FCC 47 CFR PART 15 SUBPART C

BLUETOOTH LOW ENERGY
CERTIFICATION TEST REPORT

FOR
WIRELESS DEVICE
MODEL NUMBER: A1846
FCC ID: BCGA1846
REPORT NUMBER: 16U23820-E1V3
ISSUE DATE: JANUARY 03, 2017

Prepared for

APPLE, INC.

1 INFINITE LOOP
CUPERTINO, CA 95014, U.S.A.
Prepared by
UL VERIFICATION SERVICES INC.
47173 BENICIA STREET
FREMONT, CA 94538, U.S.A.

TEL: (510) 771-1000
FAX: (510) 661-0888

NVIAD

NVLAP LAB CODE 200065-0



REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

Revision History

Issue
Rev. Date Revisions Revised By
V1 12/05/2016 Initial Issue Mengistu Mekuria
V2 1/03/2017 Address TCB’s Question Chin Pang
V3 1/03/2017 Address TCB’s Question Chin Pang

Page 2 of 53

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

FORM NO: CCSUP4701l
TEL: (510) 771-1000 FAX: (510) 661-0888



REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

TABLE OF CONTENTS

1. ATTESTATION OF TEST RESULTS ..o 5
2. TEST METHODOLOGY ... 6
3. FACILITIES AND ACCREDITATION ...ttt 6
4. CALIBRATION AND UNCERTAINTY ..ot 7
4.1. MEASURING INSTRUMENT CALIBRATION .....ccciiiiiiiiiiiiiiiiiiiccciiiin e 7
4.2, SAMPLE CALCULATION ...oiiiiiiiiiiiiiiiiiiiiiiiiiiiirssessiisssssssssssssssssssssssssssssssssssssssssssrssaaaee 7
4.3. MEASUREMENT UNCERTAINTY ..ottt 7
5. EQUIPMENT UNDER TEST ... 8
5.1. DESCRIPTION OF EUT ..ottt 8
5.2.  MAXIMUM OUTPUT POWER.........coooiii, 8
5.3. DESCRIPTION OF AVAILABLE ANTENNAS ..., 8
5.4. SOFTWARE AND FIRMWARE..........cccoiii, 8
5.5. WORST-CASE CONFIGURATION AND MODE.........ccooviviiiiiiiiiiiiii, 8
5.6. DESCRIPTION OF TEST SETUP......ccooiiiiii, 9
6. TEST AND MEASUREMENT EQUIPMENT ..., 14
7. ANTENNA PORT TEST RESULTS ..., 15
7.1. MEASUREMENT METHODS ... 15
7.2. ONTIME, DUTY CYCLE ..., 16
7.3, G AB BANDWIDTH ...ttt e e 17
7.4.  99% BANDWIDTH .....oooiiii 20
7.5. AVERAGE POWER.........coiii 23
7.6. OUTPUT POWER........coo 24
7.7. POWER SPECTRAL DENSITY ..cooiiiiiii 25
7.8. CONDUCTED SPURIOUS EMISSIONS.........oooiiiiiiii 28
8. RADIATED TEST RESULTS ... 32
8.1. LIMITS AND PROCEDURE ..., 32
8.2. TRANSMITTER ABOVE 1 GHZ ......ccoooiiiiiiiiiiiiii 33
8.2.1. RESTRICTED BANDEDGE ..........cuttiiiiiiiiiiiiiiiiiiiiiiiiiise e 33
8.2.2. HARMONICS AND SPURIOUS EMISSIONS ..........ccuiiiiiiiiiiiiiiiiiiiiiiiiiiiieninnennen, 37

8.3. WORST-CASE BELOW 1 GHzZ.....ccoooiiiiiiiii 43
8.4. WORST-CASE 1810 26 GHzZ.......coooiiiiiiiiiiiii 45
9. AC POWER LINE CONDUCTED EMISSIONS ..., 47

Page 3 of 53
UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701l

47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

10. SETUP PHOTOS ...ttt e ettt e e e e e e e e e e e e e e e ennnnn s 50

Page 4 of 53

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701l
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: APPLE, INC.
1 INFINITE LOOP
CUPERTINO, CA 95014, U.S.A.

EUT DESCRIPTION: WIRELESS DEVICE

MODEL.: A1846
SERIAL NUMBER: 3137
DATE TESTED: NOVEMBER 03 - 09, 2016

APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. All indications of Pass/Fail in this report are opinions
expressed by UL Verification Services Inc. based on interpretations and/or observations of test
results. Measurement Uncertainties were not taken into account and are published for
informational purposes only. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL Verification Services Inc. and all revisions are duly
noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. will constitute fraud and shall nullify the document. This report must not be used
by the client to claim product certification, approval, or endorsement by NVLAP, NIST, any
agency of the Federal Government, or any agency of any government.

Approved & Released For

UL Verification Services Inc. By: Prepared By:
U <)
W\&M WA ,/_ {, 7 -
~t ,/:-' - ‘.-.;’__..r':'.'{j_'______.'-""‘ L 3

MENGISTU MEKURIA
SENIOR ENGINEER

UL VERIFICATION SERVICES INC.

HUNG THAI
EMC ENGINEER
UL VERIFICATION SERVICES INC.

Page 5 of 53

UL VERIFICATION SERVICES INC.

47173 BENICIA STREET, FREMONT, CA 94538, USA

FORM NO: CCSUP4701l
TEL: (510) 771-1000 FAX: (510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, KDB 558074 D01 v03r05, ANSI C63.10-2013.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, Fremont, California, USA. Line conducted emissions are measured only at the
47173 address. The following table identifies which facilities were utilized for radiated emission
measurements documented in this report. Specific facilities are also identified in the test results
sections.

47173 Benicia Street 47266 Benicia Street
[ ] Chamber A [ ] Chamber D
[ ] Chamber B [ ] Chamber E
[ ] Chamber C X] Chamber F
[ ] Chamber G
[ ] Chamber H

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.
Chambers A through H are covered under Industry Canada company address code 2324B with
site numbers 2324B -1 through 2324B-8, respectively.

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full
scope of accreditation can be viewed at http://ts.nist.gov/standards/scopes/2000650.htm.

Page 6 of 53

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701l
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.


http://ts.nist.gov/standards/scopes/2000650.htm

REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

4. CALIBRATION AND UNCERTAINTY
4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:
Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Preamp Gain (dB)
36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

4.3. MEASUREMENT UNCERTAINTY
Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Conducted Disturbance, 9KHz to 0.15 MHz 3.84 dB
Conducted Disturbance, 0.15 to 30 MHz 3.65dB
Radiated Disturbance, 9KHz to 30 MHz 3.15dB
Radiated Disturbance, 30 to 1000 MHz 5.36 dB
Radiated Disturbance,1000 to 18000 MHz 4.32 dB
Radiated Disturbance, 18000 to 26000 MHz 4.45 dB
Radiated Disturbance,26000 to 40000 MHz 5.24 dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST
5.1. DESCRIPTION OF EUT

The EUT is wireless device with BLE and NFC capability

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (mW)
(MHZz)

2402 - 2480 BLE 3.21 2.09

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

Frequency Band
(GHz)
2.4 -2.64

Antenna Gain (dBi)

5.4. SOFTWARE AND FIRMWARE

The BLE firmware version 10.31 and testing was performed with Nordic BLE python script.
5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emission below 1GHz, from 18 to 26GHz, and power line conducted emission tests
were performed with the EUT set to transmit at the channel with highest output power as worst-
case scenario.

The fundamental of the EUT was investigated under three orthogonal orientations X (Flatbed), Y
(Landscape), and Z (Portrait). Y orientation was determined to be the worst-case orientation.
Therefore, all final radiated testing was performed with the EUT in Y orientation.

Worst-case data rates as provided by the client were:

BLE: 1 Mbps.
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5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Laptop

Apple

MacBook Pro

73043BDQAGU

N/A

DC power supply

Sorensen

XT 15-4

1319A02779

N/A

I/O CABLES (CONDUCTED TEST)

1 DC 4 pins connector | Un-Shielded 1 N/A
2 Antenna Spectrum Analyzer] Un-Shielded 0.1 N/A
3 usB Laptop Un-Shielded 1 N/A

I/O CABLES (RADIATED BELOW AND ABOVE 1 GHZ

4 pins connector

Un-Shielded

N/A

AC

Un-shielded

N/A

I/O CABLES (AC LINE CONDUCTED: AC/DC ADAPTER)

1 DC 1 DC Un-shielded N/A
2 AC 1 AC Un-shielded N/A
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TEST SETUP- CONDUCTED PORT

SETUP DIAGRAM

2
EUT Spectrum
Analyzer
- 1 +
3
DC Power Laptop
Suplly
2
Main Power Line
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TEST SETUP- RADIATED-ABOVE 1 GHZ

SETUP DIAGRAM

Spectrum
EUT Anslyzer
- 1 +
OC Power
Suplly

2

hgin Power Line
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TEST SETUP- BELOW 1GHz

SETUP DIAGRAM

EUT ] \ i
1 * I 2
i S pectrum
i Analyzer
OC Power i
Suplly i

2

Iviain PowerLine
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AC LINE SETUP DIAGRAM

EUT

DC Power
Suplly

LISN fAC Source EMI Receiver
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6. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this
report:

Test Equipment List

Description Manufacturer Model Asset Cal Due
Antenna, Horn 1-18GHz ETS Lindgren 3117 00143449 4/5/2017
Antenna, Broadband Sunol Sciences JB3 A022813-1 1/29/2017
Hybrid, 30MHz to 2000MHz
AFS42-
Amplifier, 1- 18GHz Miteq 00101800-25- 1782158 1/25/2017
S-42
Amplifier, 10KHz to 1GHz,
Sonoma 310N 185623 6/17/2017
32dB
Spectrum Analyzer, PXA, .
Keysight N9030A MY51380907 | 9/22/2017
3Hz to 44GHz
Power Meter, P-series .
. Keysight N1911A MY53060010 | 3/17/2017
single channel
Power Sensor, P - series, .
. Keysight N1921A MY53260010 | 6/20/2017
50MHz to 18GHz, Wideband
Antenna, Horn 18 to
ARA MWH-1826 1049 6/6/2017
26.5GHz
Amplifier, 1to 26.5GHz, .
. e Keysight 8449B 3008A04710 7/5/2017
23.5dB Gain minimum
AC Line Conducted
EMI Test Receiver 9Khz-7GHzRohde & Schwarj ESCI7 100935 9/13/2017
LISN for Conducted Fischer 50/250-25-2 161124 6/8/2017
Emissions CISPR-16
**power Cable, Line
O UL PG1 N/A 9/1/2017
Conducted Emissions
UL SOFTWARE
* Radiated Software UL UL EMC Ver 9.5, July 22, 2014
* Conducted Software UL UL EMC Ver 2.2, March 31, 2015
* AC Line Conducted Software UL UL EMC Ver 9.5, April 3, 2015

Note: * indicates automation software version used in the compliance certification testing
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7. ANTENNA PORT TEST RESULTS

7.1. MEASUREMENT METHODS
6 dB BW: KDB 558074 D01 v03r05, Section 8.1.
Output Power: KDB 558074 D01 v03r05, Section 9.1.2.

Power Spectral Density; KDB 558074 D01 v03r05, Section 10.2.

Out-of-band emissions in non-restricted bands: KDB 558074 D01 v03r05, Section 11.0.

Qut-of-band emissions in restricted bands: KDB 558074 D01 v03r05, Section 12.1.

Band-edge: KDB 558074 D01 v03r05, Section 12.1.
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7.2. ON TIME, DUTY CYCLE

LIMITS

None; for reporting purposes only.

PROCEDURE

KDB 558074 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

Mode ONTime | Period |DutyCycle| Duty Duty Cycle 1/8
Cycle |[Correction Factor |Minimum VBW
(msec) (msec) (linear) (%) (dB) (kHz)
BLE 0.392 0.626 0.626 62.62% 2.03 2.551

DUTY CYCLE PLOTS

DUTY CYCLE BLE MODE

ALIGN AUTO 06:15:34 PMMNov 04, 2016
#Avg Type: RMS TRACE[T> 345 6 Frequency
T

PNO: Fast —»— 1rig:Free Run

IFGain:Low Atten: 10 dB vt [P

Auto Tune|

10 dBidiv__ Ref 0.00 dBm
Log

-10.0 Center Freq
200 2.440000000 GHz

-300

400

StartFreq|
0.0 2.440000000 GHz|
60.0

-na
Stop Freq|

2.440000000 GHz|

-80.0

800

Center 2.440000000 GHz Span 0 Hz CF Step
Res BW 8 MHz #VBW 50 MHz 8.000000 MHz]

[MKR[MODE[ TR Sl = | Auto Man
t (@ 3920 us (4)

8040 us =251
6260 Ls (A X Freq Offset|

8040 us -25.06 dBm 0 Hz|
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7.3. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS
Channel Frequency | 6 dB Bandwidth | Minimum Limit
(MHZz) (MH2) (MH2z)
Low 2402 0.688 0.5
Middle 2440 0.686 0.5
High 2480 0.686 0.5
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6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F
500 ALIGN AUTO 11:21:17 PMNov 04, 2016

L RF DC |
[Center Freq 2.402000000 GHz Tria Frea R #AAV?HT\:seﬂ:(ms TeAcE 22758 Frequency
PNO: Wide —#— rig:Free Run wvyg|Hold:

IFGain:Llu:: #Atten: 30 dB DET|P M

AMKr1 688 kHz Auto Tune
Ref Offset10.8 dB
‘IL%gBldiv R:f zg.eou dBm -0.035 dB|

Center Freq|
2.402000000 GHz|

StartFreq|
2.401000000 GHz

StopFreq|
2.403000000 GHz

CF Step
200.000 kHz
Auto Man

Freq Offset
0 Hz|

Center 2.402000 GHz Span 2.000 MHz
|#Res BW 100 kHz #/BW 300 kHz Sweep 1.000 ms (1001 pts)

IM 56 STATUS|

6 dB BANDWIDTH MID CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F
ALIGNAUTO 11:05:27 PMMav 04, 2016

L RE 0@ DC :
[Center Freq 2.440000000 GHz #Avg Type: RMS RACE[ TS0 56 Frequency
PNO: Wide ~—»— Trig:Free Run Avg|Hold: 20/20 T |
IFGain:Low #Atten: 30 dB DETIP N NN

AMEKr1 686 kHZ Auto Tune|
Ref Offset 10.9 dB
Eggsldiv Reef 2(?.600 dBm 0.041 uBl

Center Freq
2.440000000 GHz

StartFreq|
2.439000000 GHz

Stop Freq|
2.441000000 GHz|

CF Step|
200.000 kHz|
Auto Man|

Freq Offset|
0 Hz|

Center 2.440000 GHz Span 2.000 MHz
Res BW 100 kHz #/BW 300 kHz Sweep 1.000 ms (1001 pts)

IM SG STATUS
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6 dB BANDWIDTH HIGH CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

ALIGN AUTO 11:16:33 PMNov 04, 2016

L RF .
[Center Freq 2.480000000 GHz Tria: Free R zAvlgHT\llseﬂ:(ms TRTACE‘ EEED) Frequency
PNO: Wide —— Trig:FreeRun wvg|Hold: M
IFGain:Llu:: #Atten: 30 dB DET‘F’ MEMNMN

AMKr1 686 kHz Auto Tune
Ref Offset10.8 dB
‘IL%gBldiv R:f zg.eou dBm -0.057 dB|

Center Freq|
2.480000000 GHz|

StartFreq|
2.479000000 GHz

StopFreq|
2.481000000 GHz

CF Step
200.000 kHz
Auto Man

Freq Offset
0 Hz|

Center 2.480000 GHz Span 2.000 MHz
|#Res BW 100 kHz #/BW 300 kHz Sweep 1.000 ms (1001 pts)

IM 56 STATUS|
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7.4.

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

99% BANDWIDTH

The transmitter output is connected to the spectrum analyzer. The RBW is set to 1% to 3% of
the 99 % bandwidth and to 1% of the span. The VBW is set to 3 times the RBW. The sweep
time is coupled. The spectrum analyzer internal 99% bandwidth function is utilized.

RESULTS
Channel Frequency 99% Bandwidth
(MH2z) (MH2z)
Low 2402 1.0458
Middle 2440 1.0489
High 2480 1.0468
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99% BANDWIDTH

99% BANDWIDTH LOW CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

RF SEMNSE:IMNT]|

ALIGN AUTO 11:10:42 PMNov 04, 2016

d L
ICenter Freq 2.402000000 GHz

‘ HIFGainiLow

—— Trig:FreeRun
#Atten: 20 dB

Center Freci: 2.402000000 GHz
Avg|Hold: 20/20

Radio Std: None

Radic Device: BTS

Ref Offset 10.9 dB

10 dB/div Ref 20.00 dBm

Frequency

Log
100

000
-10.0

Center Freq|
2.402000000 GHz|

-20.0

-30.0

-40.0

-60.0

-60.0

-70.0

Center 2.402 GHz

#Res BW 18 kHz #VBW $51KkHz

Span 2 MHz
#Sweep 100 ms

Occupied Bandwidth Total Power

1.0458 MHz
37.416 kHz
1.311 MHz

OBW Power
x dB

Transmit Freq Error
x dB Bandwidth

1.11 dBm

99.00 %
-26.00 dB

CF Step
200.000 kHz

Auto Man

Freq Offset
0 Hz|

99% BANDWIDTH MID CH

Agilent Spectrum Analyzer - APy5.2(090116),44366, Chamber F
1 F S0@  DC

ALIGN AUTO 11:05:57 PM oy 04, 2016

1 L R
ICenter Freq 2.440000000 GHz

‘ —»— Trig:Free Run

#IFGain:Low

‘ Center Freq: 2.440000000 GHz
Avg|Held: 20/20
#Atten: 20 dB

Radio 5td: None

Radio Device: BTS

Ref Offset 10.9 dB

10 dBidiv Ref 20.00 dBm

Frequency

Log
10.0

000

-10.0

CenterFreq|
2.440000000 GHz|

-200

300
-40.0

500

-G0.0

-70.0

Center 2.44 GHz
#Res BW 18 kHz

#VBW 351 kHz

Span 2 MHz
#Sweep 100 ms

Occupied Bandwidth

1.0489 MHz
37.096 kHz
1.279 MHz

Transmit Freq Error
x dB Bandwidth

Total Power

OBW Power
x dB

1.07 dBm

99.00 %
-26.00 dB

CF Step
200.000 kHz

Auto Man

Freq Offset
0 Hz|
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

99% BANDWIDTH HIGH CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

L RF S0Q  DC SENSEINT] ALGNAUTO  [1L17:02PMNovD4,2016 [ _ |
Center Freq 2.480000000 GHz | Center Freq: 2.480000000 GHz Radio Std: None Frequency
—— Trig:Free Run Avg|Hold: 20/20
#IFGain:Low #Atten: 20 dB Radio Device:BTS

Ref Offset 10.9 dB
1LO dBidiv Ref 20.00 dBm

og
100

Center Freq
2.480000000 GHz

Center 2.48 GHz Span 2 MHz

CF Step
#Res BW 18 kHz #VBW 51 kHz #Sweep 100 ms 200.000 kHz

Auto Man
Occupied Bandwidth Total Power 0.92 dBm

1.0468 MHz Freq Offset|

Transmit Freq Error 38.565 kHz OBW Power 99.00 % OHz
x dB Bandwidth 1.302 MHz x dB -26.00 dB
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REPORT NO: 16U23820-E1V3

FCC ID: BCGA1846

DATE: JANUARY 03, 2017

7.5. AVERAGE POWER

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a wideband gated power meter.

RESULTS

The cable assembly insertion loss of 11 dB (including 10 dB pad and 1 dB cable) was entered
as an offset in the power meter to allow for direct reading of power.

| 1D | 44366 | Date: | 114116 |
Channel Frequency AV power
(MH2z) (dBm)

Low 2402 3.07
Middle 2440 3.01
High 2480 2.90
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

7.6.

LIMITS

OUTPUT POWER

FCC §15.247 (b)

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

The transmitter output is connected to a wideband power meter.

RESULTS
| ID: | 44366 | Date: | 11/4/116 |
Channel Frequency Peak Power Limit Margin
Reading
(MHz) (dBm) (dBm) (dB)
Low 2402 3.21 30 -26.790
Middle 2440 3.15 30 -26.850
High 2480 3.05 30 -26.950
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

LIMITS

POWER SPECTRAL DENSITY

FCC §15.247 (e)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS
Channel | Frequency PSD Limit Margin
(MH2z) (dBm) (dBm) (dB)
Low 2402 -12.171 8 -20.17
Middle 2440 -12.244 8 -20.24
High 2480 -12.421 8 -20.42
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

POWER SPECTRAL DENSITY

PSD LOW CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

ALIGN AUTO 11:11:26 PMNov 04, 2016

L
[Center Freq 2.402000000 GHz

#Avg Type: RMS TRACE[ 35 6 Frequency
W Trig: Free Run Avg|Hold: 1001100 T
Trloimtoe ™ unttan: 30 dB DET|P KT
Ref Offsst10.9 dB Wkr1 2.402 004 GHz Auto Tune
19 deidiv Ref 20.00 dBm -12.171 dBm|
Center Freq|
100 o 2.402000000 GHz
0.00
StartFreq
100 ’ 2.401000000 GHZ]
e StopFreq
2.403000000 GHz
-30.0
-40.0 CF Step
200.000 kHz
Auto Man
-50.0
B00 Freq Offset
0 Hz|
-70.0
Center 2.402000 GHz Span 2.000 MHz
|#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 212.3 ms (1001 pts)

IMSG

STATUS |

PSD MID CH

Agilent Spectrum Analyzer - APy5.2(090116),44366, Chamber F

F

ALIGN AUTO 11:06:45 PM Moy D4, 2016

L R
[Center Freq

IFGain:Low

2.440000000 GHz

PNO: Wide ~—»— Trig: Free Run
#Atten: 30 dB

#Avg Type: RMS TRACE[1 23456

Frequency

Avg|Held: 100100 T
LerfP NN RN

Ref Offset 10.9 dB

10 dBidiv. Ref 20.00 dBm
Log

Mkr1 2.440 006 GHzZ|
-12.244 dBm

Auto Tune|

10.0

CenterFreq|
2.440000000 GHz|

StartFreq
2.439000000 GHz|

Stop Freq,
2.441000000 GHz

Auto

CF Step
200.000 kHz
Man

Freq Offset
0 Hz|

Center 2.440000 GHz
Res BW 3.0 kHz

#VBW 9.1 kHz

Span 2.000 MHz

Sweep 212.3 ms (1001 pts)

IMSG

STATUS
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

PSD HIGH CH

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

ALIGN AUTO 11:17:45 PMNov 04, 2016

L RF .
[Center Freq 2.480000000 GHz g Free zAvlgHT\Ijse‘:‘ RS G5 S e Frequency
PNO: Wide —»— 1rig:Free Run wvg|Hold: M
IFGain:Llu:: #Atten: 30 dB DET‘F’ MEMNMN

Mkr1 2.480 006 GHz Auto Tune,
Ref Offset 10.9 dB
‘IL%gBldiv R:f ZS.eDD dBm 12.421 dBm

Center Freq|
2.480000000 GHz|

StartFreq|
2.479000000 GHz

StopFreq|
2.481000000 GHz

CF Step
200.000 kHz
Auto Man

Freq Offset
0 Hz|

Center 2.480000 GHz Span 2.000 MHz
|#Res BW 3.0 kHz #/BW 9.1 kHz Sweep 212.3 ms (1001 pts)

IM 56 STATUS|
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

7.8. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

RESULTS
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

SPURIOUS EMISSIONS, LOW CHANNEL

LOW CH BANDEDGE

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F
S09  DC

ALIGN AUTO

11:12:41 PMNov 04, 2016

L AF
Eenter Freq 2.400000000 GHz l
PNO: Wide ~—»— 1rig:Free Run

#Atten: 30 dB

IFGain:Low

#Avy Type: RMS

TRACE‘ 3456

Frequency

T
i

Ref Offset 10.9 dB

10 dB/div._ Ref 20.00 dBm
Log

Mkr1 2.402 02 GHz

3.089 dBm

Auto Tune|

100

0.00

-0a

-16.81 dEm|

-200

-300

-400

-50.0

-B0.0

700

CenterFreq|
2.400000000 GHz

StartFreq
2:395000000 GHz

Stop Freq
2.405000000 GHz

Center 2.400000 GHz

Res BW 100 kHz #VBW 300 kHz

Sweep 5.000 ms (1001 pts)

Span 10.00 MHz

240202 GHz
2.400 00 GHz
239982 GHz

3.089 dBm
-48.409 dBm
45825 dBm

r-4r-4

WX~ G EGN

[ FUNCTIOM [ FUNC

CF Step
1.000000 MHz|

[Auto Man

Freq Offset,
0 Hz|

LOW CH SPURIOUS

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F
L RF S0

SEMSEINT]

ALIGMAUTO

11:13:49 PMMoy 04, 20165

- - |

PNO: Fast —— 1ig: Free Run

IFGain:Low #iAtten: 20 dB

#Avg Type: RMS

TRACE[T 515 6

Frequency

T
cerfe 1R

Ref Offset 10.9 dB
Ref 20.00 dBm

Mkr1 2.402 0 GHz
0.59d

Bm

Auto Tune|

10 dBidiv
Log T
10.0 1

000

-100

1691 dBm|

200

-300

-40.0

-500

600
Bl

CenterFreq|
13.015000000 GHz

StartFreq
30.000000 MHZ|

Stop Freq|
26.000000000 GHz|

Start 30 MHz

Res BW 100 kHz #VBW 300 kHz

Sweep 2.483 s (40001 pts;

Stop 26.00 GHz

N 2.4020 GHz
48040 GHz
7.206 0 GHz
9.608 0 GHz

0.59 dBm
£8.94 dBm
£2.48 dBm
£1.88 dBm

FUNCTION FUNCTION /IDTH

FUNCTION VaLUE

CF Step|
2597000000 GHz
Auto Man

Freq Offset|
0 Hz|

Page 29 of 53

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

TEL: (510) 771-1000

FORM NO: CCSUP4701lI
FAX: (510) 661-0888



REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846
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SPURIOUS EMISSIONS, MID CHANNEL

MID CH REFERENCE

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

RF

ALIGMAUTO 11:07:33 PMMov 04, 2016

L
[Center Freq 2.440000000 GHz

PNO: Wide —— 1Hg: Free Run
IFGain:Low

#Atten: 30 dB

#Avg Type: RMS TRACE‘ 3456

TracelDetector

p
e

Ref Offset 10.9 dB

10dBidiv. Ref 20.00 dBm
Log

Mkr1 2.440 03 GHzZ
3.06 dBm

Select Tra(:eb
1

100

Clear Write

Trace Average

-16.85 diin)

Max Hold

Min Hold|

s

Center 2.440000 GHz
|#Res BW 100 kHz

#VBW 300 kHz

Span 10.00 MHz

View Blank R
View

Sweep 5.000 ms (1001 pts)

IMSG

STATUS |

MID CH SPURIOUS

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

L RF S0G  DC

SEMSE!INT]

ALIGNAUTO 11:08:37 PM Moy 04, 2015

-

PNO:

IFGain:Low

Fast —»— 1rig:Free Run
#Atten: 20 dB

#Avg Type: RMS TRACEl 3456

Frequency

TV
DETlPNNNNN

Ref Offset 10.9 dB

Mkr1 2.440 0 GHz
2.53 dBm

Auto Tune

10 dBidiv__ Ref 20.00 dBm
Log T

100

000

-o0o

-16.95 oBm|

=200

-300

-400

500

600
-700

Center Freq
13.015000000 GHz

StartFreq
30.000000 MHz

Stop Freq
26.000000000 GHz|

Start 30 MHz
Res BW 100 kHz

#VBW 300 kHz

Stop 26.00 GHz

CF Step

Sweep 2.483 s (40001 pts

[welvobe s~ — — T~

N 24400 GHz
4.880 0 GHz
7.3200 GHz
9.760 0 GHz

253 dBm
£9.70 dBm
£2.09 dBm
-£0.40 dBm

FUNCTION

FUNCTION WALUE

2597000000 GHz
Auto Man

Freq Offset,
0 Hz|
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REPORT NO: 16U23820-E1V3
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DATE: JANUARY 03, 2017

SPURIOUS EMISSIONS, HIGH CHANNEL

HIGH CH BANDEDGE

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F
RF

ALIGMAUTO 11:18:42 PMMov 04, 2016

0 L
[Center Freq 2.483500000 GHz .
PNO: Wide —— 1tig: Free Run
#Atten: 30 dB

IFGain:Low

#Avg Type: RMS TRACE‘ 3456
T

Frequency

DET‘

Ref Offset 10.9 dB

10 dBidiv._ Ref 20.00 dBm
Log

Auto Tune|

100 >

0.00

R}

200

-30.0

-0

500

Raulli]

-0an

CenterFreq
2.483500000 GHz

StartFreq
2.478500000 GHz

Stop Freq|
2488500000 GHz

Center 2.483500 GHz

#Res BW 100 kHz #VBW 300 kHz

248002 GHz
248388 GHz
248360 GHz

291 dBm
-46.67 dBm
51.75 dBm

SOV NAGE WS
ZZZ

Ao

=
@
o]

L L v FUNCTION

Span 10.00 MHz
Sweep 5.000 ms (1001 pts)

FLINC

CF Step
1.000000 MHz

[Auto Man

Freq Offset
0Hz

HIGH CH SPURIOUS

Agilent Spectrum Analyzer - APv5.2(090116),44366, Chamber F

ALIGNAUTO 11;20:07 PMMav 04, 2015

‘ Trig: Free Run
#Atten: 20 dB

PNO: Fast —»—
IFGain:Low

#Avg Type: RMS

Frequency

Ref Offset 10.9 dB
Ref 20.00 dBm

Auto Tune

10 dBidiv
Log T
10.0

000

-o0o

=200

-300

-400
500

600
00l |

Center Freq
13.015000000 GHz|

StartFreq|
30.000000 MHz

Stop Freq|
26.000000000 GHz|

Start 30 MHz

#Res BW 100 kHz #VBW 300 kHz
L]
0.74 dBm
£50.33 dBm
5591 dBm
5252 dBm

24800 GHz
4.960 0 GHz
7.440 0 GHz
9.920 0 GHz

Stop 26.00 GHz
Sweep 2.483 s (40001 pts)

FUNCTION FLINC

CF Step|
2597000000 GHz|
Auto Man

Freq Offset|
0 Hz|
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REPORT NO: 16U23820-E1V3

FCC ID: BCGA1846

DATE: JANUARY 03, 2017

8. RADIATED TEST RESULTS

8.1. LIMITS AND PROCEDURE

LIMITS

FCC 8§15.205 and §15.209

Frequency Range Field Strength Limit Measuréege(izisd)lstance
(MH2z) (microvolts/meter)

0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 30
30-88 100** 3
88-216 150** 3
216-960 200** 3
Above 960 500 3

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for measurement
below 1GHz; 1.5 m above the ground plane for measurement above 1GHz. The antenna to EUT
distance is 3 meters. The EUT is configured in accordance with ANSI C63.10. The EUT is set to
transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used
unless otherwise noted as quasi-peak.

For pre-scans above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set
to 30 KHz for peak measurements.

For final measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video
bandwidth is set to 3 MHz for peak measurements and as applicable for average
measurements.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in the 2.4 GHz band.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The
EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned
from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.
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REPORT NO: 16U23820-E1V3
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DATE: JANUARY 03, 2017

8.2.

8.2.1. RESTRICTED BANDEDGE

LOW CHANNEL RESTRICTED, HORIZONTAL

TRANSMITTER ABOVE 1 GHz

UL Fremont - Chamber F

Restricted Bondedge

Project Number: 1623820
ConfigiEUT + Power Supply
Mode:BLE 24B2MHz

Tested by:44366

4 Nov 2B16

£
~
>
3
foa)
°

imit (dBuU

Average

Y TN

s sk oadth

m Mlaibrtibsbobiio
i W

TR PREMR oY) Y
R T iy

"
eIy

\' i bl

4
MBI i e

PRI s Ay ——

(i

L YRR

.31

12MHz/

Frequency (GHz)

RELI/UBW
HC-3d8)/3M

Range (GHz) Ref/Atin Det/fvg T
43

1:2.31

vy Tope Susep s #5ups/lde P
1az/1e PERK/Pur Rvg(RMS)  Imsec(hute) 8881  MAXH

osition
235 degs H

Ronge (6Hz)
2:2.31-2.43

RBH/UBH
HC-3d83 /3

Ref/fttn Det/Avg Tupe
187/ AVER/Fir Pug

-
(RMS)  ImsecChuto) 8001

Pts ¥owps/liode Pasition
BTAUS 235 deg

Low Channel Baondedge Method AD - H.TST 38915 12 Sep 2816

Rev 9.5 26 fpr 2016

DATA
Mar Frequency Meter Det AF T344 Amp/Cbl/Fltr/ DC Corr Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polar
ker (GHz2) Reading (dB/m) Pad (dB) (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm) ity
(dBuv) (dBuV/m)

1 *2.39 39.66 Pk 321 -20.9 0 50.86 - - 74 -23.14 235 369 H
2 *2.313 41.73 Pk 31.7 -20.9 0 52.53 - - 74 -21.47 235 369 H
3 *2.39 29.66 RMS 32.1 -20.9 2.03 42.89 54 -11.11 - - 235 369 H
4 *2.389 31 RMS 32.1 -20.9 2.03 44.23 54 -9.77 - - 235 369 H

* - indicates frequency in CFR47 Pt 15 / Restricted Band

Pk - Peak detector
RMS - RMS detection
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REPORT NO: 16U23820-E1V3
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DATE: JANUARY 03, 2017

LOW CHANNEL RESTRICTED, VERTICAL

1

1

1

£
~
>
>
@
-

2

_UL Fremont - Chomber F

4 Nov 2816

21:12:48

15

25

g5,

Restricted Bondedge

Project Number: 1623820
ConfigiEUT + Pouer Supply

Mode:BLE 2482MHz
Tested by:44366

85)

75

Peak Limj

t (dBulU/m)

65

55

Average Limit (dBuUY

a5

35

12MH=z/

Frequency (GHz)

Range (6Hz)

REUABU  Ref/Atin Det/Avg Tupe

ucep Pts 4Sups/lode Position

Range (GHz) RBLI/UB Ref/Bttn

Det/fvg Tupe

Sweep Pte #Sups/Mode FPosition

Low Channel Bondedge Method AD - U.TST 38915 12 Sep 2816

Rev 9.5 26 Apr 2816

DATA
Mar Frequency Meter Det AFT344 Amp/Cbl/Fitr/ DC Corr Corrected Average Limit Margin Peak Limit PK Azimuth Height Polar
ker (GHz) Reading (dB/m) Pad (dB) (dB) Reading (dBuv/m) (dB) (dBuV/m) Margin (Degs) (cm) ity
(dBuv) (dBuv/m) (dB)

1 *2.39 43.31 Pk 321 -20.9 0 54.51 - - 74 -19.49 252 131 Vv
2 *2.39 42.98 Pk 321 -20.9 0 54.18 - - 74 -19.82 252 131 Vv
3 *2.39 30.01 RMS 32.1 -20.9 2.03 43.24 54 -10.76 - - 252 131 \Y
4 *2.387 31.04 RMS 32.1 -20.9 2.03 44.27 54 -9.73 - - 252 131 Vv

* - indicates frequency in CFR47 Pt 15 Restricted Band
Pk - Peak detector
RMS - RMS detection
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HIGH CHANNEL RESTRICTED, HORIZONTAL

5
~
>

3
©
T

12

UL Fremont - Chamber F

4 Nov 2816 21:33:508

Restricted

Project Number

Bandedge
. 16U23820

Config:EUT + Pouer Supply
Mode:BLE 2488MH
Tested by:44366

z

it (dBulU/m)

Wil

bbbk
Ll

Average

Eimit (dBuUym

Bl b ikt o i
f , i

Aol bl K
hi P

bbbt il
il g

A Y

T oohh

o

Tl

At

P

i Wi

v

13.3MH=z/

Freguency (GHz)

Range (GHz)
1:2.43°2.563

REU/VBW
1H(-3d8)/ 3

Ref/fttn
187/18

Det/A:
PERK/F

vy Type Sueep Pts  5ups/fode P
Pur Avg(RNS)  Tnsec(Auto)  BABT  MAXH 4

8 degs H 2

Range (GHz) RBU/UBl Ref/Attn Det/Avg Type
2.432.563 HC-3482/3H AUVER/Pur vg(R

187/18

1S

Sueep Pts
Tnsecthuto) 860

¥Supa/ode  Fasition
1BITAUG 48 dega H

High Chonnel Bandedge Method AD -

H.TST 38915 12 Sep 2616

Rev 9.5 26 Apr 2816

DATA
Mar Frequency Meter Det AF T344 Amp/Cbl/Fltr/ DC Corr Corrected Average Limit Margin Peak Limit PK Margin Azim Height Polar
ker (GHz) Reading (dB/m) Pad (dB) (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) uth (cm) ity

(dBuv) (dBuV/m) (Degs
)

1 *2.484 40.66 Pk 323 -21 0 51.96 - - 74 -22.04 48 329 H
2 *2.484 43.61 Pk 32.3 -21 0 54.91 - - 74 -19.09 48 329 H
3 *2.484 30.6 RMS 32.3 -21 2.03 43.93 54 -10.07 - - 48 329 H
4 *2.484 313 RMS 323 -20.9 2.03 44.73 54 -9.27 - - 48 329 H

* - indicates frequency in CFR47 Pt 15 Restricted Band

Pk - Peak detector

RMS - RMS detection
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HIGH CHANNEL RESTRICTED, VERTICAL

£
N
>
3
D
-

12

~UL Fremont - Chamber F

4 Nov 2816 21:27:58

Restricted Bandedge

Project Number: 1623820
Config:EUT + Power Supply
Mode:BLE 2488MHz

Tested by:44366

t  (dBulU/m)

imit (dBuUAm)

T3 3iH=/
Frequency (GHz)

2.563

Rorge (GHz)

REU/UBY

Ref/Atin  Det/Avg Type

Pt #Sups/fode  Position

Ronge (6Hz) RU/VBY  Ref/Attn Det/fvg Type

s Fups/Mode Pasition

High Channel Bendedge Method AD - U.TST 38915 12 Sep 2816

Rev 9.5 26 Apr 2816

DATA
Mar Frequency Meter Det AF T344 Amp/Cbl/Fltr/ DC Corr Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polar
ker (GHz) Reading (dB/m) Pad (dB) (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm) ity
(dBuv) (dBuV/m)

1 *2.484 50.08 Pk 323 -21 0 61.38 - - 74 -12.62 298 280 Vv
2 *2.484 50.66 Pk 323 -21 0 61.96 - - 74 -12.04 298 280 Vv
3 *2.484 30 RMS 323 -21 2.03 43.33 54 -10.67 - - 298 280 Vv
4 *2.485 32.6 RMS 323 -20.9 2.03 46.03 54 -7.97 - - 298 280 Vv

* - indicates frequency in CFR47 Pt 15 Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

8.2.2. HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

UL Fremont - Chamber F 4 Nov 2816 16:31:38

11

Radioted Emissions 3-Meters

Project Number: 16023828
185 Config:EUT + Power Supply
Mode :BLE 2402MHz

Tested by:44366

g5

85

Peak Limit CdBulU/m
75

65

CdBulU/m)

Avg Limit (dBUV/m)
5!—_\

45

35

18
Frequency (GHz>

Rorge (Gfiz) REWVBN  Ref/Atin  Dei/fvg Tupe Susep Pls Houps/lode Position Range (GHz)
1:4-3 NC-3d0) /3 1BT/1B PERK/Pur Aug(RHS) 5 -36 3318

REUABH  Raf/Aten Dst/Avg Tupe Sueep Pt Fups/Mods Pasition
1M (-3d ) S2nsec(Auto) 6881 MAXH -368degs H ~3dB)/38k 87/8 PEAK/Pur Rvg(RMS)  392msec(Auto) 18k MAXH B-368¢

M3 deg |

FCC Part15 Subport C 2.46Hz RSE Avg Fix.TST 36554 28 Jun 2816 Rev 9.5 26 fpr 2816

LOW CHANNEL VERTICAL

H:UL Fremont — Chomber F 4 Nov 2816 16:31:

Radioted Emissions 3-Meters

Project Number: 16U23828
Config:EUT + Power Supply
Mode :BLE 2402MHz
Tested by:44366

185

g5

85

5 Peok Limit CdBuU/m

65

C(dBulU/m)

Avg Limit (dBul/m)
5!:

45

35

18
Frequency (GHz)

Range (6H2) REUBU  Ref/Atin Dei/fvg Tupe Sveep Pts  Foups/fode Position Range (62 REUABH  Ref/Attn  Dst/Avg Tupe Sueep Pts  Fups/Mods  Pasition

FCC Part15 Subport C 2.46Hz RSE Avg Fix.TST 36554 28 Jun 2816 Rev 9.5 26 Apr 2816
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DATA
Marker Frequency Meter Det AF T344 Amp/Cbl/F DC Corr Correct Avg Limit Margin Peak Limit PK Azimut Heigh Polarit
(GHz) Reading (dB/m) Itr/Pad (dB) ed (dBuV/m) (dB) (dBuV/m) Margin h t y
(dBuv) (dB) Reading (dB) (Degs) (cm)
(dBuv/
m)

1 *2.204 41.69 PK2 31.9 -21.1 0 52.49 - - 74 -21.51 313 106 H
*2.203 30.45 MAv1 31.9 -21 2.03 43.38 54 -10.62 - - 313 106 H

2 3.394 39.69 PK2 32.9 -29.5 0 43.09 - - - - 344 148 H
3 *3.512 40.04 PK2 32.9 -28.3 0 44.64 - - 74 -29.36 0 301 H
*3.511 28 MAv1 32.9 -28.3 2.03 34.63 54 -19.37 - - 0 301 H

4 *4.83 37.25 PK2 34 -27.1 0 44.15 - - 74 -29.85 28 209 Vv
*4.831 26.08 MAv1 34 -27.1 2.03 35.01 54 -18.99 - - 28 209 Vv

5 7.205 39.82 PK2 35.6 -26.4 0 49.02 - - - - 259 195 Vv
*9.313 34.11 PK2 36.3 -22.4 0 48.01 - - 74 -25.99 108 152 "

*9.318 23.27 MAv1 36.3 -22.4 2.03 39.2 54 -14.8 - - 108 152 "

* - indicates frequency in CFR47 Pt 15 Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAV1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

MID CHANNEL HORIZONTAL

| 15UL Fremont = Chamber F

4 Nov 2816 17:27:

185

g5

Rodioted Emissions 3-Meters

Project Number:16U23828
Config:EUT + Power Supply
Mode :BLE 244@MHz
Tested by:44366

Peak Limit C(dBuU/m

C(dBulU/m2

Avg Limit (dBUU/m)

muw“mmwwwﬁﬁwmwM»M“““““

Frequency (GHz)

18

18

Range (GHz) RBU/VBY Ref/Atin  Det/fvg Type
f:4-3 1H(=3d8)/ 301 187/18 P

)
PERK/Pur Avg(RMS)  S2nsec(futo) 6881  MAX

Pts  4#Sups/Mode Position Range (6Hz)
H B-36ldegs H | 3:3-18

RBU/VBU Ref/fttn  Det/fvg Type
1M(=3d6)/30) 87/8 PEAK/P

Suesp
AK/Pur Avg(RMS)  392msec(huto) 18k

Pts  Fups/Mods Pasition
X B-368degs H

FCC Parti5 Subpart C 2.4GHz RSE Avg Fix.TST 38554 28 Jun 2816

Rev 9.5 26 fpr 2816

MID CHANNEL VERTICAL

{1 5UL Fremont - Chamber F

4 Nov 2816 17:27:37

185

g5

Radicted Emissions 3-Meters

Project Number: 1623828
Config:EUT + Power Supply
Mode :BLE 244@MHz

Tested by:44366

Peak Limit (dBul/m

C(dBulU/m2

Avg Limit C(dBul/m)

Frequency (GHz)

19

Range (6H2) REUVBU  Ref/Atin Det/fvg Tupe Sveep

Pts Foups/fode Position Range (6H2)

RBU/VBY Ref/Attn  Det/fvg Type Sweep

Pte  Fups/Mods  Pasition

FCC Parti5 Subpert C 2.4GHz RSE Avg Fix.TST 38554 28 Jun 2816

Rev 9.5 26 Apr 2816
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DATA
Marker Frequency Meter Det AFT344 Amp/Cbl/F DC Corr Correct Avg Limit Margin Peak Limit PK Azimut Heigh Polarit
(GHz) Reading (dB/m) Itr/Pad (dB) ed (dBuV/m) (dB) (dBuV/m) Margin h t y
(dBuv) (dB) Reading (dB) (Degs) (cm)
(dBuv/
m)

1 2.195 41.89 PK2 31.9 -21.1 0 52.69 - - - - 344 252 H
2 *2.226 42.74 PK2 31.8 -21 0 53.54 - - 74 -20.46 117 304 \
*2.228 30.27 MAv1 31.8 -20.9 2.03 43.2 54 -10.8 - - 117 304 \

3 6.346 37.2 PK2 35.4 -26.7 0 45.9 - - - - 109 122 H
*7.319 39.74 PK2 355 -26.5 0 48.74 - - 74 -25.26 86 206 H

*7.319 29.31 MAv1 355 -26.5 2.03 40.34 54 -13.66 - - 86 206 H

5 9.621 33.53 PK2 36.5 -22.2 0 47.83 - - - - 62 360 H
6 *4.964 37.84 PK2 34.2 -28.5 0 43.54 - - 74 -30.46 350 141 \
*4.962 27.39 MAv1 34.2 -28.5 2.03 35.12 54 -18.88 - - 350 141 \

7 *7.319 42.7 PK2 35.5 -26.5 0 51.7 - - 74 -22.3 270 184 \
*7.319 34.52 MAv1 35.5 -26.5 2.03 45.55 54 -8.45 - - 270 184 \

* - indicates frequency in CFR47 Pt 15 Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAvV1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

HIGH CHANNEL HORIZONTAL

UL Fremont - Chamber F 4 Nov 2816 18:084:43
Rodioted Emissions 3-Meters

- Project Number: 1623828
19 Cont 1g:EUT + Power Supply
Mode :BLE 248@MHz
Tested by:44366

In

g5

Peak Limit C(dBuU/m

C(dBulU/m2

Avg Limit (dBUU/m)

Mﬂ»M«w»ﬂ#“““““ﬂhuﬂ%‘”“wﬂw“ﬂ

8 78
Frequency (GHz)

Range (GHz) RBU/VBY Ref/Atin  Det/fvg Type Pts  4#Sups/Mode Position Range (GHz)
f:4-3 187/18 P H 3318

Sweep. RBU/VBU Ref/fttn  Det/fvg Type
1H(=3d8)/ 301 PERK/Pur Avg(RMS)  S2nsecthuto) 6331 MAX B-36degs H (=348 /30 87/0 PEAK/P

Suesp
1 AK/Pur Avg(RMS)  392msec(huto) 18k

Pts  Fups/Mods Pasition
X B-368degs H

FCC Parti5 Subpart C 2.4GHz RSE Avg Fix.TST 38554 28 Jun 2816 Rev 9.5 26 fpr 2816

HIGH CHANNEL VERTICAL

~UL Fremont - Chomber F 4 Nov 2816 18:84:
Radicted Emissions 3-Meters

- Project Number: 16U23528
18 Config:EUT + Power Supply
Mode :BLE 2480MHz

Tested by:44366

In

g5

Peak Limit (dBul/m

C(dBulU/m2

Avg Limit C(dBul/m)

2
Frequency (GHz)

Range (6H2) REUVBU  Ref/Atin Det/fvg Tupe Sveep Pts Foups/fode Position Range (6H2) REUABI  Ref/Attn  Det/Avg Tupe Sueep Pte  Fups/Mods  Pasition

FCC Parti5 Subpert C 2.4GHz RSE Avg Fix.TST 38554 28 Jun 2816 Rev 9.5 26 Apr 2816
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

DATA
Marker Frequency Meter Det AFT344 Amp/Cbl/F DC Corr Correct Avg Limit Margin Peak Limit PK Azimut Heigh Polarit
(GHz) Reading (dB/m) Itr/Pad (dB) ed (dBuV/m) (dB) (dBuv/m) Margin h t y
(dBuv) (dB) Reading (dB) (Degs) (cm)
(dBuv/
m)

1 *2.749 41.36 PK2 325 -20.5 0 53.36 - - 74 -20.64 318 369 H
*2.749 30.51 MAv1 325 -20.5 2.03 44.54 54 -9.46 - - 318 369 H

2 *2.213 41.08 PK2 31.9 -21 0 51.98 - - 74 -22.02 182 327 \
*2.213 30.24 MAv1 31.9 -21 2.03 43.17 54 -10.83 - - 182 327 \

3 *4.721 38.2 PK2 34.1 -28.4 0 43.9 - - 74 -30.1 196 129 H
*4.717 27.71 MAv1 34.1 -28.4 2.03 35.44 54 -18.56 - - 196 129 H

4 *7.44 38.07 PK2 35.6 -25.8 0 47.87 - - 74 -26.13 156 124 H
*7.44 28.49 MAv1 35.6 -25.8 2.03 40.32 54 -13.68 - - 156 124 H

5 *11.521 33.75 PK2 38.1 -21 0 50.85 - - 74 -23.15 356 309 H
*11.519 22.61 MAv1 38.1 -21 2.03 41.74 54 -12.26 - - 356 309 H

6 *7.441 41.69 PK2 35.6 -25.9 0 51.39 - - 74 -22.61 266 173 \
*7.439 33.52 MAv1 35.6 -25.8 2.03 45.35 54 -8.65 - - 266 173 \

* - indicates frequency in CFR47 Pt 15 Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAV1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 16U23820-E1V3
FCC ID: BCGA1846

DATE: JANUARY 03, 2017

8.3. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

HORIZONTAL PLOT

<UL Fremont - Chamber F

3 Nov 2816 18:08:58

9

- Project Number: 16023828
B8 Config:EUT + Power Supply
Mode :BLE Worst Case
Tested by: 44366

75

Rodiated Emissions - 3 Meters

65

55

45
it CEE LU WD)

CdBul/m2

35

Mg

mwwwmwﬂmm*“ "

Frequency (MHz>

1860

Ronge (H2) REUBU  Rof/Atin Dei/fvg Tupo 5 Toups/liode  Position

eep Po Range (HD) RBU/VBN  Ref/Mtn Dct/ivg Tupe
1:38-288 120k(-68)/1M  57/18  PEMK/LogPur-Uiden  fomsec(futo) 4861 HEXH B-36cks H

3:200-1008 128k (-6dB)/IM  97/18

FCC Port 15 Subport C 38-108@MHz.TST 38915 15 Jul 2814

wep  Fis
PERK/LogPur-Video  Sdnsec(@uto) 8081 N

S #5wpsMods  Pasition

B-36bdegs H

Rev 9.5 26 fpr 2816

VERTICAL: PLOT

_UL Fremont - Chamber F

3 Nov 2816 18:08:

9

- Project Number: 16U23626
8 ConFig:EUT + Power Supply
Mode :BLE lorst Case
Tested by:44366

75

Radiated Emissions - 3 Meters

65

55

5 .
4 OPR LT TEB LU 7w

C(dBulU/m2

35

108
Frequency (MHz)

Range (MHz) RBU/VBW Ref/Attn  Det/fvg Tupe Sueep. Pts  #Sups/Mode Position Range (HHz) RBU/UBL Ref/fitn  Det/Avg Type

Sweep. Pts  #Swps/Mode Pasition

FCC Port 15 Subport C 38-1B8BMHz.TST 38915 15 Jul 2814

Rev 9.5 26 Apr 2816
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
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DATA
Marker Frequency Meter Det AF T185 (dB/m) Amp/Cbl (dB) Corrected QPk Limit (dBuV/m) Margin Azimuth Height Polarity
(MHz) Reading Reading (dB) (Degs) (cm)
(dBuVv) (dBuVv/m)
1 207.716 5211 | Qp 14.9 -30.4 36.61 43.52 -6.91 112 162 H
2 *329.9 46.22 Pk 18 -29.8 34.42 46.02 -11.6 0-360 99 H
3 418.244 47.35 Qp 20.3 -29.3 38.35 46.02 -7.67 82 223 H
4 207.7 46.93 Pk 14.9 -30.4 31.43 43.52 -12.09 0-360 201 Vv
5 *330.1 42.46 Pk 18 -29.8 30.66 46.02 -15.36 0-360 201 Vv
6 418.008 46.96 Qp 20.3 -29.3 37.96 46.02 -8.06 55 108 \

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

8.4. WORST-CASE 18 to 26 GHz

SPURIOUS EMISSIONS 18 to 26 GHz (WORST-CASE CONFIGURATION)

HORIZONTAL PLOT

WE:UL EMC 4 Nov 2816 18:59:37
RF Emissions
- Project Number:i6U23828
E Canf i gurationiEUT + Power Supply
Mocds BLE Worst Coss
Tested by / SN:44366
35
75 Feok Limit CdBul/m)
o
e}
5
N EE
5
T Avg Limit CdBuU/m2
55
)
5
o
5
3 4 3
[ia}
- : WMWWMMMWWMMWWMMWW
3CwMWunWWAJWW%MWMMQ%«mTMMMﬂNMMW
2'7\
15
18 26
Frequency (GHz)
Range_ (Hz) REW/VE Ref/Atin Dot/ Sueep Ple  Howps/Mode Lobel Renge (6ilz) ] Ref/ftin Dai/ Suen Pia  Foups/fade Lube
11826 JLTE 5 - PERKS - I6nseo(Auta) 1282 HAH Hori zanta
|6-266Hz Test.TST 36315 6 Jon 2015 Rev 9.5 19 Dct 2016

VERTICAL PLOT

~UL EMC 4 Nov 2816 18:59:37

18

RF Emissions

- Project Number: 16023620
E Conf iguration EUT + Power Supply
Mode BLE Worst Cose
Tested by / SN:44366

a5

Peok Limit CdBul/m)

75

65

Avg Limit CdBuM/m3

55

45

(dBulalted Uertical

35

8

Frequency (GHz)

Range (6Hz) REW/LBI Ref/Attn  Det/ e Pte  HSups/Mode Lobel Fenge (GHz) REW/VBL Ref/fttn  Det/ ey Pis  Foeps/ade  Lobel

18-26GHz Test.TST 38915 6 Jon 2015 Rev 8.5 |9 Oct 2816
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

DATA

Marker Frequency Meter Det AF T449 Amp/Cbl Dist Corr Corrected Avg Limit Margin Peak Limit PK Margin

(GHz) Reading (dB/m) (dB) (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB)

(dBuv) (dBuVolts)

1 19.119 39.47 Pk 32.7 -24.5 -9.5 38.167 54 -15.833 74 -35.833
2 21.66 40.67 Pk 33.2 -25.2 -9.5 39.167 54 -14.833 74 -34.833

3 24.002 41.9 Pk 34 -24.4 -9.5 42 54 -12 74 -32

4 19.512 40.9 Pk 32.7 -25.1 -9.5 39 54 -15 74 -35
5 24.142 43.07 Pk 33.9 -24.3 -9.5 43.167 54 -10.833 74 -30.833
6 25.42 43.33 Pk 343 -24.3 -9.5 43.833 54 -10.167 74 -30.167

Pk - Peak detector
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

9. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

o Conducted Limit (dBuV
Frequency of Emission (MHz) Quasi-peak | ( :ve)rage
0.15-0.5 66 to 56 * 56 to 46 *
0.5-5 56 46
5-30 60 50

*Decreases with the logarithm of the frequency.

TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm
above the horizontal ground plane. The EUT is configured in accordance with ANSI C63.10.

The receiver is set to a resolution bandwidth of 9 kHz. Peak detection is used unless otherwise
noted as quasi-peak or average.

Line conducted data is recorded for both NEUTRAL and HOT lines.

RESULTS

6 WORST EMISSIONS
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REPORT NO: 16U23820-E1V3 DATE: JANUARY 03, 2017
FCC ID: BCGA1846

DATA

Range 1: Line-L1.15 - 30MHz

Marker Frequency Meter Det LISN L1 LC Cables Limiter Corrected CFR 47 QP Margin CFR 47 Av(CISPR)
(MHz) Reading 1&3 (dB) Reading Part 15 (dB) Part 15 Margin
(dBuv) dBuv Class B QP Class B Avg (dB)
1 7.314 -1.22 Qp 0 1 10.2 9.08 60 -50.92 - -
2 7.37475 -3.17 Ca 0 1 10.2 7.13 - - 50 -42.87
3 21.6645 3.78 Qp 0 2 10.4 14.38 60 -45.62 - -
4 21.66675 2.04 Ca 0 2 10.4 12.64 - - 50 -37.36
5 22.45875 2.35 Qp i 2 10.4 13.05 60 -46.95 - -
6 22.461 .79 Ca 1 2 10.4 11.49 - - 50 -38.51
7 23.1315 6.01 Qp 1 2 10.4 16.71 60 -43.29 - -
8 23.1315 4.75 Ca i 2 10.4 15.45 - - 50 -34.55
9 23.919 5.49 Qp i 2 10.4 16.19 60 -43.81 - -
10 23.919 4.85 Ca i 2 10.4 15.55 - - 50 -34.45
11 27.16125 2.39 Qp 1 3 10.5 13.29 60 -46.71 - -
12 27.1635 .29 Ca 1 3 10.5 11.19 - - 50 -38.81
Range 2: Line-L2 .15 - 30MHz
Marker Frequency Meter Det LISN L2 LC Cables Limiter Corrected CFR 47 QP Margin CFR 47 Av(CISPR)
(MHz) Reading 283 (dB) Reading Part 15 (dB) Part 15 Margin
(dBuv) dBuvV Class B QP Class B Avg (dB)
13 7.37475 -1.46 Qp 0 1 10.2 8.84 60 -51.16 - -
14 7.37475 -3.4 Ca 0 i 10.2 6.9 - - 50 -43.1
15 21.66675 1.57 Qp 0 2 10.4 12.17 60 -47.83 - -
16 21.66675 -.27 Ca 0 2 10.4 10.33 - - 50 -39.67
17 22.45875 .96 Qp 0 2 10.4 11.56 60 -48.44 - -
18 22.45988 -77 Ca 0 .2 10.4 9.83 - - 50 -40.17
19 23.1315 3 Qp 1 .2 10.4 13.7 60 -46.3 - -
20 23.1315 1.24 Ca 1 2 10.4 11.94 - - 50 -38.06
21 23.919 4.22 Qp 1 2 10.4 14.92 60 -45.08 - -
22 23.919 3.3 Ca 1 .2 10.4 14 - - 50 -36
23 27.16125 .59 Qp 1 3 10.5 11.49 60 -48.51 - -
24 27.1635 -1.53 Ca 1 3 10.5 9.37 - - 50 -40.63

Qp - Quasi-Peak detector

Ca - CISPR average detection
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REPORT NO: 16U23820-E1V3

DATE: JANUARY 03, 2017
FCC ID: BCGA1846

LINE 1 RESULTS

UL Fremont, CA CE Room 9 Nov 2816 21:82:17

Conducted RFI Uoltage

Project No:16U23828
Configuration:EUT + Power Supply
Mode:BLE Worst Case

Test Uolt/Freq: 128U / BBH=z

Test By:44366

dBuU Line-L1

Frequency (MHz)

Range (PHz) REU/UE Ref/Attn  Det/fvg Mads
1:.15-38 S (-6dB) /- 82/18 0p/Ca

Sueep Pls  fGups/fode Lobel Range (HHz) [ Ref/fttn  Det/Avg Made < #Sups/Mode Labe
1s/2.25khz  13.3 1ARIT Line-LI

FCCI5 CE Closs B 158kHz-36MHz Stepping.TST 38915 24 Feb 2816

Rev 9.5 26 Moy 2815

LINE 2 RESULTS

WZOUL Fremont, CA CE Room 9 Nov 2816
4]

Conducted RFI Uoltoge

Project No:16U23828
166 Configuration:EUT + Power Supply
Mode:BLE Worst Case
Test Uolt/Freq: 128U / 6BHz
92 Test By:44366

78

eaf——

508

dBul Line-L2

36

Frequency (MHz)
Rarge OHz) REI/VBS  Rof/Attn Det/fvg fode e o t5upa/tode

Lebel Ronge (HHz) RBL/UBU Ref/fttn  Det/Avg Mode = #5ups/fode Label

FCCI5 CE Close B 158kHz-38MHz Stepping.TST 38915 24 Feb 2816

Rev 9.5 26 Moy 2815
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