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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: SONOS INC.
614 CHAPALA STREET
SANTA BARBARA, CA 93101, U.S.A

EUT DESCRIPTION: 4X4 802.11a/b/g/n HT20 CLIENT & MASTER DEVICE
MODEL: S16
SERIAL NUMBER: 1807-34-7E-5C-00-10-20-4 (Radiated Sample)
1807-34-7E-5C-00-0F-D5-E (Conducted Sample)
DATE TESTED: August 16 — October 2, 2018
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies
ISED RSS-247 Issue 2 Complies
ISED RSS-GEN Issue 5 Complies

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. 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. All samples tested were in good
operating condition throughout the entire test program. 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 the U.S. government.

Approved & Released For

UL Verification Services Inc. By: Reviewed By:
AT f-- \"'- =

ﬂfn&‘wu_j _1@_

DAN CORONIA Kiya Kedida
CONSUMER TECHNOLOGY DIVISION CONSUMER TECHNOLOGY DIVISION
OPERATIONS LEADER PROJECT ENGINEER

UL Verification Services Inc. UL Verification Services Inc
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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 v5, ANSI C63.10-2013, RSS-GEN Issue 5, and RSS-
247 Issue 2.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, and 47658 Kato Road, 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 47658 Kato Rd.

Chamber A (ISED:2324B-1) O Chamber D (ISED:22541-1) Chamber K (ISED: 2324A-1)

Chamber B (ISED:2324B-2) Chamber E (ISED:22541-2) [0 Chamber L (ISED: 2324A-3)

[0 Chamber C (ISED:2324B-3) Chamber F (ISED:22541-3)

Chamber G (ISED:22541-4)

oo|o|o

Chamber H (ISED:22541-5)

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.
Chambers A through C are covered under ISED company address code 2324B with site
numbers 2324B -1 through 2324B-3, respectively. Chambers D through H are covered under
ISED company address code 22541 with site numbers 22541 -1 through 22541-5, respectively.
Chambers K and L are covered under ISED company address code 2324A with site numbers
2324A-1 and 2324A-3, respectively.

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0
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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

RADIATED EMISSIONS

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)

36.5 dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

MAINS CONDUCTED EMISSIONS

Where relevant, the following sample calculation is provided:

Final Voltage (dBuV) = Measured Voltage (dBuV) + Cable Loss (dB) + Limiter Factor (dB) +
LISN Insertion Loss.

36.5dBuV + 0dB +10.1 dB+ 0 dB = 46.6 dBuV

4.3. MEASUREMENT UNCERTAINTY

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

PARAMETER UNCERTAINTY
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz | 3.84 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.65 dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 3.15dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 5.36 dB

Worst Case Radiated Disturbance, 1000 to 18000 MHz 4.32 dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz | 4.45 dB
Worst Case 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. EUT DESCRIPTION
The EUT is a 4X4 802.11a/b/g/n HT20 CLIENT & MASTER DEVICE.

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)
(MHz)

2402 - 2480 BLE -2.36 0.58

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes PCB antenna, with a maximum gain of 3.5dBi.

5.4. SOFTWARE AND FIRMWARE

The EUT software ware installed during testing was 44.2-53220-RF-Complianc_20180523.

The test utility software used during testing was Sonos Compliance GUI V2.2.
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5.5. WORST-CASE CONFIGURATION AND MODE

All configuration was investigated and the worst-case configuration for radiated emissions were
performed with the EUT and exercised with all supported external accessories. Radiated
bandage, harmonics, and spurious emissions from 1 GHz to 18GHz were performed with EUT
set to transmit at the Low/Middle/High channels. Radiated emissions below 1GHz, above
18GHz, and power line conducted emission were performed with the EUT set to transmit at the
channel with highest output power as worst-case scenario.

Band edge and radiated emissions between 1GHz and 18GHz were performed with the EUT set
to transmit at the highest power on low, middle and high channels.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was

determined that X orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in X orientation.
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5.6.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Support Equipment List
Description Manufacturer |Model Serial Number FCCID
Laptop Lenovo X1 Carbon R9-01VvV D86 N/A
AC Adapter Lenovo ADLX65NLT2A 11S3620029177200315AJU [N/A
Charging Base Lenovo X200 1S43R8781R934HPB N/A
Speakers Polk T15 AM156559200 N/A
Monitor Samsung UN32J5003AF 0460CEG411339W N/A
I/O CABLES
1/0O Cable List

Cable Port # of identical | Connector | Cable Type Cable Remarks

No ports Type Length (m)

1 AC Power 1 AC Unshielded 2 AC Mains to EUT

2 Ethernet 1 RJ45 Unshielded 10 EUT to Laptop

3 DC Power 1 DC Shielded 1.2 AC/DC Adapter to Laptop

4 AC Power 1 AC Unshielded 1 AC Mains to AC/DC Adapter

5 HDMI 1 HDMI port Shielded 5 EUT to Monitor

6 |Audio Cable 1 Audio Port | Unshielded 1 EUT to Monitor

7 |Audio Cable 1 Audio Port | Unshielded 1 EUT to Speaker

8 |Audio Cable 1 Audio Port [ Unshielded 1 EUT to Speaker

9 DC Power 1 AC Unshielded 5 AD/DC Adapter Monitor

10 AC Power 1 DC Shielded 1.2 AC Mains to AC/DC Adapter
TEST SETUP

The EUT is a stand-alone unit, and the radio is exercised by Sonos Compliance GUI V2.2 test
utility software via Ethernet.

Page 10 of 43

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

FAX:(510) 661-0888




REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

SETUP DIAGRAM

Speaker

Speaker

Monitor

EUT

AC MAINS
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6. MEASUREMENT METHOD

On Time and Duty Cycle: ANSI C63.10-2013 Section 11.6.

6 dB BW: ANSI C63.10 Section 11.8.1. Option 1

Output Power: ANSI C63.10 Section 11.9.2.3.2 Method AVGPM-G (Measurement using a
gated RF average-reading power meter)

Power Spectral Density: ANSI C63.10 Section 11.10.3 Method AVGPSD-1.

Radiated emissions non-restricted frequency bands: ANSI C63.10 Section 11.12.1

Radiated emissions restricted frequency bands: ANSI C63.10 Section 11.12.1.

Conducted emissions in restricted frequency bands: ANSI C63.10 Section 11.12.2.

Band-edge: ANSI C63.10 Subclause -11.13.3.4 Integration method -Trace averaging across ON
and OFF times DC correction

AC Power Line Conducted Emissions: ANSI C63.10-2013, Section 6.2.
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7. 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 ID Num Cal Due
EMI Test Receiver Rohde&Schwarz ESR 1436 02/23/2019
Transient Limiter COM-POWER LIT-930 1457 03/01/2019
L.I.S.N FCCINC. FCC LISN 50/250 24 03/06/2019
EMI Test Receiver Rohde&Schwarz ESR 1436 02/23/2019
Antenna, Broadband Hybrid, .
30MHz to 2000MHz Sunol Sciences Corp. JB3 T130 10/14/2018
Amplifier, 9KHz to 1GHz, Agilent (keysight)
T1 15/201
32dB Technologies 8447D > 08/15/2019
Spectrum Analyzer, PXA, 3Hz Agilent (Keysight)
T14 4/16/201
to 44GHz Technologies NS030A 66 04/16/2019
Antenna, A;t(')‘ﬁl_fo'c’ 9KHzto | \1icro-TRONICS AL-130R PRE0165308 |  12/13/2018
Spectrum Analyzer, PSA, 3Hz Agilent (Keysight)
A T14 2 201
to 44GHz Technologies NS030 >0 02/05/2019
18 - 26.5 GHz Horn Antenna Seavey Division MWH-1826/B T89 1/18/2019
Pre-Amp 1-26.5 GHz Agilent 84498B T404 3/9/2019
PXA Spectrum Analyzer, 3Hz .
t0 44GHz Keysight N9030A T1113 12/21/2018
Hybrid A”tgg:'az' 30MHz to SunAR rf motion B3 PRE0181575 8/1/2019
Amplifier, 9KHz to 1GHz, SONOMA
3948 INSTRUMENT 310 PRE0180089 6/21/2019
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T344 4/30/2019
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T863 6/21/2019
- 101 -
Amplifier, 1 - 18GHz MITEQ AF542-00101800 T493 4/3/2019
25-5-42
- 101 -
Amplifier, 1 - 18GHz MITEQ AFS4§50_2_4?2 800 T1569 6/3/2019
Filter, HPF 3.0GHz MICRO-TRONICS HPM17543 T1013 6/21/2019
EMI TEST RECEIVER Rohde & Schwarz ESW44 PRE0179522 5/11/2019
Test Software List
Description Manufacturer Model Version
Radiated Software UL UL EMC Ver 9.5, June 22, 2018
Antenna Port Software UL UL RF Ver 8.4, June 12,2018
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8. ANTENNA PORT TEST RESULTS
8.1. ON TIME AND DUTY CYCLE

LIMITS

None; for reporting purposes only.

PROCEDURE
ON TIME AND DUTY CYCLE RESULTS
Mode ON Time| Period |Duty Cycle Duty Duty Cycle 1/B
B X Cycle Correction Factor | Minimum VBW
(msec) | (msec) (linear) (%) (dB) (kHz)
2.4GHz Band
BLE 0.383 0.625 0.613 61.27% 2.13 2.612

DUTY CYCLE PLOTS

| Keysight Spectrum Analyzer - APv7 4.1(102017),12081 KW, =N = =
RL | RF [soe bC | | [ sEnsE:INT] | ALIGN AUTO  [05:07:24 AM Aug 28, 2018
Marker 1 193.600 ps #Avg Type: RMS TRACE[ 2305 5 Marker
PNO: Fast —— 1rig: FreeRun v | e
IFGain:High #Atten: 0 dB DET|P

Select Malker’

1
10 dBidiv Ref -20.00 dBm
Log

-30.0
Normal
400
-50.0
-60.0
700 bk . Delta
-80.0
500
100 Fixed
-110
Center 2.402000000 GHz Span 0 Hz
Res BW 8 MHz #VBW 50 MHz Sweep 1.467 ms (1001 pts) (o]
3
7N t 193.6 us -59.11 dBm
2 M t (A 3828 us (A) -0.34 dB
3 A t (A 624.8 us (A) 0.77 dB :
2 Properties»,
5
6
7
g More|
10 10f2
1 s
‘
MSG %STATUS
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8.2. 99% BANDWIDTH

LIMITS
None; for reporting purposes only.

RESULTS

Channel Frequency 99% Bandwidth
(MH2z) (MH2z)
Low 2402 1.029

Middle 2426

1.033

High 2480

1.028

[ Keyomgint Specirum Analyzer - AF8.7 0805181, 10635 FL Conducted A =) [ Vgt Spectrum Analyze - APY0,7RGU1E) 10628 L. Conducted A =
o = 7 02:40:21 81 A 15, 2018 oo . ENSE 14:23:00 24 8 15, 2018
enter Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio slm— N'::- Frequancy enter Freq 2.426000000 GHz Center Freq: 2.426000000 GHz Radia Std: N:n: Frequency
NFE o= Trig: Free Rus Avg|Hold: 2020 e s e —— Trig: Free Run “AvglHold: 2020
HFGainiow  #Amen: 30d Radio Device: BTS HFGainiow  #Aten: 30d Radio Device: BTS
Ref Offset 11.26 dB. Ref Offset 11.26 dB
10 dBldiv Ref 20.00 dBm 0 dB/di Ref 20.00 dBm
Log Log
Center Freq| Center Freq|
2402000000 GHz| 2426000000 GHz|
Center 2402 GHz Span 2 MHz, CF Stey Center 2.426 GHz Span 2 MHz| CF Ste,
#Res BW 18 kHz #VBW 56 kHz #Sweep 100 ms| 200000 kaz #Res BW 18 kHz #VBW 56 kHz #Sweep 100 ms 200000 kH':
lAuto Man lauta Man|
Occupied Bandwidth Total Power -5.21 dBm Occupied Bandwidth Total Power -5.00 dBm
1.0285 MHz Freqofteet 1.0326 MHz Freqoften
Transmit Freq Error 68.417 kHz % of OBW Power 98.00 % Ok Transmit Freq Error 71.906 kHz % of OBW Power 99.00 % o+
x dB Bandwidth 1.059 MHz x dB -26.00 dB x dB Bandwidth 1.064 MHz x dB -26.00 dB
sTanus —
[ eyt Spectrum Anaiyae - APV8 7G0G16) 10628 RL Conducted A =)
oo . 04:26:58 81 A 15, 2018
enter Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: None Frequsnay
— NFE o Trig: Fr AvglHold: 2020
HFGainiow  #Auen: 30d8 Radio Device: BTS
Ref Offset 11.27 dB
0 dB/d Ref 20.00 dBm
Log
Center Freq|
2480000000 GHz|
| |
Center 248 GHz Span 2 MHz, CF Stey
#Res BW 18 kHz #VBW 56 kHz #Sweep 100 ms| 200000 kaz
lAuto Man
Occupied Bandwidth Total Power -4.61 dBm
1.0275 MHz Freqofteet
Transmit Freq Error 58.336 kHz % of OBW Power  99.00 % O H
x dB Bandwidth 1.064 MHz x dB -26.00 dB
—
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8.3.

LIMITS

FCC §15.407 (e)

RSS-247 5.2 (a)

6 dB BANDWIDTH

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

RESULTS

Channel

Frequency
(MHZz)

6 dB Bandwidth
(MHZz)

Minimum Limit
(MHZz)

Low

2402

0.678

0.5

Middle

2426

0.678

0.5

High

2480

0.687

0.5

[ Xeyeight Spectram Aslyzes - 4Po8.7 REI9LA, 10823 AL Comucted A ola [ ey Spectram Anlyzes - AP 1 GBIB1A) 10823 Rl Comdusted o
E . ; 043153 4 Aug 18, 2018 L i 3 04:30:40 ab g 16, 2018
. Frequency . e[ - aosg|  Frequancy
enter Freq 2.402000000 GHz #Avg Type: RMS enter Freq 2.426000000 GHz #Avg Type: RMS -
NFE PO == Trig: FreeRun AvgiHold: 2020 q WE — PHIO: Wide .,.l Trig: Free Run AvglHeld: 20:20 Treel
IFGain:Low #Atten: 40 dB IFGain:l ow #Atten: 40 dB DET]

#Res BW 100 kHz

#Sweep 100.0 ms (1001 pts)

Auto Tune| Auto Tune|
Ref Offset 1125 0B Ref Offset 1126 dB.
0B/ Ref 30,00 dBm 10aBdiv  Ref 30,00 dBm
Log Log

Center Freq| Center Freq
2.402000000 GHz 2.426000000 GHz
StartFreq| StartFreq|
2400500000 GHz 2.424500000 GHz

¢ v, ¢
PAs StopFreg| P Stop Freq|
2.403500000 GHz 2.427500000 GHz
CF Step| CF Step|
300.000 kHz| '300.000 kHz|
|Auto Man lAuto Man
Freq Offset Freq Offset
0 Hz| 0 Hz|
Scale Type, Scale Type
Center 2.402000 GHz Span 3.000 MHz [-°9 Lin] Center 2.426000 GHz Span 3.000 MHz|[-°8 Lin|

#VBW 300 kHz #VBW 300 kHz

#Res BW 100 kHz

#Sweep 100.0 ms (1001 pts)

LOW CHANNEL

MID CHANNEL

[ Keysight Specirum Analyces - AP TOR0915) 10623 AL Conlucted & ==
% L i 04:20:42
. T Fraquency
L #hvg Type: RIS
TN, 43“““,‘,";20“ G,,HN§ Wide —e= Trig: Free Run AvglHold: 2020
IFGainlaw  #Atten: 40 4B
Auto Tune|
Ref Dffset 11.27 dB.
10 dB/di Ref 30.00 dBm
Log
Center Freq
2480000000 GHz|
StartFreq|
2.4TBS00000 GHz|

Center 2.480000 GHz
#Res BW 100 kHz
wsc

#VBW 300 kHz

Span 3.000 MHz|[-°8 Lin|
#Sweep 100.0 ms (1001 pts)

Stop Freq|
2481500000 GHz|

CF Step|
'300.000 kHz|
Ma

Freq Offset
0 Hz|

Scale Type

HIGH CHANNEL
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018

FCC ID:SBVRMO015 IC:5373A-RM015
8.4. OUTPUT POWER
LIMITS

FCC 815.247 (b) (3)
RSS-247 5.4 (d)
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 power meter. The cable assembly insertion loss was
entered as an offset in the power meter to allow for a gated Average reading of power.

RESULTS

Tested By: 12506 JM

Date: 9/26/2018
Channel Frequency Peak Power Limit Margin

Reading
(MH2z) (dBm) (dBm) (dB)

Low 2402 -2.520 30 -32.520
Middle 2426 -2.360 30 -32.360
High 2480 -2.410 30 -32.410
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REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

8.5.

LIMITS

None; for reporting purposes only.

AVERAGE POWER

TEST PROCEDURE

The transmitter output is connected to a power meter. The cable assembly insertion loss was

entered as an offset in the power meter to allow for a Peak reading of power.

RESULTS

Tested By: 12506 JM
Date: 9/26/2018
Channel Frequency AV power
(MH2z) (dBm)
Low 2402 -2.710
Middle 2426 -2.560
High 2480 -2.420
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REPORT NO: 12049380-E1V3

FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

8.6.

LIMITS

FCC §15.247 (e)
RSS-247 (5.2) (b)

POWER SPECTRAL DENSITY

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
(MHz) (dBm/3kHz) | (dBm/3kHz) (dB)
Low 2402 -4.47 8 -12.47

Middle

2426

-4.21

8

-12.21

High

2480

-4.07

8

-12.07

[ Keoght Specirum Analyzer - APY8.TDGUS1B110629 FL. Conducted & = el [ Vgt Spectrum Analyze - APV0,7RGU1E) 10628 L. Conducted A P
- = T TR TOR N L ENSE L TETOF TN p——
hvg Type: RMS e ] . #Avg Type: RMS e 3
enter Freq 2. ADZIJIJ:)FIEIJO G:!ﬁz’.m‘ I —— veern 100MB0 o enter Freq 2. 42600&200 G::Kz’ e Trig: Free Run ot Bt o 1
IFGoimLow  #Amen: 30 dB oerlP IFGainlow  #Amen: 30 d8 verlP
Auto Tune| Auto Tune|
Ref Offset 1125 dB Ref Offset 1126 dB.
0gaidlv__Ref 20.00 dBm o cEiciv_Ref 20.00 dBm
Center Freq CenterFreq|
2.402000000 GHz| 2426000000 GHz|
0 StartFreq| 0 StartFreq|
2.401000000 GHz 2.425000000 GHz
Stop Freq Stop Freq|
2.403000000 GHz 2.427000000 GHz
CF Step CF Step
200,000 kHz] 200,000 kHz
lAuto Man Man
Freq Offset Freq Offset
0 Hz| 0 Hz|
Scale Type Scale Type
" "
Center 2.402000 GHz Span 2.000 MHz [-°0 Lin] Center 2.426000 GHz Span 2.000 MHz|[-°8 Lin)
H#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms (1001 pts) [#Res BW 3.0 kHz #VBW 9.1 kHz ‘Sweep 67.80 ms (1001 pts),
o saus G sTAns

[ Vgt Spectrum Analyze - APV0,7RGU1E) 10628 L. Conducted A e
o L ENSE:] 04:27:45 AM A 16, 2018 Frequency
#Avg Type: RMS T s
enter Freq 2480000000 Gz o rigirreerun  AvogHa 100100 =
IFGainlow  #Auen: 30 d8 oerlP
Auto Tune|
Ref Offset 1127 dB.
0dmiciv  Ref 20.00 dBm
Log
Center Freq

i

2.480000000 GHz|

StartFreq|
2479000000 GHz|

Stop Freq
2481000000 GHz|

CF Step
200,000 kHz]
|Auto Man

Freq Offset
0 Hz|

Scale Type

Center 2.480000 GHz
[#Res BW 3.0 kHz

#VBW 9.1 kHz

Span 2.000 MHz [-°9 Lin

‘Sweep 67.80 ms (1001 pts)

HIGH CHANNEL
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

8.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
RSS-247 5.5

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: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM015

Spectram Aralyee - ABY0.TDO018L 10623 L. Corclucted & [ AP ROUBIE) 10623 L, Corducted & To o
B l502 D SENSEINT] 02:41:39 4 A 16, 2018 SENSE INT] 02:42:10 4 A 16, 2018
enter Freq 2.400000000 GHz #Avg Type: RMS TACE] 56 Frocusncy GHz #Avg Type: RMS ™ Frequency
NFE  PNO:Wide -+ 1710: FreeRun AvglHold: 100/100 ! N WFE PNO: Fast o T7iD: FreeRun
IFGain:Low #Atten: 30 dB oerl? IFGalnLow #Atten: 40 dB
n Auto Tune| SRE Auto Tune|
ol ot 1125.48 WIkr1 2.402 08 GHz et Offast 1125 48 Wikrd 25786 4 GFZ
10deidv__Ref 20.00 dBm -3.483 dBm| 10 ¢5ia__Ref 30.00 dBm -32.43 dBm)
og \d og Y
Center Freq| Center Freq|
’ 2.400000000 GHz| 13.015000000 GHz|
{ 1
&
StartFreq| StartFreq|
G 2.395000000 GHz| 8 . 30.000000 MHz|
i W
Stop Freq| i o Stop Freq|
2.405000000 GHz| 26.000000000 GHz|
" "
Center 2400000 GHz Span 10.00 MHz| CF Step Start 30 MHz Stop 26.00 GHz CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts) 1.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) | 2597000000 GHz|
Man Man
e i EY |__Fuscion | ecionwiori] FuncTion ve i [ ooe] et sl [ Rmcrion | FUscionweoTHl_Fukcios vae I
N f 240208 GHz -3483 dBm 1N 1 24020 GHz -4.85 dBm
2 N f 240000GHz 39426 dBm 2 N 1 4804 0 GHz -39.95 dBm
i N t 2.399 99 GHz -38.783 dBm FreqOffset| 3 N 1 7.206 0 GHz 4124 dBm FreqOffset|
; | 0 Hz| -6 N 1 25.786 4 GHz -32.43 dBm | oHz]
H I 6 I
7 7
8 Scale Type| 8 Scale Type|
9 9
10 10 i
1 1 ko " o0 Ho
s Stans vsa —
[ eyt Spectrum Aralyzer - AP0 7TGOSLA 1062 RL Conduried & [ [ Fepoght Spectram Anlyze - APV TROUS1E) 10628 L. Caducted & To o
. B 502 D SENSEINT] 14:24:15 4 A 16, 2018 L 5 SENSE INT] 04:24:50 24 g 16, 2
enter Freq 2.426000000 GHz hwg Type: RMS e 55| Frequency #Avg Type: RS ™ Frequency
NFE  PNO:Wide -+ 1710: FreeRun AvglHold: 100/100 ) N WFE PNO: Fast o T7iD: FreeRun
IFGain:Low #Atten: 30 dB oerlP IFGalnLow #Atten: 40 dB
Mkrq 2 49 H Auto Tune| Auto Tune|
Ref Offset 1126 B Mikrt 2,426 08 CHZ RefOffent 1128 08 Mikrd 25.419 6 GHz
0gBicRef 20.00 dBm -3.313 dBm| 1054 Ref 30.00 dBm -32.09 dBm|
Log Y g v
Center Freq| Center Freq|
2.426000000 GHz| 0 13.015000000 GHz|
G
’ StartFreq| StartFreq|
2.421000000 GHz| T 8 '\ 30.000000 MHz|
O A3 ¢
_ P T =
Stop Freq| LT r Stop Freq|
2.431000000 GHz| 26.000000000 GHz|
"
CF Step Start 30 MHz Stop 26.00 GHz CF Step
1.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) | 2597000000 GHz|
Man Man
I B | [ Rmcrion | FUscionweoTHl_Fukcios vae I
PR Gioc  gseramm
! z .97 dBm
FreqOffset| 3 N 1 7.278 0 GHz -41.20 dBm FreqOffset|
0z -6 N 1 254196 GHz -32.09 dBm | OHz
: L
Scale Type| 8 Scale Type|
L 9
Center 2.426000 GHz Span 10.00 MHz||-°9 | 0 -oa Lin
L#Res BW 100 kHz H#VBW 300 kHz Sweep 5.000 ms (1001 pts) 1
o Sans vsa —
[ eyt Spectrum Aralyzer - AP0 7TGOSLA 1062 RL Conduried & [ [ Fepoght Spectram Anlyze - APV TROUS1E) 10628 L. Caducted & To o
. B I502 D SENSEINT] CETEEEFTONN L 5 oc SENSE INT] 04:28:48 24 g 16, 2 .
enter Freq 2.483500000 GHz #Avg Type: RMS TRACE 56 requency enter Freq 13.015000000 GHz #hvg Type: RMS macE requency
NFE  PNO:Wide -+ 1710: FreeRun AvglHold: 100/100 ) WFE PNO: Fast o T7iD: FreeRun
IFGainLow oerle AutoT IFGain:Low AutoT
T3 uto Tune; =3 uto Tune,
ol ot 1127 45 WIKr1 2.480 05 GHz et Oftast 1127 48 Wikrd 25 837 7 GHg
10d5iy__Ref 20.00 dBm -3.150 dBm| 10 dsicr__Ref 30.00 dBm -32.64 dBm|
og Y og v
Center Freq Center Freq|
) 2483500000 GHz " 13015000000 GHz|
@
StartFreq| | StartFreq|
. 2.478500000 GHz| ” 30.000000 MHz|
G » 3 L
P
StopFreq| o iy b Stop Freq|
2.488500000 GHz| 26.000000000 GHz|
" "
Center 2.483500 GHz Span 10.00 MHz| CF Ste Start 30 MHz Stop 26.00 GHz CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts)| 1.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) | 2657000000 GHz
Man)| Man|
[kl MaoE TR S [ FURCTON [ FiscrionwioTe]  FUNcTicH vele Y [wlmocerelsell K [ Fuscrion T FscTonmaiHl Fukcrion s I [pute
N f 2480 05 GHz -3.150 dBm 1 N 2.480 0 GHz -3.16 dBm
2 N f 248374GHz  43674dBm 2 N 1 49600 GHz -39.561dBm
3N f 248350GHz  -46.496 dBm FreqOffset 3 N 1 7.440 0 GHz 4126 dBm FreqOffset
4 0 Hz] fma N 1 258377 GHz -32.64 dBm OHz
8 I 6 I
7 7
g Scale Type g Scale Type
10 10
1 Log Lin| ol Log Lin|
usc STans wsc aTamus

HIGH CHANNEL BANDEDGE

OUT-OF-BAND HIGH CHANNEL
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REPORT NO: 12049380-E1V3

FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

9. RADIATED TEST RESULTS
9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205 and §15.209

RSS-GEN, Section 8.9 and 8.10.

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uvVim)at3m (dBuV/m) at 3m
0.009-0.490 2400/F(kHz) @ 300 m -
0.490-1.705 24000/F(kHz) @ 30 m -
1.705 - 30 30 @ 30m -
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

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 1 GHz to 18 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band. Below 1GHz and above 18GHz
emissions, the channel with the highest output power was tested.

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: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

9.2. TRANSMITTER ABOVE 1 GHz
BANDEDGE (LOW CHANNEL)

HORIZONTAL RESULT

~UL Fremont - Chamber K 2018 Dct 2 10:83:86
Restricted Bondedge

- Project Number: 12049388
1 Client:Sonos

Config EUT + Support Equipment
Mode :BLE_2482_H

195 Tested by 19438 ER

95

85

Peak Limit (dBuU/m1
75

CdBul/m)

65

Average Limit (dBulUym)

55
ANttt “"'WWWHWWWWW
,

4 KL
35
2. 31 18 .5MH=z/ 2.415
Frequency (GHz)
Range (GHz) REU/UB Ref/Attn  Det/Avg Node Sueep Pie 4Sups/fode Fosition Range (GHz) RBU/UBH Ref/tin  Det/fvg Mode Sueep Pte  Fups/Mode Fasition
1:2.31-2.415 NC-EABI/M  107/18 PEAK/Pir Avg(RMS)  Omsec(fubc)  0BB1  MAXH 194 degs 131 { 2:2.31-2.415 M(-6d83/3M  167/18  AVER/Pur Avg(RMS) Onsecfuto) OBBI  1BOTAVG 194 degs 131 cm
Low CH BE - H.TST Rev 9.5 22 Jun 2818
Marker Frequency Meter Det ‘AFT344 (dB/m) ‘Amp/Cbl/Fitr/Pad (dB) DC Corr (dB) Corrected ‘Average Limit (dBuV/m) Margin Peak Limit (dBuV/m) PK Margin Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 *2.39 50.76 Pk 319 -24.7 0 57.96 - - 74 -16.04 194 131 H
2 *239 51.74 Pk 319 -24.7 0 58.94 - - 74 -15.06 194 131 H
3 *2.39 31.27 RMS 319 -24.7 213 40.6 54 -13.4 - - 194 131 H
4 *2.388 3311 RMS 319 -24.6 213 42.54 54 -11.46 - - 194 131 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12049380-E1V3

FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

VERTICAL RESULT

12:UL Fremont - Chamber K 2018 Dct 2 t@:12:11
Restricted Bandedge
= Project Number: 12843380
H Client;:Sonos
ConfigiEUT + Support Equipment
Mode:BLE_24B2_U
185 Tested by: 19438 ER
9|:
85
E .
~ Peok Limjt (dBuU/m
= 75
ja)
3 /
~ N
. /N
2 »»W/ N,
55 Average Limit (dBuUym) B %M M
it ol RTINS MNP APRTA AV AW TRVFPVTTARAILIY | Ll
A e L R
B0
&
35
2. 31 18 .5MH=z/ 2.415
Freguency (GHz)
Ronge (6Hz) REWI/UBl] Ref/Attn  Det/Avg ode Sueep Pie H5upoffods FPosition Range (6Hz) REW/UBl] Ref/fttn  Dst/Avg Mode Secep Pt #oupa/ods FPasition
1 2 M( 16 P wr RY C (F 1 1 de
Low CH BE - U.TST

Rev 9.5 22 Jun 2818

Marker Frequency Meter Det AFT324 (dB/m) ‘Amp/Cbi/Fitr/Pad (dB) DC Corr (d8) Corrected ‘Average Limit (dBuV/m) Margin Peak Limit (dBuV/m) PK Margin Azimuth Height Polarity
(GHz) Reading Reading (d8) (d8) (Degs) (cm)
(dBuV) (dBuv/m)
1 *2.39 49.04 Pk 319 -24.7 0 56.24 74 -17.76 190 131 A
2 *2.389 50.55 Pk 319 -24.7 0 57.75 - - 74 -16.25 190 131 \
3 *2.39 30.87 RMS 319 -24.7 2.13 40.2 54 -13.8 190 131 \
4 *2.387 32.57 RMS 319 -24.6 2.13 42 54 -12 190 131 A

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

| ZRUL Fremont — Chamber K 2018 Oct 2 10:29:46
Restricted Bandedge
= Project Number: 12849388
1 Client:Sonos
Config:EUT + Support Equipment
Mode :BLE 2488 H
185 Tested by: 19438 ER
gl:
85 /
|
E
~ 1 Peak Limit (dBuU/m)
> 7: I
3
3 / I \é
o \
" M’/ }/ ik
| \ ?;:?g + (dBuU/m)
55 W | | }
TR N T TR ITIR TH PO DT
o wl L AP Vil
L et ST 11 | || t
I el i
f i ) p oy oy ¥ ; i
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
Range (6Hz) REI/UBU Ref/Atin  Del/Avg Node Sucep Pts  #Sups/liode Position Fange (6Hz) REU/UBH Ref/Altn  Det/vg Mode Susep Pts  Foups/Mods Pasition
1:2.46-2.563 NGB/ 1EI/18 PERK/Par Avg(RNS)  Omeec(hute) 9081 MAXH 187 degs 183 { 2:2.46-2.563  IM(-6dB)/3  187/16  AVER/Pur Avg(RYS) Smsccléuto) OBG1  IBGTAUG 187 degs 183 con
High CH BE- H.TST Rev 9.5 22 Jun 2818
Marker Frequency ‘Meter Det “AF 1344 (dB/m) "Amp/Cbl/Fitr/Pad (dB) 'DC Corr (dB) Corrected ‘Average Limit (dBuV/m) ‘Margin Peak Limit (dBuv/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (d8) (d8) (Degs) (em)
(dBuv) (dBuV/m)
1 *2.484 61.18 Pk 323 -24.8 0 68.68 - - 74 -5.32 187 103 H
2 *2.484 60.67 Pk 323 -24.8 0 68.17 - - 74 5.83 187 103 H
3 *2.484 37.86 RMS 323 24.8 2.13 47.49 54 6.51 B - 187 103 H
4 *2.484 38.53 RMS 323 -24.8 213 48.16 54 -5.84 - - 187 103 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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FCC ID:SBVRMO015 IC:5373A-RM0O15

VERTICAL RESULT

UL Fremont - Chamber K 2018 Dct 2 10:36:58
Restricted Bondedge

- Project Number: 12049380
I Client:Sonos

ConfigiEUT + Support Equipment
Mode:BLE_2488_U

185 Tested by: 19438 ER

85

Peak Limit C(dBul

75

CdBul/m)

65

A%groge Limit (dBuU/m)

55

45

QL

35

2.46 18.3MH=z/ 2.563
Frequency (GHzJ

Range (6Hz) RBLI/UW Ref/Atin Det/fAvy Mode Sueep Pts #Sups/Mode FPosition Range (6Hz) REW/UEH Ref/Attn Det/Avg Mode Sueep Pts #Sups/Mode FPosition

Rev 9.5 22 Jun 2818

High CH BE - U.TST

Marker Frequency Meter Det AF T344 (dB/m) Amp/Cbl/Fitr/Pa Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading d (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 *2.484 55.46 Pk 323 -24.8 62.96 - - 74 -11.04 316 108 v
2 *2.484 55.96 Pk 323 -24.8 63.46 - - 74 -10.54 316 108 A
3 *2.484 34.55 RMS 323 -24.8 42.05 54 -11.95 - - 316 108 v
4 *2.484 35.59 RMS 323 -24.8 43.09 54 -10.91 - - 316 108 v

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

H:UL Fremont,5m Chomber B 1 Oct 2818 17:19:12
Radioted Emissions 3-Meters
185 Project Number: 12849388
Client:Sonos
Config:EUT + Support Equipment
Mode:BLE 2482
g5 Tested by:45256 JB
gl:
Peok Limit C(dBulU/m)
75
A
3
3 5
3 6
o
o .
~ Avg Limit (dBulU/m)
55 =
5
= 4
4 4 4
@ |y
3 ‘w W A
o5
1 18 18
Frequency (GHz)
Range (6z) REUAVEN Ref/Attn  Det/Avg Tupe weap Pls  Fowps/fode Fosi Range (6H) REW/UBH Ref/Attn  Dot/Avg Type Sweop Pts Hups/fiods Fosition
1123 1H(-648) /30 6770 PEAK/Pur Avg(RNS)  7Tnsec(futo) 6030 MAXH 3318 68D/ 87/8 FERK/Pur Avg(RMS)  STdnsec(Auto) 18k A 9-368degs H
FCC Port1SC 2.46Hz RSE.TST 12746 19 Mar 2018 Rev 9.5 Bi Dec 2816

HORIZTONAL

11:UL Fremont,5m Chamber B 1 Oct 2818 17:19:12
Rodioted Emissions 3-Meters
195 PF?JEct Number: 12849388
Client:Sonos
Config EUT + Support Equipment
Mode:BLE 2482
g5 Tested by:45256 JB
35
Peak Limit C(dBulU/m)
75
e
3 5
3 6
@
l
— Avg Limit (dBuU/m)
55
5
45 L S S A S S S
S)
5 o
=
3 =
25
1 18 18
Frequency (GHz)
Ronge (6Hz) REUAVEH Ref/Altn  Dst/Avg Tupe Sueep Pls fowps/lode Fosition Fonge (6H) REW/UB Ref/Attn  Det/Avg Tupe Sweop Pts  ¥oups/fode Position
FCC Port1SC 2.46Hz RSE.TST 12746 19 Mar 2018

Rev 9.5 @1 Dec 2816

VERTICAL

Page 27 of 43

UL VERIFICATION SERVICES INC.

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: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

RADIATED EMISSIONS

Trace Markers

Marker Frequency Veter Det ‘AF 7863 (dB/m) ‘Amp/Cbl/Fitr/Pad (dB) C Corr (dB) Corrected “Avg Limit (dBuv/m) Margin Peak Limit (dBuv/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
3 * 4.804 48.03 Pk 34 -29.2 0 52.83 - - 74 -21.17 0-360 199 H
S * 4,804 42.25 Pk 34 -29.2 0 47.05 - - 74 -26.95 0-360 199 \
1 1.919 22.29 Pk 31 -20.9 0 32.39 - - - - 0-360 102 H
2 1.978 23.6 Pk 30.9 -20.9 0 33.6 - - - - 0-360 200 \
6 7.198 29.51 Pk 35.9 -27.2 0 38.21 - - - - 0-360 102 \
4 7.207 33.11 Pk 35.9 -27.3 0 41.71 - - - - 0-360 199 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AF T863 Amp/Cbl/Fitr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*4.805 51.23 PK2 34 -29.3 0 55.93 - - 74 -18.07 89 160 H
*4.804 47.02 MAv1 34 -29.2 2.13 53.95 54 -.05 - - 89 160 H
*4.805 46.7 PK2 34 -29.3 0 51.4 - - 74 -22.6 170 279 \
*4.804 40.93 MAv1 34 -29.2 213 47.86 54 -6.14 - - 170 279 \

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average

Page 28 of 43

UL VERIFICATION SERVICES INC.
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: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM015

MID CHANNEL RESULTS

| 1:UL Fremont,5m Chomber B 1 Oct 2818 17:48:37
Rodioted Emissions 3-Meters
185 Pr?Ject Number: 12849388
Client:Sonos
Config:EUT + Support Equipment
Mode:BLE 2426
95 Tested by:45256 JB
SC
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[an}
o i
~ Avg Limit (dBuU/m)
5|:
a
45 M
PR
AN
35 [ i o i kb
AN AR
AR
1 18 18
Frequency (GHz)
Range (GH) REUAVEN Ref/Aitn  Dot/Avg Tupe Sueap Pla  #oups/fode FPosition Fonge (6Hz) REU/VB Ref/Attn  Det/Avg Type Sweop Pts #oups/fode Position
1:1-3 1H(-648) /38 67/ PEAK/Por Avg(RIS)  TTnsec(futo) 6080 HAXH B-36Bdegs H | 3:3-18 HC-6cB)/38  87/8 PERK/Pur Avg(RMS)  STdnsec(Auto) 18k HAXH 8-368degs H
FCC Port1SC 2.46Hz RSE.TST 12746 19 Mar 2018

Rev 9.5 81 Dec 2816

HORIZTONAL

| 1l:UL Fremont,5m Chamber B 1 Oct 2818 17:48:37
Rodioted Emissions 3-Meters
195 PF?JEct Number: 12849388
Client:Sonos
Config EUT + Support Equipment
Mode:BLE 2426
g5 Tested by:45256 JB
35
Peak Limit C(dBulU/m)
75
e
3 5
3 6
@
l
— Avg Limit (dBuU/m)
55
6
45 Q
3
35 9 4
o
25
1 18 18
Frequency (GHz)
Ronge (6Hz) REUAVEH Ref/Altn  Dst/Avg Tupe Sueep Pls fowps/lode Fosition Fonge (6H) REW/UB Ref/Attn  Det/Avg Tupe Sweop Pts  ¥oups/fode Position
FCC Port1SC 2.46Hz RSE.TST 12746 19 Mar 2018 Rev 9.5 Bi Dec 2816
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

RADIATED EMISSIONS

Trace Markers

Marker Frequency Veter Det ‘AF 7863 (dB/m) ‘Amp/Cbl/Fitr/Pad (dB) C Corr (dB) Corrected “Avg Limit (dBuv/m) Margin Peak Limit (dBuv/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 *1.193 23.84 Pk 28.1 -22.5 0 29.44 - - 74 -44.56 0-360 102 H
3 *1.192 31.36 Pk 28.1 -22.3 0 37.16 - - 74 -36.84 0-360 102 \
S *4.853 48.01 Pk 34.2 -29.9 0 52.31 - - 74 -21.69 0-360 102 H
6 *4.852 41.91 Pk 34.2 -29.9 0 46.21 - - 74 -27.79 0-360 199 \
2 2.04 22.76 Pk 31 -20.9 0 32.86 - - - - 0-360 199 H
4 2.065 23.09 Pk 31 -21 0 33.09 - - - - 0-360 102 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AF T863 Amp/Cbl/Fitr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*1.194 30.4 PK2 28.1 -22.5 0 36 - 74 -38 200 169 H
*1.192 18.05 MAv1 28.1 -22.3 213 25.98 54 -28.02 - - 200 169 H
*1.193 3154 PK2 28.1 -22.4 0 37.24 - - 74 -36.76 283 185 Vv
*1.191 18.18 MAv1 28.1 -22.4 2.13 26.01 54 -27.99 - - 283 185 A
*4.852 51.44 PK2 34.2 -29.9 0 55.74 - - 74 -18.26 92 149 H
*4.852 46.31 MAv1 34.2 -29.9 213 52.74 54 -1.26 - 92 149 H
*4.852 46.68 PK2 34.2 -29.9 0 50.98 - - 74 -23.02 171 278 Vv
*4.852 40.76 MAv1 34.2 -29.9 2.13 47.19 54 -6.81 - - 171 278 \%

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAvV1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

HIGH CHANNEL RESULTS

| 1:UL Fremont,5m Chomber B 1 Oct 2818 18:32: 21
Radioted Emissions 3-Meters
185 Project Number: 12849388
Client:Sonos
Config EUT + Support Equipment
Mode:BLE 2480
g5 Tested by:45256 JB
gl:
Peok Limit C(dBulU/m)
75
A
3
3 5
3 6
o
o .
= Avg Limit (dBulU/m)
55 =
o)
45
4
A P
35 I W T A WL e
1 T
WNWWWWMW
o5
1 18 18
Frequency (GHz)
Range (6Hz) REUAVEN Ref/Attn  Dst/Avg Tupe Sueep Pls  Fowps/fode  Fos Fange (6H) REU/UBH Ref/Attn  Dot/Avg Type Sweop Pts Hups/fiods FPosition
1123 1H(-648) /30 6770 PEAK/Pur Pug(RNS)  7Tnsec(futo) 6080 HAXH B-3 3:F18 68D/ 87/8 FERK/Pur Avg(RMS)  STdnsec(Auto) 18k A 9-368degs H
FCC Port1SC 2.46Hz RSE.TST 12746 19 Mar 2018 Rev 9.5 B1 Dec 2816
! 1:UL Fremont,5m Chomber B 1 Oct 2B18 18:32: 21
Rodioted Emissions 3-Meters
185 Pr‘\?r\ject Number: 128493868
Client:Sonos
Config:EUT + Support Equipment
Mode:BLE 24806
g5 Tested by:45256 JB
SK
Peok Limit (dBul/m)
75
‘e
~
3 65
o
o .
— Avg Limit (dBulU/m)
5|:
5
45
5
o
3;
@
o5
1 18 18
Frequency (GHz)
Rangs (6Hz) REUAVEN Ref/Attn  Det/Avg Tupe Sueep Pls  Foups/fods Fosition Fonge (6H) REW/UBH Ref/Attn  Dot/Avg Type Swoep Pts foups/fiods Fosition
FCC Port{SC 2.46Hz RSE.TST 12746 19 Mar 2018 Rev 9.5 B1 Dec 2816

VERTICAL
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

RADIATED EMISSIONS

Trace Markers

Marker Frequency Veter Det ‘AF 7863 (dB/m) ‘Amp/Cbl/Fitr/Pad (dB) C Corr (dB) Corrected “Avg Limit (dBuv/m) Margin Peak Limit (dBuv/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
3 *4.96 46.25 Pk 34.5 -29.9 0 50.85 - - 74 -23.15 0-360 102 H
S *4.96 41.68 Pk 34.5 -29.9 0 46.28 - - 74 -27.72 0-360 199 \
1 1.906 21.77 Pk 31 -21 0 31.77 - - - - 0-360 199 H
2 1.975 22.44 Pk 30.9 -20.9 0 32.44 - - - - 0-360 200 \
4 6.285 31.44 Pk 35.6 -28.7 0 38.34 - - - - 0-360 102 H
6 6.521 30.19 Pk 35.6 -28.1 0 37.69 - - - - 0-360 102 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AF T863 Amp/Cbl/Fitr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
*4.961 49.92 PK2 345 -29.8 0 54.62 - - 74 -19.38 91 109 H
*4.96 45.08 MAv1 345 -29.9 2.13 51.81 54 -2.19 - 91 109 H
*4.961 47.12 PK2 345 -29.8 0 51.82 - - 74 -22.18 166 277 \2
*4.96 40.58 MAv1 34.5 -29.9 2.13 47.31 54 -6.69 - - 166 277 \%

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

9.3. Worst Case Below 30 MHz

SPURIOUS EMISSIONS 9 kHz TO 30 MHz (WORST-CASE CONFIGURATION)

e, =¥ whiaintihla -
| ) Ly, _.!.:ck-__..':‘:,.'_.._ CPT— :
- | TRmmeLLL D

BB H H . H - H H —r

NOTE: KDB 414788 OATS and Chamber Correlation Justification
- Based on FCC 15.31 (f) (2): measurements may be performed at a distance closer than
that specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field.
- OATs and chamber correlation testing had been performed and chamber measured test
result is the worst case test result.

Below 30 MHz Data

Trace Markers

Marker Fre(gnlﬁzr;cy Rr:aeéier:g Det Lcc(pdé/r::‘e;nna Cbl (dB) Dist Corr 300m c;;;a;l:egu Peak Limit (dBUV/m) M(erg)m Avg Limit (dBuV/m) M(Zng)m A(Izjlemgusl)h
(dBuv) (dBuvolts)
3 .06625 42.36 Pk 12 14 -80 -24.24 51.16 -75.4 31.16 -55.4 0-360
1 .06634 45.83 Pk 12 14 -80 -20.77 51.15 -71.92 31.15 -51.92 0-360
4 .13276 40.46 Pk 11.8 14 -80 -26.34 45.16 -71.5 25.16 -51.5 0-360
2 .13288 43.34 Pk 11.8 14 -80 -23.46 45.16 -68.62 25.16 -48.62 0-360
8 .26614 45.27 Pk 11.7 15 -80 -21.53 39.11 -60.64 19.11 -40.64 0-360
5 .27928 48.58 Pk 11.7 15 -80 -18.22 38.69 -56.91 18.69 -36.91 0-360

Pk - Peak detector

Marker Frequency Meter Det Loop Antenna Cbl (dB) Dist Corr 30m Corrected QP Limit (dBuV/m) Margin Azimuth
(MHz) Reading (dB/m) Reading (dB) (Degs)

(dBuv) (dBuVolts)
9 .81182 35.19 Pk 11.8 15 -40 8.49 29.43 -20.94 0-360
6 1.18795 32.99 Pk 11.8 15 -40 6.29 26.13 -19.84 0-360
7 2.50253 23.41 Pk 11.8 15 -40 -3.29 295 -32.79 0-360
10 3.70458 21.72 Pk 11.7 15 -40 -5.08 29.5 -34.58 0-360

Pk - Peak detector
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REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

9.4.

Worst Case Below 1 GHz

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

9:UL Fremont — Chaomber L 2818 Dct 26 16:83:55
Rodioted Emissions - 3 Meters
= Project Number: 12849380
8 Client:SONOS INC
Config EUT + Support Equipment
Mode:BLE Below 1GHz
75 Tested by:GA12485
6:
55
2 ’7
&
> 4; s
2 (€ R e | W1 Vg ) f > 3
’ 1ol
35 l..1]
A, ] H
S A, W‘W UL i
5 MMWMW
=
30 1809 18688
Frequency (MHz)
Rangs () R/ Ref/Attn  Det/fvg Node S Pio  ¥oups/fode Fosition Range () BBl Ref /Aitn  Det/ivg fode s Foups/Mods  Fasition
1:30-20 2BC-EB)/ N TIID | PERK/aPrVideo dnesc(Pute) 4B WAKH B-36fdegs H | 3:200-1000 b 5 PEAK/LogPur-Video e o) 580 o 8-3Begs H

FCC Part15C 38-1888MHz.TST

Rev 9.5 22 Jun 2818

HORIZTONAL

Ref/Atin  Dei/fvg Mode
1 8 K/Le \

Pto ¥5ups/fode Position
4866 HAX J-368dey;

9:UL Fremont - Chamber L 2818 Dct 26 16:83:55
Rodiated Emissions - 3 Meters
= Project Number: 12849388
8 Client:SONOS INC.
Config:EUT + Support Equipment
Mode :BLE Below 1GHz
75 Tested by:GA12485
6|:
55
/_\E ’_
~
> 41:
S QP i T LUy )
g
3;“ iy, \
AR LT
P |
25 \ . 4 f g I A
TV
Mo 'MA\ LAl Uik Wﬂ ﬂw
15 e YA VLY u '*f‘
T L
=
38 1688 1806
Frequency (MHz>
Fonge T e ) Rongs (D) EC
i) 26 e EC 0) 16 i} (-6dl

Ref/fttn  Dot/fvg Mode Sucep
N 97 AK/LogPur de 1ln

Pts  #Swps/Mode Pasition
8 MAXH B

FCC Parti5C 36-188EMHz  TST
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

Below 1GHz Data

Trace Markers

Marker Frequency Meter Det AF PRE0181574 Amp/Cbl (dB) Correcte QPk Limit (dBuVv/m) Margin Azimuth Height Polarity
(MHz) Reading (dB/m) d (dB) (Degs) (cm)
(dBuVv) Reading
(dBuV/m)
1 46.5368 46.78 Pk 15.2 -31.4 30.58 40 -9.42 0-360 399 H
4 * 37.9496 51.58 Pk 21 -31.5 41.08 40 1.08 0-360 100 \
5 191.9244 52.44 Pk 17.5 -30.5 39.44 43.52 -4.08 0-360 100 V
2 287.9114 52.84 Pk 19.2 -29.8 42.24 46.02 -3.78 0-360 100 H
3 349.9195 52.47 Pk 20.1 -29.8 42.77 46.02 -3.25 0-360 100 H
6 455.9333 48.62 Pk 22.8 -29.5 41.92 46.02 -4.1 0-360 100 \

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AF Amp/Cbl (dB) Correcte QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0181574 d (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dB/m) Reading
(dBuV/m)

46.5876 45.06 Qp 15.2 -31.4 28.86 40 -11.14 316 386 H
*38.0119 48.46 Qp 21 -31.5 37.96 40 -2.04 26 116 \
191.9234 51.74 Qp 17.5 -30.5 38.74 43.52 -4.78 148 100 \
288.0073 52.53 Qp 19.2 -29.8 41.93 46.02 -4.09 226 102 H

349.978 51.9 Qp 20.1 -29.8 42.2 46.02 -3.82 141 100 H
456.0033 46.91 Qp 22.8 -29.5 40.21 46.02 -5.81 166 112 Vv

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Qp - Quasi-Peak detector
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REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM015

9.5. Worst Case 18-26 GHz

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

M
IBSUL EMC

RF Emissions

Orcer Nunber: 12849360
Client:Sonos

Configuration:EUT +
Mode :BLE Worst Cose
Tested by / SN: 12981 KU

Support Equipment

25 Sep 2818

23:47:28

55

{dBulelts) Horizontal

18
Frequency (GHz)

n-Tmm FELAEY Refiiitn  Detfig Type Sumer Plo  EapaMode  Lobal Rerge (2] LAY Bafittin  Dat/p Type Surep
1:16-26 LTG0 FERLoghwr-lideo  Idneectiuta) %81 MUK Horl zonkal

Pta  #hgeifode  Lotel

18-260GHz Test.TST 38915 6 Jon 2815

Rev 9.5 19 Oct 2816

HORIZTONAL

M
IBSUL EMC

RF Emissions

Order Nunber 12849368
Client:Sonos

Configuration:EUT +
Mode :BLE Worst Cose
S — L TR B

Support Equipment

25 Sep 2818

23:47:28

55

(dBulolte) Uertical

153 M A L

18
Frequency (GHz)

Rangs Gz} BB Refifitn  Detfivg Type Sumer Ple  EapaMode  Lobal Pergn (5] FEuEY Bafitin  Dat/fp Type Surep

Pta  #hgeioda  Lokel

18-260GHz Test.TST 38915 6 Jon 2815

Rev 9.5 19 Oct 2816
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REPORT NO: 12049380-E1V3

FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

18 - 26GHz DATA

Marker Frequenc Meter Det T89 AF Amp/Cbl (dB) Dist Corr Corrected Avg Limit Margin Peak Limit PK
y Reading (dB/m) (dB) Reading (dBuV/m) (dB) (dBuV/m) Margin

(GHz) (dBuV) (dBuVolts (dB)

)

1 19.601 36.67 Pk 325 -25.2 -9.5 34.47 54 -19.53 74 -39.53
2 21.537 37.43 Pk 33 -25.2 -9.5 35.73 54 -18.27 74 -38.27
3 23.887 38.73 Pk 33.5 -24 -9.5 38.73 54 -15.27 74 -35.27
4 19.396 39.55 Pk 324 -25.1 -9.5 37.35 54 -16.65 74 -36.65
5 20.384 39.04 Pk 32.6 -25 -9.5 37.14 54 -16.86 74 -36.86
6 22.89 38.21 Pk 334 -25 -9.5 37.11 54 -16.89 74 -36.89

Pk - Peak detector
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REPORT NO: 12049380-E1V3 DATE: 10/31/2018
FCC ID:SBVRMO015 IC:5373A-RM0O15

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
(uasi-peak Average
0.15-0.5 B toy 56 56 to 46
0.5-5 56 46
5-30 fl) 30
" 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
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REPORT NO: 12049380-E1V3
FCC ID:SBVRMO015

DATE: 10/31/2018
IC:5373A-RM0O15

LINE 1 RESULTS

25 5

Sep 2E18 @9:52:58

Conducted RFI Uoltage

H

Tested by 19498 ER

dBul) Line=L1

15 18 38
Fr equency [MH=z)
[ . fﬁ; i) Iﬁlzj\u r.{n;u— D;\'\l’:flj Fode da IL-r:I [ Fage ima PR Raf /ittn  Dut/vg Hode Swsap Fis #opafode Latel
CC1S CE Class B 158kHz-38HHz Stepping. TST 38915 24 Feb 2816 Rev 9.5 26 Moy 20815
Trace Markers
Range 1: Line-L1 .15 - 30MHz
Marker Frequenc Meter Det LISN L1 LC Limiter Corrected CFR 47 QP CFR 47 Av(CISPR
y Reading Cables (dB) Reading Part 15 Margin Part 15 )Margin
(MHz) (dBuV) C1&C3 dBuVv Class B (dB) Class B (dB)
QP Avg

1 143125 40.63 Qp 0 0 10.1 50.73 57.23 -6.5 - -

2 143125 13.01 Ca 0 0 10.1 23.11 - - 47.23 -24.12
3 717 37.67 Qp 0 0 10.1 47.77 56 -8.23 - -

4 717 10.57 Ca 0 0 10.1 20.67 - - 46 -25.33
5 1.005 35.86 Qp 0 1 10.1 46.06 56 -9.94 - -

6 1.005 13.26 Ca 0 1 10.1 23.46 - - 46 -22.54

7 1.29075 34.28 Qp 0 1 10.1 44.48 56 -11.52 - -

8 1.29075 6.38 Ca 0 1 10.1 16.58 - - 46 -29.42
9 1.57875 32.94 Qp 0 1 10.1 43.14 56 -12.86 - -
10 1.57875 5.22 Ca 0 1 10.1 15.42 - - 46 -30.58
11 13.119 38.84 Qp 1 2 10.2 49.34 60 -10.66 - -
12 13.119 33.69 Ca 1 2 10.2 44.19 - - 50 -5.81

Qp - Quasi-Peak detector
Ca - CISPR average detection
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LINE 2 RESULTS

o _’_..I Fre |'_-|_| 5 Sep 218 i} (58
1 D6
M U_g
2 Tested by: 19498 ER
o B¢
- 58| =3 r E.' 4 (._,é"
2 ) #
i % 2
15 8 3@
Farge (HH [T =1 Sumep ¥y AL Ref/Rttn  Det/fvg Hode P ¥oupaMod, b |
CC1S CE Class B 158kHz-38HHz Stepping. TST 38915 24 Feb 2816 il 5 Moy 201
Trace Markers
Range 2: Line-L2 .15 - 30MHz
Marker Frequenc Meter Det LISN L2 LC Limiter Corrected CFR 47 QP CFR 47 Av(CISPR
y Reading Cables (dB) Reading Part 15 Margin Part 15 )Margin
(MHz2) (dBuV) C2&C3 dBuv Class B (dB) Class B (dB)
QP Avg
1 43125 40.63 Qp 0 0 10.1 50.73 57.23 -6.5 - =
2 143125 13.01 Ca 0 0 10.1 23.11 - - 47.23 -24.12
3 717 37.67 Qp 0 0 10.1 47.77 56 -8.23 - =
4 717 10.57 Ca 0 0 10.1 20.67 - — 46 -25.33
5 1.005 35.86 Qp 0 1 10.1 46.06 56 -9.94 - =
6 1.005 13.26 Ca 0 1 10.1 23.46 - - 46 -22.54
7 1.29075 34.28 Qp 0 1 10.1 44.48 56 -11.52 - -
8 1.29075 6.38 Ca 0 1 10.1 16.58 - - 46 -29.42
9 1.57875 32.94 Qp 0 1 10.1 43.14 56 -12.86 - =
10 1.57875 5.22 Ca 0 1 10.1 15.42 - — 46 -30.58
11 13.119 38.84 Qp 1 2 10.2 49.34 60 -10.66 - =
12 13.119 33.69 Ca 1 2 10.2 44.19 - - 50 -5.81

Qp - Quasi-Peak detector
Ca - CISPR average detection
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