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2 Calibration report “Probe ES3DV3”

Calibration Laboratory of 205, s s 1cher Kalibrierd)
Schmid & Partner % C Service suisse d'étalonnage
Engineering AG g = g Servizio sviezero di taratura
Zaughausstrasse 43, 8004 Zurich, Switzertand % 4{/-3‘“.\:‘“ Swiss Calibration Service
AT
Acoredted by the Swiss Accredation Service (SAS) Accredization No.: SCS 0108

The Swiss Accreditation Service is ons of the signatories to the EA
Multilsteral Agreament for the recognition of calibration cantificses

cient  CTC advanced GmbH Certificato do: ES3-3320_Jan20
[CALIBRATION CERTIFICATE |

| Otject ES3DV3 - SN:3320

Calbration procedus(s) QA CAL-01.v8, QA CAL-12.v8, QA CAL-23.v5. QA CAL-25.v7

Calibration procedure for dosimetric E-field probes

Calibration ate: January 20, 2020

This calbeation catifcste he biity %0 nutory which realze the UNRS Of MGt {51

y

The maaswraments and Ihe uncerainties with confidence peobabiity sre given on the fallawing pages and are part of the carmficate

Al caibratsons have boen conducted in the cicaed y aciity ] {22 £ 3)"C and humidity < 0%

Cakbeation Equpment used (METE arecal for calbraton)

Primary Standarc D Cal Date (Cerificate No | Scheduled Calbranon

Power mater NRP SN- 104773 03-Age-19 (N0, 217-02592/02533) Ape-20

Power sensar NRP.2Z91 SN 103244 03-Ape-18 (Na. 217-02892) | A 20

Fower sansar NRP-Z91 SN 10G245 03-Apr-18 (Na. 217.02853) Apc-20

Raference 20 ¢B Attenuator SN: S5277 (20x) D& Apr-11 [No. 217-02854) Ape-20

DAEL SN: EED 27-Dec-19 (No. DAEA-650_Dec19} Dec-20

Refarenca Frobe E530VE SN 3013 31.Dec-19 (No. ES3.3013_Dac19) Dac-20

Secondary Stancards 10 Check Date lin house) Scheduled Check

Power matar E44198 SN GB41293574 05-Apr-16 {in house check Jun-18] In house check Jun-20

Power sarsor E4A4124 SN: MYdtasa007 05-Apr-16 {0 house chack Jun-18] In hewse checs: Jun-20

Paower senscr £44124, SN 0D0110Z90 06-Ape-16 {1 houte check Jun-18) In house chedk: Jun-20

RF ganarator HF BE480 SN US3642U017C0 Od-Aug 8¢ (in house check Jun-18) In heuss chacke Jun-20 ==

Network, Analyree EBISEA SN: US&1000477 31-Mar-14 {in house check Oct-19) In house check: Oz-20
Name Furection Signaturs

Calitiated by Michae) Webar Laboratory Techniclan /a é’.

Aoproved by: K@ Pokavic Tachnical Manager /’@’

Sssued: January 20 2020
This calinration cenficale shal nol be reproduced except in full without wrmen approval of the labeeatary }

Certificate No: ES3-3320_Jan20 Page 10023
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Calibration Laboratory of {.\-“‘\"'\'13',"’",., S  Schweizerischer Kallbriordienst
Schmid & Partner e C  Service suisse détalonnage
Engineering AG by g Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland % AN ¥ Swiss Calibration Sarvice
Felpalib
Accrecited by the Swiss Accredialion Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL

tissue simulating liquic

NORMzx,y.z sensitivity in free space

ConvF
DCP
CF

sensitivity in TSL / NORMx,y,z
diode compression point
crest factor (1/duty_cycle) of the RF signal

A B.CD modulation dependent linearization parameters
Polarization @ @ rofation arcund probe axis
Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e.. 8 =0is normal to probe axls

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)
<)

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, *, “Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GMz)', July 2016

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

KDB BB65664, "SAR Measurement Requirements for 100 MHz lo § GHz"

Methods Applied and Interpretation of Parameters:

NORMx.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz R22 wavegu»de)
NORMx.y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-fiekd
uncertainty inside TSL (see below ConvF).

NORM(fx.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,2: DCP are numernical linearization parameters assessad 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 Ratlo thal is not calibrated but determined based on the signal
characteristics

Ax.y.z; Bx.y,z; Cx.y,z: Dx.y.z; VRx.y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters; Assessed in fiat 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 NORMSx,y.z * ConvF whereby the uncertainty corresponds 10 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

Sphencal isctropy (3D deviation fiom isotropy). in a field of low gradients realized using a flat phantom
expesed by a patch antenna.

Sensor Offset: The sensor ofiset corresponds o the offset of virual measurement center from the probe tip
{an probe axis). No tolerance required.

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

Certificate No: ES3-3320_Jan20 Page 20423
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ES3DV3 - SN:3320 January 20, 2020
DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Basic Calibration Parameters

Sensor X | Sensor Y Sensor Z unc (k=2)
Norm (u\Vi(Vim}*)" 1.23 1.04 1.13 101 %
DCP (mV)® 103.6 107.4 105.2
Calibration Results for Medulation Response
uiD Communication System Name A B8 c D VR Max Max
L] dBvpv dB my dev. Unc:
(k=2)

Qo cw X 000 0.00 1.00 0.00 1809 | £33% | £47%

Y | 000 000 | 100 1931

Zz 0.00 0.00 1.00 197.7
10352- | Pulse Waveform (2008z, 107%) X 10.78 B2.52 22.57 10.00 60.0 £21% | 296%
AAA Y 15.25 88.98 24.03 80.0

Z 1022 | 80.B3 22.01 0.0
10353- Pulse Waveform (200Hz, 20%) X 20.00 3374 2474 6.99 80.0 +33% | 296%
AAA Y | 2000 | 9354 2388 80.0

Z 13.85 87.65 22.90 80.0
10354- Pulse Waveform {200Hz, 40%) X 20.00 95.29 23.3% 3948 95.0 249% | 298%
AAA Y 0.00 34.93 22.65 95.0

Z 0.00 34.27 23.02 95.0
10355~ Puise Waveform (200Hz. 60%) X | 2000 98.09 22.92 222 1200 | 249% | +96%
AAA Y | 2000 @ 9784 | 2242 20.0

2z 20.00 96.69 2238 1200
10387- | QPSK Waveform, 1 MHz X | 0% 6399 | 1126 | 000 | 1500 | t25% | t96%
AAA Y 0.85 63.62 10.50 150.0

i Z 0.88 63.07 1083 | 150.0 |

10388- QPSK Waveform, 10 MHz X 2.40 69.02 16.05 0.00 1500 | £11% | £296% |
AAA Y 241 68.39 16.26 50.0

Z 28 | 6817 | 15.58 __150.0
10396- 64-QAM Wavelorm, 100 kHz X 3.47 7145 18.18 301 1500 | 208% | 296%
AAA Y | 408 7581 | 21.03 150.0

Z 3.56 71.27 18.98 50.0
10383 64-QAM Waveform, 40 MHz X 3.48 67.00 15.67 a.00 1500 | #18% | £96%
AAL Y 3.51 67.32 15.80 150.0

Z 3.54 67.24 15.73 150.0
10414- WLAN CCOF. 64-QAM. 40MHz X 4.87 685 42 15.38 0.00 1500 | 238% | £96%
AAR Y | 487 | 6575 | 1551 150.0

2 | 498 | 6572 | 1551 150.0

Note: For details on UID parameters see Appendix

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

* The uncenainties of Nom XY Z do rot afact the E* field uncertainty nsida TSL (soe ©ages 5 8nd 6)
* Numerical insanzsson o uncestainty not required

~ Uncarainty is determined using the max. deviation frem Enear response applying rectanguiar dstrisution and Is expressad for the square of the
finlo vaue,

Certificate No: ES3-3220_Jan20 Page 301 23
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ES30V3- SN:3320 January 20, 2020
DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Sensor Model Parameters

c1 c2 a T1 T2 T3 T4 | 5 76
fF fF v ms.V? | msV™* ms v v
X 58.6 419.57 35.21 29.85 3.99 510 0.00 0.69 1.01
Y 50.1 351.97 34.06 28.86 269 510 1.51 0.31 101
4 61.3 440.64 35.39 33.77 4.41 5.10 0.00 0.77 1.01 |
Other Probe Parameters
Sensor Arrangement Triangular
Connectar Angle (*) 721
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Senscr Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm
Certificate No: ES3-3320_Jan20 Pape 4 of 23
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ES30V3I- SN:3320 January 20, 2020

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Head Tissue Simulating Media

3 Relative _ Conductivity [ . Depth® Unc

M Permittivity (Sfm)"* ConvFX | ConvFY | ConvFZ  Alpha {mm) (k=2)
450 43.5 0.87 0 7.01 7.01 0.18 1.40 +13.3%
750 41.9 0.89 6.47 6.47 ; 6.47 0.60 1.36 +120%
850 415 0.92 6.18 6.18 6.18 0.64 1.34 =120%
900 415 0.97 6.14 6.14 6.14 0.80 1.15 $12.0%
1450 40.5 1.20 565 565 5.65 0.61 i 1.36 +12.0%
1640 40.2 1.31 5.53 553 5.53 0.80 1.20 +12.0%
1750 40.1 1.37 541 541 541 0.60 144 +120%
1900 40.0 1.40 5.18 5.19 5.19 0.80 124 +12.0 %
2450 39.2 1.80 4.65 4.65 4.65 0.80 1.26 +120%

® Frequency vaidity adone 300 MHz of 2 300 MHz anly :pplcslof [BASY vd 4 and highar (ses Psoa 2), else il Is restncted to £ 50 MHz. Tha
urcanainty is tha RSS of the ConvF uncertainty at cal ¥ and the ur y for the frequancy band. Frequency vaidity
below 300 MHz is = 10. 25. 40, 50 and 70 MH2 for ComF assessments at 30, 64, 128, 180 and 220 WHz respectively. Vakdity of Convl assessed ot
6 MHz 5 4-9 MHz, and ConvF sesessad at 13 MH2 is 9-19 MHz Above § GHz frequency validey can be extendad 10 = 110 MHz

" At frequencias below 3 GHz, the validily of tissue parameters (e ang o) can 96 relaxed 10 = 10% if liguid comp lion formuda = L
measured SAR vakigs, Al frequancies sbove 3 GH2. the validity of tieus paramelers (c and o) is restricted ta + 5% The uncanainty is 1ha RSS of
the ConvF uncertanty for Indicated targat tissue parameters,
“ Alsha'Depth are desarmined auing calbrason. SPEAG warrants thet the remaining devialicn dus 1o the boundary effect after compensation is
abwys less than £ 1% for frequencins balow 3 GHz and bakw + 2% for fiequencies between 3-6 GHz at any distance larger than haif the probe tip
diameter fram the boundary,

Certificate No: ES3-3320_Jan20 Page 5of 23
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ES30V3- SN:3320 January 20, 2020

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth ™ Unc
fiMHz)© | Permittivity” (Sim)* ConvFX | ConvFY | ConvFZ  Alpha® | (mm) (k=2)
450 56.7 0.94 7.09 7.08 7.08 0.05 125 | £133%
750 55.5 0.96 6.36 1 6.36 6.36 078 120 | +120%
850 55.2 0.99 6.12 6.12 6.12 0.80 115 | $120% |
200 55.0 1.05 6.10 6.10 6.10 080 | 1.3 | +120%
1450 54.0 1.30 5.20 5.29 5.29 080 | 110 | +120%
1840 53.7 1.42 518 518 518 0.80 117 | £120%
1750 534 1.49 4.91 4.91 491 | 0.45 175 | £120%
1900 533 152 4.72 472 4.72 0.67 138 | £120%
2150 53.1 1.66 4.70 4.70 4.70 0.69 137 | £120% |
2450 52.7 1.95 440 | 440 | 440 | 080 | 120 | s120%

“ Frequency velidity above 300 MHz of = 100 MHz anly apphes dor DASY v4.4 and higher (5a6 Fage 2). else it is restricted to + 50 MHz. The
urcatainty s the RSS of the Com uncenainly & calbraton frequency and the uncertanty for tha indicated frequancy band, Fraquancy vaidity
balow 300 MHz Is £ 10, 25, 40, 50 and 70 MH2 for ConvF assessments at 30, 64, 128 150 and 220 MHz respoctively. Valicity of Com® assessed at
8 MHz is 4. MHz, and ConvF 35585600 a1 13 MHZ @ 9-18 MHz. Above 5 GHz frequency valdéy can be exiended 1o = 110 MHz

" At trequencies balow 3 GHz, the validity of tssue paramaters (¢ and a) can ba relaxed to + 105 It Iiquid compensation formusa it appled to
measured SAR values. At frequencias above 3 GHz, the validity of tissue s(cando)s dto 4+ 5% The uncertanty  the RSS of
the ConvF uncertainty for ndicated target tissus parameters.

" Algha/Cepth are determined dunng calibration. SPEAG warrants that the remaining deviation due % the boundary effect after compensation is
always less than £ 1% for frequencies below 3 GHz and balow = 2% foc frequancies batwaen 3-5 GHz al any distance larger than half the probe tip
diameler from the bourdary

Certificate No: ES3-3320_Jan20 Page 6 of 23
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ES3DV3- SN:3320

January 20, 2020

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

Ll L

Frequency response (normalized)

ot 4109 IS N Y T o Y ST T T (T N U S W A [ (2

1 !
500 100G 1500 2000 2500 3000
f [MHz]

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

Certificate No: ES3-3320_Jan20
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ES3DV3- SN:3320 January 20, 2020

Receiving Pattern (¢), 3 = 0°

=600 MHz. TEM =1800 MHz.R22

. ¥ .
. .
. .
3 14"
. .
% ot o
- - ) ) - - X2 s
.y LK e v
.
‘ .
.
. ) . . . .
Tot X Y Z Tot X Y b4
. i
3 : H H

Enor [d8]

L3 ' L4 ¢ ' Ly i T T N W S B S " S T K S
150 l\llﬂ 50 3 o 150

o
Roll[7]

lclﬂ'y-lz G-Cg%_‘!vz 1360!}']»4: .»ﬂ!de

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

Certificate No: ES3-3320_Jan20 Page B of 23
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ES3DV3- SN 3320 January 20, 2020

Dynamic Range f(SARead)
(TEM cell, fo,s= 1900 MHz)

10°
1054 %
g w0t
]
b=
o
gx 10%- b etiiran
1024
107 i i
100 10 10" 10° 10 10° 108
SAR [mWicm3]
| 0
not compensatad cm\o;lmawd
2
14
g K
- 04
g
w
A+
2 s 1 1 l .l — 1
10 102 101 100 1o 107 103
SAR [mWicm3) =
K3 Lo]
nct companzatea companssates
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certficate No: ES3-3320_Jan20 Page 9 of 22
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ES30V3- SN:3320 January 20, 2020

Conversion Factor Assessment

f =500 MHz.WGLS R9 (H_convf) 1= 1750 MHz WGLS R22 (H_comF)

-
pose

Tz

Deviation from Isotropy in Liquid
Error (¢, 8), f= 200 MHz

Derasalion

Lbaddoo?

a0 -

oomo

10 08 08 04 92 00 G2 04 05 08 1.0

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

Certificale No. ES3-3320_Jan20 Page 10 of 23
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ES3DVI- SN:3320 January 20, 2020
Appendix: Modulation Calibration Parameters
uip Rev | Communication System Name Group PAR Unc®
(<B) {k=2)
0 [ CwW 0.00 4.7 %
10010 | CAA | SAR Validation {Square. 100ms. 10ms) Test 10.00 | =96%
100 CA8 | UMTS-FDD (WCDMA) WCDMA 291 £96%
10012 CAB | IEEE 802 11b WiFi 2.4 GHz {OSSS. 1 Mops) WLAN 1.87 £96%
10013 CAS | IEEE 802 11q WIF| 2.4 GHz (DSSS-OFDM, 6 Mbps) WLAN 346 £96%
2 DAC | GSM-FDD (TDMA, GMSK) GSM )3g | +06%
10023 | DAC | GPRS-FDD (TDMA, GMSK, TN 0) GSM 157 | £86%
0024 | DAC | GPRS-FOO (TOMA, GMSK. TN 0-1) GSM 86 | +9.6%
10025 DAC | EDGE-FDD (TDMA, 8PSK, TN 0} GSM 1262 | +96%
10026 | DAC | EDGE-FDO (TOMA, 8PSK, TN (-1) GSM 955 | $96%
10027 DAC | GPRS-FDD (TDMA, GMSK, TN 0-1-2) GSM 4.80 +96%
10028 | DAC_| GPRS-FDD (TDMA. GMSK, TN 0-1-2-3) GSM 3.55 | +9.6% |
10029 DAC | EDGE-FDD [TDMA. 8PSK. TN 0-1-2) GEM 7.78 £96%
10030 CAA | IEEE 802.15.1 Bluetooth {GFSK. DH1) Blustooth 5.30 296 % |
10031 CAA | IEEE 802.15.1 Bluelooth (GFSK, DH3) Blugtooth 1.87 2936 %
10032 | CAA | IEEE 802.15.1 Blustooth (GFSK. DHS) Blustooth 1.16 296%
10033 CAA | IEEE 802.15.1 Bluelooth {PL4-DQPSK, DH1) Bluatoolh 7.74 296%
10034 | CAA | IEEE 802.15.1 Bluetooth {Pi4-DAPSK, DH3) Biuetooth 453 | +96%
10035 CAA | IEEE 802.15.1 Bluetooth (PI4-DAPSK, DH5) Eluatooth 383 296 %
10036 | CAA | IEEE 802.15.1 Bluetooth {(8-DPSK, DH1) . Biuatooth 8.01 296%
10037 CAA | IEEE 802.15.1 Bluetooth (8-DPSK, DH3) . Baetooth 477 9.6 %
10038 | CAA | IEEE B802.15.1 Bluetooth (8-0PSK, DHS5} __Bustooth 410 £96%
10039 | CAB | CDMAZ2000 (1xRTT, RC1) COMAZ000 4.57 =06 %
10042 | CAB | 1S-54 /1S-136 FDO (TRMAFDM, P114-DOPSK, Hadrate) AMPS 7.78 £968% |
10044 | CAA | IS-OVEIATIA-553 FOD (FDMA, FM) AMPS 0.00 £ 9.6 %
10048 CAA | DECT (TDD. TOMAFDM, GFSK, Full Slot. 24) DECT 1380 | £96 %
)049 CAA | DECT {TDD. TOMAFDM, GFSK, Double Siot, 12) DECT 10.79 | +96%
056 CAA | UMTS-TDD (TD-SCDMA, 1.28 Mcps) TD-SCDMA | 11.01 £98%
10058__| DAC | EDGE-FOD (TDMA, BFSK, TN 0-1-2-3). GSM 652 | +906%
0059 CAB | IEEE 802.11b WiFi 2 4 GHz (DSSS. 2 Mbps) WLAN 2.12 +9.6%
10060 | CAS_| IEEE 802116 WIF| 2.4 GHz (DSSS. 5.5 Mbps) WLAN 283 | $96%
10061 CAB | IEEE B02.11b WiFi 2.4 GHz (DSSS. 11 Mops) WLAN 3.60 +56%
10062 | CAC | IEEE 802 11a/m WIFI 5 GHz (OFDM, 6 Mbps) WLAN .68 +9.6%
10063 | CAC | IEEE 802.11ai WiFi 5 GHz (OFDM. 8 Megps) WLAN 63 | +96%
10064 | CAC | IEEE 802.11aMm WIFi 5 GHz (OFDM. 12 Mbps} WLAN .09 +0.6%
10065 | CAC | IEEE 802 11a/h WiFi 5 GHz {OFDM, 18 Mbps) WLAN 00 | +96%
10066 | CAC | IEEE B02 11ah WIFi 5 GHz (OFDM, 24 Mbps) WLAN 938 | +96%
10067 | CAC | IEEE 802 11aMm WiFi 5 GHz (OFDM. 36 Mbps) WLAN 10.12 £96%
10068 CAC | IEEE 802.11am WIiFi 5 GHz [OFDM. 48 Mbps) WLAN 10.24 +96%
10069 | CAC | IEEE 802 11am WiFi 5 GHz (OFDM, 54 Mbps) WLAN 1056 | $96%
10071__| CAB | IEEE 802_11g WiFi 2.4 GHz {DSSS/OF DM, 9 Mogs) WLAN 83 | t86%
10072 | CAB | IEEE 802 11g WiFi 2 4 GHz (DSSS/CFDM. 12 Mbps) WLAN .62 496%
0073 | CAB | IEEE 802 11g WIFI 2.4 GHz (DSSS/CFDM. 18 Mbps) WLAN .94 +96%
10074 CAB | IEEE 802 11g WiFi 2.4 GHz [DSSS/OFDM, 24 Mbps) WLAN 10.30 | 296%
075 | CAB | IEEE 802 11g WiFi 2 4 GHz (DSSS/OFDM. 36 Mbps) WLAN 1077 | +96%
10076 CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 45 Mbps) WLAN 1084 | 296%
10077 | CAB | IEEE 802 11g WiFi 2 4 GHz (DSSS/CFDM. 54 Mbps) WLAN 1100 | 496%
10081 CAB | CDMA20C0 {1xRTT, RC3) CDMA2000 3.97 296% |
10082 | CAB | 15-54 /1S-136 FDD (TDMAFDM. PIi4-DQPSK. Fullrate) AMPS 477 296%
10080 | DAC | GPRS-FDD (TDMA, GMSK, TN 0-4) GSM 656 | 296%
0057 | CAB | UMTS-FDD (HSDPA) WCDMA 3.98 296 %
10088 | CAB | UMTS-FDD (HSUPA, Subtest 2) WCDMA 3 98 96 %
0089 | DAC | EDGE-FDD (TDMA, 8PSK, TN 0-4) GSM 9.55 296%
10100 | CAE | LTE-FDD (SC-FDMA. 100% RB. 20 MHz, QPSK) LTE-FOD 567 | 296%
10101 CAE | LTE-FDD (SC-FDMA, 100% RE, 20 MHz, 16.QAM) LTE-FDD 642 296%
10102 | CAE | LTE-FDD (SC-FDMA, 100% RB, 20 MHz, 64-QAM) LTE-FDD 5.60 296%
10103 | CAG | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, OPSK) LTE-TOD 9.29 296%
10104 | CAG | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, 16-QAM) LTE-TDD 9.97 296%
10105 CAG | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, 64-QAM) LTE-TDD 10.01 296%
10108 | CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, QPSK) LTE-FOD 580 | +96%
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10220 CAC | IEEE 802.11n (HT Mixed, 43.3 Mbps. 16-QAM) _ WLAN 8.13 +9.6%
1022 CAC | IEEE 802.11n (HT Mixed, 72 2 Mbps. 64-QAM) | WLAN 827 | #96%
10222 CAC | IEEE 802.11n (HT Mixed, 15 Mbps, BPSK) WLAN 306 | +96%

0223 CAC_| IEEE 802.11n (HT Mixed. 90 Mbps. 16-QAM) WLAN B5.48 £9.6%
0224 | CAC | IEEE 802.11n (HT Mixed, 150 Mops, 64-QAM) WLAN 808 | 296% |
0225 CAB | UMTS-FDD (HSPA#) WCDMA 5.97 296
0226 | CAB | LTE-TDD (SC-FDMA, 1 RS, 1.4 MHz. 16-QAM) LTE-TDD 949 | 296%
10227 CAB | LTE-TDD {SC-FDMA, 1RB. 1.4 MHz. 84-QAM) LTE-TDD 10.26 £96%
10228 CAB_| LTE-TDD {SC-FDMA, 1 RB, 1.4 MHz QPSK) LTE-TDD 9.22 +9.6%
10228 | CAD | LTE-TDD {SC-FOMA, 1 RB. 3 MHz, 16-QAM)_ LTE-TDD 948 | +96%
10230 | CAD | LTE-TDD (SC-FDMA, 1 RB, 3 MHz. 64-QAM) LTE-TDD 1025 | +96%
10231 CAD | LTE-TDD {SC-FOMA, 1 RB, 3 MHz, OPSK) LYE-TOD 9.19 +9.6%
10232 | CAG | LTE-TOD (SC-FDMA, 1 RB, 5 MHz, 16-QAM) LTE-TDD 948 | +96% |

10233 | CAG | LTE-TDD (SC-FOMA, 1 RB, 5 MHz, £4.-QAM) LTE-TCD 10.25 | +96%
10234 | CAG | LTE-TDD (SC-FOMA, 1 RB, 5 MHz, QPSK) LTE-TDD a1 396%
10235 | CAG_| LTE-TDO (SC-FOMA, 1 RB, 10 MHz. 16-QAM) LTE-TDD 048 | +96% |

0236 CAG LTE-TDD (SC-FOMA. 1 RB, 10 MHz, 54-QAM) LTE-TDOD 1025 | 296%
| 10237 | CAG | LTE-TDD (SC-FOMA, 1 RB, 10 MHz, QPSK LTE-TDD 9.21 296 %
0238 | CAF | LTE-TDD (SC-FDMA. 1 RB, 15 MHz. 16-QAM) LTE-TDD 948 | 296%

10239 CAF | LTE-TDD (SC-FDMA. 1 RB, 15 MHz. 84-QAM) LTE-TDD 1025 | =9.6%
10240 | CAF | LTE-TDD (SC-FDMA. 1 RB, 15 MHz. QPSK) LTE-TDD 2.21 £98%
10241 CAB | LTE-TDD (SC-FDMA. 50% RB, 1.4 MHz. 16-QAM) LTE-TDD 9.62 +06%
10242 | CAB | LTE-TDD (SC-FDMA, 50% RB. 1.4 MHz, 64-QAM) LTE-TDD 988 | +96%
10243 | CAB | LTE-TDD {SC-FDMA, 50% RB, 1.4 MHz. QPSK) LTE-TDD 946 | +96%
10244 CAD | LTE-TDD {SC-FDMA, 50% RB, 3 MHz, 16-0AM) LTE-TDD 1006 | +96%
10245 CAD | LTE-TOD {SC-FDMA, 50% RB, 3 MHz. G64-QAM} LTE-TDD 1006 | +9.6%
10248 CAD LTE-TOD {SC-FDMA, 50% RB, 3 MHz, QPSK) LTE.-TDD 9.30 +96%
10247 | CAG | LTE-TDD (SC-FDMA, 50% RB, 5 MHz, 16-QAM) LTE-TOD 991 | +96% |
10248 | CAG_| LTE-TOD {SC-FDMA, 50% RB, 5 MHz, 64-QAM) LTE-TDD 1002 | +96%
10249 | CAG | LTE-TDD (SC-FDMA, 50% RE, 5§ MHz, QPSK) LTE-TOD 929 | +96%
10250 | CAG | LTE-TOD {SC-FDMA, 50% REB, 10 MHz, 16-QAM) LTE-TDD 0.81 +96%
10251 CAG | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, 64-QAM) LTE-TDD 10,17 | 2966%
10252 | CAG | LTE-TDD (SC-FDMA. 50% RB, 10 MHz. QPSK; LTE-TOD 924 | *96%
10253 CAF | LTE-TDD (SC-FDMA, 50% RE, 15 MHz. 16-QAM) LTE-TDD 5.90 296%

10254 | CAF | LTE-TDD (SC-FDMA, 50% RB, 15 MHz. 84-QAM) LYE-TDD 10.14 | 296 %
10255 CAF LTE-TDD (SC-FDMA, 50% RB, 15 MHz. QPSK) LTE-TDD 9.20 £96%
10256 | CAB | LTE-TDO (SC-FDMA, 100% R8. 1.4 MHz. 16-QAM) LYE-TDO 996 | 296% |
10257 | CAB | LTE-TDO (SC-FOMA, 100% RS, 1.4 MHz,_64-QAM) LTE-TDD 1008 | £96%
10258 | CAB | LTE-TDD (SC-FDMA, 100% R8. 1.4 MHz. QPSK) LTE-TDD 3.34 +96%
10259 CAD | LTE-TDO (SC-FDMA, 100% RB, 3 MH2, 16-QAM) LTE-TDOD 3.98 £96%
10260 | CAD | LTE-TDD (SC-FDMA, 100% R8. 3 MHz, 64-0AM) LTE-TDD 307 | +96%
10261 | CAD | LTE-TDD (SC-FDMA, 100% RSB, 3 MHz, QPSK) LTE-TDD 924 +9.6%
10262 | CAG | LTE-TOD (SC-FDMA. 100% RB, 5 MHz. 16-QAM) LTE-TDD 983 | +96%
10263 CAG | LTE-TDD (SC-FDMA, 100% RB. 5 Mz, 64-QAM) . LTE-TDD 10.16 £968%

| 10264 | CAG | LTE-TDD (SC-FDMA, 100% RB, 5 MHz. QPSK) . LTE-TDO 923 | +96 %
10265 CAG | LTE-TDD (SC-FDMA. 100% RB, 10 MHz, 16-QAM) . LTE-TDD 9.92 +£96%
10266 | CAG | LTE-TDD (SC-FDMA. 100% RB, 10 MHz, 64-QAM) LTE-TDD 1007 | +96%
10267 CAG | LTE-TDD (SC-FDMA, 100% RB. 10 MHz, QPSK) . LTE-TDD 9.30 +96%
10268 | CAF | LTE-TDD (SC-FDMA. 100% RB, 15 MHz, 16-QAM) _ LTE-TDD 10.06 | +9.6%
10269 CAF | LTE-TDD (SC-FOMA. 100% RB, 15 MHz, 64-0AM)} . LTE.-TDD 1013 | 496%
10270 | CAF | LTE-TDD (SC-FOMA. 100% RB, 15 MHz, QPSK) _ LTE-TDD 958 | +06%
10274 CAB | UMTS-FDD (HSUPA, Sublest 5, 3GPP Rel8 10) . WCDMA 4.87 £96%
10275 | CAB | UMTS-FDD (HSUPA, Subtest 5. 3GPP Reld 4) WCDMA 3.96 | +06%

| 10277 | CAA_| PHS (QPSK) PHS 1161 | +96%
10278 | CAA | PHS (QPSK, BW 884MHz, Rolioff 0.5) PHS 1181 | +06% |
10278 CAA | PHS (QPSK, BW 834MHz, Rololf 0.38) PHS 12.18 | £96%
10290 | AAB | CDMA2000, RC1, SO55. Full Rate CDMAZ000 3.91 +86%

10291 | AAB | CDMAZ2000, RC3, S055, Full Rate CDMAZ2000 46 | $96%
10292 | AAB | CDMA2000, RC3, 8032, Full Rate CDMA2000 39 | $96%

| 10293 | AAB | COMA2000, RC3, SO3. Full Rate CDMA2000 50 | $96%
10285 | AAB | CDMA2000, RC1, SO3, 1/8th Rale 25 1r. CDMA2000 | 1245 | $+96%
10297 | AAD | LTE-FDD {SC-FOMA. 50% RB. 20 MHz, QPSK) LTE-FDD 5.81 96%
10288 AAD | LTE-FDD (SC-FOMA, 50% RB, 3 MHz, OPSK) LTE-FDD 5.72 +96%
10295 | AAD | LTE-FDD {SC-FDMA. 50% RB. 3 MHz, 16-QAM) LTE-FDD 839 | $96%
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10451 | AAA | W.COMA (BS Test Model 1. 84 DPCH, Clipping 44%) WCDMA 755 | £96%
10453 | AAD | Validation {Square, 10ms. 1ms) Test 1000 | £96%
10456 | AAB | IEEE 802.11ac WiFi (160MMz, 54-QAM. 99pc duty cycie) WLAN 863 | +96%
10457 | AAA | UMTS-FDD (DC-HSDPA) WCDMA 6.62 +0.6%
10458 AAA | COMA2000 (1XEV-DO, Rev. B, 2 camers) CDMA2000 6.55 +986 %
10459 | AAA | CDMAZ2000 (1xEV-DO, Rev. B. 3 camers) CDMA2000 8.25 +96% |
10460 AAA | UMTS-FDD (WCDMA, AMR) WCDOMA 238 +96 %
10461 | AAB | LTE-TDD {SC-FDMA, 1 RS, 1.4 MHz. QPSK, UL LTE-TDD 7.82 +96%
Subframe=234.7.8.9)

10462 AAB | LTE-TOD (SC-FDMA, 1 RB, 1.4 MHz, 16-QAM, UL LTE-TDD 830 986 %
Sublrame=23.4,7,8.9)

10463 | AAB | LTE-TDD {SC-FDMA, 1 R8, 1.4 MHz, 64-QAM, UL LTE-TDD 8.56 +86%
Subframe=2,3,4.7,8.9)

10464 AAC | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, QPSK, UL LTE-TDD 7.82 +96%
Sublrame=2,3,4,7,8,9)

10465 | AAC | LTE-TDO (SC-FOMA, 1 RB, 3 MHz, 16-QAM, UL LTE-TDD 8.32 296%
Subframe=2.3,4.7.8.9)

10466 | AAC | LTE-TDO (SC-FOMA, 1 RB, 3 MHz, 64-QAM, UL LTE-TDOC 857 | 296%
Subframe=2,3,4.7.69)

10467 | AAF | LTE-TDD (SC-FDMA, T RB, 5 MHz, QPSK, UL LTE-TRDD 782 £96%
Subframe=2,3.4.7.8,9)

10468 | AAF | LTE-TDD (SC-FOMA, 1 RE, 5 MHz, 16-QAM, UL LTE-TDO 832 | 296%
Subframe=23,47 E9)

10488 | AAF | LTE-TDD (SC-FDMA, 1 RB, § MHz, 64-QAM, UL LTE-TDD 858 | £96%
Subframe=2,34.7.8.9)

10470 | AAF | LTE-TDD (SC-FOMA, 1 RB, 10 MHz, QPSK, UL LTE-TDD 7.82 +96%
Subframe=2.34.7.89) my]

10471 | AAF | LTE-TDD (SC-FOMA, 1 RB, 10 MHz. 16-QAM, UL LTE-TDD 832 +98%
Subtrame=2.3 4.7 8 9)

10472 | AAF | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, 84-0AM, UL LTE-TDD 8.57 +06%
Subframe=2.3.4.7.8.9)

10473 | AAE | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, QPSK. UL LTE-TDD 7.82 +986 %
Subframe=2.34 7.8 9)

10474 | AAE | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, 16-0AM, UL LTE-TDD B.32 +06%
Subframe=2.347.89)

10475 | AAE | LTE-TDD (SC-FOMA, 1 RB, 15 MMz, 64-QAM, UL LTE-TDD B.57 +96% |
Subframe=2.34.7.89)

10477 AAF | LTE-TDD (SC-FDMA. 1 RB, 20 MHz, 16-QAM, UL LTE-TDD B.32 +06%
Subframes2,34,7.88)

10478 | AAF | LTE-TDD (SC-FDMA 1 RB, 20 MMz, 64-QAM, UL LTE-TDD B.S7 +96%
Subframe=2.34.7.8.9)

10479 | AAB | LTE-TDD (SC-FDMA. 50% RB, 1.4 MHz, QPSK, UL LTE-TDD 7.74 +96%
Subframe=2 34,780}

10480 | AAB | LTE-TDD (SC-FDMA_ 50% RB, 1.4 MHz, 16-0AM, UL LTE-TDD 818 +86%
Subframe=2.34.7.8.8)

10481 | AAB | LTE-TDD (SC-FDMA, 50% RB, 1.4 Mz, 64-0AM, UL LTE-TDD 845 +968%
Subframe=2.34,7.8.9) o

10482 | AAC | LTE-TDD {SC-FD#MA_50% RB, 3 MHz, QPSK, UL LTE-TDD 7.7 +906 %
Subframe=2.234.7.89)

10483 AAC | LTE-TDD (SC-FDMA, 50% RB, 3 MHz, 16-QAM. UL LTE-TDD 8.39 +96%
Sublrame=2.3.4,7.8.9) i

10484 | AAC | LTE-TDD (SC-FOMA_50% RB, 3 MMz, 64-QAM, UL LTE-TDD BA4T +96%
Subframe=2.3.4,7.8.9)

10485 AAF | LTE-TDD (SC-FDMA. 50% RB, 5 MHz, QFSK, UL LTE-TDD 7.59 +96%
Subframe=23,4,7.8.9)

10486 | AAF | LTE-TDD (SC-FDMA, 50% RB, 5 MHz, 16-QAM, UL LTE-TDD B.38 +96%
Subframe=234.789)

10487 | AAF | LTE-TDD (SC-FDMA, 50% RS, 5 MHz, 64-QAM, UL LTE-TDD 8.60 +96%
Subframe=2.34.7.89)

10488 | AAF | LTE-TDD (SC-FDMA, 50% R8. 10 MHz, QPSK, UL LTE-TDD 7.70 +96%
Subframe=2.34.7 8.9)

10489 | AAF | LTE-TDD (SC-FOMA, 50% RSB, 10 MHz, 16-QAM, UL LTE-TDD 8.31 496%
Subframe=2 3 4.7 8 9)

10490 | AAF | LTE-TDD (SC-FOMA, 50% R8. 10 MHz, 64-QAM. UL LTE-TDD B8.54 +96%
Subframe=234,7.89)

10491 | AAE | LTE-TDD (SC-FD#A, 50% RB. 15 MHz, QPSK, UL LTE-TDD 7.74 +96%
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10534 | AAB | |EEE B02.11ac WiFi (40MHz. MCS0, 89pc duty cycle) WLAN 45 | £96% |
10535 AAB | IEEE B0Z 11ac¢ WiFi (40MHz. MCS1, 99pc duty cycle) WLAN .45 +£96 %
10536 | AAB | IEEE 802.11ac WIFI (40MHz MCS2. 99pc duty cycle) WLAN .32 +986%
10537 | AAB | IEEE BO2.11ac WiFi (40MH2. MCS3. 99pc duty cycle) WLAN 44| +06%
10538 AAB | IEEE 802 11ac WiFi (40MHz MCS4. 99pc duty cycle) WLAN B.54 £96%
10540 | AAB | IEEE 802 11ac WiFi (40MHz MCSS. 89pc duty cycle) WLAN B39 | +96%
10541 | AAB | IEEE 802.11ac WiFi (40MHz, MCS?, 88pc duly cycle) WLAN B4B | £96%
10542 AAB | IEEE 802.11ac WiFi (400MHz, MCS8, 99pc duty cycle) WLAN 8.65 + 9.6 L
10543 | AAB | IEEE 802.11ac WiFi (40MHz, MCS9, B9pc duty cycle) WLAN 865 | +96%
10544 | AAB | IEEE 802.11ac WiFi (80MHz, MCS0, 83pc duly cycie) WLAN 847 | $96%
10545 | AAB | IEEE 802.11ac WIFi (80MHz, MCS1, 99oc duty cycle) WLAN 355 | $96%
| 10546 | AAB | IEEE 802.11ac WiFi (B0MHz, MCS2, 88cc duty cycle WLAN 335 | 96% |
10547 | AAB | IEEE 802.11ac WiFi {80MHz, MCS3, WLAN 140 | 296%
10548 AAB | |EEE 802.11ac WiFi {80MHz, MCS4, S8pc duty cycle WLAN 3.37 +96%
10550 | AAB | IEEE 802 11ac WiFi {80MHz, MCS6, &9pc duty cycke) WLAN 838 | 296%
10551 | AAB | IEEE B02.118c WiFi (80MHz, MCS7, 99pc WLAN 850 | +96%
10552 | AAB | IEEE 802.11ac WiFi (80MHz, MCS8. 99pc duty cyde) WLAN 842 | £96%
10553 | AAB | IEEE 802.115c WIFI (80MHz, MCS8, 99pc cuty cyde) WLAN 345 | £9.68%
10554 | AAC | IEEE B0Z.11ac WiFi (160MHz. MCSQ. 99pc duty cycle) WLAN 3.48 | +9.6%
10555 AAC | IEEE B02.11ac WiFi (160MHz, MCS1, 98pc duly cycle) WLAN B8.47 +96%
10556 | AAC | IEEE B02 11ac WiFi (160MHz. MCS2. 99pc duty cycle) WLAN 50 | £ 06 %
10857 | AAC | IEEE BO02.11ac WiFi (160MHz, MCS3. 99p¢ duly cycle) WLAN 52 | ¥96%
10558 | AAC | IEEE 802 11ac Wi (1600MMz. MCS4. 99pc duty cycle) | WLAN 61 +9.6% |
10560 AAC | IEEE 802 11ac WiFi (180MHz, MCSE, 99pc duly cycie) WLAN N +£96%
10561 | AAC | IEEE 802 11ac WiFi (160MHz, MCS?, WLAN 156 | +96%
10562 | AAC | IEEE 802.11ac WiFi [wmmz, MCSB, Bipc dmy_cyclel WLAN 869 | +96%
10863 | AAC | IEEE 802.11ac WiFi (160MHz, MCSS, 98pc duty cycle) WLAN 877 | 296%
10564 | AAA | IEEE 802.11g WIFI 2.4 GHz (DSSS-OFDM, 9 Mbps, 98¢ duty WLAN 825 | 296%
cle)

10565 | AAA | IEEE 802.11g WiFi 24 GHz [DSSS-OFDM, 12 Mops, 99pc duty WLAN 845 | £96%
cycle)

10566 AAA | |EEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 18 Mops, 99pc duty WLAN 813 296%

le)
10667 | AAA | |EEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 24 Mops, 99pc duty WLAN 800 | z96%
cycle)
10568 AAA | IEEE 802.11g Wi 2.4 GHz (DSSS-OFDM. 36 Mbps, 39pc duty WLAN 8.37 £98%
cycle)
10669 | AAMA | |EEE 802.11g Wi 2.4 GHz (DSSS-OFDM, 48 Mbps. 99pc duty WLAN 810 | z96%
cycle)
10570 AAA | |EEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 54 Mbps, 99pc duty WLAN 830 £96%
cycle)
10571 | AAA | IEEE B02.11b WiFi 2.4 GHz (OSSS, 1 Mbps, 90_@_@19)9_) WLAN 199 | +96%
10572 | AAA | IEEE B02.11b WIFi 2.4 GHz (DSSS, 2 WLAN 199 | £968%
10573 | AAA_| IEEE B02.11b WiFi 2.4 GHz (DSSS. 5.5 Mgp_sqpc duly wcla) WLAN 198 | +96 %
10574 | AMA | IEEE 802.11b WIFi 2.4 GHz (DSSS, 11 Mbgs, 90pc WLAN 198 | +96%
10575 | AAA | IEEE BDZ.11g WiFi 2.4 GHz (DSSS-OFDM, 6 Mbps, 90pc duty WLAN B59 | £96%
cyce)
10576 | AAA | IEEE 802.11g WIFi 2.4 GHz (DSSS-OFDM, 9 Mbps. 90pc duty WLAN BED | +t96%
cycia)
10577 AAA | IEEE B802.11g WiFi 2.4 GHz (DSSS-OFDM, 12 Mbps, 90pc duty | WLAN 870 +96%
I cycle) |
10578 | AAA | IEEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 18 Mbps, 90pc duty | WLAN 849 | 296%
cydlo) |

10579 AAA | IEEE 802.11g WIiFi 2.4 GHz (DSSS-OFDM, 24 Mbps, 80pc duty WLAN 8.36 296%
cycle)

10580 | AAA | IEEE 802 11g WiFi 2. 4 GHz (DSSS-OFDM, 36 Mbps, 90pc duty WLAN 8476 | t96%
cycle)

10581 | AAA | IEEE 802.11g WIFi 2.4 GHz (DSSS-OFDM, 48 Mbes, 20pc duly WLAN 835 | 296%
cyde)

10582 | AAA | IEEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 54 Mbps, 90pc duty WLAN 867 | t96%
cycle)

10563 AAB | IEEE 802 11aMm WIiFi 5 GHz (OFDM, 6 Mbps, 90pc duty cydie) WLAN 859 +£96%

10584 AAB | IEEE 802.11aMm WiFi 5 GHz (OFDM, 8 Mbps. 90pc duty cycie) WLAN 3.60 +96%

10585 AAB | IEEE 802.11am WIFi 5 GHz (OFDM, 12 Mbps. 90pc duly cycle) WLAN .70 £96%

10586 | AAB | IEEE 802 11am WiFi 5 GHz (OFDM, 18 Mbps. 90pc duty cycle) WLAN 49 | +96%
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10654 | AAD | LTE-TDD (OFDMA, 15 MHz, E-TM 3.1, Clipping 44%) LTE-TOD 696 | $96%
10655 AAE | LTE-TDD (OFDMA, 20 MHz. E-TM 3.1. Clipping 44%) LTE-TDD 721 £96%
10658 | AAA | Pulss Waveform (200Hz. 10%) Test 1000 | 296%
10658 | AAA | Pulse Wavelorm (200Hz, 20%) Test 693 | +96% |
10660 | AAA | Pulse Waveform (200Hz. 40%) Test 3.95 296 %
10661 AMA | Pulse Wavelomn (200Hz, 60%) Test 222 298 %
10662 | AMA | Pulse Waveform (200Hz. 80%) Tast 0897 | =06%
10670 | AAA | Bluatooth Low Energy Biuetooth 219 | $98%
10671 | AAA | IEEE 802.11ax (20MHz, MCS0, duty cyca) WLAN 908 | £96%
10672 | AAA | IEEE 802.11ax (20MHz, MCS1, S0pc duty cycie) WLAN 857 | +986%
10673 | AAA | IEEE 802 11ax (20MHz, MCS2, 90pc duty ¢ | WLAN 878 | £06%
10674 | AAA | IEEE 802.11ax (20MHz, MCS3, 80pc duty cycie) WLAN 374 | +96%
10678 | AAA | |IEEE 802.11ax (20MHz, MCS4, 80pc duty cycia) WLAN 890 | +0.6%
J0676 | AAA | IEEE B02.11ax (20MHz, MCS5, 80pc duty cycie) WLAN 877 | +96%
10877 | AAA | IEEE B02.11ax (20MHz, MCS6, S0pc i} WLAN 873 | t06%
10678 | AAA | IEEE B02.11ax (20MHz, MCS7. S0pc duty cycie) WLAN 878 | +9.6%
10679 | AAA | IEEE B02.11ax MCS8, 90, cle) WLAN 3.89 | +9.6 %
10680 | AAA | IEEE B0Z.11ax (20MHz, MCSS, 90pe duty cycie) WLAN 380 | +9.6 %
10681 | AAA | IEEE 802.11ax (20MHz. MCS 10, 90pc duly cycle) WLAN 362 | +96%
10682 AAA | IEEE B02.11ax {20MHz, MCS11, 90pc duly cyele) WLAN 3,83 296%
10683 AAA | IEEE 802 11ax (200MHz MCS0. 99pc duty cycle) WLAN 342 | 296%
10684 AAA | IEEE B02.11ax (20MHz, MCS1, 99pc duty cycle) WLAN .26 296%
10685 | AAA | IEEE 802 11ax (20fHz. MCS2. 99pc duty cycle) WLAN 33 | 2986%
10686 AAA | IEEE 802.11ax {20MHz, MCS3, 99pc duly cycle) WLAN .28 296%
106687 | AAA | IEEE 802.11ax MCS4. 99pc d WLAN 845 | 296%
10688 | AAA | IEEE 802.11ax (20MHz, MCS5, 99pc duty cycle) WLAN 829 | 286%
10669 | AAA | IEEE 802 11ax (20MHz. MCS6, 99pc duty cycie) WLAN 855 | £96%
10620 | AAA | IEEE 802.11ax (20MHz, MCS7, 88pc duly cycle) WLAN 829 | 296%
10681 | AAA | IEEE 802.11ax {20MHz, MCS8. 99pc duty cychke) WLAN 825 | £968%
10682 | AAA | IEEE 802.11ax {(20MHz, MCSS, 99pc duty cycle) WLAN 820 | +96%
10653 | AAA | IEEE 802 11ax (20MHz, MCS10, 98pc duty cyce) WLAN 825 | £96%
10684 AAA | |IEEE 802.11ax {20MHz, MCS11, 880c duty cycle) WLAN 8.57 +96%
10685 | AAA | IEEE 802.11ax (40MHz, MCS0, 90pc duty cycke} WLAN 878 | £96%
10696 | AAA | IEEE 802.11ax (40MHz, MCS1, 90gc duty cycle) WLAN 391  £06%
10657 | AMA | IEEE 802.11ax (40MHz, MCS2, 80pc duty cycis) WLAN 861 | +96%
10688 | AAA | |IEEE 802.11ax (40MHz, MCS3, 90pc duty cycle) WLAN 8.89 $£96%
10689 | AAA | IEEE 802.11ax (40MHz, MCS4, 90pc duty cycle) WLAN 882 | +96%
10700 | AAA | IEEE 802.11ax (40MHz, MCSS5, 80pc duty cycle) WLAN 8.73 +96 %
10701 AAA | IEEE 802.11ax (40MHz, MCS6, 90pc duty cycle) WLAN 886 | +9.6%
10702 AAA | [EEE 802.11ax (40MHz, MCS7, 20pc duly cycle) WLAN 8.70 +96 %
10703 | AMA | IEEE 802.11ax (40MHz, MCSB, 90pc duty cycle) WLAN 8.82 +9.6 %
10704 | AAA | IEEE 802.11ax (40MHz, MCS0, 90¢oc duly cycl&) WLAN B.56 | +9.6 %
10705 | AAA | IEEE 802.11ax (40MHz, MCS10, $0pc duty WLAN 869 | +96 %
10706 AAA | |EEE B02.11ax (4DMHz, MCS11, S0pc duty cyde) WLAN B.68 +9.6 %
10707 | AAA | IEEE B02.11ax (40MHz, MCS0, 88pc duty cycia) WLAN 832 | +9.6%
10708 | AAA | IEEE B02.11ax (40MHz, MCS1, 89pc duty cycis) T WLAN 5.55 | 9.6 %
10709 AAA | IEEE BO2.11ax (4DMHz, MCS2, 98pc duty cycle) . WLAN .33 +96%
10710 | AAA | IEEE B02.11ax (40MHz, MCS3, $dpc duty cycia) | WLAN 3. 20 +9.6 %
10711 | AAA | IEEE BD2.11ax (40MHz, MCS4, S9pc duty cycie) WLAN B39 | +96%
10712 | AAA IEEE 802.11ax (40MHz. MCS5. 99pc duty cycle) WLAN BET | +8.6% |
10713 AAA | IEEE BDZ.11ax (40MHz, MCSE, 88pc Suly cydle) WLAN B.33 $9.6%
10714 | AAA | IEEE 802 17ax (40MHz. MCS7, 99pc duty cycle) WLAN 826 | +96%
10715 AAA | IEEE B02.11ax (40MHz, MCSE, 99pc duty cyde) WLAN 545 296%
10716 | AAA | IEEE 802 11ax (40MHz. MCS9. 99pc duty cycle) WLAN 830 | #96%
10717 AAA | IEEE BOZ 11ax (40MHZz, MCS10, 99pc duty cycle) WLAN R 48 + 3.6 %
10718 | AAA | IEEE 802 11ax (40MHz. MCS11. 99pc duty cycle) WLAN 824 | 296%
10719 AAA | IEEE BO2.11ax (BOMHz, MCSO0, 90pc duty cycle) WLAN 881 296 %
10720 | AAA | IEEE 802 11ax (B0MHz. MCS1, 90pc duty cycle) WLAN 887 | 296%
10721 AAA | IEEE BO2 11ax (BOMHz, MCS2, S0pc duty cycie) WLAN 876 296%
10722 | AAA | IEEE 802 11ax (B0MHz. MCS3, 90pc duty cycie) WLAN 855 | 296%
10723 | AAA | IEEE B02.11ax (B0OMHz, MCS4, 90pc duty cycle) WLAN B70 | 296%
10724 | AAA | IEEE 802 11ax (BOMHz. MCS5, 90pc duty cycle) WLAN 890 | 296%
10725 AAA | IEEE B02.11ax (BOMHz, MCS6, 90pc duty cycie) WLAN 874 296%
10726 | AAA | IEEE 802 11ax (80MHz. MCS7, S0pc cuty cycle) WLAN 872 | 296%
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ES30V3- SN:3320 January 20, 2020
10783 | AAB | 5G NR (CP-OFDM, 100% RB, 5 MHz, QPSK, 15 kHz) SGNRFR1 | 831 | £96%
10784 | AAB | 5G NR (CP-OFDM, 100% RB. 10 MHz, GPSK, 15 kHz) gcr'm FR1 | 820 | £96%
10785 | AAB | 5G NR (CP-OFDM, 100% RB, 15 MHz, QPSK, 15 kHz) ;g?m FR1 | 840 | +9.6%
10786 | AAB | 5G NR (CP-OFDM. 100% RB, 20 MHz, GPSK, 15 kHz) ;g%ﬁ?ﬁ 835 | t96%
10787 AAB | 5G NR (CP-OFDM, 100% RB, 25 MHz, QPSK, 15 kHz) ;gllj‘tﬂ FR1 B.44 236%
10788 | AAB | 5G NR (CP-OFDM, 100% RB, 30 MHz, QPSK, 15 %Hz) ;g?m FR1 | 238 | z96%
10789 | AAB | 5G NR (CP-OFDM, 100% RB, 40 MHz. QPSK. 15 kHz) scmﬁa FRT | 837 | 296%
10790 | AAB | 5G NR (CP-OFDM, 100% REB, 50 MHz. QPSK, 15 kHz) g?«n FRT | 838 | z06%
10791 | AAB | 5G NR (CP-OFDM, 1 RB, 5 MHz, QPSK. 30 kHz) 23'3«; FR1 | 783 | +968%

10792 | AAB | 5G NR (CP-OFDM, 1 RB, 10 MHz, OPSK, 30 kHz) gg‘:m FRI | 792 | x06%
10763 | AAB | 5G NR (CP-OFDM, 1 RB, 15 MHz, QPSK, 30 kHz) gg'im FR1 | 795 | £96%
10794 AAB | 5G NR (CP-OFDM, 1 RB, 20 MHz, QPSK, 30 kHz} ;gDNR FR1 .82 *96%
10795 | AAB | 5G NR (CP-OFDM. 1 RB, 25 MHz, QPSK, 30 kHz) ;g?va FR1 | 7.84 | 296%

10796 | AAB | 5G NR (CP-OFDM. 1 RB, 30 MHz. QPSK. 30 kHz) ;g?un FR1 | 782 | z96%
10797 | AAB | 5G NR (CP-OFDM. 1 RE, 40 MHz, QPSK_ 30 kHz) | gom FR1 | 801 | £96%
10798 | AAB | 5G NR {CP-OFDM, 1 RB. 50 MHz, QFSK. 30 kHz) ngt:m FR1 | 783 | £96%
10798 AAB | 5G NR (CP-OFDM, 1 RB, 60 MMz, QPSK, 30 kHz) &R FR1 7.93 +96%
10801 | AAE | 5G NR {CP-OFDM, 1 RB. 80 MHz, OPSK, 30 kHz) ;g?m FRT | 7.89 | +98%
10802 | AAB | 5G NR (CP-OFDM, 1 RB. 90 MHz, QPSK, 30 kMz) gc:m FRT | 7.87 | z96%
10803 | AAE | 5G NR (CP-OFDM, 1 RB, 100 MHz, GPSK, 30 kHz) ;gem FRT | 793 | +96%
10805 | AAB | 5G NR (CP-OFDM, 50% RB, 10 MHz, QPSK, 30 kHz) ZS'ZR FR1 | 834 | =96%
10806 | AAB | 5G NR (CP-OFDM, 50% RB, 15 MHz QPSK. 30 kHz) ;goua FR1 | 837 | 296%
10808 | AAB | 5G NR (CP-OFDM, 50% RB, 30 MHz. QFSK. 30 kHz) 23'3« FR1 | 834 | £96%
10810 | AAB | 5G NR (CP-DFDM, 50% RE, 40 MHz, QPSK. 30 kHz) ;glzm_rﬁ? 834 | =06%
10812 | AAB | 5G NR (CP-OFDM, 50% RE, 60 MHz, OPSK_ 30 kHz) ;g'in FR1 | 835 | z96%
10817 | ARB | 56 NR (CP-OFDM, 100% RB. 5 MHz, QFSK, 30 KHz) ;g?w’n“m1 835 | £96%
10818 | AAB | 5G NR (CP-OFDM_100% RB, 10 MHz, GPSK, 30 kHz) ;g?m FR1 | 834 | 08 %
10819 AAB | 5G NR (CP-OFDM. 100% RS, 15 MHz, QPSK, 30 kHz) ;g‘:lR FR1 B8.33 +96%
10820 AAB | 5G NR (CP-OFDM, 100% RB, 20 MHz, QPSK, 30 kHz) TM';‘:IR FR1 8.30 +96%
10821 | AAB | 5G NR (CP-OFDM. 100% RB, 25 MHz, QPSK, 30 kHz) scm;m FR1 | 641 | 286%
10822 | AAB | 5G NR (CP-OFDM, 100% RB, 30 MHz. QPSK, 30 kHz) srco;?m FRT | B41 | 296 %
10823 | AAB | 5G NR (CP-OFDM, 100% RB, 40 MHz. QPSK, 30 kHz) srg':m FRT | E36 | 296%
10824__| AAB_| 5G NR {CP-OFDM, 100% RB, 50 MHz, QPSK, 30 kHz) ;g?m FR1 | B39 | 296%
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1 TOD

10871 | AAC | 5G NR [DFT-5-CFDM, 1 RB. 100 MHz, 160AM, 120 kHz) SGNRFR2Z | 575 | £96%
10872 | AAC | 5G NR [DFT-5-OFDM, 100% RB, 100 MHz. 16QAM, 120 kHz) ;‘Ra FR2 | 652 | t96%
10873 | AAC | 5G NR (DFT-s-OFDM, 1 RB, 100 MHz, G4QAM, 120 kHz) ngia FRZ | 661 | £96%
10874 | AAC | 5G NR (DFT-5-OFDM, 100% RB, 100 MHz. BIQAN, 120 kHz) ;g[:m FRZ | 665 | t96%
10875 | AAC | 5G NR (CP-OFDM, 1 RB, 100 MHz, GPSK, 120 kHz) ngEaR FRZ | 778 | z96%
10876 | AAC | 5G NR (CP-OFDM, 100% RB, 100 MHz QPSK, 120 kHz) gg«a FR2 | 839 | +956%
10877 AAC | 5G NR {CP-OFDM, 1 RB, 100 MHz, 16QAM, 120 kHz) £?¢R FR2 T.95 +856%
10878 | AAC | 5G NR (CP-OFDM, 100% RB, 100 MHz. 16QAM, 120 kHz) .:gik FR2 | BA1 | £9.6%
10878 | AAC | 5G NR (CP-OFDM, 1 RB, 100 MHz, 640AM, 120 kHz) ;g?m FRZ | B.12 | z96%
10880 | AAC | 56 NR (CP-OFDM, 100% R8, 100 Mz, 64QAM, 120 ki) ;g'im FR2 | B3 | t96%
10861 | AAC | 5G NR (DFT-5-OFDM, 1 RB, 50 MHz, QPSK, 120 kHz) g?m FR2 | 6575 | 296%
10882 | AAC | 5G NR (DFT-5-OFDM, 100% RB, 50 MHz, QPSK, 120 kHz) sc?m FRZ | 596 | 296%
10883 | AAC | 5G NR (DFT-5-OFDM, 1 RB, 50 MHz, 16QAM, 120 kHz) ;g?m FR2 | 667 | $96%
10864 | AAC | 65G NR (DF T-5-OFDM, 100% RB, 50 MHz, 16QAM, 120 kHz) ;co;?m FRZ | 653 | =96%
10865 | AAC | 5G NR (DF T-5-OFDW, 1 RB, 50 MHz, G4QAM, 120 kHz) srgoﬁmz 661 | 296%
10886 | AAC | 65G NR (DFT-5-OFDM, 100% RB, 50 MHz, 64QAM, 120 kHz) ;g?m FRZ | 665 | =96%
10867 | AAC | 5G NR (CP-OFDM, 1 RB, 50 MHz, QPSK, 120 kHz) 5GNRFRZ | 7.18 | £96%
10888 | AAC | 5G NR (CP-OFDM, 100% RB. 50 MHz, QPSK, 120 kHz) ;gDNR FR2 | 835 | z06%
10883 | AAC | 5G NR (CP-OFDM, 1 RB, 50 MHz, 16QAM, 120 kHz) ;g?un FRZ | 802 | z96%
10890 | AAC | 5G NR (CP-OFDM, 100% RB. 50 M-z, 16QAM. 120 kiz) sTg?m FRZ | 840 | =96%
10881 | AAC | 5G NR (CP-OFDM, 1 RB, 50 MHz, 64QAM, 120 kHz) ;g?m FR2 | 813 | 296%
10882 | AAC | 5G NR (CP-OFDM, 100% RB. 50 MHz, GAOAM. 120 kiz) ;Tcgzm FRZ | 841 | =96%

i;ll:mv;:m Is catermined using the max. deviation from Inesr response spplyng reclangular gistnbution and & axp d for the sgquara of the
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3  Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of RN s Kalibrierdi
Schmid & Partner % 2 Service suisse d'étalonnage
Engineering AG N Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,"/.ﬁ.\_,@ S Swiss Callbration Service
Accrediled by the Swiss Accredration Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatorias 10 the EA
NMutilateral Ag for the recognition of calibration certificates
cent  CTC advanced GmbH Centificate No: D1900V2-5d009_May20
CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d009

Calbration procemee(s) QA CAL-05.v11

Callbration Procedure for SAR Validation Sources between 0.7-3 GHz

Calbraton date: May 08, 2020

This calbraton ceificata documents tha tracaabilty 1o nasional standards. which realize the physical units of measusmants {S1)
The measuroments and the uncerainties with conlidence probability are given on The fotowing pages and ara par of the cenficass.

All calivrations have been canduciad in e closed y faoiity: e tamperatune (22 + 3)°C and humidty < 70%

Calbraton Equipment used [MATE citical for calbration)

Primary Standards DA Cal Date (Cenficate No.} Scheduled Calbrabion

Pawer mater NAP SN: 104778 O1-Ape-20 (No. 217-0310003101) Ape-21

Pawer sensar NRP-291 SN 103244 D1-Ape20 (No. 217-03100) Apr-21

Paower sensor NRP-291 SN: 103245 D1-Ape-20 (No. 21703101 Ape-21

Aeference 20 dB Aranuasar SN BHEG34 (20k) 231-Mar20 (No. 217-03108) Apr21

Type-N mismaich combinaticn SN: 30682 /05327 31-Mar-20 (No. 217-021048) Ape-21

Aefarencs Probe EXI0V4E SN; 7349 31-Dec-19 [No. EX3,7349 Dact @) Dec-20

OAE4 SN 601 27-Doc-19 {No. DAE4-501_Dec19) Lec20

Sacandary Stancenss D= Cnack Date (n house) Scheduled Check

Power mater E44188 SN: GBE39512475 30.0ct-14 (n house check Fab-19) In hause chack: 0¢1-20

Pawes sensor HF B4514 SN: USar2az2ms3 D7-0¢1-15 (1 howss check Oct-18) In house chack: Oct-20

Pawer sensor HP B481A SN: MY41002317 07-Oct1-15 (n house chack Oc1-13) In hause check: Oct-20

AF genaratar RAS SMT-05 SN 100672 15-Jun-15 {in house check Oct-18) In house chack: Oct-20

Networs Analyzer Agiont EB3IS8A | SN: US41080477 31-Mar-14 (n house check Oct-19) In hause chack: Oct-20
Name Function Sgnature

Calivraled by Jeaon Kastrab LabomwTecmt:‘-Q\7 [ Q‘?
Approved by Katja Pokovic Tachrical Managss W

Izzuae May B 2020

This calibration cestificate shal not ba reproduced except in ful withaut witten approval of the luk.-umqom

Certificate No: D1900V2-53009_May20 Page 10f 8
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Calibration Laboratory of \\L@/’c Schweizerischer Kalibrierdienst
Schmid & Partner T — 3 Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, BOD4 Zurich, Switzerland 'v,,,,fr'l\‘\\s‘ Swiss Calibration Service
Accrodited by the Swiss Accredtation 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 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, “|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) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1900V2-5d008_May20 Page2cf8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.4
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 MMz
Head TSL parameters
The following parameters and calculations were appled
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (220+02)°C 413+6% 1.40mho/m £ 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Caondition
SAR measured 250 mW input power 9.66 Wikg
SAH for nominal Head TSL parameters normalized to 1W 38.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.04 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The fellowing paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mheim
Measured Body TSL parameters (220+0.2)°C 541+6% 1.51 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 9.78 Wikg
SAR for nominal Body TSL parameters normalized to TW 39.4 W/ikg = 17.0 % (k=2)
SAR averaged over 10 ¢cm” (10 g) of Body TSL condition
SAH measured 250 mW input power 5.16 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d009_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.7Q+28|0

Aeturn Loss -306aB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4730+38jQ

Retumn Loss -265d8B

General Antenna Parameters and Design

| Electrical Delay (one direction) ] 1.189 ns ]

After long term use with 100W radiated power, only & 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-cireuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 10 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 apphed to the dipole arms, because they might bend or the soldered connactions near the
feadpoint may be damaged.

Additional EUT Data

[ Manufactured by SPEAG ]

Certificate No: D1900V2-5d009_May20 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: = 1900 MHz; 6 = 1.4 S/m; & =41.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz; Calibrated: 31.12.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 27.12.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 006 PS50 AA; Serial: 1001
+ DASYS3252.10.4(1527). SEMCAD X 14.6.14(7483)

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

Reference Value = 107.7 V/im; Power Drift = 0.02 dB

Pcak SAR (extrapolated) = 18.0 W/kg

SAR(1 g) = 9.66 W/kg; SAR(10 g) = 5.04 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 1o SAR at M1 = 54.3%

Maximum value of SAR (measured) = 15.1 Wrkg

-8.00
<12.00
-16.00
-20.00
0dB =151 W/kg = 1 1.79 dBW/kg
Centificate No: D1900V2-5d008_May20 N Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: [ = 1900 MHz: 6 = 1.51 S/m: & = 54.1; p = 1000 kg/m”
Phantom section; Flat Section

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

DASY352 Configuration:
* Probe: EX3DV4 - SN7349; ConvFi(8.42, 8,42, 8.42) @ 1900 MHz; Calibrated: 31.12.2019
» Sensor-Surface: .4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.12.2019
= Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
« DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 104.5 V/m: Power Drift = -0.03 dB

Peak SAR (extwrapolated) = 17.2 Wikg

SAR(1 g) = 9.78 W/kg: SAR(10 g) = 5.16 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 =57.8%

Maximum value of SAR {measured) = 14,8 Wikg

0dB =148 W/kg = 11.70 dBW/kg

Certificate No: D1900V2-5d009_May20 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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4  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of

< Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA

Multilateral Age t for the gnition of calibration certificates

client  CTC advanced GmbH Certificate No: DAE3-413_Jan20
CALIBRATION CERTIFICATE

Object DAES - SD 000 D03 AA - SN: 413

Calibvation procedura(s) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

| Caflbration date: January 10, 2020

This calibration certificate documents the tracealvlity 10 national standards, which reaize the physical units of measurements (S1),
The measurements and the uncerainties with confidence peobabilty ae given on the following pages and are pan of the cenificate

Al calibrations have been conducted in the closed laboratory facilty: envircament tempsaraturs (22 + 31°C and humidity < 70%

Calibeaticn Equipmont used (M&TE crtical for calibeation)

Primary Standards |ip# Ca Date (Certificate No | Schedulid Catbration

Kedhley Multimeter Type 2001 | SN 0810278 03-Sep-19 (No.25948) Sep-20

Secandary Stardasds |10 % Check Date {in house) Schedulad Chack

Auta DAE Calibration Unit SE UWS 053 AA 1001 09-2an-20 {in house check) In house chack: Jan-21

Calibrator Box V2.1 SE UMS 006 AA 1002  09-Jan-20 {in house check) In house check: Jan-21
Name Function Signatura

Calibrated by: Dominique Steffen Laboratory Technician %
Approved by; Svan Kahn Deputy Manager \‘ J @W

Issued: January 10, 2020

| This calibration certéicate sha not be reproduced excent in full without witten appraval of the [aboratory,
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5 Certificate of “SAM Twin Phantom V4.0/V4.0C”’

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

ltem SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production pracess used allows the limitation to test of first articles.

Complete tests were made on the pre-series Type No. QD Q00 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called samples).

Test Requirement Details Units tested

Shape Compliance with the geometry IT’18 CAD File (") First article,
according to the CAD model. Samples

Material thickness | Compliant with the requirements 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dielectric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be l.iquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] IEEE P1528-200x draft 6.5

[3] IEC PT 62209 draft 0.9

(*) The IT"S CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3]. :

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard [1] and draft standards [2] and [3}.

Date 18.11.2001

/ J N~ 7
si st/ém'-'/’% Schmid & Partner ':7’—'2'; 477”,@/74—
ignature / Stamp Englneering _‘AG

Feughausstrasse 43, CH.8004 Zurlch
ToLON1 1 248 97 00, Fax +41 1 245 97 79

DocNo 881 -QD 000 PAOBA-B Page 1{1}
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6  Application Note System Performance Check

6.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY5 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

6.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. The actual dipole input power level can be between 20mwW and
several watts. The result can later be normalized to any power level. It is strongly recommended to note the
actually used power level in the ,comment“-window of the measurement file; otherwise you loose this crucial
information for later reference.
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System Performance Check

The DASYS5 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

» The ,reference” and ,drift“ measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY5 system below + 0.02 dB.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

+ The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
-area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

6.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY5 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the IEEE1528 standard is given. This uncertainty is smaller
than the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

for the 0.3 - 6 GHz rang

Uncertainty Budget for System Validation

Source of Uncertainty | Probability |PiMsor| ¢; | c; |Standard Uncertainty | \Z or

uncertainty Value Distribution (19) |(109) | £ %, (19) [+ %, (100)| v
Measurement System
Probe calibration + 6.6 % Normal 1] 1 1 |+ 66%|+x 6.6%| <
Axial isotropy + 4.7 % |Rectangular | V3| 1 1 | 27 %[+ 27 %| «
Hemispherical isotropy + 9.6 % | Rectangular | V3| 0 0 [ 00%|+ 00%| <
Boundary effects + 1.0 % | Rectangular | V3| 1 1 |+ 06%|+x 06%| =
Probe linearity + 47 % | Rectangular | V3| 1 1 |2 27 %[+ 27 %|
System detection limits + 1.0 % | Rectangular | V3| 1 1 |+ 0.6%|+ 06 %|
Readout electronics + 0.3 % Normal 1| 1 1 |+ 03%|+ 0.3%|
Response time + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
Integration time + 0.0 % | Rectangular | V3| 1 1 |+ 00%|x 0.0%| «
RF ambient conditions + 1.0 % | Rectangular | V3| 1 1 |+ 06%|+ 0.6%|
Probe positioner + 0.8 % |Rectangular | V3| 1 1 |+ 05%|+x 05%|
Probe positioning + 6.7 % | Rectangular | V3| 1 1 |+ 39%|x 39%|
Max. SAR evaluation + 2.0 % | Rectangular | V3| 1 1 |+ 12%|+ 1.2%|
Dipole Related
Dev. of exp. dipole + 55 % |Rectangular | V3| 1 1 |+ 32%|x 32%|
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3| 1 1 |+ 12%|x 12%|
Input power & SAR drift + 3.4 % |Rectangular | V3| 1 1 [+ 20%|+ 20%]|
Phantom and Set-up
Phantom uncertainty + 4.0 % |Rectangular | V3| 1 1 |+ 23%|x 23%|
SAR correction + 1.9 % |Rectangular | V3| 1 [084[+ 1.1%|+ 09%|
Liquid conductivity (meas.) | = 5.0 % Normal 11078[071 [+ 3.9%|+ 3.6 %[ <
Liquid permittivity (meas.) + 50 % Normal 1]1026[026 |+ 1.3%|x 13%| «
Temp. unc. - Conductivity | + 1.7 % | Rectangular | ¥ 3 [0.78|0.71 [+ 08 %[+ 0.7 %|
Temp. unc. - Permittivity + 0.3 % |Rectangular | V3[0.23]/0.26[+ 0.0%|+ 0.0%|
Combined Uncertainty + 10.7 %| £ 10.6 %| 330
Expanded Std. £ 214 %[+ 211 %
Uncertainty

Table 1: Measurement uncertainties of the System Validation with DASY5 (0.3-6GHz). The RF ambient

noise uncertainty has been reduced to £1.0, considering input power levels are = 250mW.
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY5 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimates for frequencies below ad above 3GHz are given in the following

tables:

for the 0.3 - 3 GHz rang

Repeatability Budget for System Check

Uncertainty

Source of Uncertainty | Probability ¢i | ¢ |Standard Uncertainty| v or

uncertainty Value Distribution (1g) [(20g) [ = %, (19) |£ %, (10Q)| Vess
Measurement System
Repeatability of probe cal. | + 1.8 % Normal 1 1 1 |+ 1.8%|+x 1.8% 00
Axial isotropy + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Hemispherical isotropy + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Boundary effects + 0.0 % | Rectangular| + 3 1 1 |+ 0.0%|+ 0.0% 0
Probe linearity + 0.0 % | Rectangular \ 3 1 1 [£ 0.0%[+ 0.0% 0
System detection limits + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Modulation response + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Readout electronics + 0.0 % Normal 1 1 1 [+ 00%|+ 0.0% 0
Response time + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Integration time + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
RF ambient noise + 0.0 % | Rectangular| 3 1 1 |+ 00%|+ 0.0%|
RF ambient positioning + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Probe positioner + 0.4 % |Rectangular| v3 | 1 1 |+ 02%|+ 02%]|
Probe positioning + 2.9 % | Rectangular| + 3 1 1 |+ 1.7%|+x 1.7% 0
Max. SAR evaluation + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Dipole Related
Dev. of experimental dipole| + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0%
Dipole axis to liquid dist. + 2.0 % | Rectangular| + 3 1 1 |+ 12%|+ 1.2% 0
Input power & SAR drift + 3.4 % | Rectangular| + 3 1 1 | 20%|+ 2.0%
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular| + 3 1 1 |+ 23%|+ 23 % 0
SAR correction + 1.9 % | Rectangular| + 3 1 10841+ 1.1%|+ 0.9% 0
Liguid conductivity (meas.)| + 5.0 % Normal 1078|071+ 3.9%|+ 3.6% 00
Liguid permittivity (meas.) + 5.0 % Normal 1]026]026[+x 1.3%|+x 1.3% 00
Temp. unc. - Conductivity + 1.7 % | Rectangular| V3 [0.78]0.71 |+ 0.8%|+ 0.7 % 0
Temp. unc. - Permittivity + 0.3 % |Rectangular| V3 |0.23]0.26[+ 0.0%|+ 0.0% 0
Combined Uncertainty + 59%|+ 57%
SYpEmeee) Sl +11.9 %[+ 11.4 %

Table 2: Repeatability of the System Check with DASY5 (0.3-3GHz)
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Repeatability Budget for System Check
for the 3 - 6 GHz range

Source of Uncertainty | Probability ¢ | ¢ |Standard Uncertainty | v2 or

uncertainty Value Distribution (19) [{(10g) | £ %, (19) [* %, (109)| v
Measurement System
Repeatability of probecal. | + 1.8 % Normal 1] 1 1 |+ 18%|+ 1.8%| <
Axial isotropy + 0.0 % | Rectangular | V3| 1 1 |[£ 00%|£+ 0.0%]|
Hemispherical isotropy + 0.0 % | Rectangular | V 3 1 1 |+ 00%|+ 0.0%|
Boundary effects + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%| =
Probe linearity + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
System detection limits + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%|
Modulation response + 0.0 % | Rectangular | V3| 1 1 [£ 00%[£ 0.0%| «
Readout electronics + 0.0 % Normal 1| 1 1 |+ 00%|+ 0.0%]|
Response time + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%| =
Integration time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 0.0%|
RF ambient noise + 0.0 % | Rectangular | V3| 1 1 [£ 00%[£ 0.0%| «
RF ambient positioning + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
Probe positioner + 0.8 % | Rectangular | V3| 1 1 | 05%|x 05%| «
Probe positioning + 6.7 % | Rectangular | V3| 1 1 |+ 39%|+ 39%|
Max. SAR evaluation + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
Dipole Related
Dev. of experimental dipole | + 0.0 % [Rectangular | V3| 1 [ 1 [+ 0.0%|+ 0.0%| =
Dipole axis to liquid dist. + 2.0 % |Rectangular | V3| 1 1 [£ 12%[+ 12%| «
Input power & SAR drift + 3.4 % |Rectangular | V3| 1 1 |+ 20%|+x 20%|
Phantom and Set-up
Phantom uncertainty + 4.0 % |Rectangular | V3| 1 1 [+ 23%|+ 23%|
SAR correction + 19 % |Rectangular | V3| 1 |084[+ 1.1%[+ 09 %|
Liquid conductivity (meas.) | = 5.0 % Normal 11078071+ 3.9 %[+ 3.6 %[
Liquid permittivity (meas.) + 5.0 % Normal 11026[026[+x 13%|+ 1.3 %[ =
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 [078[071 [+ 08 %[+ 07 %| =
Temp. unc. - Permittivity + 0.3 % | Rectangular | ¥ 3[0.23/0.26 [+ 0.0%|+ 0.0%]|
Combined Uncertainty * 6.9%|x 6.7%
Expanded Std. + 138 %|+ 134 %
Uncertainty

Table 3: Repeatability of the System Check with DASY5 (3-6GHZz)

Note: Worst case probe calibration uncertainty has been applied for all probes used during the

measurements.

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system
failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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6.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
) 3dB .
Signal Low cable
Generator Pass [:Att.? = } } @

- Att2 |;
® ———(w) (n2)

) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

* The directional coupler (recommended 3 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

* The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

+ The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

* The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.

+ Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.
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+ The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and
calibrate the attenuator with the coupler.

+  Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

6.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY5 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

6.6 Additional system checks

While the validation gives a good check of the DASY5 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY5 software allow additional
tests of the performance of the DASY5 system and components. These tests can be useful to localize
component failures:

+ The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY5 software
must be set (see manual). The system should give the same SAR output for the same averaged input
power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY5 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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