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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: 802.11 a/b/g/n 4x4 (HT20) Client Device
MODEL: S24
SERIAL NUMBER: D100 1909CP 34-7E-5C-D0-02-60-7 (Conducted Sample)

D100 1909CP 34-7E-5C-D0-02-5C-3 (Radiated Sample)
D100 1909CP 34-7E-5C-D0-02-7E-3(Radiated Sample)

DATE TESTED: November 13 — November 22, 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.
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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, ANSI C63.10-2013, KDB 558074 D01 15.247 Meas Guidance v05r02,
KDB 414788 D01 Radiated Test Site v01r0, 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.

X] Chamber A [ ] ChamberD X] Chamber |

[ ] Chamber B [ ] Chamber E [ ] ChamberJ

[ ] Chamber C [ ] ChamberF [ ] Chamber K
[ ] Chamber G [ ] ChamberL
[[] ChamberH

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:
2324A.

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)

36.5dBuV + 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 3.39dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.07dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 2.52dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 4.88 dB
Worst Case Radiated Disturbance, 1000 to 18000 MHz 4.24 dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz 4.37 dB
Worst Case Radiated Disturbance, 26000 to 40000 MHz 5.17 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 an 802.11 a/b/g/n 4x4 (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)
(MHz2)

2402 - 2480 BLE -0.11 0.97

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an antenna with a maximum gain of 2.95 dBi.

5.4. SOFTWARE

The test utility software used during testing was:
Sonos build 55.0-70090_mainline_integ_int_release

5.5. WORST-CASE CONFIGURATION AND MODE

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 Left, Y Right,

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

DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Support Equipment List
Description Manufacturer |Model Serial Number FCCID
Laptop Lenovo T440p SON-00008522 N/A
AC Adapter Lenovo ADLX90NDC2A [115362002857723004758D2 N/A
/O CABLES
1/0 Cable List
Cable Port # of Connector | Cable Type Cable Remarks
No identical 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
TEST SETUP

The EUT connected to support laptop via the ethernet cable during testing.
The test utility software on support laptop exercised the radio card.
For radiated testing, the support laptop was set up outside the chamber.
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SETUP DIAGRAMS

EUT
Laptop

AC/DC Adapter 2

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

Occupied BW (99%): ANSI C63.10-2013 Section 6.9.3

Output Power: ANSI C63.10 Section 11.9.1.3 Method PKPM1 (Peak-reading power meter).

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 11.10.2 Method PKPSD (peak PSD)

Band-edge: ANSI C63.10 Section 11.13.3.4 Trace averaging across ON and OFF times of the
EUT transmissions followed by duty cycle correction factor

Radiated emissions non-restricted frequency bands: ANSI C63.10 Section 11.11

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

Radiated Spurious Emissions Below 30MHz: ANSI C63.10-2013 Section 6.4

Conducted emissions in restricted frequency bands: ANSI C63.10 Section 11.12.

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 Last Cal
Spectrum Analyzer, PXA, Keysight Technologies
3Hz to 44GHz (Formerly Agilent) N9030A T908 01/23/2020 | 01/23/2019
AFS42-
RF Amplifier, 1-18GHz MITEQ 00101800-25-S- T1165 11/06/2020 | 11/06/2019
42
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T346 05/14/2020 | 05/14/2019
EMI TEST RECEIVER Rohde & Schwarz ESW44 PREQ0179376 | 02/14/2020 02/14/2019
Amplifier, 9KHz to 1GHz, SONOMA
320dB INSTRUMENT 310 PRE0180175 | 05/29/2020 | 06/29/2019
Antenna,Broadband Hybrid, .
30MHz to 3GHz Sunol Sciences Corp. JB3 PRE0184052 | 11/12/2020 | 11/12/2019
AFS42-
RF Amplifier, 1-18GHz MITEQ 00101800-25-S- 171460 08/24/2020 | 08/24/2019
42
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T862 06/05/2020 | 06/05/2019
Antenna, Actve Loop 9Kz COM-POWER AL-130R PRE0165308 | 04/11/2020 | 04/11/2019
Antenna, Horn 18 to 26.5GHz ARA MWH-1826/B T447 08/13/2020 | 08/13/2019
o Rf Amplifier, 18-
Rf Amp'ggedrélgse'lﬁ?'5GHz' AMPLICAL 26.5GHz, 60dB | PRE0181238 | 05/01/2020 | 05/01/2019
gain
Power Meter, P-series single Agilent (Keys_lght) N1911A T1265 01/29/2020 | 01/29/2019
channel Technologies
Power Sensor, P-series, Agilent (Keysight)
50MHz to 18GHz, Wideband Technologies N1921A 1227 02/05/2020 | 02/05/2019
Spectrum Analyzer, PXA, Keysight Technologies
3Hz to 44GHz (Formerly Agilent) N9030A T917 01/24/2020 | 01/24/2019
Spectrum Analyzer, PSA, Keysight Technologies
3HZ 10 26.5GHz (Formerly Agilent) E4440A T200 01/28/2020 | 01/28/2019
AC Line Conducted
EMI Receiver Rohde & Schwarz ESR T1436 02/14/2020 | 02/14/2019
LISN for Conducted
Emissions CISPR-16 FCC INC. FCC LISN 50/250 T1310 01/24/2020 | 01/24/2019
Test Software List
Radiated Software uL UL EMC yer 3.5, September 24,
Ver 2019.10.18, October
Antenna Port Software UL UL RF 18, 2019
AC Line Conducted Software UL UL EMC Ver 9.5, May 26, 2015
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8. ANTENNA PORT TEST RESULTS

LIMITS

None; for reporting purposes only.

PROCEDURE

ON TIME AND DUTY CYCLE

KDB 558074 Zero-Span Spectrum Analyzer Method.

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 0.382 0.624 0.612 61.18 2.13 2.619
DUTY CYCLE PLOTS
= Keysight Spectrum Analyzer - APv2019.10.30(103019) 10629 RL, Chamber A [E=n ==
[ I RE [50Q DC [ I [ SENSE:INT] [ASALIGN AUTO/NO RF_[05:11:35 PMNov 13, 2019
] _. #Avg Type: RMS Tecelo 356 Frequency
PN Fast == Trig: Free Run el ;
IFGain:High #Atten: 0 dB oeT|P
Auto Tune|
5 dBidiv Ref -30.00 dBm
Log T
0 < CenterFreq
400 e 2.402000000 GHz
-45.0
0 StartFreq
el 2.402000000 GHz
-60.0
-65.0 L.\
oo StopFreq|
2.402000000 GHz
750
Center 2.402000000 GHz Span 0 Hz CF Step
Res BW 8 MHz #VBW 50 MHz Sweep 1.533 ms {1001 pts) 8.000000 MHz|
[mAwopelrrefscll x| v _ ] _FUNCTION ] FUNCTION WIDTH] puto Man
3 A t Biane a1 “Thoodn
3 A1 t (A 6241 us (A} "0.06 di FreqOffset
4 0Hz
5
[
g Scale Type
9
¢ e
MSG ISTATUS
DUTY CYCLE BLE
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8.2. 99% BANDWIDTH

LIMITS

None; for reporting purposes only.

RESULTS
Channel Frequency 99% Bandwidth
(MHz) (MHz)
Low 2402 1.033
Middle 2426 1.038
High 2480 1.040
s i i e EIENC ¥4 Agilent 83:25:03 Nov 13, 2019 L Measure
enter Freq 2.402000000 GHz Center Freq: 2.402000000 GHz F;dio éw None B Frequency I
—— T == Trig: FreeRun AvalHold: 2020
ArGanon " #Atin: 3048 Radio Devics: BTS Ch Freq  2.426 Gz Trig Free Meas Off
Ref Offset 13 dB Occupied Bandwidth Averages: 28 I
| ‘_‘I div Ref 20.00 dBm
Center Freq| Channel Power
2402000000 GHzi APw2619.10.18(101819),6A12485, Conducted C
Ref 26 dBm #Htten 39 dB
#Peak I Occupied BH
Log |
10
3
dB/ ] e AcP
Offst [ ] .
13
dB
Center 2402 GH: S| 2 MH; : :
oRes BN 18 KHz #VBW 56 kHz #Swoep 100 ms i Multi cgg:::::
Auto Man Center 2.426 000 GHz Span 2 MHz
Oocupled Bandwidth ToulPower  13.5d8m WRes BH 15 Kz SUBH 56 KMz +Sween 100 s (1001 pts)
1.0330 MHz FreqOffset - ; = 5 Power Stat
Transmit Freq Error 10237 kHz % of OBW Power  99.00 % oMz Occupied Bandwidth Occ BN % Par - 9.00 CCDF
x dB Bandwidth 1.072 MHz x dB -26.00 dB 1838@ MHZ x B -26.00 d&
Transmit Freq Error  13.425 kHz 1I‘Iofr§
% dB Bandwidth 1.896 MHz "
%% Agilent 09:27:19 Now 13, 2019 L Measure
|
Ch Freg 2.48 GHz Trig Free Meas Off
Occupied Bandwidth Averages: 28 |
Channel Power
APv2818.10.180161819),GR12485, Conducted C
Ref 26 dBm #Atten 30 dB
#Peak ‘ Occupied BH
Log |
10 -
B/ 3 L
Offst [ ACP
13.1
dB
Multi Carrier
Center 2.480 000 GHz Span 2 MHz Power
#Res BH 18 kHz #WBH 56 kHz #Sweep 100 ms (1001 pts)
= = Power Stat|
Occupied Bandwidth Occ BH 7 Pur  99.60 ¥ CCDF
1.8397 MHz ® dB -26.80 dB
Transmit Freq Error -5.968 kHz ll‘lofrg
% dB Bandwidth 1.108 MHz o
|

HIGH CHANNEL
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8.3. 6 dB BANDWIDTH
LIMITS
FCC §15.247 (a) (2)
RSS-247 5.2 (a)

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

RESULTS
Channel Frequency | 6 dB Bandwidth | Minimum Limit
(MH2z) (MH2z) (MH2z)
Low 2402 0.651 0.5
Middle 2426 0.612 0.5
High 2480 0.651 0.5
- Agilent 89:11:52 Now 13, 2819 L Measure 5 Agilent 99:24:31 Now 13, 2019 L Measure
APw2019.16.18(191819),5A12485, Conducted C a Mkrl 651 kHz| APv2019.10.18(161819),6A12485, Conducted C a Mkrl 612 kHz|
Ref 30 dBm #Arren 48 dB ~2.022 dB Meas OFf Rof 38 dBm #Atten 40 dB 1.956 dB Meas OFf
+Peak | #Peak
Log | Log |
14 18
4B/ Channel Power| 45/ Channel Power|
Offst Offst
A :
. 1 L Occupied BH o i 1 Occupied BH
aé_z -7.2
I dBm
4PRvo ACP ‘PR ACP
20 28
ML 52 Multi Carrier ML 52 Multi Carrier,
53 FS Power, 93 FS Power,
AA AR
f;%k Power Stat f;%k Power Stat
Snp CCDF Swn CCDF
Center 2,402 068 GHz Span 3 Mz 1"‘0’{3 Center 2.426 903 GHz Span 3 Mz 1"‘0’{3
#Res BH 100 kHz #UBH 306 kHz Sweep 1 oms (1601 prs) #Res BH 106 kHz #UBH 300 kHz Sweep 1 ms (1661 prs)
| |
5 Agilent 89:26:46 Now 13, 2019 L Heasure
APv2019.10.18(101819),6A12485, Conducted C a Ml 651 kHz|
Ref 30 dBm #Atten 48 dB ~3.857 dB Meas Off
#Peak
Log
18
1B/ Channel Power
(Offst
13.1
d6 " 1 Occupied BH
ol bl #
o
il
\PRve ACP
]
ML $2 Multi Carrier
B Power
AR
g%k Power Stat
Sep CCDF|
Center 2.060 008 Gz Span 3 Mz 1”‘;{2
#Res BH 100 kHz #BH 308 kHz Sweep 1 ms (1091 pts)
|
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020

FCC ID: SBVRM024 IC: 5373A-RM024
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 RF peak reading of power.

RESULTS
Tested By: 12485 GA

Date: 11/13/2019

Channel Frequency Peak Power Limit Margin
Reading
(MHz) (dBm) (dBm) (dB)

Low 2402 -0.28 30 -30.280
Middle 2440 -0.11 30 -30.110
High 2480 -0.13 30 -30.132
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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

gated average reading of power.

RESULTS
Tested By: 12485 GA
Date: 11/13/2019
Channel Frequency AV power
(MH2) (dBm)
Low 2402 -0.86
Middle 2426 -0.70
High 2480 -0.66
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

8.6. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)
RSS-247 (5.2) (b)

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 -1.79 8 -9.79
Middle 2426 -1.77 8 -9.77
High 2480 -1.90 8 -9.90
% Agilent 89:13:17 Nov 13, 2019 L Measure 3 Agilent 83:26:13 MNov 13, 2619 L Measure
APw2019.10.18(191819),6A12485, Conducted C Mkrl 2.462 818 GHz APw2019.19.18(181819),6A12485, Conducted C Mkrl 2.426 896 GHz
Ref 30 dBm #ftten 40 dB -1.794 dBm Meas Off| Ref 36 dBm #Atten 40 dB -1.768 dBm Meas Off
#Peak ] #Peak
Log | Log |
14 14
4B/ Channel Power| 1B/ Channel Power|
0ffst Offst
13 1 13 1
dB i Occupied BW k= Occupied BW
o} I}
= :
m il
4PRvg ACP \PRvg ACP
109 106
ML 52 Multi Carrier ML 52 Multi Carrier
53 FS Power 53 FS Power
AA AR
fﬁé)@k Power Stat gg)@k Power Stat
o ceof| | foon CCDF|
Center 2.402 068 GHz Span 2 Mz horel | |oenter 2426 30 o Span 2 Mz fore
#Res BH 3 kHz #VBH 9.1 kHz  Sweep 212.3 ms (1001 pts) #Res BH 3 kHz #BH 9.1 kHz  Sweep 212.3 ms (1001 prs)
| |
LOW CHANNEL MID CHANNEL
3% Agilent 09:28:14 Now 13, 2619 L Measure
APw2019.108.18(181819),6GA12485, Conducted C Mkrl 2.479 990 GHz
Ref 38 dBm #Atten 48 dB -1.895 dBm Meas Off
#Peak
Log
14
1B/ Channel Power
Offst
13.1 1
4B it Occupied BH
i
:
m
‘A ACP
189
ML 52 Multi Carrier
53 FS] Power
AR
fﬁé)@k Power Stat
J CCDF|
Center 2.050 008 GHz Span 2 Wiz 1”‘0’{3
#Res BH 3 kHz #YBH 9.1 kHz  Sweep 212.3 ms (1001 pts)
|
HIGH CHANNEL
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

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: 12875574-E1V1 DATE: 1/30/2020

FCC ID: SBVRM024 IC: 5373A-RM024
Agilent 89:15:52 Now 13, 2919 L Measure 4 Agilent B9:16:51 Now 13, 2019 L Measure
APw2019.10.18(191819),6A12485, Conducted C Mkrl 2.482 89 GHz| APw2019.19.18(181819),6A12485, Conducted C Mkrd  25.547 GHz|
Ref 38 dBm #Atten 40 dB —0.98 dBm Meas Off Ref 30 dBm #Atten 40 dB —-30.653 dBm Meas Off
#Peak | #Peak ‘
L L
10 | o ‘
4B/ Channel Power| 1B/ L Channel Power
0ffst Offst
13 13
dB B Occupied BH s Zll occupied BW
Dl 2: l} 2 o
—21.0 R e e
dBm dBm
4RV ACP \PAv ACP
Center 2.488 66 GHz Span 18 MHz . " Start 38 MHz Stop 26.800 GHz " "
#Res BH 100 kHz WUBH 300 kHz Swoep L s 1001 prs) || MUICACIOTY | g et 1n e WUEN 300 iz Swesp 2452 5 (3152 pro) || M CArTIer
Marker  Trace Type ¥ fxie Fnplitude Marker  Trace Typa W s Fplituds
1 <] F 2.462 BE GH -0.98 dB 1 1y F 2.462 GH -1.20 dB
2 1y F:; 2.486 A8 EH; -36.75 dE'r: Power Stat 2 [&5] F:zg 4.864 BH; -41.86 dE’rx Power Stat
3 a3 Freq 2.399 98 GHz -35.85 dBm 3 [&5] Freq 7.266 GHz -36.66 dBm
4 e Freg 25.547 GHz -30.65 dEn
More More
1of 2 1of2
| |
# Agilent 09:26:51 Nov 13, 26819 L Measure 3% Agilent 99:21:49 Now 13, 2019 L Measure
APY2019.10.18(191819),6A12485, Conducted C Mkrl 2.426 09 GHz| APv219.16.18(101819),6A12485, Conducted C Mkrd 25775 GHz
Ref 30 dBm #Atten 40 dB —-0.89 dBm Meas Off Ref 30 dBm #Atten 48 dB -30.207 dBm Meas Off
+Peak #Peak [ |
Log Log | I
ég/ Channel Power ég, 1 l{[channel Power
Dffst Offst :
13 3
dB Occupied BH| dB 4l occupied BH
[ul} Dl z & 1
-20.9 -20.9 i pane
B B
P ACP P ACP
M1 52 : : Start 30 MHz Stop 26,808 GHz : :
5 el | Hulti Carrier] | lues M 100 iz WUEW 300 iz Sweep 2452 s (8152 prs) || NN CArTIEF
AR Marker  Trace Typa ¥ faie Fuplitude
e S R |- et
= . z ~4HAB dBu
50k Powercsct;; 3 ) mg 7.278 GHz -35.57 dBm Power Stat
Swp 4 €3] Freq 25,775 GHz -38.21 dBm
Center 2,426 08 GHz Span 10 Mz Jtore hore
#Res BH 100 kHz #UBH 300 kHz Sweep 1 ms (1881 pts)
| |
Agilent 89:28:51 Naw 13, 2019 L Measure 5 Agilent B9:29:49 Now 13, 2019 L Measure
APv2019.10.18(191819),5A12485, Conducted C Mikrl 2.479 98 GHzZ| APw2019.16.18(101819),6A12485, Conducted C Mkrd  25.965 GHz|
Ref 38 dBm #Atten 40 dB -1.11 dBm Meas Off Ref 30 dBm #Atten 40 dB —29.610 dBm Meas Off
#Peak | #Peak [
L | 0
4B/ 3 Channel Power| 1B/ : Channel Power
Offst Offst
13.1 13.1
4B Occupied BH ks Occupied BH
i z o] EIP
—-21.1 -21.1 o
dBm dBm
4Phvg ACP \PFva ACP
Center 2.483 50 GHz Span 16 MHz . . Start 30 MHz Stop 26,008 GHz . .
#Res BH 100 kHz WUBH 300 kHz Sweep L ms CLOBL iy || TN c;;:;g WRes BH 100 kHz WBH 300 kb2 Sweep 2452 & (8192 pio) || TN c:;::::
Marker  Trace Type A Axis fAnplitude Marker  Trace Type W Axis Auplitude
1 (e8] Freg 2.479 98 BHz -1.11 dBm 1 [& 5] Freg 2.488 GHz -1.31 dBn
D8 om HEm g | poverswd || 2 @ nm ume g | poersta
CCDF| 4 [&5] Freq 25.965 GHz -29.61 dBm
More More
1 of 2 1 of 2
| |
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REPORT NO: 12875574-E1V1

FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

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/m)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: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

KDB 414788 Open Field Site(OFS) 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.

OFS and chamber correlation testing had been performed and chamber measured test result is
the worst case test result.
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

9.2. TRANSMITTER ABOVE 1 GHz

BANDEDGE (LOW CHANNEL)

HORIZONTAL RESULT

2819 Nov 21 22:28:4

[l

75 eak mit (dBul/md R |

|°':UL Fremont - Chamber I

25
Restricted Bondedge

. | i | Project Number: 12875574

""" : H T Client:Sonos
‘ ; Canfig:EUT+Suppart Equi pment

Mode:BELE 2412

185 Tested by: 18623 RL

95 i - ;

B85

CdBul/m2

8. 5H=/

2. 31 2.415
Frequency (GHz)
Range (6H0) REUARN Ref/fitin  Det/fvg Hode m— Pto  fupsihde  Fosition Rarge (6) REAAUR Ref/fittn  Det/fivg Hods Surep Fla Bupsifode Position
1:2.31-2.415 IHC-BIE) /3 118 FEAK/Fe Rug(RMS)  Orseclitn) 0BT MAXH 203 cegs 123 ¢ 2:2.31-2.41 MC-6aB1/N  18/18 ER/Far fvglS)  Dnssclfutol  DBB1  IBATAG 203 degs b
BLE_2482_H_{Mbps.DAT 38915 28 Dec 2815 Rev 9.5 24 Sep 2819
Virker Frequency Ve Ber AP Te5z @) AmpICHFTPad (78] 5C Corr @) Corrected Average i @BV Wargn Fea Lt (@Bavim) PR Wargin Azt Trerant Forarty
GHz) Reading eading @8) @) (egs) cm
([dBuV) (dBuV/m)
*2.38999 38.14 PK 7 0 50.34 74 2366 293 23
* 23889 42.18 Pk 7 0 54.38 - - 74 1962 293 23
*2.38999 27.52 RMS 7 213 4185 54 1215 5 - 293 23
*2.38937 28.11 RMS 7 213 42.44 54 “11.56 293 23

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

VERTICAL RESULT

IE"_UL Fremont - Chamber I 2819 Nowv 21 22:28:35%
Restricted Bondedge
15 Project Number:12875574
Client:Sonos
Config:EUT+Suppart Equipment
Mode:BELE 2412
185 Tested by: 18623 RL
S
B85
~ Peak L dBu
> L S
3 75
[as]
o
OSSOSO 5600000000006 S SSS F floned \\
Limit (dBuU¥m) 2 ',w”/
L POt Ao BTV 0bobvetsfvucuts S0 O A R S T ke, o
ueantchlie " ot A e il bt b i A il
i idny i J
OO OSSOSO OSSOSO OSSO S B VSSRSRRS SSSSSSS pvam| NN | 1Y ISS——
o |
&
35
2.3 18.5MH=z/ 2.415
Frequency (GHz)
Range (6H0) REUARN Ref/fitin  Det/fvg Hode S Pio  fupsihde  Fosition Rarge (60) REAAUR Ref/fittn  Det/fvg Hode Surep Fla Fupsifode Position
Low CH BE - U.TST 38915 28 Dec 2015 Rev 9.5 24 Sep 2819
Marker Frequency Meter Det AF T862 (dB/m) Amp/Cbl/Fitr/Pad (dB) DC Corr (dB) Corrected Average Limit (dBuV/m) Margin Peak Limit (dBuVim) PK Margin Azimuth Height Polarity
GHz) Reading Reading @8) @8) ©egs) em)
(dBuVv) (dBuV/m)
1 * 238999 4074 Pk X 0 50.04 - - 74 21.06 183 v
2 *2.38935 42.69 Pk 7 0 54.89 - - 74 1011 183 v
3 *2.38999 26.83 RMS 7 213 41.16 54 1284 5 - 183 v
4 237615 28.21 RMS 7 213 4254 54 “11.46 183 v

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

UL Frement - Chamber I 2819 Nov 21 22:46:57

125
Restricted Bondedge
s ] i i : Project Number: 12875574
""" ! ! T ! Client:Sonos
; H : ; Contig:EUT+5upport Equipment

: : i | Mode ! ELE_2488
185 freveseet i ¥ ! Tested by: 18629 AL

95 1 e |

85 !“

(dBull/m2

35
2.46 T8, 3MH=z/ Z. 563
Frequency (GHz)
[ REWAEN Re /At Dat/fvg Hode S Fie  foupaide  Posilion Rarge (6] [ Ref/fikn  Det/feg Hods Sarep Pla Fupafode Positiom
1:2.46-2.563 1M(-5dB) /M 1a7/18 PERK/Plar Avg(RHS Grsecifiuio) 9831 MAXH 252 degs 131 ¢ 2127 46-2.56 |MC-682/ 30 14718 AER/Par fvg(M5)  Oeseclfutol o1 TRHTANG 252 degs H

High CH BE- H.TST 36915 28 Dec 2015 Rev 9.5 24 Sep 2019

Marker Frequency Meter Det AF 1862 (dB/m) AmPICOIFIT/Pad (aB) BC Corr (aB) Corrected "Average Limit (aBuvIm) Margin Peak Limit (dBuvim) PK Margin Azimuth Feight Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (em)
(dBuY) (dBuVim)
*2.48351 52.24 Pk 32.. -20 0 .64 - - 74 -9.36 252
* 2.48365 52.09 Pk 32.. -20 0 .49 - - 74 -9.51 252
*2.48351 26.29 RMS 32. -20 213 .82 54 -13.18 - - 252
* 2.48365 311 RMS 32.. -20 213 .63 54 -8.37 - - 252

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

IEEUL Fremont - Chamber I 2819 MNov 21 22:37:12
Restricted Bondedge
15 Project Number:12875574
‘ Client:Sonos
| Canfig:EUT+5uppart Equipnent
] Mode: ELE_2468
185 : Tested by: 18623 RL
e e ‘
B85 i
5 5 eak L dBul/m
3 7 SRS SUSSSSRSSSSSSY UL OO st et S out :
[as]
2 :
_ y, :
65 o # d
e B/
5 T i o ees et e enees e e et e
-
W‘MM i bl gl 0 Gl L Sl |t
o W |
a
35
2.46 18.3MH=z/ 2.563
Frequency (GHz)
Range (6H2) REUARN Ref/fitin  Det/fvg Hode S Pto  fupsithde  Fosition Rarge (62) REAAUR Ref/fittn  Det/fvg Hode Surep Fla Bupsifode Position
High CH BE - U TST 38915 28 Dec 2815 Rev 8.5 24 Sep 2819
Marker Frequency Meter Det AF T862 (dB/m) Amp/Cbl/Fitr/Pad (dB) DC Corr (dB) Corrected Average Limit (dBuV/m) Margin Peak Limit (dBuVim) PK Margin Azimuth Height Polarity
GHz) Reading Reading @8) @8) (©Ocgs) em)
(dBuVv) (dBuV/m)
1 *2.48351 55.93 Pk 32. 20 0 68.33 74 5.67 236 156 v
2 * 248354 55.80 Pk 32. 20 0 68.29 - - 74 571 236 156 v
3 * 248351 27.24 RMS 32. 20 213 4177 54 1223 5 - 236 156 v
4 * 248392 36.46 RMS 32. 20 213 50.99 54 301 236 156 v

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

Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

| 15U Fremont,Sn Chamber A

2019 Nov 13 17:56:42

Praject Number:12875574

Radiated Emissions 3-Meters

Config:EUT+Support Equipment
Mode :BLE_2412
95 | Tested by: 18629 RL
) OSSOSO OSUOSEY SOSSNURSOSURU OSSOSO BSOSO O S SO SO
el Wit ColBul
-
£
£
2 65
o
o
- Avg Limit (dBulU/m)

1 8 8
Frequency (GHz)
Fange (6Fz) FEUAEN Rel/Atin Dut/Avg Tupe Sop Pis  Taupe/tbde Fasition Forge (6z) PR Ref/Riin  Oel/hg Tupe Sercp Flo ®wpolfode Fooition
13 IM(-682/30k 18718 PERK/Fur Rvg(RMS)  TrrsectPuto) GO MANH B-Xbdege H | 3:318 IN-6B) /1B« 67/8 PEAK/Par Ag(RHS)  Sidwsectiuta) 168k MR E-3Bdey
FCC Port|5C 2. 46Hz RSE.TST 38815 26 Jun 2815 Rev 9.5 24 Sep 2819
IWRUL Fremant,5m Chomber A 2019 Nov 13 17:56:42
Rodiated Emissions 3-Meters
| Praject Number:12875574
Conf ig:EUT+Support Equipment
Mode :BLE 2412
95 | Tested by: 18629 RL
5 T T e et T
eo it Bul )
-
£
3 -
3 65
o
o o
= Avg Limit (dBul/m)
55
é
2 ]
45} . .
5
st A
25
1 8 8
Frequency (GHz)
Fange (62 FEUAEN Rel/ALin Dut/hvg Tupe Sop Pis  Taupe/tbde Fasition Forge (6z) FEA Ref/Riin  Oel/hg Tupe Sercp Flo ®wpolfoke Fooition
FCC Port|5C 2 4GHz RSE.TST 38915 26 Jun 2015 Rew 9.5 24 Sep 2019

VERTICAL
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

RADIATED EMISSIONS

Marker Frequency Meter Det AF 7346 Amp/CbI/Fitr/Pad DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin | Azimuth Height Polarity
(GHz) Reading (dB/m) (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)

1 *2.87976 40.33 PK2 32.6 -22.3 0 50.63 - - 74 -23.37 241 126 H
*2.87695 28.49 MAvVL 32.6 -22.3 2.13 40.92 54 -13.08 - - 241 126 H

2 *2.89057 40.52 PK2 32.6 -22.3 0 50.82 - - 74 -23.18 87 120 \
*2.88761 28.61 MAvVL 32.6 -22.3 2.13 41.04 54 -12.96 - - 87 120 \

3 *4.8036 38.47 PK2 34.3 -27.5 0 45.27 - - 74 -28.73 335 177 H
*4.80398 29.25 MAv1 34.4 -27.5 2.13 38.28 54 -15.72 - - 335 177 H

5 *17.93125 32.92 PK2 41 -19 0 54.92 - - 74 -19.08 56 135 H
*17.92915 20.81 MAv1 41 -18.9 2.13 45.04 54 -8.96 - - 56 135 H

4 *4.8039 38.33 PK2 34.4 -27.5 0 45.23 - - 74 -28.77 205 193 \
*4.8039 28.68 MAv1 34.4 -27.5 2.13 37.71 54 -16.29 - - 205 193 \

6 *17.90721 32.65 PK2 40.9 -18.6 0 54.95 - - 74 -19.05 351 102 \
*17.90888 20.87 MAv1 41 -18.5 2.13 45.5 54 -8.5 - 351 102 \

* - 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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FCCI

D: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

MID CHANNEL RESULTS

15

UL Fremont,S5m Chomber A

2819 Nov 13 18:46: 14

Radiated Emissions 3-Meters

Project Number: 12875574

185 “Client: Sonos
Config: EUT+Support Equipment
Mode:BLE 2426
] S Tested by: 108629 RL
85
Peak Limit (dBul/ml
75
=
E 5
3 o
©
2 o
~ Avg Limit (dBul/md
BBk
45 ’l e 'ﬁl s
M - R
9 Lk
35 RTINS
1 OO OUUUO USROS NOUUSNSUSE SSOUOUROO SOOPURUSUE SUOPOU: SO HOVI. SO
1 - 7 - - - - ""ie — 8
Freguency (GHz2
Fange (6H) REUBL Ref/Attn Dot/Avg Tups Swoop Pto #5ups/fode  FPosition forge (EHz) FENUB Ref/Ritn  Dot/fug Tupe Suvon Fls  Fupa/fode  Position
1:1-3 NGBl /3 BT/18 FERK(Fur Pug(RMS)  Timsec(uto) 6080 PAKH O-bdegy | 3318 16 /38 6778 FEAK/Far Pog(RMS)  SHnsec(uta) 185 MK 8-35Rdegn H
FCC PortiSC 2. 4GHz RSE.TST 38315 26 Jun 2815 Rev 9.5 24 Sep 2819
! I':UL Fremont,Sm Chomber A 2812 Nov 13 18:46: 14
Radiated Emissions 3-Meters
185 Project Number: 12875574
“Client: Sonos
Config: EUT+Support Equipment
Mode:BLE 2426
] S Tested by: 108629 RL
85
Peak Limit (dBul/ml
75
&
3 5
3 2] U OOUOO VR SOUNOP U UUOOUNDUN HOPOUOSRO SR NSOUUSNNOSE SSOOUSOUN SUUPURUSUE SUUOOU: SUSSRRNIN: OV SO
@
o
~ Avg Limit (dBul/m2
55
2
a5 5 ARSI SURSSR USRROUNN SOR—T L
4 =]
o o
3 et g I N
2': ,,,,,,,,,,,,
| e — — - —_—— — s
Frequency (GHz)
Fange (6HD) REUUEY Ref/Attn Det/Avg Tups Sweer Fts fwp/fode  Fosition Rargz (EA2) FEWE Ref/Fitn Dt/ Tupe Sucep Fla Fawpafodz  Fozition
FCC Port!SC 2. 4GHz RSE.TST 38915 26 Jun 2815 Rev 9.5 24 Ssp 2819

VERTICAL
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

RADIATED EMISSIONS

Marker Frequency Meter Det AF 7346 AmPp/CbI/Fitr/Pad DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GH2) Reading (dB/m) (dB) Reading (dBuVv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 * 2.80506 40.44 PK2 325 -22.7 0 50.24 - - 74 -23.76 341 169 H
*2.80251 28.74 MAvL 32.6 -22.7 2.13 40.77 54 -13.23 - - 341 169 H
2 * 2.80595 40.47 PK2 32.6 -22.7 0 50.37 - - 74 -23.63 187 102 \
*2.80451 28.7 MAvVL 325 -22.7 2.13 40.63 54 -13.37 - - 187 102 \
3 *4.85217 40.88 PK2 34.2 -28.2 0 46.88 - - 74 -27.12 335 178 H
*4.85196 31.2 MAv1 34.2 -28.2 2.13 39.33 54 -14.67 - - 335 178 H
5 *7.27455 33.98 PK2 35.8 -234 0 46.38 - - 74 -27.62 113 141 H
* 7.27566 22.46 MAv1 35.8 -234 2.13 36.99 54 -17.01 - - 113 141 H
4 * 4.85205 38.96 PK2 34.2 -28.2 0 44.96 - - 74 -29.04 207 196 \
*4.85193 29.09 MAv1 34.2 -28.2 2.13 37.22 54 -16.78 - - 207 196 \
6 *7.27745 34.09 PK2 35.7 -234 0 46.39 - - 74 -27.61 202 175 \
*7.27782 22.3 MAv1 35.7 -234 2.13 36.73 54 -17.27 - 202 175 \

* - 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: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

HIGH CHANNEL RESULTS

| 15U Fremont,Sn Chamber A

2019 Nov 13 19:32:18

Radiated Emissions 3-Meters

Praject Number:12875574

Config:EUT+Support Equipment
Mode :BLE_2488
95 | Tested by: 18629 RL
) S S B OO OO JOUUO OOt COR SO OOt O O SO
eck Limit CdBul
A
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3 65
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o
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55
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FCC Port|5C 2. 46Hz RSE.TST 38815 26 Jun 2815 Rev 9.5 24 Sep 2819
IWRUL Fremant,5m Chomber A 2019 Nov 13 19:32:18
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Mode :BLE_248@
95 | Tested by: 18629 RL
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o
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2
45} - SOOI OSSR SO NSy
4 a
e ¥
35 il —
25
1 8 8
Frequency (GHz)
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FCC Port|5C 2 4GHz RSE.TST 38915 26 Jun 2015 Rew 9.5 24 Sep 2019

VERTICAL
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

RADIATED EMISSIONS

Marker Frequency Meter Det AF 7346 AmpICbI/Fitr/Pad DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 *2.86835 40.7 PK2 325 -22.3 0 50.9 - - 74 -23.1 243 205 H
*2.86871 28.59 MAvL 325 -22.3 2.13 40.92 54 -13.08 - - 243 205 H
2 *2.87219 40.4 PK2 325 -22.3 0 50.6 - - 74 -234 290 198 \
*2.87169 28.57 MAvL 325 -22.3 2.13 40.9 54 -13.1 - - 290 198 \
5 *7.44723 34.26 PK2 35.7 -244 0 45.56 - - 74 -28.44 65 124 H
* 7.44567 22.32 MAv1 35.7 -244 2.13 35.75 54 -18.25 - - 65 124 H
3 *4.95919 39.4 PK2 34.2 -28.5 0 45.1 - - 74 -28.9 334 180 H
*4.96003 29.56 MAv1 34.2 -28.5 2.13 37.39 54 -16.61 - - 334 180 H
6 *7.44521 34.02 PK2 35.7 -244 0 45.32 - - 74 -28.68 43 108 \
*7.44763 22.31 MAv1 35.7 -244 2.13 35.74 54 -18.26 - - 43 108 \
4 *4.96077 38.81 PK2 34.2 -28.5 0 44.51 - - 74 -29.49 206 197 \
*4.95981 29.39 MAv1 34.2 -28.5 2.13 37.22 54 -16.78 - 206 197 \

* - 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: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

9.3. WORST CASE BELOW 30MHZ

SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)

UL Fremont - Chamber I

2819 Nowv 22

I1:368: 37

136
RF Emissions
18 Project Number: 12875574
Client:Sonos
Config:EUT+Support Equipment
: Mods :BLE_lorst Cose_Below 38
el : : : +{Tested by: 28756 CU
7Bl Peak Linit CdBulim.
56
(]
3
o
o 3@
3
[is)
S
16
18
-3p
-56
Bas1 1 1 8 38
Frequency (MHz)
Range (MHz) REWAEY Ref/fittn  Det/fivg Hode Pts  W#Sups/Mode Position Rarge (MHz) FEL/UBY Ref/fittn  Det/fvy Hode Sueep Pis  WSwpz/Mode Position
12685 15 BBV B2 FERK/Fur fuug RHS) 01 2M M B- Bl i
1Bk(-3dB)/3B  B3/2 FERK/FPy Th MOH B-26Bdess
3 5 1B(-3cB)/ 308 B3/2 FERK/Fy Tk MO B- gs
4:1.785-38 1B (-3c8)/ 3B 83/2 FEAK/Fur Avg(RHS T HOXH B-3Bdegs.

FCC 15.2689 Below 3BMHz .TST 36915 23 Jon 2818

Rev 9.5 24 Sep 26819

ANTENNA- TWO ORIENTATIONS FACE ON/FACE OFF
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

Below 30MHz Data

Marker Frequenc Meter Det Loop Antenna Cables (dB) Dist Corr Corrected Peak Limit Margin Avg Limit Margin Azimuth
y Reading (dB/m) 300m Reading (dBuVv/m) (dB) (dBuVv/m) (dB) (Degs)
(MHz) (dBuv) (dBuVolts
)
1 .02516 48.46 Pk 15.1 0 -80 -16.44 59.57 -76.01 39.57 -56.01 0-360
4 .02559 47.92 Pk 15.1 0 -80 -16.98 59.43 -76.41 39.43 -56.41 0-360
Pk - Peak detector
Marker Frequency Meter Det Loop Antenna (dB/m) Cables (dB) Dist Corr 30m (dB) Corrected QP Limit (dBuV/m) Margin Azimuth
(MHz) Reading 40Log Reading (dB) (Degs)
(dBuV) (dBuVolts)
2 1.05315 34.09 Pk 14.4 1 -40 8.59 27.17 -18.58 0-360
3 3.63856 19.41 Pk 14.8 2 -40 -5.59 29.5 -35.09 0-360
5 .56837 35.56 Pk 14.1 1 -40 9.76 32.51 -22.75 0-360
6 3.00347 20.06 Pk 14.7 2 -40 -5.04 29.5 -34.54 0-360

Pk - Peak detector
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

9.4. WORST CASE

BELOW 1 GHZ

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

gRUL Fremont - Chamber I 2819 Nov 22 B9:85:87
Rodiated Emissions - 3 Meters
8 Praject Number:12875574
] “+Client:Sonas
Config:EUT+Support Equipment
. Mode :BLE Worst Case Below
fas] | Tested by: 28756 CU
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FCC Port!5C 38-1B8EMHz 75T 36915 15 Jul 26814 Rev 9.5 24 Sep 2819
EIRUL Fremont - Chamber I 2819 Nov 22 B9:85:87
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

Below 1GHz Data

Marker Frequency Meter Det AF Amp Cbl (dB) Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0184052 Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuVv) (dB/m) (dBuVv/m)
1 102.9914 50.15 Pk 16.8 -30.8 36.15 43.52 -7.37 0-360 299 H
2 112.4713 50.89 Pk 18.7 -30.7 38.89 43.52 -4.63 0-360 299 H
3 134.3645 51.32 Pk 19.2 -30.7 39.82 43.52 -3.7 0-360 199 H
4 37.737 47.12 Pk 21.5 -31.3 37.32 40 -2.68 0-360 102 V
5 49.8526 54.97 Pk 13.7 -31.3 37.37 40 -2.63 0-360 102 \4
6 111.4511 52.23 Pk 18.6 -30.7 40.13 43.52 -3.39 0-360 102 \4

Pk - Peak detector

Radiated Emissions

Frequency Meter Det AF Amp Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0184052 (dB) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dB/m) (dBuV/m)
110.817 38.55 Qp 18.5 -30.8 26.25 43.52 -17.27 358 317 H
132.7465 47.04 Qp 19.3 -30.7 35.64 43.52 -7.88 351 205 H
37.7889 45.57 Qp 21.4 -31.3 35.67 40 -4.33 23 105 \Y%
50.432 52.92 Qp 13.6 -31.3 35.22 40 -4.78 77 103 \Y%
111.6007 33.03 Qp 18.6 -30.7 20.93 43.52 -22.59 350 105 \Y%

Qp - Quasi-Peak detector
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REPORT NO: 12875574-E1V1
FCC ID: SBVRM024

DATE: 1/30/2020
IC: 5373A-RM024

9.5.

WORST CASE 18-26 GHZ

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

1QEUL EMC 26819 Nov 22 15:35:88
RF Emissions
g5 Order Number: 12875574
Client:Sonos
Configuration:EUT+Suppart Equipment
Mode:BLE_Worst Case
85 Tested by / SN:28756 CU
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Rev 9.5 21 Oct 2019

1QEUL EMC 26819 Nov 22 15:35:86
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VERTICAL
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

18 - 26GHz DATA

Marker Frequency Meter Det T447 AF Amp/Cbl Dist Corr Corrected Avg Limit Margin Peak Limit PK Margin
(GHz) Reading (dB/m) (dB) (dB) Reading (dBuVv/m) (dB) (dBuVv/m) (dB)
(dBuV) (dBuVolts)

1 19.08044 68.46 Pk 32.6 -57.7 -9.5 33.86 54 -20.14 74 -40.14

2 21.05905 67.63 Pk 33.2 -57 -9.5 34.33 54 -19.67 74 -39.67

3 22.67689 68.54 Pk 33.6 -57.7 -9.5 34.94 54 -19.06 74 -39.06

4 19.59139 69.7 Pk 32.8 -57 -9.5 36 54 -18 74 -38

5 20.69544 69.71 Pk 33.1 -57.2 -9.5 36.11 54 -17.89 74 -37.89

6 23.18594 70.4 Pk 33.8 -57.1 -9.5 37.6 54 -16.4 74 -36.4

Pk - Peak detector
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
Cuasi-peak Average
0.15-0.5 6t 56 560 to 46
0.5-5 56 46
5-30 G0 S0

" Decreases with the logarithm of the frequency.

RESULTS
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

AC Power Line Norm

LINE 1 RESULTS

HELIL Fremont, CA CE Roaom 14 Nov 2819 1B8:17:42
I
Conducted RFI Uoltage
106 Project No:12875574
e Client Nome Sonos
EUT Config:EUT + Support Equipment
i H ; ; [ ; Test Uolt/Freq:12BU/68Hz
gp : : : FEUS SO O O S e Teet By: 18498 ER

3

1

[

c

—

>

3

@

o

%ﬁwm“u Ht«L ol
il i
—¢| ;
15 1 18 38
Frequency (MHz)
Range (Hiz) REA/UBU  Ref/Attn  Det/Avg Mode Susep Fle  oups/Mode Lobe Range (W2 FBWAEN  Ref/Atin  Det/fng Mode Susep Pie  Popoiiode Labe
1:,15-38 9(-BaB 1/ /10 Gphs fs/2.85z 133k TARIT  Line-Lt

FCC1S CE Closs B 158kHz-38MHz Stepping TST 38915 24 Feb 2816 Rev 9.5 26 Moy 2815

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 dBuv Class B (dB) Class B (dB)
QP Avg
1 .1545 32.24 Qp 1 0 10.1 42.44 65.75 -23.31 - -
2 .1545 21.67 Ca 1 0 10.1 31.87 - - 55.75 -23.88
3 .5415 30.56 Qp 0 0 10.1 40.66 56 -15.34 - -
4 .5415 25.32 Ca 0 0 10.1 35.42 - - 46 -10.58
5 2.55075 25.61 Qp 0 1 10.1 35.81 56 -20.19 - -
6 2.55075 20.04 Ca 0 1 10.1 30.24 - - 46 -15.76
7 13.56 31.83 Qp 1 .2 10.2 42.33 60 -17.67 - -
8 13.56 21.24 Ca 1 .2 10.2 31.74 - - 50 -18.26
9 16.2285 26.7 Qp 1 .3 10.3 37.4 60 -22.6 - -
10 16.2285 22.83 Ca 1 .3 10.3 33.53 - - 50 -16.47
11 17.6932 27.56 Qp 1 .3 10.3 38.26 60 -21.74 - -
12 17.6932 22.46 Ca 1 .3 10.3 33.16 - - 50 -16.84

Qp - Quasi-Peak detector
Ca - CISPR average detection

NOTE: Markers 7 and 8, 13.56MHz is an external NFC signal unrelated to the EUT.
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REPORT NO: 12875574-E1V1 DATE: 1/30/2020
FCC ID: SBVRM024 IC: 5373A-RM024

LINE 2 RESULTS

UL Fremont, CA CE Roaom 14 Nowv 2619 18:17:42
2 T T T
Conducted RFI Uoltage
Pro ject No: 12875574
Client MNome:Sonos
EUT Config:EUT + Support Equipment
Test Uolt/Freq:12BU/68Hz
Test By:194598 ER
oy
a
[
1]
C
a
2
3
@
o
i1
1 i u|
i T
15 1 18 38
Frequency (MHz)
Range (Hiiz) RE/EL  Ref/ftin  Del/iig Mode Sueep Fie  fupe/Mode  Laba Range (Hiz) FOUAR  Ref/ftin  Del/feg fode Sueep Pta  Fogpeiode Lobe
FCCIS CE Closs B 158kHz—30MHz Stepping.TST 38915 24 Feb 2816 Rev 9.5 26 Moy 2815

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
(MHz) (dBuV) C2&C3 dBuv Class B (dB) Class B (dB)
QP Avg
13 .1545 31.08 Qp 1 0 10.1 41.28 65.75 -24.47 - -
14 .1545 20.03 Ca 1 0 10.1 30.23 - - 55.75 -25.52
15 .5415 29.64 Qp 0 0 10.1 39.74 56 -16.26 - -
16 .5415 24.44 Ca 0 0 10.1 34.54 - - 46 -11.46
17 2.55075 24.7 Qp 0 1 10.1 34.9 56 -21.1 - -
18 2.55075 19.23 Ca 0 1 10.1 29.43 - - 46 -16.57
19 13.56 29.03 Qp 1 .2 10.2 39.53 60 -20.47 - -
20 13.56 21.74 Ca 1 .2 10.2 32.24 - - 50 -17.76
21 16.2285 26.3 Qp 1 .3 10.3 37 60 -23 - -
22 16.2285 22.57 Ca 1 .3 10.3 33.27 - - 50 -16.73
23 17.6932 26.43 Qp 1 .3 10.3 37.13 60 -22.87 - -
24 17.6932 21.84 Ca 1 .3 10.3 32.54 - - 50 -17.46

Qp - Quasi-Peak detector
Ca - CISPR average detection

NOTE: Markers 19 and 20, 13.56MHz is an external NFC signal unrelated to the EUT.

Page 42 of 45

UL VERIFICATION SERVICES INC.
47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 319-4000 FAX:(510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




	REPORT REVISION HISTORY
	TABLE OF CONTENTS
	1.  ATTESTATION OF TEST RESULTS
	2. TEST METHODOLOGY
	3. FACILITIES AND ACCREDITATION
	4. CALIBRATION AND UNCERTAINTY
	4.1. MEASURING INSTRUMENT CALIBRATION
	4.2. SAMPLE CALCULATION
	4.3. MEASUREMENT UNCERTAINTY

	5. EQUIPMENT UNDER TEST
	5.1. EUT DESCRIPTION
	5.2. MAXIMUM OUTPUT POWER
	5.3. DESCRIPTION OF AVAILABLE ANTENNAS
	5.4. SOFTWARE
	5.5. WORST-CASE CONFIGURATION AND MODE
	5.6. DESCRIPTION OF TEST SETUP
	SUPPORT EQUIPMENT
	I/O CABLES
	TEST SETUP
	SETUP DIAGRAMS


	6. MEASUREMENT METHOD
	7. TEST AND MEASUREMENT EQUIPMENT
	8. ANTENNA PORT TEST RESULTS
	8.1. ON TIME AND DUTY CYCLE
	LIMITS
	PROCEDURE
	ON TIME AND DUTY CYCLE RESULTS

	8.2. 99% BANDWIDTH
	LIMITS
	RESULTS

	8.3. 6 dB BANDWIDTH
	LIMITS
	RESULTS

	8.4. OUTPUT POWER
	LIMITS
	TEST PROCEDURE
	RESULTS

	8.5. AVERAGE POWER
	LIMITS
	TEST PROCEDURE
	RESULTS

	8.6. POWER SPECTRAL DENSITY
	LIMITS
	RESULTS

	8.7. CONDUCTED SPURIOUS EMISSIONS
	LIMITS
	RESULTS


	9. RADIATED TEST RESULTS
	9.1. LIMITS AND PROCEDURE
	LIMITS
	TEST PROCEDURE
	KDB 414788 Open Field Site(OFS) and Chamber Correlation Justification

	9.2. TRANSMITTER ABOVE 1 GHz
	BANDEDGE (LOW CHANNEL)
	HORIZONTAL RESULT
	VERTICAL RESULT

	BANDEDGE (HIGH CHANNEL)
	HORIZONTAL RESULT
	VERTICAL RESULT

	HARMONICS AND SPURIOUS EMISSIONS
	LOW CHANNEL RESULTS
	MID CHANNEL RESULTS
	HIGH CHANNEL RESULTS


	9.3. WORST CASE BELOW 30MHZ
	SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)
	Below 30MHz Data


	9.4. WORST CASE BELOW 1 GHZ
	SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)
	Below 1GHz Data


	9.5. WORST CASE 18-26 GHZ
	SPURIOUS EMISSIONS 18-26 GHz (WORST-CASE CONFIGURATION)
	18 – 26GHz DATA



	10. AC POWER LINE CONDUCTED EMISSIONS
	LIMITS
	RESULTS
	LINE 1 RESULTS
	LINE 2 RESULTS


	11. SETUP PHOTOS
	ANTENNA PORT AND AC LINE CONDUCTED SETUP
	RADIATED RF MEASUREMENT SETUP
	ORIENTATIONS




