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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

1. ATTESTATION OF TEST RESULTS

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

EUT DESCRIPTION: 802.11a/b/g/n HT20 CLIENT DEVICE
MODEL.: S22
SERIAL NUMBER: 48-A6-B8-10-00-B0-2 (Radiated Sample)
DATE TESTED: January 23 — February 07, 2019
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. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

The results documented in this report apply only to the tested sample, under the conditions and
modes of operation as described herein. It is the manufacturer's responsibility to assure that
additional production units of this model are manufactured with identical electrical and
mechanical components. All samples tested were in good operating condition throughout the
entire test program. Measurement Uncertainties are published for informational purposes only
and were not taken into account unless noted otherwise.

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-'- \1* -

dftfﬂwu__,/ _j@_
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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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

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) Chamber D (ISED:22541-1) |X| Chamber | (ISED:2324A-5)
Chamber B (ISED:2324B-2) Chamber E (ISED:22541-2) |:| Chamber J (ISED:2324A-6)

L]

j Chamber C (ISED:2324B-3) Chamber F (ISED:22541-3) Chamber K (ISED:2324A-1)
Chamber G (ISED:22541-4) Chamber L (ISED:2324A-3)
Chamber H (ISED:22541-5)

HE N

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.
Chambers above are covered under Industry Canada company address and respective code

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

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
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz | 3.84 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.65dB
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 4.32dB
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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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

5. EQUIPMENT UNDER TEST

5.1. EUT DESCRIPTION

The EUT is 802.11a/b/g/n HT20 CLIENT 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 -0.96 0.80

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes Printed Circuit Board (PCB) antenna, with a maximum gain of 4.1 dBi.
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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DATE: 4/12/2019
IC: 5373A-RM016

REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

5.5. WORST-CASE CONFIGURATION AND MODE

Radiated bandage, harmonics, and spurious emissions from 1 GHz to 18GHz were performed.
The EUT was set to transmit at the Low/Middle/High channels with designed (target) output
powers.

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

The EUT can only be setup in desktop orientation; therefore, all radiated testing was performed
with the EUT in desktop orientation.

5.6. DESCRIPTION OF CLASS Il PERMISSIVE CHANGE

This is to request a class Il permissive change for FCC ID: SBVRMO016 original grated on
12/31/2018.

The major change filed under this application is:

Change#1: The S18 and S22 share the same MediaTek MT7615 radio board. The 18 is 3x3
where as the S22 is a 2x2, both models use the same Chain 0 and 1 antennas.

Change#2 Antenna gain has changed as shown below:

S$18 Max Antenna Gain dBi
Frequency Chain 0 Chain 1 Chain 2 Type
2412 - 2472 2.1 1.4 1.17
WLAN
5180 - 5859 0.6 2.6 NA
2412 - 2472 3.9 NA NA BLE
$22 Max Antenna Gain dBi
Frequency Chain 0 Chain 1 Type
2412 - 2472 1.4 0.1
WLAN
5180 - 5859 1.65 1.7
2412 - 2472 4.1 NA BLE
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

5.7. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Laptop Lenovo X230 SON-00001034 N/A
AC Adapter Lenovo ADLX65NCT2A 115362002937Z210034A2ZK |N/A

/O CABLES

1 AC Power 1 AC Unshielded 2 AC Mains to EUT

2 Ethernet 1 RJ45 Unshielded 10 EUT to Laptop

3 |DCPower 1 DC Shielded 1.2 AC/DC Adapter to Laptop

4 AC Power 1 AC Unshielded 1 AC Mains to AC/DC Adapter
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REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

TEST SETUP

The EUT is a stand-alone unit, and the radio is exercised by Sonos Compliance test utility

software via Ethernet.

SETUP DIAGRAM

EUT

AC MAINS
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

6. MEASUREMENT METHOD

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

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

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.

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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REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

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
?;ﬁ'ﬁer' 9KHz to 1GHz, SONOMA INSTRUMENT | 310 PRE0180175 | 07/09/2019
;'élt_"rz'd Antenna, S0MHzto | ¢ AR rf motion JB3 PRE0184971 | 11/13/2019
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T862 05/24/2019
RF Amplifier MITEQ 2;542'00101800'25 > 171460 08/01/2019
Amplifier 1-8GHz 30dB gain | L3 Narda ;\'Q\TDF'4D'01000800'30' 167494 04/03/2019
EMI TEST RECEIVER Rohde & Schwarz ESW44 PRE0179367 | 04/25/2019
Power Meter, P-series single | Agilent (Kgymght) N1911A 1271 07/17/2019
channel Technologies
Power Sensor, P-series, Agilent (Keysight)
50MHz to 18GHz, Wideband | Technologies N1321A T1225 04/10/2019
Ve L i
o Active Loop KHz | Com-Power Corp. AL-130R PRE0165308 | 01/08/2020
18 - 26.5 GHz Horn Antenna ARA MWH-1826/B T447 06/16/2019
Pre-Amp 1-26.5 GHz Agilent 84498 T404 03/09/2019
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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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

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)
BLE 0.380 0.625 0.608 60.80% 2.16 2.632

DUTY CYCLE PLOTS

RL RF S0 DC SEMSEINT ALIGNAUTO 07:55:31 PM Jan 20, 2019

Avg Type: Log-Pwr TRACE 34586 Frequency
PNO: Fast —»— Ttig:Free Run TYPE Wl
IFGain:Low Atten: 20 dB peT|P
Auto Tune
10 dBidiv Ref 10.00 dBm
Log
o0.0o Center Freq
400 2.402000000 GHz
-200 |
-30.0
StartFreq
-no 2.402000000 GHz
-50.0 I—
-60.0
oo Stop Freq
2.402000000 GHz
-E0.0
Center 2.402000000 GHz Span 0 Hz CF Step
Res BW 8 MHz #VBW 50 MHz Sweep 5.000 ms (1001 pts) 8.000000 MHz
e ee] T v T Feron [ oncovwon ] rocronveor ol s Man
1 N t 2265 ms -13.87 dBm
2 A1 to(a 380.0 us (A) -1.24dB
3 a1 t (A 625.0 us (A) 0.90 dB Freq Offset
4
5 0 Hz
6
7
8
9
10
1 v
< >
MSG STATUS
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019

FCC ID: SBVRMO16 IC: 5373A-RM016
8.2. 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 of 11 dB (including 10 dB pad and 1 dB cable) was entered
as an offset in the power meter to allow for a gated peak reading of power.

RESULTS

Tested By: 16069_0OG

Date: 7/25/2018
Channel Frequency Peak Power Limit Margin

Reading
(MHz) (dBm) (dBm) (dB)

Low 2402 -1.020 30 -31.020
Middle 2440 -0.964 30 -30.964
High 2480 -1.107 30 -31.107

Note: Please refer to UL 12166253-E1 report for the rest of conducted test items (99%
bandwidth, 6dB bandwidth, Power Density, Conducted Spurious Emissions & AC Power Line
Conducted Emissions)
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REPORT NO: 12552285-E1V1

FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205 and 8§15.209

RSS-GEN, Section 8.9 and 8.10.

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/im)at3m (dBuV/m) at 3 m
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.

2D antenna use - For below 30MHz testing, investigation was done on three antenna
orientations (parallel, perpendicular, and ground-parallel), parallel and perpendicular are the
worst orientations, therefore testing was performed on these two orientations only.
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

KDB 414788 OATS and Chamber Correlation Justification

Base 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.
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DATE: 4/12/2019
IC: 5373A-RM016

REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

9.2. TRANSMITTER ABOVE 1 GHz

BANDEDGE (LOW CHANNEL)

HORIZONTAL RESULT

I'\:UL Fremant — Chamber I 2819 Jan 23 22133112
2
Restricted Bondedge
Project Number 2552285
L e Client:Sonos
Config:EUT + Suppart Equipment
Mode:BLE 2482
1 M S N S S Tested by:45256 J8
S SO SRS SNSRI
L d f
- i
E — |
= L IE /\ i
3 75 fi4
g i
T i\
65 [
; -
fverage Limit (dBulim) :
55 2 b
M b ienkiabbd i ikl ki ndia oo HT— sl ’
45 . o ,
Sl
Fo? M
-
35
2. 31 T8 .5MH=z/ Z2.415
Frequency (GHz)
Rarge (5 RBUAT Ref/0tin  Det/fvg Mode Soorp Pio  Foupelfode Position Rarge (@) RGN Ref/Attn  Detifvg fods Sueep Flo  Foupa/Mode Fosilion
1:2.31-2,415 MG 1BT/18 PERK/Par AuglMS)  Grssclfule) 0081 HAWH 154 degs 1174 2:2.31-2.415 IM-6483/0H  187/18 BUERPur fvgiRMS)  Gesectule) 9881 1BATAUG 54 dege
Low CH BE - H.TST Rev 3.5 11 Jan 2819
Marker Frequency Meter Det AF 7862 (dB/m) AmpICBIFIt/Pa BC Corr (dB) 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)
239 4339 Pk - 214 0 5359 74 2041 4 7
239 44.71 Pk X 21 0 54.91 - - 74 -19.09 4 7
239 26.83 RMS 21 2.16 39.19 54 1481 - - 4 7
2 *2.389 2822 RMS 2.16 4058 54 -13.42 4 7

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

VERTICAL RESULT

I'\:UL Fremant — Chamber I 2819 Jan 23 22:44:37
E
Restricted Bondedge
Project Number 2552285
L e Client:Sonos
Canfig:EUT + Suppart Equipment
Mods:BLE 2482
T A E N A S S Tested by 45256 JB
o e e R
R e s
N Peok L dBu
E R : ; ; - ; ; -
@ ; i i ] H
3 H H i )
- ’./ ‘\\
55 \\
5 ; .,
55l fverege Limit (e Bul¥m) N‘\.M"
e
il T T AU TR AT RIT I TR T PR T o L :
45 ; 4 : i
a3
a
35
2. 31 T8 .5MH=/ 2,415
Frequency (GHz)
arge (Gre) BB Ref/Atin  Detifng Mode Secep Pls  Foupsifods FPosition Range (Giz) RBAVEU Ref/Attn  Dotivg Mode Susep Ple  Foups/Mods Position
Low CH BE - U.TST Rev 3.5 11 Jon 2819
Marker Frequency Meter Det AF 862 (aBIm) AMpICDIFITPa BC Corr (d8) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Porarity
(GHz) Reading d(dB) Reading (dBuvim) (B) (dBuV/m) (dB) (Degs) (em)
(dBu! (dBuV/m)
*2.39 450 Pk . -21. 0 55.23 - - 74 -18.77 53 325 \
*2.39 46. Pk X -21. 0 56.91 - - 74 -17.09 53 325 \%
*2.39 27. RMS X -21. 216 3957 54 -14.43 - - 53 325 \%
4 *2.389 29. RMS X -21. 2.16 4151 54 -12.49 53 325 Vv

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12552285-E1V1

FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

I_“:LJL Frement - Chamber I 2819 Jon 23 22:08:51
2¢
Restricted Bondedge
Project Number: 12552285
L Client:Sanos
Config:EUT + Suppart Equipment
Mode BLE 2488
L OSSO SOOI FO AU SOOI S Tested by:45256 JB
95— e -
N
[
B85/ -
- ff
E
3 75 Lo\ m e o B
3 / |
@
2 |
B5 I i
55
i Ll e oLy sl
bt s TUIPRITRRFT|
L N ST | || OO | O O OO 0O OSSO 0SSO SO
L -
o s
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
forge (G BB Raf/ALin  Delifvg Mods Seap Pls  ¥5upaifods Fosition Range (G0 REHAE Raf/ALtn  Det/fvg Mods Sasep Pla  FopaMod:  Fosilion
V2462563 MC-BBI/M 18718 PERK/Par fvg(S)  Srsecifutc] 9801 HAIM 52 dege 20 oy 212.26-2.563  MCGBIN  IB7/18 AERPur uq(MIS]  UeacclAuto) 9981 IBATAUG 52 degs
High CH BE- H.TST Rev 9.5 11 Jon 2819
Marker Frequency Meter Det AF 862 (aBIm) AMpICDIFITPa BC Corr (d8) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Porarity
(GHz) Reading d'(dB) Reading (dBuvim) (B) (dBuV/m) (dB) (Degs) (em)
(dBuv) (dBuvim)
34 5757 Pk 324 0 68.27 74 -5.73 52 220
*2.484 577 Pk 324 0 68.4 - - 74 -5.6 52 220
*2.484 2664 RMS 324 2.16 395 54 -14.5 - - 52 220
4 *2.484 3742 RMS 324 2.16 50.28 54 -3.72 52 220

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

Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

VERTICAL RESULT

I’\:UL Fremant — Chamber I 2819 Jan 23 22:13: 21
E
Restricted Bondedge
Project Number 2552285
L e e I Client:Sonos
Config:EUT + Suppart Equipnent
Mods:ELE 2488
vesl Tested by:45256 JB
B e e
R e A
G | ~
< Peck Limit CdBuU/in
3 7 i .
@ \ H H
g ) ¥
65 # D
Avertg, | imit C(dBuU/m)
55»-0’// 4 M'-‘vmm ™
o i T kit VT P TR FY Y i I " FOPPIY FRTRCTY 1 [T NIRRT PR o) N
45 i
3
a
35
2.46 T8. 3MH=/ 2. BE3
Frequency (GHz)
arge (Grz) BB Ref/Atin  Detifng Mode Secep Pls  Foupsifods FPosition Range (Giz) RBAVEU Ref/Attn  Dotivg Mode Susep Ple  Foups/Mods Position
High CH BE - U TST Rev 3.5 11 Jon 2819
Warker Frequency Weter Det AF T862 (@B/m) AMPICHIFTTPa BC Corr (d8) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Porarity
(GHz) Reading d(dB) Reading (dBuvim) (B) (dBuV/m) (dB) (Degs) (em)
(dBuv) (dBuv/im)
.484 5557 Pk 324 -21. 0 27 - - 74 -7.73 288 364 \
*2.484 55.69 Pk 324 -21. 0 66.39 - - 74 -7.61 288 364 \%
.484 2867 RMS 324 -21. 216 4153 54 -12.47 - - 288 364 \%
4 484 3757 RMS 324 -21. 2.16 0.43 54 -3.57 - - 288 364 Vv

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

,HSUL Fremont - Chamber T 2819 Jan 31 ZB8:89: 47
Radioted Emisszions 3-Meters
Fro ject Number: 12552285
185 Client:Sonos
CanfigiEUT + Support Equipment
Made :BLE 2482
g5 Tested by:45256 JB
85
Peak + (dBull/m)
] S S U S S SO S S S S S ——
e
>
s T - = e e s s s
@
a
- fug Limit CdBulsm)
(S]] —— R S U S SO SO SR
[=
45
—
AL, A‘.,w“‘ ! 3
35 gt " g ‘ -
i ‘
e
5L OO0 SO0 OO DO DO SOOUOoO TS DO PP OSSO P OOTO PP HOTOOTOPOS SOTOOTOOS SRS
1 ) 18
Frequency (GHz)
Fonge (BHz) REU/VBY Ref/attn  Det/Avg Hode Sweep Ptz #Sups/Mode  Fozition | Range (GHz) REK/BW Fef/dttn  Det/Avg Hode Sussp Ptz #3wps/Mode Fosition
1153 MC-6E0/k  1E7/18 PERK/Pur fvg(RMS)  189mecc(huta) 9081 AW B-3tbdeg] 3318 W)k B2 FER/Far AuglRMS) | dsecthute) 1Sk HAH B-3Ebdezs H
FLC Port15C 2.46Hz RSE.TST Rev 9.5 11 Jon 2819

HORIZTONAL

) 15UL Fremont — Chamber I 2819 Jon 31 28:89.47
Radioted Emissions 3-Meters
Project Number: 12552285
L Clignt:Sonos
Config:EUT + Support Equipment
Made :BLE 24@2
G5 Tasted by:45256 JB
85
Peak t (dBul/m)
£ s OSSOSO OO UOssoo OO OOOOO RSSO0 SOUUUOOOO OO SO0V SO0 SO0 SOOOOO U SOUSOSos OO
T
=
T —
@
o .
- Avg Limit CdBul/md
o R R R R R R B R R B B R R R
5
o
45
g 5]
- [=
I35 e i U= TR
25
1 18 18
Frequency C(GHz)
Ronge (Riz) REU/VG Ref/Atin  Det/fvg Mode Sweep Fis  tSups/Mode Fosition| Rorge (Ghiz) (e Ref/Attn  Det/Avg Hade Sueep Pts  #oups/Mode Fosition
FCC Portl5C 2.46Hz RSE.TST Rev 9.5 11 Jon 2819

VERTICAL
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

RADIATED EMISSIONS

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/FI DC Corr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) (dB) Reading (dBuVv/m) (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*3.859 38.31 PK2 33 -29.6 0 41.71 - - 74 -32.29 36 110 H
*3.859 33.53 MAv1 33 -29.6 2.16 39.09 54 -14.91 - - 36 110 H
*4.804 49.61 PK2 34.3 -28 0 55.91 - - 74 -18.09 24 300 H
*4.804 43.84 MAv1 34.3 -28 2.16 52.3 54 -1.7 - - 24 300 H
*3.859 37.49 PK2 33 -29.6 0 40.89 - - 74 -33.11 147 100 \
*3.859 31.83 MAv1 33 -29.6 2.16 37.39 54 -16.61 - - 147 100 \
*4.803 42.71 PK2 343 -28 0 49.01 - - 74 -24.99 282 373 \
*4.804 35.51 MAv1 34.3 -28 2.16 43.97 54 -10.03 - - 282 373 \

* - 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: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

MID CHANNEL RESULTS

11:UL Fremont — Chomber I 2819 Jan 31 212828
Radioted Emisszions 3-Meters
- Fro ject Number: 12552285
e Client:Sonos
Config:EUT + Support Equipnent
Made :BLE 2426
o5 -| Tested by:45256 JB
85
Feak Limit (dBull/m)
T b b
e
~
D: E’l: ,,,,,,,,,,,,,,,,
I=
o
< Aug Limit C(dBuls/m)
51_ ..................
q
45 l
P |
-
RO —— ; "
35 sttt b (T . HE) s s -
e T} - o
bt
2L Ut SO USSP OOt SOOI SO SURRUUNIE:SUSPON SEUETOE SO
1 ] 138
Frequency C(GHz)
Ronge (BHz) REU/VBY Ref/attn  Det/Avg Hode ey Ptz #Sups/Mode  Fozition | Range (GHz) REK/BW Fef/dttn  Det/fvg Hade Susep Ptz #3wps/Mode Fosition
1:1=3 MC-BdE)/ Bk 187/18 PEAK/Pur Avg(RMS)  18%mmecChuta) 9081 MAXH B-3b8ceqd 3:3-1B TH(-6dEB)/ 38k g/e PERK/Par Avg(RHS laec(futa) 18k HAH B-36Bdegs H
FCC Port1SC 2.46Hz RSE.TST Rev 9.5 11 Jen 2619

HORIZTONAL

11:UL Fremont — Chamber I 2819 Jan 31 21:28:28
Radioted Emissions 3-Meters
195 Project Number: 12552285
Client:Sonos
ConfigEUT + Support Equipment
Made :BLE 2426
95 {Tested by:45256 JE
85
Peak Limit (dBuly/ml
5 et b ]
=
3 (~
e —
iz
-
= fvg Limit ColBul/m)
Sr ,,,,,,,,,,,,,,,,
5
o
45
4
- : =}
ko™ g i B i i NI
25
1 16 18
Frequency C(GHz)
Ronge (BHz) REWSVEY Ref/fttn  Det/fvg Mode Sweep Pts  #Sups/Mode Fosition | Range (8fz) REW/UBW Fef/Attn  Det/fvg Hade Sueep Pts  #5ups/Mode  FPosition
FCC Port15C 2.46Hz RSE.TST Rev 9.5 11 Jon 2819

VERTICAL
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

RADIATED EMISSIONS

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/FI DC Corr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) (dB) Reading (dBuVv/m) (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*3.859 38.51 PK2 33 -29.6 0 41.91 - - 74 -32.09 34 108 H
*3.859 33.53 MAv1 33 -29.6 2.16 39.09 54 -14.91 - - 34 108 H
*4.852 49.61 PK2 34.2 -28.2 0 55.61 - - 74 -18.39 25 267 H
*4.852 43.62 MAv1 34.2 -28.2 2.16 51.78 54 -2.22 - - 25 267 H
*3.859 38 PK2 33 -29.6 0 41.4 - - 74 -32.6 145 100 \
*3.859 323 MAv1 33 -29.6 2.16 37.86 54 -16.14 - - 145 100 \
*4.852 43.55 PK2 34.2 -28.2 0 49.55 - - 74 -24.45 338 325 \
*4.852 36.78 MAv1 34.2 -28.2 2.16 44.94 54 -9.06 - - 338 325 \

* - 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: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

HIGH CHANNEL RESULTS

Il‘I:UL Fremant — Chamber I 2819 Jan 31 17:56:46
Radiated Emissions 3-Meters
Project Number: 12552285
L Client:Sanos
Config-EUT + Support Equipment
Mode (BELE 2488
g5 Tested by:45256 JB
T e e
Peak Limit dBull/m)
T M Sy ST
&
-
3 650
@
e
=~ Avg Limit (dBul/m)
S
Q
45}---

25t

@
Frequsncy (GHz)

Range (GFz) BB
1413

Ref/Attn  Det/Fvg Mode Suoep.
Wi-Gd3)/30k  1BIA8 PERK/Far BuglRMS)  |Eu

eclfutol 91

FoupsMode  Position Range (GHz) REMABY
[ B-Efldegs H | 3318

Ref/fttn  Dot/fvg Mode
1680/ 3Bk B3/2 PEAK/Pur g (RM)

Sueep
1 4z (Futol

Pt Foupa/Mode  Fosition
[ B-%Bdegs H

FCC Port1SC 2.4GHz RSE TST

Rev 9.5 11 Jon 2819

HORIZTONAL

| I‘EUL Frement - Chamber I 2819 Jon 31 17:56:46
Radiated Emizsions 3-Meters
Project Number:|2552285
L Cl {&nt:Sanos
Config-EUT + Suppart Equipment
Mode :BELE 2488
Lo OO OO OSSOSO SO SRR Tested by:45256 JB
T e
Feak Limit CdBull/m)
1 AT NSRS NS SRS, WSS SV NSO SRS NS NI SO
s
o~
e A —
@
o
= Avg Limit (dBul/m)
| SETTTEES NS S SOSSSS SN S SS SIS
5
45 =
4 ; =
35 ke ™ b 2 b Ay
1 OSSOt 00PN SEOPOO RO SHOPPSSNRUTA SRRSO SURRTTPPSTRE SHPPRSRNE SRR SRS SOOI
1 4 18
Frequency (GHz)
Forge (5] FEUATE Ref/ftin  Debieng Mode Seop Pis  Fowpsifods  Fosition Rarge o) RBHA Ref7tin  Dot/vg Mode Suzep Piz  Fowpa/fiod:  Position
FOC Port!ISC 2.dGHz RSE.TST Rev 9.5 11 Jon 2819

VERTICAL
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REPORT NO: 12552285-E1V1 DATE: 4/12/2019
FCC ID: SBVRM016 IC: 5373A-RM016

RADIATED EMISSIONS

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/FI DC Corr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) (dB) Reading (dBuVv/m) (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*4.959 49.99 PK2 34.2 -29 0 55.19 - - 74 -18.81 17 255 H
*4.96 43.82 MAv1 34.2 -29 2.16 51.18 54 -2.82 - - 17 255 H
*3.859 38.05 PK2 33 -29.6 0 41.45 - - 74 -32.55 40 119 H
*3.859 33.1 MAv1 33 -29.6 2.16 38.66 54 -15.34 - - 40 119 H
*3.859 38.17 PK2 33 -29.6 0 41.57 - - 74 -32.43 21 115 \
*3.859 33.06 MAv1 33 -29.6 2.16 38.62 54 -15.38 - - 21 115 \
*4.959 43.86 PK2 34.2 -29 0 49.06 - - 74 -24.94 333 187 \
*4.96 36.95 MAv1 34.2 -29 2.16 44.31 54 -9.69 - - 333 187 \

* - 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: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

9.3.

Worst Case Below 30 MHz

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

| J”U_ Fremant,5m Chamber B 7 Feb 2819 17:31:58
3 ; : T
RF Emissions
Project Number: 12552285
L e M At s et +1Client Sonos
i |Config:EUT + Support Equipment
i |Mode BLE Uorst Case
od i Tested by:45256 J8
7Bl Peok Lifit CdBuMi/md i
5k TThe—
4.r: ‘—\ ;
5 e 0P Limilt CdBuli/m)
[i] QB Ja Ld dllmd b SE FrrT e +
2 3 2y P
3 K E T
=) H
2 g o S
i i H [
N S ""‘W"--A..M
1@ s .
o
W,NW‘ R S ‘;'
3@ O i
. *'"“M
-54
HEE1 1 1 =] 38
Frequency (MHz)
[R—T R Pia  Hipeihode P [T B Ref/hiin Det/fivg Tape g b Hupa/id Fomition
1:.089-.15 128 0 ta) 16k HeXH 2,
15-,49 18k 2k WRXH
3:.49-1.785 18k (-348) /38 16k HeXH
4:1.785-30 10k (381 /38 ah HR
FCC 15.20A9 Below 3@MHz TST 38915 22 Mor 2817 Rev 9.5 B! Dec 2816

NOTE: KDB 414788 OFS 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.
- OFS and chamber correlation testing had been performed and chamber measured test
result is the worst case test result.

Below 30 MHz Data

Trace Markers

Pk - Peak detector
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Marke Frequenc Meter Det Loop Cable Dist Correcte Peak Limit Margin Avg Limit Margin Peak Limit Margin Avg Limit Margin Azimuth
r y Readin Antenna s (dB) Corr d (dBuV/m) dB) (dBuV/m) (dB) (dBuV/m) (dB) (dBuv/m) (dB) (Degs)
(MHz) g (dB/m) 300 Reading
(dBuv) m (dBuVolt
s)
1 .05969 36.97 Pk 118 0 -80 -31.23 52.07 -83.3 32.07 -63.3 0-360
5 .05998 36.96 Pk 118 0 -80 -31.24 52.03 -83.27 32.03 -63.27 - - - - 0-360
2 .34383 4157 Pk 10.9 1 -80 -27.43 36.88 -64.31 16.88 -44.31 0-360
6 .38049 39.18 Pk 10.9 1 -80 -29.82 36 -65.82 16 -45.82 0-360
Pk - Peak detector
Marker Frequency Meter Det Loop Antenna (dB/m) Cables (dB) Dist Corr (dB) 40Log Corrected QP Limit (dBuVv/m) Margin Azimuth
(MHz) Reading Reading (dB) (Degs)
(dBuV) (dBuVolts)
3 91955 30.38 Pk 111 1 -40 1.58 28.35 -26.77 0-360
7 1.00862 33.26 Pk 113 1 -40 4.66 27.55 -22.89 0-360
4 3.38809 179 Pk 113 2 -40 -10.6 295 -40.1 0-360
8 3.4625 17.63 Pk 113 2 -40 -10.87 295 -40.37 0-360




REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

9.4.

Worst Case Below 1 GHz

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

qELJL Frement - Chamber I 2819 Jon 23 21:19:86
) Radiated Emissions — 3 Meters
Project Number: 12552285
B5p- Client:Sencs
Config EUT + Suppart Equipment
Mode :BLE Worst Case
7= A RN SN SN SN S SR S Tested by:45256 JB
65
55
e
= 1
3 45 (Fiag Bt
@
=
35}---
I H
251 ? ? 5
N
P
W | ;
150 M\H : +
Vope N W ]
5l il hy www e
38 788 L
Frequency (MHz)
Fonge_(1Fz) R Ref/ftin  Debifng Mode ) Piz  Fowpeifods  Fozition Range (o) RBHA Ref/tin  Dot/fvg Mode Suep Ptz Fowpa/fods  Position
1:3-288 1ZBkG-EBI/M TI/I8 PELour-Uideo  Amsccifute) 4003 KM B-Eldegs H | 3.200-1008 12k(-602/1M  9/1B PEAK/LogPur-Uideo  lnsec 008 WA B-38dess
FCC Port!SC 30-1BEBMHz . TST Rev 9.5 11 Jon 2819
qELJL Frement - Chamber I 2819 Jon 23 21:19:86
. | ‘ Radiated Emizsions — 3 Meters
Pro ject Number ! |2552285
85 F{C1 fant :Sonos
i |Config:EUT + Suppart Equipment
i |Mode :BELE Worst Case
Tt i i~ allboi- Cii'inii Tested by:45256 JB
65
55
: T
= 1
3 45 GPt By J 1
@ H
Z 4
95 2 -
35 t
!
3 i\
! | |
252 N—
. | H o
[\
151 % i — »\;M A HM‘”'W*‘M """
T & : hﬁ,"’*"\n L : :
o ool O R : : :
5l it |y e i
38 T 18 L
Frequency (MHz)
Forge () TR Fet/fin Doty ode ) Piz  Fowpaifods  Fonition Rarge (o) RWARD — Fer/Aiin Dot/ ode Suzep Piz  Fowpa/fiods  Pasition
FCC Port!SC 30-1BEBMHz . TST Rev 9.5 11 Jon 2819

VERTICAL
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REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

Below 1GHz Data

Marker Frequency Meter Det AF Amp Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0184971 (dB) Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dB/m) (dBuV/m)
1 32.4231 33.97 Pk 24.8 -31.3 27.47 40 -12.53 0-360 101 H
2 *164.0797 51.56 Pk 17.8 -30.3 39.06 43.52 -4.46 0-360 299 H
*164.3104 49.77 Qp 17.8 -30.3 37.27 43.52 -4.13 120 128 H
3 32.2956 33.32 Pk 24.9 -31.3 26.92 40 -13.08 0-360 101 \
4 *164.2497 50.26 Pk 17.8 -30.3 37.76 43.52 -5.76 0-360 101 \
*164.2214 49.95 Qp 17.8 -30.3 37.45 43.52 -3.95 126 379 \
5 371.4223 26.69 Pk 20.8 -29.6 17.89 46.02 -28.13 0-360 399 H
6 370.6222 28.29 Pk 20.8 -29.6 19.49 46.02 -26.53 0-360 101 \
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REPORT NO: 12552285-E1V1
FCC ID: SBVRM016

DATE: 4/12/2019
IC: 5373A-RM016

9.5.

Worst Case 18-26 GHz

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

‘QEUL EMC 23 Jan 2819 23:86:55
RF Emissians
= Order Mumker; 125522683
E Clisnt: Sonos
Conf iguration:EUT + Support Equlpment
Macle :BLE 18-2BGH=z
85 Tested by / SMN:45256 JB
75 Peak Limit (dBull/m)
E
-
§
N 65
5
T 55 Avg Limit CdBEul/m)
0
-
o
5
3 4
@
T
o5
15
] 26
Freqguency (GHz)
Range (612 RGN Ref /it Det/vg Tope Sucep Pte  Wupsfode  Lobal Range (B RELAEY RefZfiin  Del/ivg Type Sueep Pta  Foups/Modz Lobel
1:18-26 1HC-3dB)/3 &7/ PEAKALogPur—lideo  I4meec(futa) SEAT  MAKH Horizanto|
18-266GHz Test . TST 36915 6 Jon 2815 Rev 9.5 19 Oct 2616
‘QEUL EMC 23 Jan 2819 23:86:55
RF Emissians
= Order Mumker; 125522683
E Clisnt: Sonos
Conf iguration:EUT + Support Equlpment
Macle :BLE 18-2BGH=z
85 Tested by / SMN:45256 JB
75 Peak Limit (dBull/m)
E
=
o 65
L
0
E
- | Avg Limit CdBul/m3l
5 5
hal
3
5
2 4
l
6
35 4 g ik g
o5
15
] 26
Freqguency (GHz)
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18 - 26GHz DATA

Marker Frequenc Meter Det T447 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 19.23 35.67 Pk 32.7 -24.8 -9.5 34.07 54 -19.93 74 -39.93
2 20.744 35.82 Pk 33 -25.2 -9.5 34.12 54 -19.88 74 -39.88
3 22.058 35.29 Pk 33.3 -25.3 -9.5 33.79 54 -20.21 74 -40.21
4 19.567 35.7 Pk 32.8 -25.1 -9.5 33.9 54 -20.1 74 -40.1
5 21.042 36.32 Pk 33.1 -25.2 -9.5 34.72 54 -19.28 74 -39.28
6 22.43 36.22 Pk 33.5 -24.9 -9.5 35.32 54 -18.68 74 -38.68

Pk - Peak detector
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10. AC POWER LINE CONDUCTED EMISSIONS

Please refer to report, UL 12166253-E1.
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