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Report No. 28111086 005

RELEASE CONTROL RECORD

TEST REPORT NUMBER REASON OF CHANGE DATE OF ISSUE

28111086_002 Original release 15-jan-2018

Removal of EUT photo documentation for short-term
confidentiality. Updated reference standards. Removed
band endge from radiated emission paragraph and added
‘spurious near restricted band’ in spurious emission
paragraph. Added test procedure for Output Power.
Corrected Radiated Antenna Port spurious emission using
100kHz RBW for fundamental and spurious emissions.
Removal of word”head” in RF exposure requirements.

28111086_004 26-feb-2018

Removal of test set-up photo documentation for short-
term confidentiality. Added radiated emission band edge
with 1MHz RBW. Converted radiated power to equivalent
conducted power (average values).

28111086_005 05-mar-2018

1. Reference Standards

Standard Description

§15.247 Operation within the bands 902-928 MHz, 2400-2483,5 MHz, and
5725-5850 MHz.

FCC Part 15 (Subpart C)

FCC Part 15 (Subpart C) §15.207 Conducted Limits

FCC Part 15 (Subpart C) §15.209 Radiated emission limits; general requirements

FCC Part 15 (Subpart C) §15.203 Antenna Requirement

American National Standard of Procedures for Compliance Testing of

ANSI C63.10:2013 Unlicensed Wireless Devices

FCC GUIDE 15.247 (DTS): | Guidance for performing compliance measurements on digital
April 8,2016 transmission systems (dts) operating under §15.247

TRF FCC_15.247_000
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2. Summary of testing:

FCC Rule Part Test Item Result Remarks
AC POWER CONDUCTED Batteries
15.207 EMISSION N/A Operated
Meet the
15.205 15.209 RADIATED EMISSIONS PASS requirement of
15.247(d) limi
imit
Meet the
15.247(a)(2) 6dB BANDWIDTH PASS requirement of
limit
OUTPUT POWER Meet the
15.247(b)(3) ) PASS requirement of
(internal antenna) limit
Meet the
15.247(d) RADIATED SPURIOUS EMISSIONS PASS requirement of
limit
Meet the
15.247(e) POWER SPECTRAL DENSITY PASS requirement of
limit
15.203 ANTENNA REQUIREMENT PASS Integral Antenna
. Meet the
§ 15.247 (1) RF HUMAN EXPOSURE PASS requirement of
(8 47CFR 1.1307(b)(1)) limit
Possible test case verdicts:
- test case does not apply to the test object ....: N/A
- test object does meet the requirement ........... PASS
- test object does not meet the requirement...... FAIL
TRF FCC_15.247 000 Page 4 of 61
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General remarks:
The test results presented in this report relate only to the object tested.

The results contained in this report reflect the results for this particular model and serial number. It
is the responsibility of the manufacturer to ensure that all production models meet the intent of the
requirements detailed within this report.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing laboratory.
"(see Enclosure #)" refers to additional information appended to the report.
"(see appended table)" refers to a table appended to the report.

Throughout this report a comma (point) is used as the decimal separator.

3. PHOTOGRAPHIC DOCUMENTATION
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4. General product information

Wearable Data Logger with BLE 4.1 Module

TRF FCC_15.247_000
07/10/2016
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5. General Chipset information

Bluetooth Low Energy Chipset; NORDIC Semiconductor; nRF52832

Key features
* 1.4 GHz transeeper *  Internet of Things (laT)
+  -36dBm sensitivity in Blustooth® low energy mode +  Home automatian
s 2 Mbps Bluetooth® low enengy made *  Sensor networks
+ 1 Mbps, 2 Mbps supparted data rates *  Bullding sutcmaticn
+  TX power-20 ta =4 dBm in 4 dB steps. +  Industrial
. Resil

+  Single-pin antenna interface

+  5.3mA peak current in TX (0 dBen) Persanal area networks

+  S.4mA peak eurrent in RX * = Health/fitness sensor and monitor devices
*  R351{1dB resolution) = Medical deviees
*  ARM" Cortex"-M4 32-bit processar with FPU, 64 MHz = Keyfobs and wrist watches

Interactive entertainment devices
* 215 EEMBC CoreMark® score running from flash memary s T

* 58 pAYMHZ running frem flash memory =+ Remote controls
* 516 pAMIHE runfing from RAN = Gaming controllers
+  Data watchpoint and trace (DWT), embedded trace macrocell (ETM), and Beacors

imstrumentation trace macrocell (ITM)
+  Serial wire debug (SWD)
»  Trace port
+  Flexible power management

ALWP wireless chargers and devices
Remate eontral toys
Computer peripherals and IfO devices

. . Mouse

*  Supply voltage range L7 V-36W = Keyboard
»  Fully sutomatic LDD and DC/DC regulator system = Multi-touch trackpad
+  Fast wake-up using 64 MH2 internal ascillator = Gaming

0.3 A st 3V in OFF mode

4+ U7 juA &t 3V in OFF rode with full 54 kB RAM retentisn

= LOpdat 3Vin ON mode, no RAM retention, wake on RTC
L Mermary

= 512 kB flash/64 kB RAM
* 256 kB flaghy/32 kB RAM

+  Nordic SoftDevice ready
=+  Support for concurrent multi-protocol
= Type 2 near field communication (NFC-A) tag with wakeup-an-fiekd and touch-
to-pair capabilities
*  12-bit, 200 ksps ADC - 8 ennfigurable channels with programmable gain
* 64 level comparator
* 15 level low power earmparator with wakeup from System OFF mode
*  Temperature sensar
= 32 general purpose If0 pins
= 3x4-channel pulse width modulator (PWH) units with EasyDMA
+  Digital microphone interface [POM)
*  5x32-bit timers with counter mode
#  Upto 3x 5P| rasterfilsve with Easy DA
*  Upte 2xI2C eompatibile 2-Wire masterfalave
- 125 with EasyDhy
+  UART [CTS/RTS) with EasyDha
*  Programmable peripheral intercannect (PRI}
*  Quadrature decoder (QDEC)
*  AES HW encryplion with EasyDMA
*  Autonomous peripheral aperation without CPU intervention using PPI and
EasyDbAA
*  3xreal-tirme counter (RTC)
*  External systern
+  Single erystal operation
*  On-chip balun [gingle-ended RF)
+  Few external components
+  Package variants
+  OFMN4E package, 6 = Bmm
+  WLCSP package, 3.0 3.2 mm

TRF FCC_15.247_000
07/10/2016
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6. General Antennas information

1_CHIPSET ANTENNA

Ultra-Miniature 2.4GHz Chip antenna 0.37mm max Thickness P/N 2450AT07A0100

General Specifications
Part Number 2450ATOTAD100 Input Power 2W max. (CW)
Frequency (MHz) 2400~2500 Storage Temperature -40 to +85°C
Peak Gain (dBi typ.) 1.0 (XZ-Total) Operating Temperature -40 to +125°C
Average Gain (dBi typ.) -1.5 (XZ-Total) recommended Storage +5 ~ +35 °C, 18 mos max.
- Conditions of unused -
Return Loss 6.5 dB min. product on T&R Humidity 45~75%RH
Impedance &0 0
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Return Loss / Without Matching Circuits
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7. Photographic documentation
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8. Equipment Used During Test

EUT - Equipment Under Test,
AE - Auxiliary/Associated Equipment, or
SIM - Simulator (Not Subjected to Test)

No other Auxiliary/Associated Equipment was connected/installed on the EUT

Use* Product Type Manufacturer Model Comments
Wearable Data
EUT |Logger with BLE 4.1|GSK Consumer Health MQB1
Module
AE PC Dell Used to set Bluetooth Channels
Note:
*Use:

9. Input/Output Ports:

CONNECTIONS

Port Description Connection Cable lenght

1| Enclosure Plastic

2 AC Power AC Not Present
Port

3 DC Power DC Batteries Operated — 3V
Port

4| LAN TP Not Present

5|USB le] Not Present

TP = Telecommunication Ports

*Note: AC = AC Power Port DC = DC Power Port N/E = Non-Electrical
I/0 = Signal Input or Output Port (Not Involved in Process Control)

TRF FCC_15.247_000
07/10/2016
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10. Power Interface

Mode Voltage Current | Power | Frequency Phases Comments
# (vdc) (A) (W) (DC/AC-Hz) #)
1 3 - - - -

11. EUT Operation Modes

Operation Description
mode
#1 EUT turn on with BLE Module in transmission mode on Internal Antenna
12. EUT Configuration Modes
Mode # Description

TRF FCC_15.247_000
07/10/2016
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13. Test Conditions and Results — RADIATED EMISSION

Report No. 28111086 005

13 TEST: Radiated Emission PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 22°C
test Relative Humidity (%) 54%

Air pressure (hPa) 1020

— Power Mode Application Point
Fully configured sample tested at Batteries Operated Enclosure
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.205; §15.209; §15.247

Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed
the field strength levels specified in the following table :

Frequency (MHz) Field strength (microvolts/meter) Measurement distance (meters)
0.009-0.490 24000F(kHz) 300
0.480-1.705 24000VF(kHz) 30
1.705-30.0 30 30
30-88 1007 3]
88-216 1507 3
216-960 200 3
Above 960 500 3

§815.231 and 15.241.

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under
this section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806
MHz. However, operation within these frequency bands is permitted under other sections of this part, e.g.,

Further information to test setup

EMI Receiver & Controller

3m semi-anechoic chamber
(Shield Room with absorbing materials)

TRF FCC_15.247_000
07/10/2016
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Test Equipment Used
Description Manufacturer Model Identifier Cal&g&t fon Calié)l;e;tion

CSSA ETS Lindgren FACT3 87020484 06/2017 06/2018
EMI Test Receiver R&S ESW44 87020967 06/2017 06/2018
Antenna BiConiLog ETS Lindgren 3124E 87020457 04/2017 04/2020
Antenna_Horn with ETS Lindgren 3117-PA 87020458 04/2017 04/2020
Preamplifier

2xAntenna Horn with ETS Lindgren 114514 87020459

Preamplifier 120722 87020460 04f2017 04/2020

Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel Low

Frequency: 30MHz — 1GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 30MHz — 1GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 30MHz — 1GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 30MHz — 1GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 30MHz — 1GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 30MHz — 1GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 30MHz — 1GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 30MHz — 1GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 30MHz — 1GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 1GHz — 6GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 1GHz — 6GHz

Antenna Polarization: Horizontal

— Limit_PK
oo TUV
— Limit_AV
PK Scan Radiated Emissions
AV Scan Horizontal

Emission (dBuVv/m)

" \‘“ oA g, “““WWM

6.00G
Frequency (Hz)

Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 1GHz - 6GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 1GHz — 6GHz

Antenna Polarization: Vertical
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— TUV
— Limit_AV
—— PK Scan Radiated Emissions
AV Scan Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 1GHz — 6GHz

Antenna Polarization: Horizontal

— Limit_PK
— Limit AV

PK Scan
AV Scan

TUvV

Radiated Emissions
Horizontal

Emission (dBuV/m)

Frequency (Hz)

6.00G

Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 1GHz - 6GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 1GHz — 6GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 1GHz — 6GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 1GHz - 6GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 6GHz — 25GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 6GHz — 25GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel low

Frequency: 6GHz - 25GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 6GHz — 25GHz

Antenna Polarization: Vertical
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 6GHz — 25GHz

Antenna Polarization: Horizontal
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Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel middle

Frequency: 6GHz - 25GHz
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 6GHz — 25GHz

Antenna Polarization: Vertical

= Limit_PK
= Limit_AV

— PK Radiated Emissions
— AV Vertical
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60.0 ; ; ;
50.0 ; : : - . T et
40.0 oot = yomr
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Graphical representation of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 6GHz — 25GHz

Antenna Polarization: Horizontal

== Limit_PK
= Limit_AV

— AV Radiated Emissions
— PK Horizontal

100.0
90.0
80.0
70.0
60.0

50.0 ; ; ; — : : P—————
40.0 i - M

30.0
20.0
10.0

Emission (dBuY/m)

-10.0
-20.0
-30.0
-40.0

-50.0 t : :
6.00G 10.00G 25.00G

Frequency (Hz)

Tabulated results of Radiated Emission Measurement

Operation Mode: #1 Channel high

Frequency: 6GHz - 25GHz
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Graphical representation of Radiated Emission Measurement

BAND ENDGE LOW

[ Multiview 'm{ Receiver ] Spectrum 2 1 .

Ref Level 11529 dBuv  Offset 3.29d8  RBW (6dB) 1 MHz

® Att 15d8 SWT 1.01 ms ® VBW 3MHz Mode Auto Sweep Frequency 2.3900000 GHz
Input 1AC PSS On_ Notch Off

1 Frequency Sweep

110 dep

100 depr

90 dey

&0 By

H1 74.000 dBp J i
70 dBy

60 dBp

H2 54.000 dBp f \
N ! k

30 dBy

20 dBy 1

CF 2.39 GHz 1001 pts 6.0 MHz/ Span 60.0 MHz
H Measuring... EERRRRREN 6 22022327'];? - =RBW
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Graphical representation of Radiated Emission Measurement

BAND ENDGE HIGH

Multiview 'r%{ Receiver

] Spectrum 2
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[T]

Ref Level 11563 dBuv  Offset 3.63 dB
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1 Frequency Sweep

1.01 ms & VBW

RBW (6dB) 1 MHz
3 MHz
Notch off

Mode Auto Sweep

Frequency 2.5000000 GHz

MI1[1]

101.26 dBpV

2.4800700 GHz|

110 depr

100 dep

0 dBy /"\

50 dBp

H1 74,000 dBpy

70 dBy

\

60 dBp

IIJ“'-Q 54.000

dBpr

S0 B |
M.W/

AT

30 dby

20 dBy

CF 2.5 GHz
—

1001 pts

6.0 MHH

1

Measuring... ERRRRERED 6

Span 60.0 MHz
22.02.2018 [ Ref Level RBW
07:27:51

TRF FCC_15.247_000
07/10/2016

Page 33 of 61




A TUVRheinland®

14. Test Conditions and Results — 6dB BANDWIDTH

Report No. 28111086 005

14 TEST: 6dB Bandwidth PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30t 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 24°C
test Relative Humidity (%) 48%

Air pressure (hPa) 1020

— Power Mode Application Point
Fully configured sample tested at Batteries Operated Enclosure
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.247

Systems using digital modulation techniques may operate in the 902-928 MHz, 2400-2483.5 MHz, and
5725-5850 MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

Further information to test setup

EMI Receiver & Controller

3m semi-anechoic chamber
(Shield Room with absorbing matenals)

1todm

Antenna Tower

—

TRF FCC_15.247_000
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
CSSA ETS Lindgren FACT3 87020484 06/2017 06/2018
EMI Test Receiver R&S ESW44 87020967 06/2017 06/2018
Antenna'l'-lorn with ETS Lindgren 3117-PA 87020458 04/2017 04/2020
Preamplifier
Graphical representation of 6dB Bandwidth
Operation Mode: #1
Channel: Low
6dB Bandwidth
001
MultiView | Spectrum | =

Ref Level 10.00 dBm

@ RBW 100 kHz

Att 2048 SWT 41.84 uz (~7.3 ms) ® VBW 300 kHz Mode Autc FFT Frequency 2.4020000 GHz
Input 1AC PS aff  MNotch off
TOF
1 Frequency Sweep
M1[1] -4,77 dBm
2.40230470 GHz
0 dBm T
¥
T1 T2
-10 dBm
-20 dBm
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
CF 2,402 GHz 1001 pts 500.0 kHz/ Span 5.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | ¥-Value | Function Function Result |
M1 1 2.4023047 GHz -4.77 dBm ndB 5.0 dB
T1 1 2.4016703 GHz -10.64 dBm ndB down B 749.30 kHz
T2 1 2,4024196 GHz -10.84 dBrn ) Factar 3206.3

Il

] Measuring... ENNRERRED D6

10:14:14 14.11.2017

14.11.2017
10:14:13

YBW Att
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Graphical representation of 6dB Bandwidth

Operation Mode: #1

Channel: Medium

6dB Bandwidth

001
MultiView | Spectrum | =
Ref Level 10.00 dBm ® RBW 100 kHz
Att 2048 SWT 41.84 uz (~7.3 ms) ® VBW 300 kHz Mode Autc FFT Frequency 2.4400500 GHz
Input 1AC PS aff  MNotch off
TOF
1 Frequency Sweep o 1Pk X
M1[1] -6.63 dBm
2.44029980 GHz
0 dBm
M1
h 4
-10 dBm — -+
N4 v
-20 dBm
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
CF 2.44005 GHz 1001 pts 500.0 kHz/ Span 5.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | ¥-Value | Function Function Result |
M1 1 2.4402998 GHz -6.62 dBm ndB 5.0 dB
T1 1 2.4396654 GHz -12.65 dBm ndB down B 779.20 kHz
T2 1 2,4404446 GHz -12.69 dBrm ) Factar 3131.7
H ] Measuring... ENNRERRED D6 141}]1126012 VBW ALt

10:16:49 14.11.2017
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Graphical representation of 6dB Bandwidth

Operation Mode: #1

Channel: High

6dB Bandwidth

001
MultiView | Spectrum | =
Ref Level 10.00 dBm ® RBW 100 kHz
Att 2048 SWT 41.84 uz (~7.3 ms) ® VBW 300 kHz Mode Autc FFT Frequency 2.4800000 GHz
Input 1AC PS aff  MNotch off
TOF
1 Frequency Sweep o 1Pk X
M1[1] -4.54 dBm
2.48030470 GHz
0 dBm T
¥
T1 T2
-10 dBm
-20 dBm
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
CF 2,48 GHz 1001 pts 500.0 kHz/ Span 5.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | ¥-Value | Function Function Result |
M1 1 2.4803047 GHz -4.54 dBm ndB 5.0 dB
T1 1 2.4796603 GHz -10.45 dBm ndB down B 779.20 kHz
T2 1 2,4804396 GHz -10.60 dBrm ) Factar 3183.1
H ] Measuring... ENNRERRED D6 141}]10290‘%; VBW ALt

10:09:44 14.11.2017
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Frequency (MHz) Channel 6dB BW (MHz)
2402 Low 0.749
2440 Middle 0.779
2480 High 0.779
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15. Test Conditions and Results —= OUTPUT POWER

15 TEST: Output Power 1 (integral antenna) PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 22,5°C
test Relative Humidity (%) 51%

Air pressure (hPa) 1020
— Power Mode Application Point
Fully configured sample tested at Batteries Operated Enclosure
the power line frequency
Equipment mode: Operation mode #1
FCC Standard §15.247

(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-
overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt. For
all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

(2) For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at
least 50 hopping channels; and, 0.25 watts for systems employing less than 50 hopping channels, but at
least 25 hopping channels, as permitted under paragraph (a)(1)(i) of this section.

(3) For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz
bands: 1 Watt. As an alternative to a peak power measurement, compliance with the one Watt limit can be
based on a measurement of the maximum conducted output power. Maximum Conducted Output Power is
defined as the total transmit power delivered to all antennas and antenna elements averaged across all
symbols in the signaling alphabet when the transmitter is operating at its maximum power control level.
Power must be summed across all antennas and antenna elements. The average must not include any
time intervals during which the transmitter is off or is transmitting at a reduced power level. If multiple
modes of operation are possible (e.g., alternative modulation methods), the maximum conducted output
power is the highest total transmit power occurring in any mode.

(4) The conducted output power limit specified in paragraph (b) of this section is based on the use of
antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section,
if transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from
the intentional radiator shall be reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of
this section, as appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

Further information to test 3m semi-anechoic chamber
Setup' (Shield Room with absorbing materials)

Fast Power sensor
(wideband gated
RF power meter)

Antenna Tower

Metal Plate

< 2
777777777, ;/I/ /////////////I/‘I_I_/-/‘:/g PIIIIIII777.
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
CSSA ETS Lindgren FACT3 87020484 10/2016 10/2017
Fast power sensor R&S NRP-Z81 87020796 03/2017 03/2018
Antenna Horn with ETS Lindgren 3117-PA 87020458 04/2017 04/2020
Preamplifier

Method of measure

9.2.3.2 Method AVGPM-G (Measurement using a gated RF average-reading power meter)

Alternatively, measurements may be performed using a wideband gated RF power meter
provided that the gate parameters are adjusted such that the power is measured only when the
EUT is transmitting at its maximum power control level. Since this measurement is made only
during the ON time of the transmitter, no duty cycle correction is required.

Test result of Average Output Power

wer
Channel gg\t/\?;rt Antenna gg\t/\?elzjrt C()g(t)ﬁ)wl::itu?:?edE)3 Limit Limit
Channel Frequency (Radiated) GAIN (conducted)
(MHz) (dBm) dB (dBm) W) dBm W)
Low Channel 2402 -5.83 +1 -6.83 0.0002074 30 1
Middle Channel 2440 -6.38 +1 -7.38 0.0001828 30 1
High Channel 2480 -6.27 +1 -7.27 0.0001874 30 1

TRF FCC_15.247_000

07/10/2016

Page 40 of 61




A TUVRheinland®

Report No. 28111086 005

Graphical representation of RF Output Power
Operation Mode: #1
Channel: Low
[T Timeslot Window 2 ==
Hint: Markes b d to different Tir lots
2200 dEm iint: Markers can be move ifferent Timeslo
Aav | Diagram... |
Auto
-70.000 dBm
Mominal Width: 10.000 us
M1(#5) ‘ M2(#6) M3(#7) Ma(#8)
Aav -5.85dBm | -5.85 dBm -5.83 dBm -5.85 dBm
Apk -21.23 dBm -21.44 dBm -21.10 dBm -21.85 dBm
Apkiav -15.38 dB -15.58 dB -15.27 dB -16.00 dB

TRF FCC_15.247_000
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Graphical representation of RF Output Power

Operation Mode: #1

Channel: Middle

[I7] Timeslot Window 1 =)=
Hint: Markers can be moved to different Timeslots
30.000 dBm
Aav
Auto
~70.000 dBm
Nominal Width: 10.000 us

M1(#5) ‘ M2(%6) M3(£7) M4(%8)

Aav -6.38 dBm | -6.36 dBm -6.38 dBm -6.36 dBm

Apk -23.09 dBm -22.08 dBm -22.32dBm -22.93 dBm

Apkiav -16.72 dB -15.70 dB -15.95 dB -18.55dB
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Graphical representation of RF Output Power

Operation Mode: #1

Channel: High

[T] Timeslot Window 1 = NoR ===
Hint: Markers can be moved to different Timeslots
30.000 dBm
Aav
Auto
-70.000 dBm
Mominal Width: 10.000 us

M1(#5) ‘ M2(#6) M3(#7) M4(#8)

Aav -6.29 dBm | -6.29 dBm -6.28 dBm -8.27 dBm

Apk -21.59 dBm -21.70 dBm -22.08 dBm -21.72 dBm

Apkiav -15.30 dB -15.414d8 -15.80 4B -15.46 dB
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16. Test Conditions and Results — Radiated Antenna Port Spurious Emission

16 TEST: Radiated Antenna Port Spurious Emission (internal antenna) PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35°C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 21°C
test Relative Humidity (%) 49%

Air pressure (hPa) 1020
— Power Mode Application Point
Fully configured sample tested at Batteries Operated Enclosure
the power line frequency
Equipment mode: Operation mode #1
FCC Standard §15.247

(d) 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 either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies
with the conducted power limits based on the use of RMS averaging over a time interval, as permitted
under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead
of 20 dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).

Test Procedure used as per KDB 558074 section 11.2 12.3

Further information to test setup - VVV VWV VWV f\j\/‘\/\/‘\yv/ VVVVV
e el Abzorber r%‘
= T <]
Z \ N 3m I Coaxaal Cable ;-/_:
=\ - - <
= : f <]
"\> 1.5m 1.5m (>4
== ! } <]
A AANANNANNNDNANNNANN ~
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Test Equipment Used

Description Manufacturer Model Identifier Caligfg fon Calié)l;e;tion
CSSA ETS Lindgren FACT3 87020484 03/2016 3/2018
EMI Test Receiver R&S ESW44 87020967 04/2017 04/2018
Antenna BiConiLog ETS Lindgren 3124E 87020457 04/2017 04/2020
Antenna Horn with ETS Lindgren 3117-PA 87020458 04/2017 04/2020
Preamplifier
2xAntenna Horn with ETS Lindgren 114514 87020459
Preamplifier 120722 87020460 04f2017 04/2020
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Graphical representation of Antenna Port Spurious Emission — Radiated RANGE 1-25GHz

Operation Mode: #1

Channel: Low

Worst case found with Horizontal polarization, 150 cm antenna high, no tilt, 10 deg turn table

RANGE 1-6 GHz

MultiView | { Receiver I Spectrum | -
Ref Level -5.00 dBm ® RBW (6dB) 100 kHz
& Att 20dB  SWT 100 ms @ VBW 300kHz Mode Auto Sweep Frequency 2.5000000 GHz
Input iAC PS On Notch off
1 Frequency Sweep o 1RmM Max
M2[1] -60,95 dBm|
-10 dBm 4.80370 GHz
M1[1] -21.87 dBm|
2.40110 GHz
-20 dBm L
-30 dBm
-40 dBm
50 dBm
-60 dBm e
70 dBm
-50'dBm
-90 dBm
-100 dem
1.0 GHz 1001 pts 500.0 MHz/ 6.0 GHz
B ——
H Measuring... ENNRERRED D6 220%2321013 W RBW
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Frequency: 6GHz — 10GHz

Frequency: 10GHz —

18GHz

Multiview | Receiver (]| spectrum
®

el Lavel -5 00 ® RAW (54E) 100 kHz
t 0 - Ve Kz

-\ Multiview | Receiver

(=) spectrum L_,l

Frequency 8.0000000 GHz

Frequency 14.0000000 GHz

<0

100 din

............... T e i T T
Fundamental Difference K Limi
Frequency Measured Level Peak / measured power peak Limit at result
ower (dBm PK power —20 dB (dBm)
4803,70 -60,95 39,08 compliant
-21,87 -41,87
7204,80 -56,18 34,31 compliant

No evidence of spurious emission in the range 10-25GHz
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Graphical representation of Antenna Port Spurious Emission — Radiated RANGE 1-25GHz

Operation Mode: #1

Channel: Middle

Worst case found with Horizontal polarization, 150 cm antenna high, no tilt, 10 deg turn table

RANGE 1-6 GHz

MultiView | { Receiver I Spectrum | -
Ref Level -5.00 dBm ® RBW (6dB) 100 kHz
& Att 20dB  SWT 100 ms @ VBW 300kHz Mode Auto Sweep Frequency 2.5000000 GHz
Input 1AC PS On Notch off
TOF
1 Frequency Sweep o 1Rm Max
M2[1] -62.90 dBm
-10 dBm 4.87860 GHz
M1[1] -22.87 dBm
2.44110 GHz
-20 dBm it
r
-30 d&m
-401 d&m
50 deém
-50 dBm ot
¥
-700 d&m
<BiT HRm
90 dém
-100 dBm
1.0 GHz 1001 pts 500.0 MHz/ 6.0 GHz
32.02.2018 | Ref Level REW_ |
ﬂ Measuring... ENNRERRED DG TR % —
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Frequency: 6GHz — 10GHz

Frequency: 10GHz — 18GHz

el Level -5 00
| ate

Tngut
Rt

Multiview | Receiver  [=)] Spectrum L:;]
- Ol
SWT &0 ms = )kt
ps  on p

Frequency 8.0000000 GHz

-\ Multiview | Receiver
Rel Lovel =

Frequency 14.0000000 GHz

001 pis

00,0 Mz,

16.0 GHz. 0.0 GHz

1601 pis

H00.0 7,

160617

............... T e e N s
Fundamental Difference K Limi
Frequency Measured Level Peak / measured power peak Limit at result
dB PK power —20 dB (dBm)
4878,60 -62.90 40.03 compliant
-22.87 -42.87
7204,80 -56.18 33.31 compliant

No evidence of spurious emission in the range 10-25GHz
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Graphical representation of Antenna Port Spurious Emission — Radiated RANGE 1-25GHz

Operation Mode: #1

Channel: High

Worst case found with Horizontal polarization, 150 cm antenna high, no tilt, 10 deg turn table

RANGE 1-6 GHz

MultiView | { Receiver | Spectrum | -
Ref Level -5.00 dBm ® RBW (6dB) 100 kHz
® Att 20dB  SWT 100 ms ® VBW 300 kHz  Mode Auto Sweep Frequency 3.5000000 GHz
Input 1AC PS On  Notch off
TOF
1 Frequency Sweep o 1Rm Max
M2[1] -62.54 dBm
-10 dBm 4,95850 GHz|
M1[1] -22.46 dBm
2.48100 GHz
-20 dBm 4
v
-30 dBm
-40 dBm
-50 dBm
-601 dBm £
¥
-70 dBrm
-5 dB
00 dBm
-100 dem
1.0 GHz 1001 pts 500.0 MH%/ 6.0 GHz
— — — —
H Measuring... WNNNNANAD W60 220032225013 Ref Level RBW
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Frequency: 6GHz — 10GHz

Frequency: 10GHz — 18GHz

Rel Level -5 00
| Ate

Multiview | Receiver [ ]] spectrum
SWT 80 ms = -
s

] Multiview | Receiver
=0

(648) 100
%00 |

el Lovel -5
frequency 8.0000000 GHz = Att

=) spectrum
Thaw (e
- 2w

& [+]

Frequency 14.0000000 GHz

IR 001 pis 00,0 Mz, 10.0GHz 10.0 Giz 1001 pis BO0.0 Mz, _ 18.0 GHz
............... e LT T
Fundamental Difference K Limi
Frequency Measured Level Peak / measured power peak Limit at result
ower (dBm PK power —20 dB (dBm)
4958.50 -62.54 40.08 compliant
-22.46 -42.46 :
7440.60 -52.75 30.29 compliant

No evidence of spurious emission in the range 10-25GHz
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Graphical representation of Antenna Port Spurious Emission - Radiated

Operation Mode: #1

Channel: Low

SPURIOUS NEAR RESTRICTED BAND

001
T e =)
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70 dBy
60 dBy

FCC 15209 1-10GHZ AV

50 dep
40 dBy
M1
L4
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Graphical representation of Antenna Port Spurious Emission - Radiated

Operation Mode: #1

Channel: High

SPURIOUS NEAR RESTRICTED BAND

o001

MultiView | Spectrum
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ECTE
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17 TEST: Power Spectral Density PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 24°C
test Relative Humidity (%) 37%

Air pressure (hPa) 1020

— Power Mode Application Point
Fully configured sample tested at Batteries Operated Enclosure
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.247

(e) 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. This power spectral density shall be determined in accordance with the provisions of
paragraph (b) of this section. The same method of determining the conducted output power shall be used
to determine the power spectral density.

Further information to test setup

3m semi-anechoic chamber
(Shield Room with absorbing materials)

EMI Receiver & Controlier

Antenna Tower
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
CSSA ETS Lindgren FACT3 87020484 06/2017 06/2018
EMI Test Receiver R&S ESW44 87020967 06/2017 06/2018
Antenna'l'-lorn with ETS Lindgren 3117-PA 87020458 04/2017 04/2020
Preamplifier
Graphical representation of Power Spectral Density
Operation Mode: #1
Channel: Low
001
Multiview | Spectrum
Ref Level 0.00 dBm ® RBW 3kHz
Att 10dB ® SWT 5005 ® VBW 10kHz Mode Auto Sweep Frequency 2.4020000 GHz
Input 1AC  ps Off  Notch Off

TDF

1 Frequency Sweep

MI[1] ~20.13 dBm)|
2.40211990 GHz

-20 dBm ¥

-30 dBm

-40 dBm

-50 dBm

CF 2,402 GHz 1001 pts 200.0 kHa/ Span 2.0 MHz
= — =
H Measuring... @RRRERRND X 14-111}5325'?;: w

11:35:24 14.11.2017
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Graphical representation of Power Spectral Density

Operation Mode: #1

Channel: Middle

001

MultiView | Spectrum i+ | -

Ref Level 0.00 dBm & RBW 3 kHz
Att 10 dB ® SWT S00s ® VBW 10 kHz Mode Autoc Sweep Frequency 2.4400000 GHz
Input 1AC  PS Off  Notch Off
TOF
1 Frequency Sweep

M1[1] -21.28 dBm
2.44018780 GHz

-10 dBm

-20 dBm -

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2,44 GHz 1001 pts 200.0 kHﬂ Span 2.0 MHz
S— — —

— __
H Measuring... WEMRRRRND 6 14-111}-329':_';; VBW Att

11:39:53 14.11.2017
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Graphical representation of Power Spectral Density

Operation Mode: #1

Channel: High

001

MultiView | Spectrum i+ | -

Ref Level 0.00 dBm & RBW 3 kHz
Att 10 dB ® SWT S00s ® VBW 10 kHz Mode Autoc Sweep Frequency 2.4800500 GHz
Input 1AC  PS Off  Notch Off
TOF
1 Frequency Sweep

M1[1] -21.36 dBm
2.47999210 GHz

-10 dBm

-20 dem ¥

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.48005 GHz 1001 pts 200.0 kHﬂ Span 2.0 MHz
S— —

— __
Measuring... WUARERRND W6 14-111};121':_'; VBW Att

11:41:56 14.11.2017
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Frequency (MHz) Channel PSD (dBm)
2402 Low -20.13
2440 Middle -21.28
2480 High -21.36
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18 TEST: RF Exposure Requirements PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C)
test Relative Humidity (%)

Air pressure (hPa) 1020

— Frequency Application Point
Fully configured sample tested at 3V Internal batteries operated Enclosure
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§ 1.1310 (1) (B)

1.1310, table (1) (b)

Systems operating under the provisions of this section shall be operated in a manner that ensures that
the public is not exposed to radio frequency energy levels in excess of the Commission's guidelines §

EUT classification (fixed, mobile or
portable devices)

Portable according to § 2.1093(b) of this Chapter

According to § 2.1093 of this Chapter, by means of the following

Limit
guidelines: OET Mobile and Portable Devices RF Exposure
Procedures and Equipment Authorization Policies (447498 DO1
General RF Exposure Guidance v06)
SAR Test Exclusion Thresholds for 100 MHz — 6 GHz and < 50 mm
447498 DO1 General RF Exposure Guidance v06 — Appendix A

MHz 5 10 15 20 25 mm

150 39 77 116 155 194

300 27 55 82 110 137

450 22 45 67 89 112

835 16 33 49 66 82

900 16 32 47 63 79 SAR Test

1500 12 24 37 49 61 Exclusion

1900 11 22 33 44 54 Threshold

(mW)

2450 10 19 29 38 48

3600 8 16 24 32 40

5200 7 13 20 26 33

5400 6 13 19 26 32

5800 6 12 19 25 31

The test separation distances= 5 mm is applied to determine SAR test exclusion.
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SAR Test Exclusion Thresholds for 100 MHz — 6 GHz and < 50 mm
447498 D01 General RF Exposure Guidance v06 — Appendix A
Radiated @W)
Channel Frequency Output E.LLR.P. Distance max. power {m | ) _
No. (MHz) Power min. distance (mm) x \ f(GHz'I] LIS
(dBm) (mW) (mm)
<3.0for1g
SAR
Low 2402 -5.83 0.261 5 0.0809 or
<7.5for 10-g
extremity
SAR
Radiated @W)
Channel Frequency Output E.LR.P. Distance Max. power (m | . _
No. (MHz) Power min, distance (mm} ®y ieazy] Limits
(dBm) (mW) (mm)
<3.0 for 1-g
SAR
Middle 2440 -6.38 0.230 5 0.0718 or
<7.5for 10-g
extremity
SAR
Radiated @W)
Channel Frequency Output E.LR.P. Distance max. power {m | ) _
No. (MHz) Power min, distance (mm} ®y ieazy] Limits
(dBm) (mW) (mm)
<3.0 for 1-g
SAR
High 2480 -6.27 0.236 5 0.0743 or
<7.5for 10-g
extremity
SAR
TEST RESULT
This value is less than the low threshold limit. No SAR test is required.
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