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1. Applicant information

Applicant: Kramer Electronics Ltd..

Address: 3 Am VeOlamo St., Jerusalem, Israel
Sample for test selected by: | The customer

The date of tests: 4, 13 April, 1 May 2017

Equipment under test information

_?:SStC(FIIEpJI_l_O)fI of Equipment Under Touch panel communication module
Model: AP6255

Software version of radio unit: 1.201.59.5

Hardware version: IL-A73 V2 20161210

Manufactured by: ILIFE Technology (HK) CO Ltd.

2. Test performance

Location: SII EMC Section

Apparatus compliance verification in accordance with emission

Purpose of test: requirements

Test specifications: 47CFR part 15.247, 15.205, 15.207, 15.209 and part 1 §1.1310

This Test Report contains 47 pages This Test Report applies only to the specimen tested and may not
and may be used only in full. be applied to other specimens of the same product.
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Normative References.

FCC 47 CER Part 15, Subpart C, 2015 Rad!o Frequency Devices Subpart C — Intentional
Radiators

Radio Standard Specification, Issue 1, Digital
B . Transmission Systems (DTSs), Frequency Hopping
ICRSS —247 issue 1, 2015 Systems (FHSs) and Licence-Exempt Local Area
Network (LE-LAN) Devices
American National Standard for Method of

. Measurements of Radio-Noise Emissions from Low-
ANSI C63.4: 2014 Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz

ANSI C63.10: 2013 Amerlcan Na’glonal Standard for Testing of Unlicensed
Wireless Devices.
RSS - Gen , 2014 Radio Standard Specification, Issue 4, General

Requirements for Compliance of Radio Apparatus

Guidance for Performing Compliance Measurements
FCC OET KDB 558074, April 2017 on Digital Transmission Systems (DTS) Operating

Under 815.247
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3. Summary of test:

The EUT was found to comply with requirements of: 47CFR Part 15, 8§ 15.247,
15.205, 15.207, 15.2009.

Transmitter characteristics Subclasses
Minimum 6 dB bandwidth 15.247(a)(2)
Maximum output power 15.247(b)(3)
Peak power spectral density 15.247(e)
Out of band spurious emissions radiated 15.205, 15.247(d)
Unwanted radiated emissions below 1 GHz 15.209
Conducted emissions on AC power line 15.207
/ Electronics and PARE
Telematics Laboratory j
\ " May 2017
Name: Eng. Yuri Rozenberg Name: Michael Feldman.
Position: Head of EMC Branch. Position: Test engineer.

Measurement uncertainty.

The test equipment was calibrated according to its recommended procedures and is within the manufacturer's
published limit of error.

The laboratory calibrates its standards by a third party (traceable to NIST, USA) on a regular basis according
to equipment manufacturer requirements.

In the following table the uncertainty calculation is given.

Test description Calculated uncertainty
U aB
Conducted measurements
Frequency error 37.6 Hz
Spurious emission +2.98 dB
Radiated emissions
Electric field strength in a SAR at 3 m distance
30 MHz - 1.0 GHz +4.32dB
Electric field strength in a FAR at 3 m distance L 447
1.0 GHz - 18 GHz -
Substitution measurements
Ina FAR at 3 m distance
1.0 GHz - 18 GHz +341dB
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4, Equipment under test description.

*The applicant provided description.

4.1 General description

The EUT, is internal communication module in KT-107RB touch panel, that intended to
provide an HMI (Human Machine Interface) for control center or monitor. The EUT
supports WIFI and Bluetooth connection.

EUT technical characteristics

Transmitter technical characteristics: Note

Assigned frequency band 2400 MHz — 2483.5 MHz

Operating frequency range: 2402 MHz — 2480 MHz Bluetooth tran_smitter.
2412 MHz — 2462 MHz WLAN transmitter

IEEE 802.11 b/g/n (11 — 54 Mbit/s)

WLAN transmitter: data bit rate.

Bluetooth transmitter: BLE 4.0
Types of modulation: QPSK, BPSK, 16/64-QAM efc.
Declare temperature range: | 0°C - 35°C Normal indoor use
Antenna information
Type Manufacturer Antenna gain, dBi
Internal ILIFE Technology (HK) CO Ltd. 2.9
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KT-107 touch panel
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Figure 1. KT-107 touch panel block diagram.
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Test results

51 Transmitter characteristics

5.1.1 Transmitter 6 dB occupied bandwidth.

558074 D01 DTS Meas Guidance. Section 8.1
2402- 2480 MHz

Method of measurement
Operating Frequency Range

Detector used Peak
Resolution bandwidth 100 kHz
Video bandwidth >3 x RBW.
Trace mode Max Hold.
Sweep time: Auto couple.
Ambient Temperature 22°C  Relative Humidity 53%  Air Pressure 1009 hPa
The minimum 6 dB occupied bandwidth shall be at least 500 kHz.
WLAN transmitter.
o Carrier Measureq 6 dB | Measured 99_% _ 6 dB _
Wi-Fi protocol frequency occup_led power oc_cupled occupleq b_andWldth Reference
options MHz ' bandwidth, bandwidth, limit, to plot #
MHz MHz kHz
2412 8.8 11.69 500 1
802.11b 2437 8.6 11.79 500 2
2462 8.7 11.81 500 3
2412 15.8 16.43 500 4
802.11g 2437 15.7 16.33 500 5
2462 15.9 16.37 500 6
2412 17.5 17.56 500 7
802.11n 2437 17.0 17.54 500 8
2462 17.5 17.56 500 9
Bluetooth transmitter.
Measured 6 dB Measured 99% 6 dB
Carrier frequency, occupied power occupied |occupied bandwidth| Reference to plot
MHz bandwidth, bandwidth, limit, #
kHz MHz kHz
2402 720 1.09 500 10
2440 720 1.10 500 11
2480 719 1.08 500 13

TEST EQUIPMENT USED:

14
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WLAN transmitter test result.
802.11b

13 Co e
GHz Ratie S1d: Hene
Trig: AvglHeld> 1007100 [~
F Gabo L ww Ao 20 Radis Device: BTS W Gala L w BAmen: 24 40 Radis Device: BTS
10 dBi Ref 115.00 dByVim 0 dB| Ref 120.00 dByVim
Center 2437 GHz
#Res BW 100 kHz VBW 1 MHz
Center 2412 GHz Span 20 MHz e
#Res BW 100 kHz VEW 1MHz Sweep 1.867 ms| ,-\ R Total Power 122 dByVim
Occupled Bandwidth Total Pawer 119 dByVim 11.796 MHz
11.691 MHz Transmit Freq Eror  -T6.127kHz  OBW Power 89.00%
Transmit Freq Error 51.292 kHz OBW Power 89.00 % x dB Bandwidth B8.636 MHz xdB -6.00 dB
x dB Bandwidth B.B1T MHz = dB -6.00 dB
- [ - [
Plot # 1. Plot # 2.

Camter Froq 24 aoHr
o TrgFres Run ‘AvgiHold> 1007100
W GainL o WAmen: 24 48 Fadie Device: 0TS

10 i Ref 120.00 dBp\im
Leg
Center 2.462 GHz Span 20 MHz
#Res BW 100 kHz VEW 1 MHz Sweep 1.867 ms

Occupied Bandwidth Total Power 122 dBpVim

11.811 MHz

Transmit Freq Error 43,831 kHz OBW Power 89.00 %

x dB Bandwidth B.772 MHz xdB -6.00 dB
- [
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‘Contar Prag: 2412009000 GHz

41 20 PRI (M4, 20T

Fadie $td: Hone

Contar Frag: 24637000000 GHz

CH00 14 PR 4, 2017
Fadie $td: Nome

o Trig: Fras Run eglHald=» 100730 o Trig: Fraw Run eglHald=» 100730
MiFGandmm  Rhman: 22 dB Radie Duvice: BTS Gt T BAARS Radis Davice: BTS
10 Bl Ref 120.00 dBpVIm 10 dBidky Ref 120,00 dByVIm
o9 oa
|
|
|
[
1
|
! Center 2437 GHz Span 30 MHz
| #Res BW 100 kHz VEW 1MHz Sweep 2.8ms
Center 2412 GHz Span 30 MHz
‘wRes BW 100 KHZ VEW 1 MHzZ Sweep 2.8ms Occupled Bandwidth Total Power 120 dBuVim
" Occupled Banawidth Tota Power A — 15:307 MR
cu| andwidt
P 16.432 MHz Transmit Freq Error -50.826 kHz OBW Power 96,00 %
: x dB Bandwidth 15.77 MHz = dB -6.00 dB
Transmit Freq Ermor <232 Hz OBW Power 96,00 %
% dB Bandwidth 15,80 MHz xdB -6.00 dB
b K yran b K yran

Plot # 4.

Plot #5.

Canter Fras; 2862900003 Gz
Trig: Fras Rum

o= = 100100
T Gl Bhmer: § 48

Fadie Duvica: BTS

10 dsidiv Ref 115.00 dByVim

Center 2462 GHz ‘Span 30 MHz
R L VBN 1M Sweep 24 my,
Occupled Bandwlidth Total Power 112 dBpvim
16.370 MHz
Transmit Freq Error -26.822 kHz OBW Power &0,00 %
x dB Bandwidth 15.98 MHz xdB -6.00 dB
s fpns

Plot # 6.
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802.11n

Canter Frg; 2413000303 Gtz
R

o TrigFraw > 1001300

Canter Fras; 2451000003 Gz

o o L
il Bhmes: 12 dB

Fadie Duvica: BTS

O bl v BAmen 12 dB Radis Davice: BTS
gemdn Ref 115,00 dBuVim [ Rer 115.00 aByvim
o o
Center 2412 GHz Span 30 MHz
#Res BW 100 kHz VBW 1MHz Sweep 2.8 ms
. Center 2437 GHz ‘Span 30 MHz
Occupled Bandwidth Total Power 111 dBpVim #Res BW 100 kHz VBW 1 MHz Sweep 2Ems
17.564 MHz Occupled Bandwidth Total Power 112 dBuVim
Transmit Freq Error 2,674 kHz OBW Power 96,00 % 17.544 MHz
x4 Banchioty WA xim B0 .98 Transmit Freq Emor ~ -35.095kHz  OBW Power 99.00 %
* 4B Bandwidth 16.99MHz % dB -5.00 d8
- [ - Lo
Plot # 7. Plot # 8.

Canter Fras; 2862900003 Gz
o T Frae Ram
O bl v BAen § 48

> 100100

Fadie Duvica: BTS

i Ref 115.00 dByVim

Center 2462 GHz Span 30 MHz
bl B LTS il R

Occupled Bandwidth Total Power 111 dBuVim

17.564 MHz

Transmit Freq Error -21.895 kHz OBW Power 90.00 %

* dB Bandwidth 17.58 MHz xdB -6.00 dB&
- Gpons

Plot # 9.
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BT transmitter test result.

| " Camue Pry 2482000000 GH | " G Fre 2400500000 GHa
o Teig: Fro Run Awgieldr 100190 o Teig Fran Run Awgieldr 100190
0 G £ Whmen W 4D Radis Devise DTS 0 G £ Whsien VA 4D Radis Devise DTS
10 dBidiv Ref 110.00 dByVim 10 dBdiv Ref 110.00 dByVim
[Center 2.402 GHz Span 2 MHz
(#Res BW 100 kHz VBW 1 MHz Sweep 1ms | Center 244 GHZ s F
Occupled Bandwidth Total Powsr 107 dByVim [#Res BW 100 kHz VBW 1MHz Sweep 1ms
1.0960 MHz Occupled Bandwidth Total Powsr 105 dBuVim
Transmit Freq Error S01kH:  OBW Power 99,00 % 1.1011 MHz
x dB Bandwidth 7201 kHz x dB -6.00 dB Transmit Freq Error =7.108 kHz OBW Power 90.00 %
x dB Bandwidth 720.5 kHz % dB -6.00 dB
= Gn b Gn

Plot # 10. Plot # 11.

| " CamurFrox 2450500000 GHz
o Teig Frwe Run Avgiald> 001150

Fadis Davise: 0TS

5 G o

0o Ref 110.00 aByVim
Center 248 GHz Span 2 Mz
[#Res BW 100 kiz VBW 1 MHz Sweep 1ms

Occupled Bandwidth Tatal Power 105 dByVim

1.0882 MHz

Transmit Freq Error 2873 kHz OBW Power 99.00 %

x dB Bandwidth 719.0 kHz xd8 .00 dB
- [

Plot # 12.
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5.1.2 Maximum conducted output power test.

Method of measurement 558074 D01 DTS Meas Guidance. Section 3.

Operating Frequency Range 2402- 2480 MHz

Detector used RMS

Resolution bandwidth 1 MHz

Video bandwidth 3 x RBW.

Trace mode Max Hold.

Ambient Temperature 23°C Relative Humidity 52% Air Pressure 1009 hPa

For Digital Transmit System the peak conducted output power in the 2400 — 2483.5 MHz band shall
not exceed 1W (30 dBm) with antennas gain that do not exceed 6 dBi.

WLAN transmitter.

Wi-Fi Carrier Field 99% **EIR power *Conducted | Conducted Reference
protocol | frequency, | strength, | OBW, dBm " | output power, power to plot #
options MHz dBuV/m MHz dBm limit, dBm

2412 109.99 11.69 25.4 22.5 30 13
802.11b 2437 109.42 11.79 24.9 22.0 30 14
2462 109.44 11.81 24.9 22.0 30 15
2412 108.20 16.43 25.1 22.2 30 16
802.11g 2437 109.30 16.33 26.2 23.3 30 17
2462 107.94 16.37 24.9 22.0 30 18
2412 107.45 17.56 24.7 21.8 30 19
802.11n 2437 108.22 17.54 25.4 22.5 30 20
2462 106.71 17.56 24.0 21.1 30 21

*The maximum conducted output power = EIR power — Antenna gain.
Antenna gain = 2.9 dBi.
**EIR power = E Field strength (dBuV/m@3m) - 95.2 + (10 Log 99% OBW).
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Bluetooth transmitter:

Carrier Field 99% **EIR *Conducted Conducted Reference
frequency, strength, | OBW, power, output power, | power limit, to plot #
MHz dBuV/m | MHz dBm dBm dBm
2402 100.9 1.09 6.0 3.1 30 22
2440 98.7 1.10 3.9 1.0 30 23
2480 98.0 1.08 3.1 0.2 30 24

*The maximum conducted output power = EIR power — Antenna gain. Antenna gain = 2.9 dBi.
**EIR power = E Field strength (dBuV/m@3m) - 95.2 + (10 Log 99% OBW).

Measured field straight level was converted to EIRP level and compute by integrating across the 99%
occupied bandwidth. The measurement of EIRP provided after verification according to ANSI/TIA-
603-D-2010 substitution test method.

EUT was replaced by generator and substitution antenna. Result calculated from generator output
level, substitution antenna gain and loss of connected cable was used for EIRP calculation.
Transmitter was operated at continuous transmit mode at bottom, middle and top of the 2400 — 2483.5
MHz frequency band and at maximum output power and maximum data bit rate.

TEST EQUIPMENT USED:
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WLAN transmitter.

802.11 b (11 Mbit/s bit rate).

g Typa: RMS

Mg Typa: RMS
AvglHeld> 1000100

it GHz
Trig Free Run

Pl fae o T FresRun AvglHeld> 1000100 P T
TG L o Amen: 24 @0 W isind aw Amen: 24 @0
gl Ref 120.00 dByVIm 9g5ie Rel 120.00 dByvim
Center 241200 GHz ~Span 30.00 MHz Center 2.43700 GHz ~Span 30.00 MHz
#Res BW 1.0 MHz VEW 3.0 MHz* Sweep 1.000 ms (1001 pts) #Res BW 1.0 MHz VEW 3.0 MHz* Sweep 1.000 ms (1001 pts)
= Ggrana fuusa Egstana

v 5ot Amabyvs Yo

Plot # 14. Carrier frequency — 2437 MHz

Plot # 13. Carrier frequency — 2412 MHz

g Typa: RMS

Vit e o T Fres Run AvglHeld> 1000100
W iGain L aw Amen: 24 @0
iEee Rel 120,00 dBvim
Center 2.46200 GHz " Bpan 30.00 MHz
VEW 3.0 MHz* Sweep 1.000 ms (1001 pts)

#Res BW 1.0 MHz
=

[

Plot # 15. Carrier frequency — 2462 MHz
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802.11 g (54 Mbit/s bit rate).

R
RreglHald= 1000520 o
Tk Mkr1 2.438 71 GHZ
ganien  Ref 115.00 dByVim 10 Jgnen Ref 120,00 dBVIm 109,306 dBuVim
d 0
[Center 241200 GHz ‘Span 30,00 MHz [Center 243700 GHz ‘Span 30,00 MH;
[SRes BW 1.0 MHz VEW 3.0 MHz* Sweep 1,000 ms (1001 pts)) [SRes BW 1.0 MHz VEW 3.0 MHz* Sweep 1,000 ms (1001 Dﬁﬁ
by K gran s Kryran:
Plot # 16. Carrier frequency — 2412 MHz Plot # 17. Carrier frequency — 2437 MHz
0 gaiaer Rel 120,00 dByVim
¢
Center 246200 GHz Span 30,00 MHzZ
[#Res BW 1.0 MHz VBW 3.0 MHz* Sweep 1.000 ms (1001 m?j‘
. [
Plot # 18. Carrier frequency — 2462 MHz
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802.11n (54 Mbit/s bit rate).

v Ref 115,00 dBPVim v Ref 115,00 dBPVim
¢ B ]
(Center 241200 GHz Span 30.00 MHz (Center 243700 GHz Span 30.00 MH
FRes BW 1.0 MHz VBW 3.0 MHz* Sweep 1.000 ms (1001 pis)| FRes BW 1.0 MHz VBW 3.0 MHz* Sweep 1,000 ms (1001 pts]
s Cgwsns - Cgwsns

Plot # 19. Carrier frequency

— 2412 MHz

Plot # 20. Carrier frequency — 2437 MHz

Wk
Ref 115,00 dBjVim 10

Center 246200 GHz Span 30.00 MHz

#es BIW 1.0 MHz VEW 3.0 MHz* Sweep 1.000 ms (1001 pts)

e [

Plot # 21. Carrier frequency _ 2462 MHz
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BT transmitter test result.

0esid Ref 110,00 dBuVim 100.878 dE

0eside Ref 110,00 dBuVim

Center 2.402000 GHz Span 5.
Res BW (CISPR) 1 MHz FVEBW 3.0 MHz* Sweep 1.000 ms (1001

000 MHz

»is)

[Center 2440000 GHz Span 5.
FVEW 3.0 MHz Sweep 1.000 ms (1001

#Res BW 1.0 MHz

000 MHz

Pis

[

0eside Ref 110,00 dBuVim

Plot # 23. Carrier frequency — 2440 MHz

[Center 2450000 GHz

#Res BW 1.0 MHz VBW 3.0 MHz*

Span 5.000
Sweep 1.000 ms (1001

MHz
Pis

[

Plot # 24. Carrier frequency — 2480 MHz
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5.1.3 Power spectral density test

Operating Frequency Range 2402- 2480 MHz

Detector used Peak

Resolution bandwidth 10 kHz

Video bandwidth 3 x RBW.

Trace mode Max Hold.

Ambient Temperature 23°C  Relative Humidity 52% Air Pressure 1009 hPa

For digitally modulated systems, the power spectral density conducted from the intentional radiator
to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of
continuous transmission.

WLAN transmitter.

Wi-Fi Carrier *Conducted | Conducted PSD Reference
protocol frequency, Field strength, EIR power, PSD limit, to plot #
options MHz dBuV/m dBm dBm dBm/3 kHz

2412 93.32 -1.9 -10.0 8 25
802.11b 2437 94,95 -0.3 -8.4 8 26
2462 95.67 0.4 -1.7 8 27
2412 92.89 -2.3 -10.5 8 28
802.11g 2437 93.43 -1.8 -9.9 8 29
2462 92.44 -2.8 -10.9 8 30
2412 91.58 -3.7 -11.8 8 31
802.11n 2437 93.44 -1.8 -9.9 8 32
2462 92.33 -2.9 -11.0 8 33

*The conducted to antenna PSD:

EIR power — Antenna gain. Antenna gain = 2.9 dBi

EIRP = E Field strength (dBuV/m@3m) - 95.2 + 10 Log (3 kHz RBW/ 10 kHz RBW).
Calculation of EIRP performed after verification by substitution method.

Bluetooth transmitter:

Carrier Field *Conducted Conducted Reference
frequency, strength, **EIR power, PSD PSD limit, to plot #
MHz dBuV/m dBm dBm dBm/3 kHz
2402 91.5 -3.7 -11.9 8 34
2440 89.8 -5.4 -13.6 8 35
2480 89.3 -5.9 -14.1 8 36

*The conducted to antenna PSD:

EIR power — Antenna gain. Where antenna gain = 2.9 dBi.

**EIRP = E Field strength (dBuV/m@3m) - 95.2 + 10 Log (3 kHz RBW/ 10 kHz RBW).
Calculation of EIRP performed after verification by substitution method.
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TEST SUMMARY

EUT maximum output power result is below PSD limit per 47 CFR 15.247 (e).

The EUT was found complies with standard requirement.

TEST EQUIPMENT USED:

1

3

14
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WLAN transmitter.
802.11 b (11 Mbit/s bit rate).

i faa o TrigFresRun alHeid>
[ Asten: %0 €8
Mkr
o e Ref 105.00 dByiVIm
Center 2412000 GHz _ . ~Span 18.00 MHz
#Res BW 10 kHz VBW 30 kHz Sweep 172.1ms (1001 pts)
ko Gganna

Nt fea o Trifres Run alfeld>
W iGain L aw Amen: %0 @
ggic  Ref 105.00 dBuVIm
Center 2437000 GHz _ —= " Span 18.00 MHz
#Res BW 10 kHz VBW 30 kHz Sweep 172.1 ms (1001 pts)
=y [/

Plot # 25. Carrier frequency — 2412 MHz

Plot # 26. Carrier frequency — 2437 MHz

10 dBiid Ref 105.00 dBpVim

Center 2462000 GHz ‘Span 18.00 MHz
#Res BW 10 kHz VEW 30 kHz Sweep 1721 ms (1001 pts)

[

Plot # 27. Carrier frequency — 2462 MHz
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802.11 g (54 Mbit/s bit rate).

.K‘::.Ili'-. 2 Ref 100,00 dBpVim |'c-_.||i'-. 20 Ref 110,00 dByVim
\ ¢
!
Center 241200 GHz Span 25,00 MHz Center 243700 GHz Span 25.00 MH
[#Res BW 10 kHz VEW 30 kHz Sweep 2388 ms (1001 pts)) [#Res BW 10 kHz VEW 100 kHz Sweep 2308 ms (1001 ﬂ'ﬁ
s Ker s Ker

Plot # 28. Carrier frequency — 2412 MHz

Plot # 29. Carrier frequency — 2437 MHz

oo Trig: Fres Run
Aavan: § 48
(0 g0 Ref 100.00 dBVim
| |
|
Center 246200 GHz ‘Span 25.00 MHz
#Res BW 10 kHz VEW 30 kHz Sweep 238.9 ms (1001 pts),

Plot # 30. Carrier frequenéy — 2462 MHz
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802.11n (54 Mbit/s bit rate).

sy Ref 105.00 dBUVIm s Ref 108,99 dBUVim
|

(Center 241200 GHz Span 30.00 MHz (Center 243700 GHz Span 30.00 MH

#Res BW 10 kHz VBW 30 kHz Sweep 286.7 ms (1001 pis) #Res BW 10 kHz VBW 30 kHz Sweep 280.7 ms (1001 pts)

- Cgwsns s Cgwsns

Plot # 31. Carrier frequency — 2412 MHz

Plot # 32. Carrier frequency — 2437 MHz

v Ref 100,00 dBpvim

(Center 246200 GHz
FRes BW 10 kHz VEW 30 kHz

‘Span 30,00 MHz
Sweep 286.7 ms (1001 pis)|

ey (grns

Plot # 33. Carrier frequency _ 2462 MHz
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0esid Ref 100,00 dBuVim

0esid Ref 100,00 dBuVim

[Center 2402000 GHz 000 MHz
#Res BW 10 kHz

Span 2.
VEW 30 kHz Sweep 19.13 ms (1001 pts|

[Center 2440000 GHz

Span 2.
VEW 30 kHz Sweep 19.13 ms {1001
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000 MHz

Pis

[

[

Plot # 35. Carrier frequency — 2440 MHz

@y Ref 100.00 dBpVim

[Center 2450000 GHz 000 MHz
#Res BW 10 kHz

Span 2.
VEW 30 kHz Sweep 19.13 ms (1001 pts|

[

Plot # 36. Carrier frequency — 2480 MHz
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5.1.4 Radiated emissions according to 88 15.247(d), 15.205(a)

558074 D01 DTS Meas Guidance. Sec. 12.1.

2402- 2480 MHz

Trace 1 — Peak; Trace 2 - RMS

1 MHz/100 kHz

3x RBW.

Trace 1 - Max hold; Trace 2 — Power averaging.
Relative Humidity 52% Air Pressure

Method of measurement
Operating Frequency Range
Detector used:
Resolution bandwidth
Video bandwidth
Trace mode:

Ambient Temperature 23°C 1009 hPa
In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or

digitally modulated intentional radiator is operating, the radio frequency power that is produced by
the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band
that contains the highest level of the desired power, based on a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power limits.

In addition, radiated emissions, which fall in the restricted bands, as, defined in Section

15.205(a) must also comply with the radiated emission limits specified in Section 15.209(a).

WLAN transmitter results.

Carrier frequency 2412 MHz

Frequenc Radiated Peak limit, | Avg limit, | Margin, Reference
|S/IHZ Y emissions, Note Note 10 plot#
dBuVv/m dBuv/m | dBuV/m dB P
2389.9 62.8 74 - 11.2 *RB Detector peak 13
2389.8 46.9 - 54 7.1 RB Detector average 13
2400.0 64.4 84.0 . 19.6 Band | 1o tector peak. 15
edge
5441.0 59.2 74.0 - 14.8 RB Detector peak 16
5448.0 48.7 - 54 5.3 RB Detector average 16
*RB — restricted band
Carrier frequency 2437 MHz
Frequenc Radiated |Peak limit, | Avg limit, | Margin, Reference
l\q/IHz Y emissions, Note Note to plot#
dBuV/m dBuV/m | dBuV/im dB P
2370.5 54.2 74 - 19.8 *RB Detector peak 20
2388.6 42.3 - 54 11.7 RB Detector average 20
2400 62.2 83.9 - >20 Band | htector peak. 21
edge
5444.0 57.7 74 - 16.3 RB Detector peak 23
5444.0 46.4 - 54 7.6 RB Detector average 23
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Carrier frequency 2462 MHz

Frequency, Ra_di{ited Peak limit, | Avg limit, | Margin, Reference
MHz emissions, Note Note to plot#
dBpV/m dBpV/m | dBuV/m dB
2262.1 53.8 74 - >20 *RB Detector peak 26
2262.1 41.3 - 54 12.7 RB Detector average. 26
2484.4 60.4 74 - 13.4 RB Detector peak 28
2483.6 45.3 - 54 8.7 RB Detector average 28
49255 57.0 74 - 17.0 RB Detector peak 29
4925.5 46.5 - 54 7.5 RB Detector average 29

*RB - restricted band
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Carrier frequency 2402 MHz

Frequenc Radiated |Peak limit, | Avg limit, | Margin, Reference
|9/|HZ Y emissions, Note Note to plot#
dBuV/m dBuV/m | dBpV/im dB b
2231.5 52.3 74 - >20 *RB Detector peak 54
2303.8 47.8 - 54 6.2 RB Detector average 54
2400.0 62.4 80.6 : 18.2 Ejgs Detector peak. 55
5381.0 48.0 74.0 - >20 RB Detector peak 56
5385.0 37.9 - 54 16.1 RB Detector average 56
*RB - restricted band
Carrier frequency 2440 MHz
Frequenc Radiated Peak limit, | Avg limit, | Margin, Reference
|S/IHZ Y emissions, Note Note to plot#
dBuV/m dBuV/m | dBuV/m dB b
2324.6 51.4 74 - >20 RB Detector peak 59
2388.6 42.3 - 54 11.7 RB Detector average 59
2400 62.2 79.0 - 16.8 Eggg Detector peak. 60
5420.0 52.3 74 - >20 RB Detector peak 61
5423.0 46.0 - 54 8.0 RB Detector average 61
Carrier frequency 2480 MHz
Frequenc Radiated |Peak limit, | Avg limit, | Margin, Reference
|9/|HZ Y emissions, Note Note to plot#
dBuV/m dBuV/m | dBpV/im dB b
2284.3 49.2 74 - >20 *RB Detector peak 64
2295.5 44.6 - 54 94 RB | Detector average. 64
2488.0 47.3 74 - >20 RB Detector peak 66
2488.3 41.6 - 54 124 RB Detector average 66
7503.0 51.6 74 - >20 RB Detector peak 68
7503.0 44.5 - 54 9.5 RB Detector average 68

*RB - restricted band

The test was conducted in maximum allowed occupied bandwidth and maximum data bit rate that is a worst

case
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TEST SUMMARY

All emissions outside of the 2400 — 2483.5 MHz frequency band were found below 15.247(d) limits.

TEST EQUIPMENT USED:

1 3

10

13

14
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WLAN transmitter result.

Carrier frequency — 2412 MHz.
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Plot # 41. Plot # 42.
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Carrier frequency — 2437 MHz.
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Plot # 46

Plot # 47
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Carrier frequency — 2462 MHz.
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Plot # 52. Plot # 53.
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Bluetooth transmitter.

Carrier frequency — 2402 MHz.
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Plot # 58.
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Carrier frequency - 2440 MHz.
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Plot # 61 Plot # 62
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Plot # 63.
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Carrier frequency 2480 MHz.
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5.2 Radiated emissions test according to § 15.209

Method of measurement ANSI C63.10 86.5

Detectors used CISPR Quasi-Peak

Resolution bandwidth 9 kHz/120 kHz

Video bandwidth >3 X RBW.

Trace mode Free run

Ambient Temperature 24°C  Relative Humidity 55% Air Pressure 1009 hPa

TEST DESCRIPTION:

The measurements were performed at 3 m test distance in Anechoic chamber. The EUT
was arranged on a polystyrene table 0.8 m height placed on the turn - table.

Test was conducted for two transmit options WLAN and Bluetooth.

The Active Loop antenna in 9 kHz to 30 MHz frequency band and Biconilog antenna in 30
MHz — 1.0 GHz frequency band were used. The emission level was maximized by initially
rotating turntable through 360°, varying the antenna height between 1 m and 4 m, rerouting
EUT cables and changing antenna polarization from vertical to horizontal.

REQUIREMENTS:

EUT radiated emission shall not exceed value required in section 15.209

TEST RESULT:

Test results are presented in a table below and in plots ## 70 - 71

TEST EQUIPMENT USED:

1 6 13 15
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Radiated emission test results.

Frequency | Antenna | Antenna | Turn- | Emission Limit Margin
polariz. Height | table Level @ 3m
Angle Note 1 Note 2 | Results
(MHz) V/H m ©) dBuv/m | dBpV/m | dB
30.5 Vv 1.0 239 31.7 40.0 8.3 Pass
89.1 \Y 1.0 24 31.8 43.5 11.7 Pass
161.0 V 1.0 327 32.9 43.5 10.6 Pass
169.4 H 1.7 249 24.9 43.5 18.6 Pass
Note 1: Emission level = E Reading (dBuV) + Cable loss (dB) + Antenna Factor (dB/m).
For Cable Loss and Antenna Factor refer to Appendix 2.
Note 2: Margin (dB) = Limit (dBuV/m) — Emission level (dBuV/m)
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|Res BW 120 kHz VEW 1.2 MHz Dwell Time 6.733 ps( 60 kHz)
(] 30540 MHz 37883 dBuVim  31.720 dByVIim 21293 dBuVim 2117 dB £.280 dB £280dB 120 kHz (CISPR)
2 O 89,102 MHz 35560 dBuVim 31808 dByVim 16824 dByVim £953 dB A1714dB  A1.714dB 120 kHz (CISPR)
3 16106 MHz 38433 dBuVim 32914 dByVim 21.461 dBuVim 5099 dB A0608dB 10808 dB 120 kHz (CISPR)
4 0O 169.42 MHz 30650 dByVim 24920 dByVIm 13860 dBuVim -12862dB -18503dB -18893dB 120 kHz (CISPR)
o "
uss [TRp—

Plot # 71. Investigation result in 30 - 1000 MHz frequency range.
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5.3 Conducted emissions test according to § 15.207.

Method of measurement

ANSI C63.10 86.2

Ambient Temperature 23°C  Relative Humidity 54% Air Pressure 1008 hPa
Frequency, Conducted limit, dBuV
MHz QP AVRG
0.15-05 66 - 56* 56 - 46*
05-5 56 46
5-30 60 50

= Decreases with the logarithm of the frequency.

TEST PROCEDURE

EUT was placed on a wooden table in a shielded chamber at a height of 80 cm from the
floor and 40 cm from the vertical reference plane. The measurements were performed at
mains terminals by means of LISN, connected to spectrum analyzer. The measurements
were made with quasi-peak and average (CISPR) detectors.

TEST RESULTS:

Test result in transmition mode present in plots # 72, 73.

TEST EQUIPMENT USED:

1 12

13
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Agilont EMI Recefver - Froquency Scan

RF PRl 0 5 A OC SENGE:INT| SOURCE OFF ALIIN AT 01:19:52 PM Apr 13, 2017
arker 1 158.99 kHz FREQUENCY SCAN Sean mace[
- L Smooth  —+— n Tl fhd4
PASS PREAMP Sean Aten: 10 dB Fras Run AN
Mkr1 158.99471 kHz
10 dBidiv Ref 20.00 dBuv 46.348 dBpV
o8 ace 1 Pas
’ % x
4 T
Iy
Start 150 kHz #Stop 30 MHz
|Res BW 9 kHz VBW 90 kHz Scan Time 20.41 ms({ 379 pts)
3] |TRo|  FRE PEAK AMPTL FO AMPT | FavoaMFTD | PREAKLLY FOLLL A i I |
1 0 15000 kHz 51.478 dBpV 43673 dBuv 31284 dBuV 14522dB  -2232TdB  -24.716dB  5.00 kHz [CISPR) 2m
2 0O 26468 kHz 43818 dBpV 40860 dBuv 30458 dBuV AT465dB -20423dB -20825dB  5.00 kHz [CISPR) 2m
3 O 29392 kHz 43474 dBpV 39.768 dBuV 29964 dBuV 16539 dB 20846 dB 20449 dB 5,00 kHz [CISPR) 2m
O 338.10 kHz 47566 dBuV 45338 dBpv 37076 dBuV 11684 dB  -13812dB  12174dB  5.00 kHz [CISPR) 2m
s O 34114 kHz 48.007 dBpV 45 967 dBuv 35,040 dBuV 11168 dB -13208dB -14136dB 5,00 kHz [CISPR) 2m
3]
< ¥
s fgsratus 1 DC Coupled
Plot # 72. AC line conducted emissions test. Line Phase.
Frequency QP Limit QP Margin Avg Limit Avg Margin
MHz dBpv dB dB dBuv dB dB
0.338 45.3 59.2 -13.9 37.0 49.2 -12.2
0.341 45.9 59.1 -13.2 35.0 49.1 -14.1
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Agilont EMI Recefver - Froquency Scan

INT| SCURCE CFF

SENSE:INT| S0 | LIGH ALITO 01:29:49 PM A 13, 2017
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OSPR K th —— n TYPE (M
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10deidly  Ref 80,00 dBuV 34.699 dBpV
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x 9
\
I | I | - o Lt )
oy i
AL i bl il
Wil I T
Start 150 kHz #Stop 30 MHz
|Res BW 9 kHz VBW 90 kHz Scan Time 20.41 ms( 379 pts)
a6 | |rRe] PR FAK AMPT FAGAMPTD | PRAKLLYG FOLL1A | RAWGLLZG
1 [ 1 27216kHz 43385dBuV 36028 dBuV 27567 dBpV  -17.066dB  25023dB -23484dB  9.00 kHz {CISPR)
2 [0 3183TkHz 44152dBpV 37481 dBuYV  28462dBpV  -15597dB  22268dB 21287 dB  9.00 kHz {CISPR)
3 (171 33664kHz 41619dBpV 35894 dBuV 25548 dBpV  -17666dB  23392dB 23737 dB  9.00 kHz {CISPR)
BN 1 38045 kHz 41053dBuV  37E70dBUY 27258 dBuV  -17665dB 20848dB 21460 dB  9.00 kHz (CISPR)
]
Iusr' Egsmams| | DC Coupled

Plot # 73. AC line conducted emissions test. Line Neutral.

Frequency QP Limit QP Margin Avg Limit Avg Margin
MHz dBuv dB dB dBuvV dB dB
0.336 35.9 59.2 -23.3 255 49.2 -23.7
0.360 37.8 58.6 -20.8 27.2 48.6 -21.4
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APPENDIX A Test equipment used.
Test equipment used
- Manufacturer information Due
No Description : Calibration
Name Model Serial No date
MXE EMI Receiver . .
1 20 Hz -26.5 GHz Agilent N9038A SIl 650114 April 2018
2 | Cable RF1m Huber-Suhner Sucoflex 104 21325/4PE October 2017
Double Ridged Guide Antenna . December
3 0.75 — 18 GHz ETS-Lindgren 3115 00143138 2017
Broadband Horn antenna Schwarzbeck December
4 | 15_40GHz Mess-Electronik BBHA 9170 9170-341 2017
Double Ridged Waveguide . December
5 Horn Antenna 1 — 18 GHz ETS-Lindgren 3117 00139055 2017
Antenna Biconilog . December
6 26 — 6000 MHz ETS-Lindgren 31142D 0146490 2017
Spectrum analyzer November
7 20 Hz-40 GHz Rohde&Schwarz ESU 40 100168 2017
MXG Signal Generator .
8 100 KHz - 20 GHy Agilent N5183A 6501148 May 2017
Attenuator 3 dB
9 DC — 12 4 GHz HP 8491A 50469 October 2017
USB preamplifier .
10 5 GHZ - 50 GHz Keysight U7227F MY55380004 | January 2018
11 | LISN 9 kHz - 30 MHz FCC LISN 250-32-4-16 S115023 October 2017
Transient limiter
12 0.009-200 MHz HP 11947A 3107105 August 2017
13 | Cable RF4m Huber-Suhner Sucoflex 104PE 21329/4PE October 2017
14 | Cable RF0.5m Huber-Suhner Multiflex 141 520201 October 2017
Active Loop antenna . December
15 1.0 kHz — 30 MHz ETS-Lindgren 6507 00144641 2017
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Cable Loss (Mast 6 m set cable.)

Point | Frequency Cable Loss | Point | Frequency Cable Loss
(MHz) (dB) (MHz) (dB)
1 30 0.3 21 1000 2.5
2 50 04 22 1100 2.6
3 100 0.6 23 1200 2.8
4 150 0.8 24 1300 2.9
5 200 1.0 25 1400 3.1
6 250 11 26 1500 3.2
7 300 1.2 27 1600 3.3
8 350 1.3 28 1700 3.5
9 400 15 29 1800 3.6
10 450 1.6 30 1900 3.7
11 500 1.7 31 2000 3.9
12 550 1.8 32 2100 4.0
13 600 1.9 33 2200 4.1
14 650 19 34 2300 4.2
15 700 2.0 35 2400 4.4
16 750 2.1 36 2500 4.6
17 800 2.1 37 2600 4.7
18 850 2.2 38 2700 4.8
19 900 2.3 39 2800 4.9
20 950 2.4 40 2900 5.0
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Antenna factor
Biconilog Antenna, ETS-Lindgren mod. 31142D, S/N: 0146490 3 m calibration.

f/ MHz AF /dB/m f/IMHz | AF/dB/m || f/MHz AF /dB/m
30 18.7 250 12.0 2750 31.0
35 15.7 300 13.8 3000 31.2
40 12.9 400 16.2 3250 32.7
45 10.6 500 18.6 3500 34.5
50 9.0 600 20.2 3750 34.3
60 7.3 700 21.8 4000 34.5
70 7.7 800 22.9 4250 35.3
80 8.2 900 24.1 4500 35.5
90 9.2 1000 24.8 4750 36.1
100 9.4 1250 26.9 5000 37.4
120 8.5 1500 30.2 5250 38.4
140 8.5 1750 28.5 5000 39.9
160 9.1 2000 28.9 5750 38.2
180 105 2250 29.8 6000 39.1
200 10.9 2500 32.5 - -
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Antenna Factor
Double Ridged Guide Antenna mfr ETS-Lindgren model 3115 1m calibration

Point Frequency (MHz) Antenna Factor (dB/m)
1 1000 23.7
2 1500 255
3 2000 28.5
4 2500 28.1
5 3000 29.6
6 3500 31.1
7 4000 32.5
8 4500 32.5
9 5000 33.5
10 5500 34.7
11 6000 36.1
12 6500 36.5
13 7000 37.3
14 7500 38.0
15 8000 37.3
16 8500 37.9
17 9000 38.1
18 9500 38.5
19 10000 38.7
20 10500 38.8
21 11000 38.6
22 11500 38.8
23 12000 38.9
24 12500 39.3
25 13000 40.2
26 13500 40.6
27 14000 40.6
28 14500 40.4
29 15000 39.6
30 15500 39.5
31 16000 39.8
32 16500 40.4
33 17000 41.3
34 17500 42.6
35 18000 43.2

Cable Loss

Type: Sucoflex 104PE: Ser.No0.21329/4PE: 4 m length

Point Frequency (GHz) Cable Loss (dB)
0 0.0-1.8 1.67
1 1.8-3.6 2.39
2 36-54 3.04
3 5.4-7.2 3.58
4 7.2-9.0 4.06
5 9.0-10.8 4.49
6 10.8-12.6 4.91
7 12.6-14.4 5.31
8 14.4-16.2 5.66
9 16.2-18.00 6.01
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Antenna Factor
Broadband Horn Antenna model BBHA 9170 1m calibration

Point Frequency (GHz) Antenna Factor (dB/m)
1 15.0 38.5
2 16.0 37.7
3 17.0 38.1
4 18.0 37.9
5 19.0 38.0
6 20.0 38.0
7 21.0 37.9
8 22.0 38.2
9 23.0 39.6
10 24.0 39.6
11 25.0 39.3
12 26.0 39.5
13 27.0 39.6
14 28.0 39.6
15 30.0 40.1
16 32.0 41.2
17 34.0 41.5
18 35.0 41.9
19 36.0 42.2
20 38.0 43.8
21 40.0 43.2

Antenna Factor
For Antenna Loop MFR ETS Lindgren, Type/Model 6507, S/N: 00144641

No. Frequency Magnetic Electric
MHz antenna factor, dBS/m antenna factor, dB/m
1 9 -21.5 30.0
2 10 -22.0 29.5
3 20 -27.7 23.8
4 50 -32.2 19.4
5 75 -33.0 18.5
6 100 -33.4 18.2
7 150 -33.6 17.9
8 250 -33.7 17.9
9 500 -33.8 17.8
10 750 -33.8 17.7
11 1000 -33.8 17.7
12 2000 -33.7 17.9
13 3000 -33.8 17.8
14 4000 -34.0 17.5
15 5000 -34.3 17.2
16 10000 -35.2 16.4
17 15000 -35.8 15.8
18 20000 -36.0 15.6
19 25000 -36.2 15.3
20 30000 -36.4 15.2
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APPENDIX B Photo of the test setups.
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APPENDIX C Abbreviations and acronyms.
The following abbreviations and acronyms are applicable to this test report:
AC alternating current
cm centimeter
dB decibel
dBm decibel referred to one milliwatt
dB(uV) decibel referred to one microvolt
dB(uV/m)  decibel referred to one microvolt per meter
EBW emission bandwidth.
EMC electromagnetic compatibility
EUT equipment under test
GHz gigahertz
H height
Hz hertz
kHz kilohertz
L length
LNA low noise amplifier
m meter
Mbps megabit per second
MHz megahertz
NA not applicable
OFDM Orthogonal Frequency Division Multiple Access
PRBS pseudo random binary sequence
QP quasi-peak
RF radio frequency
RE radiated emission
SA spectrum analyzer
rms root mean square
w width
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