|c|an S

Approved by: o 'Te'chh_ic_':_e'i_l Manager:

Issued: February 18, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 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
reflected power, No uncertainty required.

o FElectrical 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.

s 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 g

iven on page 1.

DASY Version DASY5 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 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 382+6% 1.87 mho/m £6 %

Head TSL temperature change during test <0.5°C s mann
SAR result with Head TSL

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

SAR measured 250 mW input power 13.4 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.3 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.16 Wikg

SAR for nominal Head TSL parameters

normatlized to 1W

24.3 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 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 51.7+6% 2.04 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 13.0 W/kg

SAR for nominal Bedy TSL parameters

normalized to 1W

50.7 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.97 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.5 Wikg * 16.5 % (k=2)

Certificate No: D2450V2-882_Febh15
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Appendix (Additional assessments ouiside the scope of SCS0108)

Antenna Parameters with Head TSL

fmpedance, transformed to feed point 52.8Q-0.2jQ
Return Loss -31.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5040 +1.9jQ
Return Loss -34.4dB

General Antenna Parameters and Designh

Elecirical Delay (one direction) 1.156 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 siill
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 October 06, 2011
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DASYS5 Validation Report for Head TSL

Date: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:882

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

Medium parameters used: { = 2450 MHz; ¢ = 1.87 S/m; €, = 38.2;, p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue - ES Probe/Pin=250 mW, d=10mm/Zoom Scan
(Tx7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.95 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.16 W/kg

Maximum value of SAR (measured) = 17.3 W/kg

0dB = 17.3 Wikg = 12.38 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Repori for Body TSL

Date: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:882

Communication System: UID 0 - CW; Frequency: 2450 MHz.
Medium parameters used: f = 2450 MHz; 6 = 2.04 S/m; &, = 51.7; p = 1000 kg/m

Phantom section: Tlat Section
Measurcment Standard: DASY5 (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanicai Surface Detection)
e Electronics; DAE4 Sn60!; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA; Serial: 1002

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

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

Reference Value = 94.16 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.2 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 5.97 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

0dB=17.0 W/kg = 12.30 dBW/kg

Certificate No: D2450V2-882_Feb15 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Client PC Test

Schweizerischer Kalibrierdiznst
Service suisse d'étafonnage
Servizia svizzero di taratura
Swrizs Calibration Service

Accreditation Ne.: SCS D108

Cerificate No: DD GHZV2-1057 _Jan16/2

Oibject

Calibrtion procadurs(s)

" Calbration date:

Frimary Standards

CALIBRATION CERTIFICATE (Replacement of No:D5GHzV2-1 057_Jan16)

D5GHZV2 - SN: 1057

ClA CAL-22 v2

Calibration procedure for dipole validation kits between 3-6 GHz

January 19, 2016

Calitration Equipment used (METE criticat for calibration)

0+

Thiz calibration certificata documents the tracaability to national standards, which realize the physical units of messuremants (S1],
The: messuramants and the unceitainties with confidence prebability ana given on the following pages and are part of the certificate.
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Calibration Laboratory of
Schmid & Partrer

Enginesring AG
Zeughaussirasse 43, 3004 Zyurich, Switzerland

S Schwaizerscher Kalibrierdienst
Service suisse d'étalonnage

c Servizic svizzerg o taratura

S swiss Calibration Service

Accradited By the Swiss Accreditation Senvice (SAS) Accreditation Ne.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Multilateral Agreement for the resogniion of calibration certificates

Glossary:

TSL tissue simuiating liguid

ConvF sensifivity 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, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absomption Rate (SAR) in the Human Head from Wircless
Communications Devices: Measurement Technigues”, June 2013

b} 1EC 62209-2, "Procedure to determine the Specific Absorption Rate {(SAR) for wireless
communication devices used in close proximity to the hurman body (frequency range of 30
MHz to 6 GHz)", March 2010

¢} KDB 865664, “SAR Measurement Requirements for 100 MHz to § GHz"

Additional Documentation:
d) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

» Amfenna Parameters with TSE: The dipole is mounted with the spacer to position itg feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point iImpedance 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 Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

» S5AR measured: SAR measured at the stated antenna input power.

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

~  SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate the
nominai SAR result.

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

Cettificate No: D5GHZWEe-1057_Jand &2 Page 2 of 13



Measurement Conditions

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

DASY Version

DASYS WE2.8.8
Extrapolation Advanced Extrapolation
—Phantnm Modular Flat Phantam v5.0
Distance Dipole Coanter - TSL 10 mm with Spacer
Zoam Sean Resolution o, dy =4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z dirgction)

Frequency

SE50 MHz = 1 MHz
5600 MHz £ 1 MHz
5750 MHz =1 MHz

Head TSL parameters at 5250 MHz

The following pararmeters and calculations were applied.

Temperature Permittivity Condustivity
Nominal Head TSL parameters 220°C 355 4.71 mha/m
Measurad Head TSL parameters {22002 °C 326 % 4.55 mhafm 26 %
Head TSL temperature change during test =050 -— —
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em” {1 g) of Head TSL Gandéion
5AR measured 100 mW input power T Wkg

SAR fer nominal Head TSL pararmeters

normalized to 1W

77.1 Wikg = 19.9 % (k=2}

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

condition

SAR measured

100 mY input power

2.24 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 Wikg = 19.5 % (k=2}

Certificate Na: DEGHzVZ-1057_Jan16/2
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Head TSL parameters at 5600 MHz

The following pararmeters and calculations were applied,

Temperature Permittivity Conductivity
Neminal Head TSL parameters 22.0°C 35.5 507 mhoim
Measured Head TSL parameters (22002 °C 347 6 % 480 mhofm £ & %
Head TSL temperature change during test =« 0.5°%G - -—
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 o) of Head TSL Condition
SAR measured 100 MV InpR power B.21 Wikg

SAR for nominal Head TSL parametars

harmalized to 1w

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

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

condition

S54R measured

100 midy input power

237 Wikg

SAR for nominai Head TSL pararneters

normalized to 1

!

23.5 Wikg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and ealoulations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 2200 a5 .4 5.22 mho/m
Measured Head TSL parameters (20020 245 8% 2.08 mhe'm = 6 %
Head TSL. temperature change during test =057 -— -——
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 em® {1 ¢) of Head TSL Condition
SAR measured 100 mW inpLe power 3.12 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

232 Wikg

5AR for nominal Head TSL parameters

normalized tg W

23.0 Wkg = 19.5 % (k=2)

Certificats Ma: DSGHzY2-1057_Jan16/2
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Body TSL parameters at 5250 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity —|
Nominal Body TSL parameters 220°C 4849 5.36 mhaim
Measured Body TSL parameters (PR0x02°C 470+ 8 % A4 mhofm = 6 94
Body TSL temperature change during test < (.5*C - “rae
SAR resuit with Body TSL at 5250 MHz
SAR averaged over 1 cm’ {1 g) of Body TSL Condition |
SAR measured 100 vy input power 745 Wiky

FAR for nominal Body TSL parametears

rigrmialized to 1

73.9Wikg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.10 Wikg

|_SAFI for nominal Bady TSL parametsrs

narmalized to TW

20.8 Wrkg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parametars and calculations were applied.

Temperature Permittivity Conductivity —|
Mominal Body TSL parameters 22.0°C 48 .5 577 mhaim
Measured Body TSL parameters {22002 C 464 + 6% 581 mho/m + & 9%
LEndy T5L temperature change during fest <{.5°C -—— -—
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Bedy TSL Condition
SAH measured 100 myy input pawer 7.96 Wikg

SAR for nominal Body TSL parameters

nomalized to 1y

79,0 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 miW input peower

2.24 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.2 Wikg = 19.5 % (k=21

Certificate Mo: DSGHzY2-1057 _Jan1s/2
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Body TSL parameters at 5750 MHz

The following parameters and calculations were gpplied.

Temperature Permititvity Conductivity
Nominal Body TSL parameters 22042 483 5.94 mho'm
Measured Body TSL parameters (220 0.2)°C 45,1 + 8 % B.12 mho/m = & %
Bedy TSL temperature change during test = 054G -— ——
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
S5AR measured 100 mWW input power 747 Wikg

SAH for nominal Body TSL parameters

normalized to 1W

!

74.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 MWy input power

2,10 Wikg

SAR for nominal Body TSL parameters

normnalized o W

20.8 Wikg + 19.5 % (k=2)

Certificate No: DEGHzVZ-1057_ Jar16/2
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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 peaint

488 2 -6.1 [0

Return Loss

-24.1 dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformad to feed paint

558142 -1.90

Return Lossz

-25.1dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed paint 250 -05]
Heturn Loss } -31.9dB
Antenna Parameters with Body TSL at 5250 MHZ
Impedance, transformnead to feed point 48162400
Return Loss I -27 7B
Antenna Parameters with Body TSL at 5600 MHz
lmpedance, transformed to feed point BB B0 -1.0)0
Feturn Loss -251 48
Antenna Parameters with Body TSL at 5750 MHz
Impadance, transformed to feed point 5280+05j0Q
l Return Loss -3 2dB
General Antenna Parameters and Design
] Electrical Delay (one direction) 1.203 ns

After long term use with T00W radiated power, only 2 slight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. The center eanducior of the feeding ling is directly connected 1o the
second arm of the dipale. The antenng is therefore short-circuited for DC-gignals. On same of the dipoles, small end caps
are added to the dipole arms in order o imprave matching when loaded according to the position as explainged in the
"Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is still
accarding to the Standard.

No excessive force must be applied to the dipole arms, becanss they might bend or the zoldered conrections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Movember 27, 2006

Manufactured on

Cettificats Mo: DSGH2Y2-1057_Jani 62 Pane 7 of 13



DASYS Validation Report for Head TSL

Date: 19.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: D5SGHzV2; Serial: DSGHV? - SN: 1057

Communication System: UTD 0 - CW: Frequency: 5250 Mz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: £ = 5250 MHz; ¢ = 4.55 Sim; g = 35.2: p = 1000 ke/m® . Medium paramerers
used: I'=5600 MHz; o = 4.9 $/m; &, = 34.7; p = 1000 kg/m’ , Medium parameters used: f = 5750 MHz; 5 =
5.05 S/m; & = 34.5; p = 1000 ke/m’

Phantom scction: Flat Section

Measurement Standard: DASYS (TEEE/AEC/ANSI C63, 19-2011)

DASYS2 Configuration:

»  Probe: EX3DV4 - SN3503; ConvF(5.53, 5.53, 5.53); Calibrated: 31.1 22015, ConvF(4.99, 4,00
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95); Calibrated: 31.12.2015;

« Scnsor-Surface: 1dmm (Mechanical Surfuce Detection}

» Electronics: DAE4 8$n601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA; Serial: 1001
+ DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue /Pin=100mW, dist=10mm, £=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mrm. dy=4mm, dz=1.4mm

Reference Value = 71.49 Vim; Power Drift = 0.08 dB

Peak SAR (cxtrapolated) = 28.3 Wike

SAR(] g) = 7.75 W/kg: SAR(10 g) = 2.24 W/ke

Maximum value of SAR (measurad) = 18.3 Wikg

Dipole Calibration for Head Tissue Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid; dx=4mm, dy=4mm, dz=1_4mm

Relerence Value = 71.96 V/m: Power Drift = 0.07 dB

Peak SAR (extrapolated) = 32.2 Wrkg

SAR(T ) = 8.21 Wkg; SAR(10 g) = 2.37 Wikg

Maximum value of SAR (measured) = 20.0 W/kg

Dipole Calibration for Head Tissue /Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=L.4mm (8x8x7)/Cube 0: Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.20 Vim; Power Doft = 0.03 dB

Peak SAR (extrapolated) = 32.8 W/ko

SAR(1 g) = 8.12 W/kg; SAR(10 g) = 2.32 W/kg

Maximom value of SAR (measured) = 20.0 W/kg

Certificate Mo: DSGHzYV2-1057_tan16/2 Fags 8 of 13



0dB =20.0 Wikg = 13.01 dBW/kg

Certificate No: DAGHzV2-1057_Jan1 &2 Page 90f 13



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

Date: 13.01.2016
Test Laboratory: SFEAG, Zurich, Switzerland

DUT: Dipole 3GHz; Type: D3GH2V2; Serial: DSGHzV? - §N: 1057

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 3600 MHz, Frequency: 5750 MHz
Medium parameters used: £ = 5250 MHz: ¢ = 5.44 S/m; &, =47; p= 1000 ke/m® | Medium parameters used: f
= 5600 MHz; 6 = 3.91 8/m; &, = 46.4: p = 1000 ke/m® |, Medium Patanciers used: £ =5750 MHz: 0= 6.12
Sim; g = 46.1; p = 1000 kg/m”®

Phantom section: Flal Section

Measurernent Standard: DASYS (IEEEARC/ANSI (63.19-204 1)

DASYS2 Configuration:

»  Probe: EX3DV4 - SN3503; ConvF(4.85, 4 85, 4.85)% Calibrated: 31 A2.2005, ConvB(4.35, 4.35,
4.35); Calibrated: 31.12.2013, ConvF(4.3, 4.3, 4.3); Calibrated- 31.12.2015;

»  Sensor-Surface: 1. dmm (Mechanical Surface Detection)

+ Electronics: DAE4 Sno01; Calibrared; 30.12.2015

« Phantom: Flat Phantorn 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
+ DARYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 67.11 V/im: Power Drift = (.01 JdB

Peax SAR (extrapolated) = 27.9 W/kg

SAR(1 ) = 7.45 Wikg; SAR(I0 g) = 2.1 Wikg

Maxtunum value of SAR (measured} = 17.4 Wike

Dipole Calibration for Body T issue/Pin=100mW, dist=10mm, f=5600¢ MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement erid: dx=4mm, dy=4mun, dz=1.4mm

Relerence Value = 67.56 Vim: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.5 W/ke

SAR(1 ) = 7.96 W/ke; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 19.1 Wikg

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

Reference Value = 65.19 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(1 g) = 7.47 Wikg; SAR(10 g) = 2.1 Wikg

Maximum value of SAR (measured) = 18.3 Wikg

Cerfficate Mo: D5GH2V2-1057_Janigie Page 11 af 13



0dB =174 W/kg = 12.41 dBWikg
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Impedance Measurement Plot for Body TSL

CAE 541 1 4 Fs 2 49,243 o

b1 _z';

Ca

13 Jan Z0E  14:3%:3n

—4.8839 4 T.5714 pF
e

Avg
15

Hld

5 299.0848 toe MHx

e .
' T
N CHL Marker=
T R 4 55.783
. -l.B2%4 o
TR S.EAQE0 GHz
; 2 T S SLTRE o
g BELZT &
. Lo 5750088 GHx
; - ' - T
. S .7
. . L - -'
.: - -.-’_:.-

CHZ §11 106 5 B/ REF

#=27.584 B 5 250,000 636 MHz

Ca

o 5 : ' CHZ Markers
o : : “+ . 425,106 dB
I : i : S.E0880 SH
A . m-3L.134 dE

// < 575080 Gz

ETOF 5 9%6.600 060 fire

Certificate No: DEGHzVZ-1057_Jan1g5/2

Pane 13 of 13



Calibration Laboratory of
Schmid & Partner
Engineering AG

Feughausstrasze 43, 8004 Zurich, Switrerland ’,/’,:\\ -
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S Schweizerischer Kalibrierdienst
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Servizio svizzero di taratura

S Bwiss Calibration Service

Accredited by the Swiss Accreditation Servige (SAS) Agereditation No.: SCS 0108
The Swiss Accreditation Service iz one of the signateries to the EA
Multilateral Agreement for the recognition of calibration certificates

Client PC TEST, R USRI P SR Cortificata No: .DEGHZVE-'l 191.Sep15

'CALIBRATION CEFITIFICATE
|

| Object D5SGHZV2 - SN 1191 .o
N
v
Calibration peocedurs{s) CIA CAL-22 y2 - e o _:_;_F'aﬁ;}
Gallbratmn pmcedure fn::r dlpnle vajldat‘icrn klts I:}ehn.reen 3 & GHz el

Callbration date: Septerbisr 16,0015 -1 11

This calibration certificate documsnts the traceabifity to national standards, which realize the physical units of measurements (S1).
The rggsuremesnts and the uncerainties with corfidence probabilty are givan on the following pages and ans part of the certificate.

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

Calibration Equipment used (METE critical for calibration)

Pritmary Standards | 10 # Cal Date (Certificate Mo} Scheduled Calibratign
Power meter EPR-4424 GEITAZ0TY G7-Oet-14 (Mo 217-02020) Ont-15
Power sensor HF 84818 US372357R3 QF-0ct-14 (Mo 2170220 oct-156
Power senzor HP 34214 MY 4002317 QF-Det-14 (Mo, 21703021} Oct-15
Reference 20 dBE Attanuatar | 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 . 8M: 3503 E0-Dac=14 (Mo, EX3-3503_Decld} Dec-15
: DAE4 St an 17-Aug-13 (Ma. DAE4-E01_ 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
Metwork Analyzer HF 8753E USA73008858 84208 15-0¢k-01 (in house check Doi-14) In house check: Oct-15
Mame Functicn Slgnature

1
Calibrated by: Claudio Leubler - o oo oo o Laboratory Teehoiclan- - - ... }

Approved by kKatjer Edkb‘i'i'd 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 & Partner

Engineenng AG
Leughausstrasse 43, 5004 Zurich, Swikzerland

Schwaizerischer Kalibrierdienst
Service suisse d'Stalonnaga
Servizio svizzera di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation Mo SCS 0108
The Swiss Accreditation 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 measuread

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 System 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 Paramelers 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.

* fFeed 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.

= FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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 T5L 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 W52.5.8
Extrapclation Advanced Extrapolation
Phantom Modular Flat Phantom vs.0
Distance Dipole Center - TSL 10 mrm with Spacer

Zpom Scan Resolution

dx. dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z 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
Mominal Head TSL parameters 220°C 35.9 4.71 mho'm
Measured Head TSL parameters 220+ 0.0°C 349 xE6% 454 mho'm 6 %
Head TSL temperature change during test <050 -— —
SAR result with Head TSE at 5250 MHz
SAH averaged over 1 em” (1 g} of Head TSL Condition
SAR measured 100 mW input power 8.31 Wkg

SAR for nominal Head TSL parameters

normalized to 1

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

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

cardition

SAR measurad

100 mWY input power

2.38 Wik

SAR far norrinal Head TSL parameters

normalized ta 1W

23.6 Wikg = 19.5 % (k=2)

Cerificate Mo: D5GHzV2-1181_Sep15
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Head TSL parameters at 5600 MHz

The following parameaters and caloulations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 35.5 5.0F mho/m
Measured Head TSL parameters (22.0+02} 0 3M4+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 Conditian
SAR measzured 100 mW input power B.52 Wikg

SAR for nominal Head TSL parameters

nomialized to 1YW

84.5 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mVy input power

2.43 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

341 Wikg z 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calsulations were applied.

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

SAH for nominal Head TSL parametars

normalized to 1W

80.0 Wikg + 19.9 % (k=2)

SAR 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 10

22.9 Wikg = 19.5 % (k=2)

Cerificate Mo: DAGH2VYE-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
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measurad 100 W input power T.T Wk

SAR for nominal Bady TSL parameters

normalized to 1YW

77.2 Wirkg = 19.9 % (k=2)

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

condition

54R measured

100 M\ inpiut power

217 Wik

S5AR for nominal Body TSL parameters

normalized ta 1%

21.5 Wrkg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The fallowing parametars and calculations were applied.

Temperature Permittivity Canductivity
Nominal Body TSL parameters 220°C 485 577 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 Condition
S5AR measured 100 mW nput power 8.24 Wiikg

SAR for nominal Body TSL parameters

normalized to 1%W

81.9 Wikg + 19.9 % (k=2}

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

conditicn

SAR measured

100 mW inpuat power

2,30 Wikg

SAR for noeminal Body TSL parameters

nomualized to 1W

22.8 Wikg = 19.5 % {k=2}

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

The following parameters and calculations were applisd,

Temperature Permittivity Conductivity
Meminal Body TSL parameters 22.0°C 48,3 5.94 mho/m
Measured Body TSL parameters {22.0x0.2)°C A6 5 £ 6% 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 o) of Bady TSL Condition
SAR measured 104 i EnpLr power 776 Wikg

SAR for nominal Body TSL parameters

narmakized to 1w

77.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 MY input power

2.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1w

21.4 Wikg +12.5 % (k=2)
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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 point B4 0-5250

Return Loss -24.0 48
Antenna Parameters with Head TSL at 5600 MHz

Impeadance, transformed to fead point SBOLD-32i0

Return Loss -220dB

Anienna Parameters with Head TSL at 5750 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

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

Impedance, transformed fo feed point S0n-25ja

Fetum Losg -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 feedpagint can be measured.

The dipola is made of standard semirigid coaxial cable. The center conductor of the feeding ling iz dirsctly connected to the
secand arm af the dipole. The antenna is therefore 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 aiffected 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, DEGEHZVEZ-1191_Sepls
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DASYS Validation Report for Head TSL

Date: 15.09.2015
Test Laboratory: SPEAG, Zudch, Switzerland

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

Communication Systen: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHzx, Frequency: 5750 MHz
Medium parameters used: £ = 5250 MHz; 6 =4.54 S/m; & = 34.9: p = 1000 ]sgfm"]’ .

Medium parameters used: f = 3600 MHz; ¢ = 4 88 $/m; &, = 34.4; p = 1000 ke/m’ ,

Medium parumeters used: £ = 5750 MHz; ¢ = 5.04 S/m; &, = 34.2; p = 1000 Rgfm3

Phantom section: Flal Section

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

DASY32 Configuration:

« Probe: EX3DV4 - SN3503; 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-Swrtace: b4mm {Mechanical Surface Detection)

« Electromics: DABEA Spa0; Calibrated: 17.08.2015

»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DIASY3252.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measuremeni grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.94 Vim; Power Brift = 0.02 dB

Peak SAR (exirapolated) = 30.7 Wikg

SAR(T g} = 8.31 Wrks; SAR(10 g) = 2.38 Wikg

Maximum value of SAR {measured) = 19.5 Wikg

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

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

Peak SAR {extrapolated} = 33.8 W/ke

SAR{1 g) = 8.52 W/kyg; SAR(10 g) = 2.43 W/ke

Maximum value of SAR (measured) = 20.7 Wikg

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

Eelerence Value = 61.52 ¥im, Power Draft = 0.06 dB

Pcak SAR (extrapolated) = 33 .4 Wikg

SAR(I g = .07 W/kg: SAR(10 g) = 2.31 Wikg

Maximum value of 5AR {(measured) = 19.9 W/ks
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-25.00

0dB =199 W/kg = 1290 dBW/kg
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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 Laboratory: SPEAG, Zurich, Switzerfand

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

Commuication System: UTD © - CW; Frequency: 5230 MHz, Frequency: 3600 MHz, Frequency: 5750 Mz
Medium parameters used: £ = 5250 MHz; 6 = 5.53 §/m; & = 47.3; p = 1000 kg/m
Medium parameters used: = 3600 MHz; ¢ =5.99 S/m; & = 46.7; p = 1000 kg/m’
Medium parameters used: = 5750 MHz: ¢ = 6.2 §/m; £, = 46.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurermnent Standard: DASYS (IEEE/AEC/ANSLCH3.19-2011)

DASYS52 Configuration:

I (=3

*

]

k]

+ Probe: EX3DV4 - SN3503; ConvFi{4.9, 4.9, 4.9); Calibrated: 30.12.2014, ConvB(4.35, 4,35, 4.35);
Calibrated: 30.12.2014, ConvFi{4.35, 4.35, 4.33); Calibrated: 30.12.2014;

e Sensor-Surface: | .4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 17.08.2015

» Phantom: Flat Phantom 3.0 (back); Type: QDOODP30A A Serial; 1002
» DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=108mW, dist=10¢mm, f=5250 MHz/Zoom Scan,
dist=T.dmm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

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

Pzak SAR {extrapolated) = 30.8 Wikg

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

Maximum 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=4mm, dz=] 4mm

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

Peak SAR (extrapclated) = 36.1 Wikg

SAR(1 g) = 8,24 W/kg; SAR(10 g) = 2.3 W/ke

Maximum value of SAR (measured) = 21.0 Wike

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

Reference Value = 56.52 V/m: Power Drift = 0.01 AB

Peak SAR (extrapolated) = 35.5 Wikg

SAR(1 g) = 7.76 Wikg; SAR(10 g) = 2.16 Wk

Maximum value of SAR (measured) = 19.9 Wike
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(}dB = 19.9 Wkg = 12.99 dBW/kg
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Impedance Measurement Plot for Body TSL
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Zeughausstrasse 43, 8004 Zurich, Switzerland & /ﬁ\\:“ S  swiss Calibration Service
2T
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 Gartficats No: D750V3-1046_Feh15

CALIBRATIO

Object D750V3-SN: 1046 .

Calibration procedure(s) QA CAL—OS V9 . : . :
.Calabratlon procedure for dlpole val;da’non kits bove 700_MHZ

Galibration date: February 19:2015

This calibration cettificate documents the traceability to national standards, which reafize the physicat units of measurements (sh.
The measurements and the uncerainties 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; environmant temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for cafibration)

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

Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41092317 07-0ct-14 {(No. 217-02021) Cct-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. 217-01821) Apr-15

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. £$3-3205_Dec14) Dec-16

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

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

RF generator R&5S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Oct-14) in house check: Cct-15

Function . Signatwre
Calibrated by: ' ' Tacl ' o i

Approved by:

Issued: February 19, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of A1y,

\ SN g  Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse d‘étalonnage
Engineering AG T F C Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “, /lﬁ‘\\\v‘ 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
\tultilateral 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, “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 GHZzZ"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are availablie from the Validation Repott 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 Defay: 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
muitiplied by the coverage factor k=2, which for a normal distribution corresponds 1o 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 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 <05°C ---- .
SAR resuli with Head TSL

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

SAR measured 250 m\W input power 2.03 W/ka

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 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

5.28 W/kg x16.5 % (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 53.9+6 % 0.98 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 2.12 W/ikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measurad

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)
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Appendix (Additional assessments ouiside the scope of SC50108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5580 +1.5jQ
Return Loss -24.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.4Q-13jQ
Return Loss -34.5dB

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 o 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: =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: QDO00P49AA; Serial: 1001

DASYS52 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=5Smm

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

Date: 19.02.2015
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; ¢ = 0.98 S/m; & = 53.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration: _
o Probe: ES3DV3 - SN3205; ConvE(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: QDO0O0P49AA; 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 = 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

0dB =246 W/kg =391 dBW/kg

Certificate No: D750V3-1046_Feb15 Page 7 0of 8




Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (8AS)
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Multilateral Agreement for the recognition of calibration certificates
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D835V2-4d119_Apri15

[CALIBRATION CERTIFICATE ]

Object

Calibration date:

Calibration procedure(s)

D835V2 =:SN:4d119

QA CAL-05:v9

Calibration procedure:

April 13, 2015 -

Calibration Equipment used (M&TE critical for calibration)

for dipole validation kits above 700 MHz H29)

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

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

NV

Approved by:

Katja Pokovie -

- -Laboratory Technician

. Technical Managet "

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

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

Power sensor HP 84814 US37292783 07-Oct-14 (No. 217-02020) Cet-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 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 ID # Check Date (in house) Scheduled Check

RF generator R&S SMT-08 100005 04-Aug-88 (in house check Oct-13) tn house check: Cct-16

Network Analyzer HP 8753F US37390585 S4206 18-0ct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature

Calibrated by: Israe Elnaoug. 1 *

e @i
= =

Issued: April 18, 2015

This calibration certificate shall not be reproduced exeept in full without written approval of the laboratory.
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Callbfat:on Laboratory of {\\‘\\\‘_\.—///’73 Schweizerischer Kalibrierdienst

Schmid & Partner ib\é—i——/mé Service suisse d'étalonnage
Engineering AG S ,/—;_——__\-—-\ = Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland A /ﬁ‘\‘:@ 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
Muttilateral Agreement for the recognition of calibration cettificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM X,V,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) 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) KDB 865664, “SAR Measurement Requirements for 100 MMz 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.

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

* SAHR 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

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

Certificate No: D835V2-4d11 9_Apri5 Page2of 8



Measurement Conditions

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

DASY Version DASYS v52.8.8

Extrapolation Advanced Exirapolation

Phantom Medular 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 4096 % 0.94 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 2.43 W/kg

SAR for nominal Head TSL parameters

normalized to TW

9.38 Wrkg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input pawer

1.57 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 552 0.97 mho/m
Measured Body TSL parameters (22.0x0.2)°C 554 6% 1.01 mho/m+6 %
Body TSL temperature change during test <05°C man -
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

9.20 W/kg = 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

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

Certificate No: D835V2-4d1 19_Apri5
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 502Q-22i0

Return Loss -33.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.7 Q2 -4.9iQ

Return Loss -25.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.386 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 1o 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 June 29, 2010

Certificate No: D835V2-4d119_Apri5 Page 4 of 8



DASYS Validation Report for Head TSL

Date: 13.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d119

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

Medium parameters used: f = 835 MHz; 6 =0.94 S/m; ¢, = 40.9; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY352 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;

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

Electronics: DAE4 Sn601; Calibrated: 1 8.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; 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 = 56.77 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.64 Wrkg

SAR(1 g) = 2.43 W/kg; SAR(10 g) =157 W/kg

Maximum value of SAR (measured) = 2.85 Wikg

0 dB =2.85 W/kg = 4.55 dBW/kg

Certificate No: D835V2-4d119_Apr15 Page 5 of 8



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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d119

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

Medium parameters used: f = 835 MHz; o =1.01 S/m; &, = 55.4; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-201 1D
DASY52 Configuration:

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

b

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 13.04.2015

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 = 54 .44 V/m; Power Drift = -0.06 dB
Peak SAR (extrapolated) = 3.52 Wikg

SAR(1 g) =2.37 Wikg; SAR(10 g) = 1.55 Wikg
Maximum value of SAR (measured) = 2.77 Wikg

-4.80

720

-12.00

0dB =2.77 W/kg = 4.42 dBW/kg

Certificate No: D835V2-4d1 19_Apri5 Page 7 of 8



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):

y— Jwe &, jbjbjoﬂcos¢’ exp[— jwr(ﬂog;g‘))l/z]dﬁdp’dp
a da 7

[in(b/a)f

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

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

Table D-l
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 835 1750 1900 2450 5200-5800
Tissue Body Body Body Body Body Body
Ingredients (% by weight)
Bactericide 0.1
DGBE 31 29.44 26.7
HEC 1
NaCl Seepage2|  0.94 0.2 039 0.1
Sucrose 44.9
Polysorbate (Tween) 80 20
Water 53.06 68.8 70.17 73.2 80

Reviewed by:
FCC ID: A3LSMT377T SAR EVALUATION REPORT w
Quality Manager
Test Dates: DUT Type: APPENDIX D:
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

H0 Water, 35 -58%
Sucrose Sugar, white, refined, 40 — 60%
NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%
Preventol-D7

Preservative: aqueous preparation, (CAS# 55965-84-9), containing

5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,

0.1-0.7%

Relevant for safety; Refer to the respective Safety Data Sheet".

Figure D-1

Composition of 750 MHz Body Tissue Equivalent Matter

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual liquids
utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

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

Measurement Method

| TSL dielectric parameters measured using calibrated OCP probe.

Setup Validation

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

Target Parameters
|T£ Eararrleters as defined in the IEEE 1528 and IEC 62208 comgpliance standards.

Test Condition

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

Test Date 25-Feb-15

Operator IEN

Additional Information

TSL Density 1.212 glem®
TSL Heat-capacity 3.006 kJ/(kg"K)
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Figure D-2

750MHz Body Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION ‘

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software versions)
used for this device were validated against its performance specifications prior to the SAR measurements.
Reference dipoles were used with the required tissue- equivalent media for system validation, according to the
procedures outlined in FCC KDB Publication 865664 D01v01r04 and IEEE 1528-2013. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid
frequency range of the probe calibration point, using the system that normally operates with the probe for routine
SAR measurements and according to the required tissue-equivalent media.

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

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

SYSTEM F[;EZQ] DATE PRSONBE P'IBYOPBEE PROBE CAL. POINT © ) SENSITIVITY PROBE PROBE MOD. DUTY PAR

# LINEARITY | ISOTROPY | TYPE FACTOR

B 750 11/4/2015 3287 ES3DV3 750 Body 0.972 54.420 PASS PASS PASS N/A N/A N/A

G 835 11/30/2015( 3334 ES3DV3 835 Body 0.982 54.571 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

C 1900 10/6/2015 3288 ES3DV3 1900 Body 1.555 51.090 PASS PASS PASS GMSK PASS N/A

| 1900 11/4/2015 3333 ES3DV3 1900 Body 1.579 51.524 PASS PASS PASS GMSK PASS N/A

B 2450 11/5/2015 3287 ES3DV3 2450 Body 2.034 51.300 PASS PASS PASS IOFDM/TDD PASS PASS

E 5250 10/7/2015 7308 EX3DV4 5250 Body 5.373 47.086 PASS PASS PASS OFDM N/A PASS

A 5250 2/1/2016 3589 EX3DV4 5250 Body 5.483 46.839 PASS PASS PASS OFDM N/A PASS

A 5600 2/1/12016 3589 EX3DV4 5600 Body 5.979 46.471 PASS PASS PASS OFDM N/A PASS

A 5750 2/1/2016 3589 EX3DV4 5750 Body 6.132 46.147 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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APPENDIX G: SENSOR TRIGGERING DATA SUMMARY

A3LSMT377T Sensor Triggering Data Summary

Per FCC KDB Publication 616217 D04v01r02, this device was tested by the manufacturer to determine
the proximity sensor triggering distances for all applicable sides and edges of the device. The measured
output power within £ 5 mm of the triggering points (or until touching the phantom) is included for back
side and each applicable edge per Step i) in Section 6.2 of the KDB. The technical descriptions in the
filing contain the complete set of triggering data required by Section 6 of FCC KDB Publication 616217
D04v01r02.

To ensure all production units are compliant, it is necessary to test SAR at a distance 1 mm less than the
smallest distance between the device and SAR phantom (determined from the sensor triggering tests
according to FCC KDB 616217 D04v01r02) with the device at the maximum output power (without power
reduction). These SAR tests are included in addition to the SAR tests for the device touching the SAR
phantom (at the reduced output power level).

The operational description contains information explaining how this device remains compliant in the
event of a sensor malfunction.
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Back Side (Main Antenna)

Moving device toward the phantom:

KDB 616217 6.2.f Measured Power [dBm]

Distance[mm] 23 22 21 20 L) B 7 6 5 “ 13
UMTS B5S 2361 23.77 23.87 23.62 23.64 1.65 0.74 .79 .95 0.66 1.68
UMTS B4 23.27 2343 23.39 23.10 23.18 13.37 B.56 13.30 13.39 13.18 13.33
UMTS B2 23.71 23.75 23.94 23.90 23.67 8.5 13.30 13.20 13.38 B.2 13.34

LTE B12 2443 24.40 24.%6 24.26 24.19 20.27 20.27 20.31 20.27 20.1 2022
LTE B4 23.89 23.74 23.92 23.80 23.74 12.61 2.63 ©.71 ©.72 ©.79 074
LTE B2 23.63 23.89 23.65 23.63 23.80 13.69 13.69 13.81 13.80 13.83 13.88
Moving device away from the phantom:
KDB 616217 6.2.h Measured Power [dBm]

Distance[mm] 23 22 21 20 S B 7 6 5 “u 3
UMTS B5 2394 | 23.75 | 2380 | 2386 | 23.87 .71 19.66 10.73 19.80 19.69 19.64
UMTS B4 2333 | 2330 | 2329 | 23.20 23.15 13.31 1343 B.5B6 13.32 1B3.1 13.28
UMTS B2 2383 | 2363 | 2367 | 23.85 23.91 13.23 1343 13.20 1B8.27 13.39 13.24

LTE B12 2417 2438 | 2435 | 2444 24.19 2020 | 20.36 | 20.29 2041 2041 20.2
LTE B4 2361 | 2383 | 2389 | 2369 | 23.95 12.81 12.84 2.71 ©.67 .84 ©.74
LTE B2 2366 | 23.88 | 23.94 | 23.73 | 2389 | 1B.74 13.71 13.87 13.80 13.74 13.64

Based on the most conservative measured triggering distance of 18 mm, additional SAR measurements
were required at 17 mm from the back side for modes shown in the tables above.

Back Side (WLAN Antenna)

Moving device toward the phantom:

KDB 616217 6.2.f Measured Power [dBm]
Distance[mm] B 7 6 15 “ B © 1 10 9 )
802.1b 8.6 18.37 8.23 8.31 8.27 1220 12.35 721 1’24 ©.42 1?24
802.11g 16.30 16.31 16.32 6.44 16.20 12.35 2.30 12.36 ©41 721 1?44
802.11n (2.4GHz) %24 %21 U7 %23 %23 22 240 °?.10 .38 ©.34 1?24
802.11a (only U-NII-1) w7 17.24 743 17.44 744 126 142 123 nn ne 123
802.11a (only U-NII-2A and U-NII-2C) 6.7 6.0 16.26 5.8 B.7 133 143 137 nu no 145
802.11a (only U-NII-3) %37 %29 u.7 “u4 %21 142 niB 136 n27 ne nn
802.11n (5GHz, 20MHz BW) %21 4.30 %.26 %.32 %31 130 123 123 Mn24 123 139
802.11n (5GHz, 40MHz BW) 13.37 B2 13.22 3.25 1B.23 130 110 127 Mn22 ns 1n42
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Moving device away from the phantom:

KDB 616217 6.2.h Measured Power [dBm]

Distance[mm] B 7 B 5 “ 13 1 1 10 9 8
802.11b 8.29 18.24 18.35 18.39 1844 213 NS 144 12.30 ©.27 ©.25
802.11g 6.32 6.22 6.39 .41 16.40 232 2.38 12.30 12.31 231 1?21
802.11n (2.4GHz) %28 #“21 %40 “uu %13 1©.24 ©.24 237 74 ©.24 .36
802.11a (only U-N1I-1) 733 | 733 | 731 | 732 | 1724 120 1n19 132 134 nn 133
802.11a (only U-NII-2A and U-NII-2C) 16.38 1$6.28 1645 5.3 1$6.33 1140 139 n15 1138 nn 134
802.11a (only U-NII-3) %29 %44 %25 %40 1%.34 n4 n4 145 120 144 133
802.11n (5GHz, 20MHz BW) %10 #%.30 n27 %25 u22 no 132 124 1128 n’ 136
802.11Mn (5GHz, 40MHz BW) 1B.10 1345 13.23 1.10 1.21 129 142 nw 128 139 124

Based on the most conservative measured triggering distance of 13 mm, additional SAR measurements
were required at 12 mm from the back side for modes shown in the tables above.

Top Edge (Main Antenna)

Moving device toward the phantom:

KDB 616217 6.2.f Measured Power [dBm]

Distance[mm] ) B 7 LS B % 13 © M 9
UMTS B5S 23.75 2373 23.83 23.78 23.92 .74 .81 1.85 .70 19.68 0.65
UMTS B4 2341 2324 23.4 2340 23.30 13.37 13.24 13.21 1344 13.12 13.32
UMTS B2 23.71 23.90 23.66 23.80 23.60 13.26 1B.13 13.44 13.21 13.10 13.23

LTE B12 2417 2417 2425 2443 2422 20.24 20.9 20.35 20.30 20.41 20.40
LTE B4 23.93 23.84 23.70 23.72 23.80 12.63 ».67 ©.73 ©.76 .89 2.83
LTE B2 23.76 23.70 23.61 23.68 23.94 13.90 .69 1B.79 13.86 13.85 13.84
Moving device away from the phantom:
KDB 616217 6.2.h Measured Power [dBm]

Distance[mm] 9 B 7 6 13 “ 3 2 1 9
UMTS B5 2363 | 2392 | 2385 | 2362 | 2386 | 1.72 .71 10.87 .76 10.86 1.93
UMTS B4 2329 | 2320 | 2334 | 23.10 | 2324 | 1B.32 13.35 13.18 13.31 1342 13.25
UMTS B2 2371 | 2364 | 23.79 | 23.93 23.71 1B.1M 1B.1M 13.31 13.28 1B.17 13.39

LTE B12 2437 | 2435 24.6 2433 | 2429 | 2033 | 20.26 | 20.34 | 20.33 | 20.36 20.31
LTE B4 23.72 23.61 | 23.76 | 23.80 | 23.73 .81 1273 12.83 12.93 1?67 °r.77
LTE B2 2362 | 2389 | 23.73 | 2390 | 23.92 1B.77 13.83 13.75 13.71 13.69 13.64

Based on the most conservative measured triggering distance of 14 mm, additional SAR measurements
were required at 13 mm from the top edge for modes shown in the tables above.
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Top Edge (WLAN Antenna)

Moving device toward the phantom:

KDB 616217 6.2.f Measured Power [dBm]

Distance[mm] 2 11 0 9 8 7 6 5 4 3 2
802.11b 1824 18.25 B8.22 B.183 18.36 12.36 12.30 ©.27 ©.B 70 1©°.24
802.11g $6.37 16.24 $6.23 6.8 6.41 ©.27 ©°.22 A< ©44 ©.45 rHU

802.11n (2.4GHz) u27 1%.39 %25 .26 %38 °.21 ©.18 A ©.23 A 237
802.11a (only U-NII-1) 743 Al .21 7.7 17.34 nw 129 144 n0 141 133
802.11a (only U-NII-2A and U-NII-2C) B.1 5.6 15.44 521 5.7 144 n6 124 ns 131 na27
802.11a (only U-NII-3) “.M “44 “5 %8B “21 131 145 122 120 A3 125
802.11n (5GHz, 20MHz BW) N7 %28 %0 “.18 %.32 144 ne 138 138 130 143
802.11n (5GHz, 40MHz BW) 1B.10 B.183 13.28 .29 .35 141 119 ns 122 ns 1145
Moving device away from the phantom:
KDB 616217 6.2.h Measured Power [dBm]
Distance[mm] © M 10 9 8 7 6 5 4 3 2
802.11b 8.2 8.35 18.39 1842 842 Al ©.29 241 1242 ©.42 A
802.11g 6.40 6.7 16.31 6.1 16.39 rR 2.38 1235 2.0 ©.39 A
802.11n (2.4GHz) %29 %43 %10 “wre %32 v ©.28 1?20 12.35 1©.28 2.0
802.11a (only U-NII-1) 7N 1729 17.32 7.2 729 142 122 139 135 136 Y
802.11a (only U-NII-2A and U-NII-2C) 6.2 1%6.40 1%.10 15.31 5.8 124 142 129 128 145 1n19
802.11a (only U-NII-3) %32 %45 %28 #“.9 %34 132 139 133 134 nw 133
802.1Mn (5GHz, 20MHz BW) #%.20 %13 n22 %34 ua7 124 nw 133 ne mn21 16
802.1Mn (5GHz, 40MHz BW) 13.31 .26 B.6 3.8 B.21 137 120 121 123 132 141

Based on the most conservative measured triggering distance of 7 mm, additional SAR measurements

were required at 6 mm from the top edge for modes shown in the tables above.

Left Edge (Main Antenna)

Moving device toward the phantom

KDB 616217 6.2.f Measured Power [dBm]
Distance[mm] 1 1 10 9 8 7 6 5 4 3 2
UMTS B5S 2361 23.75 2367 23.66 23.87 1.60 .87 .64 1.68 19.91 10.91
UMTS B4 23.39 23.B6 23.31 23.28 2327 1345 1342 13.28 1344 13.20 13.38
UMTS B2 23.87 23.94 23.84 23.76 23.71 13.39 1B8.19 13.23 1B.6 B4 B.R2
LTE B12 2424 24.17 24.20 24.20 2443 20.29 20.37 20.25 20.2 20.24 20.39
LTE B4 23.89 23.79 23.84 23.69 23.77 12.63 .61 1283 293 12.68 2.81
LTE B2 23.83 23.62 2361 23.86 23.63 13.82 13.73 13.73 13.69 3.78 13.70
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Moving device away from the phantom:

KDB 616217 6.2.h Measured Power [dBm]

Distance[mm] © 1 10 9 8 7 6 5 4 3 2
UMTS B5 2386 | 2360 | 23.71 | 2390 | 23.80 | 1.93 0.71 19.62 0.79 9.95 .82
UMTS B4 2340 | 2332 | 2335 23.17 23.32 13.20 13.19 13.31 13.29 13.20 13.24
UMTS B2 2372 | 2376 | 2390 | 23.92 | 23.63 1B41 13.21 1343 13.27 13.36 13.30

LTE B12 2440 | 2420 | 2442 24.9 24.9 20.36 | 2045 | 2040 | 2040 20.17 20.27
LTE B4 2379 | 2361 | 2382 | 2388 | 2385 | 1.83 .86 2.78 .82 292 .61
LTE B2 2388 | 2391 | 2366 | 2380 | 2367 | 13.69 1B.67 13.90 13.62 13.80 13.70

Based on the most conservative measured triggering distance of 7 mm, additional SAR measurements
were required at 6 mm from the left edge for modes shown in the tables above.
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