FCC 47 CFR PART 15 SUBPART C
INDUSTRY CANADA RSS-247 ISSUE 1

CERTIFICATION TEST REPORT
FOR
eTap System, Rear Derailleur
MODEL NUMBER: 12901

FCC ID: C90-RDED
IC: 10161A-RDED

REPORT NUMBER: 15U21451-E1V4

ISSUE DATE: OCTOBER 16, 2015

Prepared for
SRAM LLC
1000 W FULTON MARKET 4™ FLOOR
CHICAO, IL 60607, U.S.A.

Prepared by
UL VERIFICATION SERVICES INC.
47173 BENICIA STREET
FREMONT, CA 94538, U.S.A.
TEL: (510) 771-1000
FAX: (510) 661-0888

NVIAD

NVLAP LAB CODE 200065-0



REPORT NO: 15U21451-E1V4

FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

Revision History

Issue
Rev. Date Revisions Revised By

V1 09/24/15 Initial Issue C.S.00I
Revised radiated emission notes.

V2 10/07/15 Revised section 5.5. C.S.00I
Added below 30MHz data.

V3 10/09/15 Revised below 30MHz data. C.S.00I

V4 10/16/15 Revised calibration date of test equipment C.S.00I

Page 2 of 51

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

FORM NO: CCSUP4701I
FAX: (510) 661-0888



REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

TABLE OF CONTENTS

1. ATTESTATION OF TEST RESULTS ....iiiiiii ittt e e e et e et e e eaaaas 4
2. TEST METHODOLOGY ...ttt e e et e e e e et e e e e et e e e e e et e e eaneeanneeeens 5
3. FACILITIES AND ACCREDITATION .ouiiii it e e e e e e e e e e eeas 5
4, CALIBRATION AND UNCERTAINTY Lottt ei it e e e s ets e e st s e e et s e s eaann s e s eesnneaaens 6
4.1. MEASURING INSTRUMENT CALIBRATION ...ccuiiiiiiii e e e 6
4.2, SAMPLE CALCULATION ..ttt e et e e et e e e e et e e s e aaa e aeees 6
4.3. MEASUREMENT UNCERTAINTY ..ot e st e e e e e e e e 6
5. EQUIPMENT UNDER TEST ..ottt ettt e et e e et e e e et s e e e et e e e eaaneeeees 7
5.1. DESCRIPTION OF EUT ..ttt e e et e et e s e et e e e e e e s e eanneees 7
5.2.  MAXIMUM OQUTPUT POWER..... oot e e e e e 7
5.3. DESCRIPTION OF AVAILABLE ANTENNAS ... 7
5.4, SOFTWARE AND FIRMWARE ...t e e e 7
55. WORST-CASE CONFIGURATION AND MODE .......ccoiiiiiiiiieiein e eai e 7
5.6. DESCRIPTION OF TEST SETUP ...t e e 8
6. TEST AND MEASUREMENT EQUIPMENT ..ottt e e 10
7. MEASUREMENT METHODS ...ttt e e et e e e et e e e e e et e e e aaneees 11
8. ANTENNA PORT TEST RESULTS ...ttt e et e e e e e e e 12
8.1. 802.15.4 MODE IN THE 2.4 GHZ BAND ......ciei i 12
8.1.1. ONTIME AND DUTY CYCLE ...ttt a e 12
8.1.2.  DUTY CY CLE PLOT ittt e e e e e e eaans 12
8.1.3. B UB BANDWIDTH . ..ot e e e e et e e e e s 13
8.1.4.  99% BANDWIDTH ..o e 17
8.1.5.  AVERAGE POWER ... .o e e e e s 21
8.1.6. POWER SPECTRAL DENSITY ettt et e e e 22
8.1.7. CONDUCTED SPURIOUS EMISSIONS ... 26

9. RADIATED TEST RESULT S ...t e e e e e e et e e e aa e e 31
9.1. LIMITS AND PROCEDURE ......couiiiii e e e e e e e e e e s 31
9.2. TRANSMITTER ABOVE L GHZ .....con e 32
9.2.1. TXABOVE 1 GHz FOR 802.15.4 MODE IN THE 2.4 GHz BAND...........cccvvvnn. 32

9.3.  WORST-CASE BELOW 1 GHaZ.....coeeii et e e 42
9.4. RADIDATED EMISSION BELOW 30MHZ.....ccouniiiiieiieeece e 44
0.5, SETUP PHOT OS ... et e e e et e e et e et e e aaan s 46

Page 3 of 51
UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701I

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: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: SRAM LLC
EUT DESCRIPTION: eTap System, Rear Derailleur
MODEL.: 12901
SERIAL NUMBER: Radiated: 9902; Conducted: 10902
DATE TESTED: SEPTEMBER 4 — OCTOBER 09, 2015
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass
INDUSTRY CANADA RSS-247 Issue 1 Pass
INDUSTRY CANADA RSS-GEN Issue 4 Pass

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

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

Approved & Released For

UL Verification Services Inc. By: Tested By:

L z:l'."/fn

()
7|
CHOON OO0l JEFFREY WU
EMC PROJECT LEAD EMC 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, ANSI C63.10-2013, RSS-GEN Issue 4, RSS-247 Issue 1.

3. FACILITIES AND ACCREDITATION

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

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

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

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

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

4.3. MEASUREMENT UNCERTAINTY

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

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz + 3.52 dB
Radiated Disturbance, 30 to 1000 MHz +4.94 dB
Radiated Disturbance, 1 to 6 GHz + 3.86 dB
Radiated Disturbance, 6 to 18 GHz +4.23 dB
Radiated Disturbance, 18 to 26 GHz +5.30 dB
Radiated Disturbance, 26 to 40 GHz +5.23 dB

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

5.1. DESCRIPTION OF EUT
The EUT is an eTap System, Rear Derailleur with 802.15.4 SRAMLink and ANT+ technology.

5.2. MAXIMUM OUTPUT POWER

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

Frequency Range Mode Output Power Output Power
(MHz) (dBm) (mW)
2405 - 2480 802.15.4 SRAMLink -1.68 0.68
5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a ceramic antenna (P/N 2450AT42A100) by Johanson Technology, with a
maximum gain of 0 dBi.

5.4. SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was 1.0.0.

The test utility software used during testing was Bootloader, Rev. 0.7.0.0; Bootstick, Rev.
0.7.0.0

5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emission was performed with the EUT set to transmit at the channel with highest
output power as worst-case scenario.

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

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

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Support Equipment List
Description Manufacturer Model Serial Number FCCID
Laptop Lenovo T410S N/A N/A
AC Adapter Lenovo 135w N/A N/A
Laptop ACER P1EV6 LUSFT02292260C8E83400 N/A
AC Adapter ACER W10-040N1A F13061332048621 N/A
Regulated DC Power Supply Kenwood PA36-3A 7060074 N/A
/O CABLES
1/0 Cable List
Cable (Port # of identical |Connector [Cable Type |Cable Length|Remarks
No ports Type (m)
1 DC Power |1 Banand Plug [Shielded 0.5m N/A
TEST SETUP

The EUT is a stand-alone unit during the tests. Test software exercised the radio card.
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SETUP DIAGRAM FOR TESTS

I POWER SUPPLY

ACMAIN
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6. TEST AND MEASUREMENT EQUIPMENT

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

report:
Test Equipment List
Description Manufacturer Model T No. | Cal Date | Cal Due
Radiated Software UL UL EMC Ver 9.5, July 22, 2014
Line Conducted Software UL UL EMC Ver 9.5, May 26, 2015
Bilog Antenna 30-1000MHz Sunol JB1 477 06/10/15 | 06/10/16
Bilog Antenna 30-1000MHz Sunol JB1 185 02/18/15 | 02/18/16
Horn Antenna 1-18GHz ETS 3117 119 01/15/15 | 01/15/16
Antenna, Horn, 26.5 GHz ARA MWH-1826/B 39 |01/29/15 01/29/16
Horn Antenna 1-18GHz ETS 3117 136 03/03/15 | 03/03/16
Preamp 10kHz-1000MHz Sonoma 310 300 11/01/14 | 11/18/15
Preamp 1-8GHz Miteq AMF-4D-01000800-30-29P 782 11/18/14 | 11/17/15
Preamp 1-18GHz Miteq AFS42-00101800-25-2-42 493 01/16/15 | 01/16/16
Preamp 1-26.5GHz Agilent 8449B 404 04/06/15 | 05/26/16
Coaxial Switchbox Agilent SP6T 927 03/03/15 | 03/03/16
Spectrum Analzer 3Hz to 44GHz Agilent E4446A 99 06/10/15 | 06/10/16
3GHz HPF Micro-Tronics HPM17543 486 11/18/14 | 11/18/15
5GHz LPF Micro-Tronics LPS17541 481 11/18/14 | 11/18/15
6GHz HPF Micro-Tronics HPS17542 484 11/18/14 | 09/16/16
EMI Test Receiver Rohde & Schwarz ECSI 7 284 09/16/15 | 11/01/16
Power Meter Agilent N1911A 1264 11/01/15 | 03/09/16
Power Sensor Agilent E9327A 117 03/09/15 | 01/16/16
LISN for Conducted Emissions FCC 50/250-25-2 24 01/16/15 | 01/16/16
Antenna, Loop, 30 MHz EMCO 6502 C00593| 02/20/15 | 02/21/16
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7. MEASUREMENT METHODS

On Time and Duty Cycle: KDB 558074 D01 v03r03, Section 6.0.

6 dB BW: KDB 558074 D01 v03r03, Section 8.1.
99% BW: ANSI C63.10-2013, Section 6.9.3.
Output Power: KDB 558074 D01 v03r03, Section 9.2.3.2.

Power Spectral Density; KDB 558074 D01 vO3r03, Section 10.

Out-of-band emissions in non-restricted bands: KDB 558074 D01 v03r03, Section 11.0.

Out-of-band emissions in restricted bands: KDB 558074 D01 v03r03, Section 12.1.

AC Power Line Conducted Emissions: ANSI C63.10-2013, Section 6.2.
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8. ANTENNA PORT TEST RESULTS

8.1. 802.15.4 MODE IN THE 2.4 GHz BAND

8.1.1. ON TIME AND DUTY CYCLE

LIMITS

None; for reporting purposes only.

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
802.15.4 Zigbee 10.000 | 10.000 1.000 100.00% 0.00 0.010

8.1.2. DUTY CYCLE PLOT

DUTY CYCLE 802.15.4 SRAMLink

W Agilent 15:38:04 Sep 9, 2015

R T

Freg/Channel

Ref 10.8 dBm

Atten 10 dB

Mkr1  25.23 ms
-1.43 dBm

#Peak

Certer Freq

| 244000000 GHz
Stait Freq
244000000 GHz
Stop Freq
2.44000000 GHz

Auto Man

CF Step
8.00000000 MHz

On

Res BW 8 MHz

Center 2.440 000 GHz

#VBW 50 MHz

Span 0 Hz
Sweep 50 ms (1001 pis)

—t

Freq Cliset
0.00000000 Hz

Signal Track
of
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8.1.3. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)

IC RSS-247 Clause 5.2.1

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

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 100 kHz and the

VBW is set to 300 kHz. The sweep time is coupled.

RESULTS
Channel Frequency 6 dB Bandwidth Minimum Limit
(MHz) (MHz) (MHz)
Low 2405 1.584 0.5
Middle 2440 1.608 0.5
High 2475 1.635 0.5
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6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH
- Agilent 15:53:14 Sep 9, 2015

L

|Freq/ChanneI

APw3.2(888515),LN, Conducted C
Ref 20 dBm #Atten 20 dB

a Mkrl 1.584 MHz
8.624 dB

#Peak

Center Freq
2. 40500008 GHz
StartFreq
248350008 GHz
StopFreq
248650008 GHz

CF Step
300000008 kHz
Auto Man

Center 2,405 @88 GHz
#Res BW 100 kHz #BH 308 kHz

Span 3 MHz
Sweep 1 ms (18081 pts)

Freq Offset
B.08000000 Hz

Signal Track
On Off
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6 dB BANDWIDTH MID CH

3% Agilent 15:45:59 Sep 9, 2015 L |Freq/ChanneI
APw3.3(8585153,LN, Conducted C a Mkrl 1.6685 MHz

Center Freq
Eséai@ dBm #Atten 20 dB @064 dB 2 14000000 Glx

Log

19 Start Freq

dB/ 243800000 GHz

Offst

’ StopFreq
244150008 GHz

CF Step
300000000 kHz
Auto Man

Freq Offset
B.O00BBERE Hz
Signal Track
On Off]
Center 2.440 ABA GHz Span 3 MHz
#Res BH 106 kHz #UBH 368 kHz Sweep 1 ms (1001 pts) ‘
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6 dB BANDWIDTH HIGH CH
- Agilent 16:02:26 Sep 9, 2015

L |Freq/thanne|

APw3.3(888515),LN, Conducted C
Ref 28 dBm #Htten 20 dB

#Peak

a Mkrl 1.635 MHz
_0.112 dB Center Freq
: 247500868 GHz

StartFreq
247350000 GHz

Stop Freq
247650008 GHz

CF Step

300.000000 kHz
Auto Man

Freq Offset
B.A0EEEAEE Hz

Signal Track
On Off

Center 2.475 B00 GHz
#Res BH 106 kHz #WBH 360 kHz

Span 3 MHz ‘
Sweep 1 ms (1001 pts)
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8.1.4. 99% BANDWIDTH

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

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

RESULTS
Channel Frequency 99% Bandwidth
(MH2z) (MHz)
Low 2405 2.321
Middle 2440 2.3326
High 2475 2.3843
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99% BANDWIDTH

99% BANDWIDTH LOW CH
#  Agilent 15:53:48 Sep 9, 2015 L Freq/Channe

Ch Freq  2.405 o1z Trlg Free” ,enter Freq

Occupied Bandwidth |Huerages: 168
StartFreq

APv3.3(830515),LN, Conducted C 248250008 Gz
Ref 28 dBm Atten 20 dB
#3amp StopFreq
Lag 248750068 GHz
18

CF Step
500.000000 kHz
Auto Man

dB/
Offst | =
18.8
dB

Freq Offset

[ | |
Center 2.405 000 GHz Span & M || ©-00000000 Hz
#Res BN 36 kHz #JBH 118 kHz _ Sneep 11.67 ms (1091 pts)

| Signal Track
Occupied Bandwidth Occ BH % PWr  99.00 7 |0n Of
2.3210 MHz % dB -26.00 dB

Transmit Freq Error  46.994 kHz
% dB Bandwidth 3.836 MHz*
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99% BANDWIDTH MID CH
3% Agilent 15:56:50 Sep 9, 2015 L |Freq/ChanneI

" Center Freq
244008808 GHz

Ch Freq 2.44 GHz Trig Free
Occupied Bandwidth |Huerages: 168 |

StartFreq
243750000 GHz

APw3.3(830515),LN, Conducted C
Ref 20 dBm Atten 26 dB

#Samp StopFreq
Log 2.44250000 GHz
14

dB/ . PO Ao CF Step

Offst 0000000 fia

18.8
dB

L | | | Freq Offset
Center 2.440 00 GHz Span G Mz || 200000000 Hz

#Res BH 36 kHz #BH 118 kHz  Sweep 11.67 ms (1681 pts)
Occupied Bandwidth Occ BH % Pur  99.00 % |llop,
23326 MHz x dB  -26.00 dB

Transmit Freq Error  41.685 kHz
% dB Bandwidth 3.920 MHz*

Signal Track
Off
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99% BANDWIDTH HIGH CH
- Agilent 16:02:59 Sep 9, 2015

|Freq/thanne

L [
Th Freq 2,475 O Trig Free” ,enter Fred
Occupied Bandwidth [Averages: 180 | |
|‘ StartFreq
247250060 GH
APw3.2(888515),LN, Conducted C Z
Ref 28 dBm Atten 28 dB
#Samp Stop Freq
Lo 247750000 GHz
1@g

4B/ .- CF Step

Offst [, AN o _ 500.000000 kHz

R LN UL Man

dB - |

i I I | Freq Offset
Center 2.475 000 GHz Span 5 Mz || 9-00000000 Hz
#Res BH 36 kHz #/BH 110 kHz _ Sweep 11.67 ms (1891 pts)

—

i i Signal Track

Occupied Bandvidth Occ BH % PWr  99.60 |0n off
2.3843 MHz x dB -26.00 dB

Transmit Freq Error  46.527 kHz
% dB Bandwidth 4,173 MHz*

Page 20 of 51

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



REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.1.5. AVERAGE POWER

LIMITS

FCC 8§15.247
IC RSS-247 Clause 5.4(4)

For systems employing digital modulation techniques operating in the bands 902-928 MHz,
2400-2483.5 MHz and 5725-5850 MHz, the maximum peak conducted output power shall not
exceed 1 W. Except as provided in Section 5.4 (5), the e.i.r.p. shall not exceed 4 W.

As an alternative to a peak power measurement, compliance can be based on a measurement
of the maximum conducted output power. The maximum conducted output power is the total
transmit power delivered to all antennas and antenna elements, averaged across all symbols in
the signaling alphabet when the transmitter is operating at its maximum power control level.
Power must be summed across all antennas and antenna elements. The average must not
include any time intervals during which the transmitter is off or transmitting at a reduced power
level. If multiple modes of operation are implemented, the maximum conducted output power is
the highest total transmit power occurring in any mode.

TEST PROCEDURE

The transmitter output is connected to a power meter.

RESULTS
Channel Frequency Power
(MHz) (dBm)
Low 2405 -1.68
Middle 2440 -1.96
High 2475 -2.36
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REPORT NO: 15U21451-E1V4

FCC ID: C90-RDED

DATE: OCTOBER 16, 2015
IC: 10161A-RDED

8.1.6. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)

IC RSS-247 Clause 5.2.2

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 PPSD Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2405 -12.29 8 -20.29
Middle 2440 -12.39 8 -20.39
High 2475 -13.22 8 -21.22
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

POWER SPECTRAL DENSITY

PSD LOW CH
#% Agilent 15:54:45 Sep 9, 2015 L |Freq/ChanneI

APw3.3(830515),LN, Conducted C Mkrl 2.485 156 GHz Center Freq
53592@ dBm Atten 20 dB -12.286 dBm 5 48500000 Gl»
Log

18 | StartFreq

dB/ 248300008 GHz

Offst

: StopFreq
248700868 GHz

CF Step
460000000 kHz
Auto Man

Freq Offset
B.00006008 Hz
Signal Track
On 0ff]
Center 2.405 000 GHz Span 4 MHz ‘
#Res BH 30 kHz #UBH 91 kHz  Sweep 13.47 ms {1001 pts)
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

PSD MID CH

3% Agilent 15:47:39 Sep 9, 2015 L |Freq/ChanneI
APw3.3(8585153,LN, Conducted C Mkrl 2.439 984 GHz

Ref 20 dBm Atten 20 dB -12.385 dBn || . Center Freq

#fvy 2.44000008 GHz
Log

19 | Start Freq

dB/ 243500000 GHz

Offst

’ StopFreq
2.44200008 GHz

CF Step
400000000 kHz
Auto Man

Freq Offset
B.O00BBERE Hz
Signal Track
On Off]
Center 2.440 ABA GHz Span 4 MHz
#Res BH 30 kHz #UBH 91 kHz  Sweep 13.47 ms (1001 pts) ‘
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

PSD HIGH CH
W% Agilent 16:04:32 Sep 9, 2015 L [Freg/Channel

APv3.3(088515),L1, Conducted C R p—
Ref 20 dein Atten 20 dB -13.222 dBm| 247500000 GHz
1@ StartFreq
2 47300000 GHz

; Stop Freq

2 47700000 GHz

CF Step

400.000008 kHz
Auto Man

Freq Offset
0.00000000 Hz
Signal Track
On Off
Center 2.475 006 GHz Span 4 MHz
#Res BH 30 kHz #YBH 91 kHz  Sweep 13.47 ms (1681 pts) ‘
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.1.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC 8§815.247 (d)
IC RSS-247 Clause 5.5

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the
intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band
that contains the highest level of the desired power, based on either an RF conducted or a
radiated measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the
use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation
below the general limits specified in 815.209(a) is not required.
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESULTS

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH
4 Agilent 15:45:16 Sep 9, 2015 L |Freq/ChanneI

APw3.3(086515),LN, Conducted C Mkrl 2.439 88 GHz Center Freq
Ezgk% dBm Atten 20 dB -6.65 dBm 5 14080008 Gl
Log

18 StartFreq
dB/ 2.41000068 GHz
Dffst

108 StopFreq
Dl 2. 47000068 GHz

CF Step
6.0008008E MHz
Auto Man

Freq Offset
.OBEGGAEE Hz
AA
£0f: LI -
F'I('u)n Signal Track
On 0ff
Swp =
Center 2,440 88 GHz Span BB MH=z
#Res BH 108 kHz #YBH 300 kHz Sweep 5.8 ms (10681 pts) |
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REPORT NO: 15U21451-E1V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH
4 Agilent 15:55:57 Sep 9, 2015

L |Freq/ChanneI

Ref 28 dBm

APw3.3(880515),LN, Conducted C
Atten 20 dB

Mkr2 2.408 00 GHz

_49.41 dBm Center Freq

Feak

| 2.46000088 GHz

Lag
16

dB/

Dffst

StartFreq
2.37080808 GHz

18.8

dB

Stop Freq
2.43080860 GHz

ol
-36.7

dBm

=

CF Step
6.06000008 MHz
| Auto Man

Center 2,400 80 GHz
#Res BH 106 kHz

#BH 360 kHz

Span 68 MHz

Marker Trace
1 1
2 1

Type
Freg
Freg

¥ Axis
2.399 88 GHz
2.488 88 GHz

Freq Offset
. Hz

Signal Track
On O]

Sweep 5.8 ms (1001 pts) @
Amplitude

-46.37 dBm

-49,41 dBm

—

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH
# Agilent 16:85:35 Sep 9, 2015

L |Freq/ChanneI

Ref 28 dBm

APv3.3(@30515),LN, Conducted C
Atten 28 dB

Mkr2 2.483 74 GHz

_CC 29 dBm Center Freq

2.48350008 GHz

Peak

StartFreq

2.453508008 GHz

StopFreq
2.51350800 GHz

CF Step

Man

| .bepBenes Mz

Center 2,483 58 GHz
#Res BH 108 kHz

#YBH 388 kHz

Span BB MH=z

Markar Trace
1 [&D]
2 [&]

Typa
Freg
Freqg

¥ Axis
2,483 5A GHz
2.483 74 GHz

Sweep 5.8 ms (1001 pts) | Freq Offset

Amplitude )
-66.92 dBm
-E5.28 dBm

Signal Track

On
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH
% Agilent 15:57:08 Sep 9, 2015 L  [Freg/Channel

APv3.3(030515),LN, Conducted C Mkrd 13.359 GHz

Ref 20 dBm #Atten 20 dB —54.783 dbm || , Lenter Freq
iy | 13.6150000 GHz
Log |
18 p Start Freq
dB/ 30.0000000 MHz
Offst

StopFreq
26.0000008 GHz

v e CF Step
| | 2.59700068 GHz
| | FAuto Man

Start 30 MHz Stop 26,008 GHz
*Res BH 100 khz WUBH 308 Kz Sweep 2482 5 (8192 prs) || , FFed OFfSet

Marker Trace ® Axiz Amplituda
1 [&H] 2.485 GHz -6.75 dEm

2 (1) 4,818 GHz -61.16 dBm :
3 I 7.215 GHz 53.92 dEn Signal Trag}cl](c
4 =

1 13.359 GHz -54.78 dBn On

OUT OF BAND MID CH
4 Agilent 15:49:27 Sep 9, 2015 L Freq/Channel

APv3.30080515).LN, Conducted C Mkrd 25.372 GHz

Ref 20 dBm #Pitten 20 dB ~52.995 dbm ||  Lenter Freq
sPeak | 13.0150000 GHz
Log |
10 3 Start Freq
dB/ 30.0000000 MHz
Offst

StopFreq
26.0080000 GHz

U [ 2 CF Step
| 59700668 GHz
| Auto Man
Start 38 MHz Stop 26,000 GHz
#Res BH 108 kHz #YBH 388 kHz Sweep 2.482 s (8192 pts)
Marker Trace Type K Axis Amplitude
1 1 Freg 2.448 GHz -7.15 dEm
2 [&] F 4.888 GH -54.65 dB i
3 (6] F:zg 7.328 BH; -B1.42 dB: 0 Slgnal TraUcko
4 1 Frag 25,372 GHz -52.99 dBn n =

Freq Offset
. Hz

@
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

OUT OF BAND HIGH CH

- Agilent 16:98:47 Sep 9, 2015 L |Freq/ChanneI

APw3.3(880515),LN, Conducted C Conter Freq

Ref 20 dBm #Atten 2@ dB 138150008 GHx

#Peak |

Lag

18 p StartFreq

dB/ 30.0000800 MHz

Offst

5%‘8 Stop Freq

. | 26.0000860 GHz

i - I3 O N P CF Step
(AR 2.59700608 GHz

i B fug W

Start 38 MHz Stop 26.000 GHz

#Res BH 100 kHz WUBH 380 KMz Sweep 2.482 s (3192 pio) | Freq Offsﬁg

Marker Trace Type K Axis Amplitude i

1 [&] Freg 2,475 GHz -7.82 dBm
2 [&] Freg 4,948 GHz -52.45 dBm | i
3 (6] Freg 9,897 GHz -5E.78 dBm n SIQnaI Traocfkf
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REPORT NO: 15U21451-E1V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205 and §15.209

IC RSS-GEN Clause 8.9 (Transmitter)

Frequency Range Field Strength Limit Field Strength Limit
(MH2z) (uvV/m) at 3m (dBuV/m) at 3 m
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

9.2. TRANSMITTER ABOVE 1 GHz

9.2.1. TX ABOVE 1 GHz FOR 802.15.4 MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

LOW CHANNEL RESTRICTED, HORIZONTAL
UL Fremont,5m Chamber A 19 Sep 2B15 09:20: 40
Restricted Bondedge

Project Number:15U21451
Client:SRAM

Config:Rear Derail leur (X-Pos)
Mode:Zigbee BE_24B5 MHz
Tested by:6. Escanc

125

£
~
>
5
I
T

.31 18 .5MH=z/ 2.
Frequency (GHz)

Range (GHz) REU/UBW  Ref/Attn Det/Avg Tup
1:2.3172.415

e Sueep Pls  foups/Mode Position Range (6Hz) REWUBW  Ref/Attn Det/Avg Type Sueep Pts 45ups/llode Fosition
1MC-6dB) /M 167/18  PEAK/Pur Aug(RHS)  Zmsec(futo) 80A1  MAXH 326 degs 194 | 2:2.3172.415 1MC-68)/3M 167/10 AUER/Pir Aug(RHS)  2nsecthut) €381  10ATAVG

326 degs 194 on

Low Channel Bandedge Method AD - H.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.39 40.89 Pk 32 -24.6 0 48.29 - - 74 -25.71 326 194 H
2 *2.361 42.68 Pk 319 -24.7 0 49.88 - - 74 -24.12 326 194 H
3 *2.39 30.44 RMS 32 -24.6 0 37.84 54 -16.16 - - 326 194 H
4 *2.386 31 RMS 32 -24.6 0 38.4 54 -15.6 - - 326 194 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

RMS - RMS detection
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

LOW CHANNEL RESTRICTED, VERTICAL

12:UL Fremont,5m Chomber A 19 Sep 20815 @9:13:33
Restricted Bandedge
= Project Number: 15021451
1 Client:SRAM
Config:Rear Derail leur (X-Pos)
Mode:Z igbee BE_2485 MHz
195 Tested by:6. Escano
9‘:
g5
§ Peak Limjt CdBul
J 7:
[an}
N
E)l:
55 Average imit (dBulUym2
c 1
2 o
45
]
&
35
2. 31 18 .5MH=/ 2.415
Frequency (GHz)
Range (6Hz) RBU/UBU  Ref/Attn Det/Avg Type Sueep Pts  #5ups/lode  Position Ronge (GHz) RBU/VBW  Rei/fttn Det/Avg Tuyps Sueep Pte #5ups/fiode  Fosition
Low Chonne! Bandsdge Method AD - U.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815
Trace Markers
Marker Frequency Meter Det AFTI36 Amp/CbI/Fit | DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) r/Pad (dB) Reading Limit (d8) (dBuv/m) (d8) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.39 41.07 Pk 32 -24.6 0 48.47 - - 74 -25.53 335 173 v
2 *2.358 42.76 Pk 31.9 -24.7 0 49.96 - - 74 -24.04 335 173 v
3 *2.39 30.74 RMS 32 -24.6 0 38.14 54 -15.86 - - 335 173 A
4 *2.39 31.12 RMS 32 -24.6 0 38.52 54 -15.48 - - 335 173 A

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

RMS - RMS detection
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

HIGH CHANNEL RESTRICTED, HORIZONTAL

| o5Uk_Fremont,5m Chamber A 19 Sep 2815  ©8:58:38
Restricted Bandedge
- Project Number: 15021451
1 Client:SRAM
Config:Rear Derailleur (X-Fos)
Mode:Z igbee BE_2475 MHz
195 Tested by:G. Escano
9!:
85 fj\}
: i
5 ~ \ Peak Limit (dBuU/m)
- / | \\
@ [
3 i 1
E)l: / \
// \\ Average Limit CdBLU/m)
5:M ’ MWMMMWWM b stion ot
4:,”‘_,.,.’-//'/ i \ 1 '
35
2.46 T8 3MH=/ 2.563
Frequency (GHz)
Range (6Hz) RELI/UBW Ref/Attn Det/fvg Type Sucep Pis #5ups/fode Position Ronge (GHz) RBH/UBM Ref/fttn  Det/Avg Type Susep Pts #5ups/Mode Fosition
1:2.46-2.563 1M(-6dB) /34 187/18 PEAK/Pur Avg(RMS)  2Bmsec(futo) 8281  WAXH 75 degs 154 o| 2:2.46-2.563 1MC-6dB)/3M 167/18 AUER/Pur Avg(RMS)  2Bmsec(huto) 8881  18BTAUG 75 degs 154 cm
High Chonnel Bandedge Method AD - H.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815
Trace Markers
Marker Frequency Meter Det AFT136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.484 42.08 Pk 321 245 0 49.68 - - 74 24.32 75 154 H
2 *2.485 43.96 Pk 321 -24.5 0 51.56 - - 74 -22.44 75 154 H
3 *2.484 32.14 RMS 321 -24.5 0 39.74 54 -14.26 - - 75 154 H
4 *2.484 32.93 RMS 321 245 0 40.53 54 -13.47 - - 75 154 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

RMS - RMS detection
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (HIGH CHANNEL, VERTICAL)

HIGH CHANNEL RESTRICTED, PEAK, VERTICAL

12:UL Fremont,5m Chomber A 19 Sep 20815 @9:085: 38
Restricted Bandedge
= Project Number: 15021451
1 Client:SRAM
Config:Rear Derailleur (X-Fos)
Mode: Zigbee_BE_2475 MHz
195 Tested by:6. Escano
9‘:
85
‘e
3 = Peak Limi C i
3 7
[as]
N
E)l:
Average Limit CdBLU/m)
55 =
45 3
®,
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
Range (6Hz) REU/UB  Ref/Attn Dst/Avg Type Sueep Pis  toups/fode Position Range (GHz) REWUBN  Ref/Attn Dst/Avg Typs Sueep Pts  H5ups/Mode Position
High Chomnel Bandedge Method AD - U.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.484 43.76 Pk 321 -24.5 0 51.36 - - 74 -22.64 87 214 \%
2 *2.484 44.66 Pk 321 -24.5 0 52.26 - - 74 -21.74 87 214 \%
3 *2.484 353 RMS 321 -24.5 0 42.9 54 -11.1 - - 87 214 A
4 *2.484 35.35 RMS 321 -24.5 0 42.95 54 -11.05 - - 87 214 A

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

RMS - RMS detection
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REPORT NO: 15U21451-E1V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015
IC: 10161A-RDED

HARMONICS AND SPURIOUS EMISSIONS

HORIZONTAL PLOT

<UL Fremont,5m Chamber A

19 Sep 2815 89:25:51

"
Rodioted Emissions 3-Meters

Project Number: 15021451
Client:SRAM

Config:Rear Derail leur (X-Pos)
Mode:Zigbee _HARM_2485 MHz

a5 Tested by:G. Escano

185

85

mit CdBulU/m)
75

65

(dBuU/m3

Avg Limit (dBuU/m)
55

45

WWM

35

18

Frequency (GHz)

Range (6Hz) RBU/VBYW Ref/fttn  Det/Avg Type RBUABY
1-3 M(-6dB) /38 B7/18  PEAK/P 1M(-6c8) /30K

Sweey
Pur Aug(RHS) 7

Tnsec(futo) 681

Pis  foups/Mode Position Range (6Hz) Ref/Attn  Det/Avg Type Suscp Pts ¥oupo/fode FPosition
HAXH B-360degs H | 3:3-18 87/8 PEAK/Pur Avg(RMS)  57dneec(futo) 18 MAXH k!

1 8-368degs H

FCC Parti15 Subpart C 2.4GHz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 208

VERTICAL PLOT

UL Fremant,5m Chomber A

19 Sep 2815

@9:25:51

15

Rodioted Emissions 3-Meters
Project Number: 15021451

185

Client:SRAM

Config:Rear Derail leur (X-Pos)
Mode:Z igbee_HARM_2485 MHz
g5 Tested byiG. Escano

85

75

65

(dBul/m)

Limit (dBulU/m)
55

45

35

Frequency (GHz)

Range (GHz) REWABW  Ref/fitn Det/fvg Tupe Pia  foups/Mode Position Range (6Hz) REWAUBN  Ref/Attn  Det/Avg Type Pts ¥oups/Mode Fosition

FCC Part15 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 208
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REPORT NO: 15U21451-E1V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015
IC: 10161A-RDED

Trace Markers

Marker Frequency Meter Det AF T136 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 * 3.666 42.9 PK2 33.2 -31.8 0 44.3 - - 74 -29.7 346 202 H
* 3.665 30.51 MAv1 33.2 -31.8 0 31.91 54 -22.09 - 346 202 H
5 *4.811 47.35 PK2 34 -29.8 0 51.55 - - 74 -22.45 250 101 \
*4.811 40 MAv1 34 -29.8 0 44.2 54 -9.8 - 250 101 Vv
6 *15.856 35.36 PK2 40.6 -21.4 0 54.56 - - 74 -19.44 315 159 Vv
*15.855 23.58 MAv1 40.6 -21.4 0 42.78 54 -11.22 315 159 Vv
4 1.787 37.66 Pk 29.8 -25.3 0 42.16 0-360 100 \
2 9.621 30.01 Pk 36.7 -23.7 0 43.01 0-360 100 H
3 16.543 28.34 Pk 416 -213 0 48.64 0-360 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

-Compliance for emissions in non-restricted bands is shown in conducted out of band testing

PK - Peak detector
PK2 - KDB558074 Method: Maximum Peak

MAv1 - KDB558074 Option 1 Maximum RMS Average

Note: Emission was scanned up to 26 GHz; No emissions were detected above the noise floor which was at least 20dB below the

specification limit.
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

HARMONICS AND SPURIOUS EMISSIONS

HORIZONTAL PLOT

<UL Fremont,5m Chomber A 19 Sep 2815 18:081:26

1

Rodioted Emissions 3-Meters

a5 Project Number: 15U2145
Client:SRAM

Config:Rear Derail leur (X-Pos)

Mode:Z i gbee_HARM_2448 MHz

g5 Tested byiG. Escano

85

’eak Limit CdBul/md

(dBulU/m)

Avg Limit (dBuU/m)

I : 3
B g s

18
Frequency (GHz)

Range (6Hz) REU/VBW Ref/Attn  Det/Avg Type
1:1-3 M- a7/18 P

7 Sueep Pts  ¥upe/flode Position Range (GHz) RBM/VEW Ref/fttn  Det/Avg Type
-6dB) /38K a7 PEAK/Pur Avg(RMS)  77meec(futo) 68AI  MAXH B-360degs H 3:3-18 6dB) /30 87/8 PEAK/P

uee| Pts  #Swps/Mode Position
1M(-6cB) /30 r AvgRMS)  STdnsec(Auto) 18k MAXH B-360dk

FCC Parti5 Subpart C 2.46Hz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 28

VERTICAL PLOT
<UL Fremont,5m Chamber A 19 Sep 2815 19:81:26
Rodioted Emissions 3-Meters

— ET?JE:§ Number: 1502145
ient :SRAM

Config:Rear Derail leur (X-Pos)

Mode: 7 igbee_HARM_2448 MHz

95 Tested byiG. Escano

N

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBulU/m)
55 =

45

35

18
Frequency (GHz)

Range (62 REWABU  Ref/fitn Det/Avg Type Sucep Pls  foups/fode Position Range (6Hz) REWUBH  Fof/Men  Dot/Avg Type Sueep Pts foupe/fode  Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 208
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

Trace Markers

Marker Frequency Meter Det AFT136 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 *1.323 44.58 PK2 28.8 -25.9 0 47.48 - - 74 -26.52 323 148 H
*1.324 33.13 MAv1 28.8 -25.9 0 36.03 54 -17.97 - - 323 148 H
5 *4.879 46.2 PK2 339 -29.3 0 50.8 - - 74 -23.2 226 104 \
*4.881 38.69 MAv1 339 -29.3 0 43.29 54 -10.71 - - 226 104 \
2 5.502 326 Pk 34.4 -28.6 0 38.4 - - - - 0-360 100 H
6 8.743 28.78 Pk 36 -24 0 40.78 - - - - 0-360 200 \
3 9.762 28.62 Pk 36.9 -22.9 0 42.62 - - - - 0-360 100 H
4 15.019 28.74 Pk 39.7 =222 0 46.24 - - - - 0-360 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

-Compliance for emissions in non-restricted bands is shown in conducted out of band testing

PK - Peak detector
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was at least 20dB below the
specification limit.
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REPORT NO: 15U21451-E1V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015
IC: 10161A-RDED

HARMONICS AND SPURIOUS EMISSIONS

HORIZONTAL PLOT

@UL FREMONT, 3m Chomber

4 Sep 2015 11:81:89

Project Number: 15021451

Client:SRAM

Mode: Zigbes HARM 2475
Tested by:Juds Semana

Radioted Emissions 3-Meters

Config:eTap Rear Derailleur (X-pos)

Peok Limit (dBul/

Avg Limit (dBuU/m

(dBuU/m] Horizonta

Frequency

(GHz)

14

Range (GHz)
1-3

Dot RO Bl fvg Typ ecp
1 PERK  IMC-1B) Bk Log-Fur(Video) Auto/Cpled 6BI  Inf/MAXH

I 9 Ty S Plo  foups/fods  Fosition Range (o)
Tnf/MRXH  B-36Bdegs H | 3:3-18

Dt RoU U fvg Typ
PEAK  IMG-38) 3k LogFur(lideo)

Sneep Pts Foups/Made  Position
futo/Cpled 16k Inf/WAXH  B-3idegs H

FCC Port!5 Subport C 248@8MHz Spurious Emissions with Average Scon.TST 38763 12 Jun 2814

Rev 9.5 22 Jul 2814

VERTICAL PLOT

UL FREMONT, 3m Chamber

4 Sep 2815 11:@1:89

e

Project Number: 15021451

160

9@

Client:SRAM

Mode:Zigbes HARM 2475
Tested by:Juds Semano

Radioted Emissions 3-Meters

ConfigieTap Rear Derailleur (X-pos)

t (dBul/r

(dBuU/m) Uertical

Frequency

(GHz)

18

Range (6H2) V0 g Typ Sucep Pis  foups/fock  Position

Range (GHz)

Sneep Pts  Fops/ode  Position

FCC Port1S Subport C 2486MHz Spurious Emissions with Average Scon.TST 38763 12 Jun 2814

Rev 9.5 22 Jul 2814
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

Trace Markers

Marker Frequency Meter Det AFT119 Amp/Chl/F Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Itr/Pad Reading (dBuv/m) (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m)
1 *1.371 42.52 PK2 29 -23.1 48.42 - - 74 -25.58 0 100 H
*1.369 31.04 MAv1 29 -23.1 36.94 54 -17.06 - - 0 100 H
3 *3.777 39.63 PK2 331 -30.3 42.43 - - 74 -31.57 0 200 H
*3.779 28.43 MAv1 331 -30.2 31.33 54 -22.67 - 0 200 H
2 *12.205 36.99 PK2 39 -24.2 51.79 - - 74 -22.21 0 200 H
*12.208 25.52 MAv1 39 -24.3 40.22 54 -13.78 - 0 200 H
5 *4.95 41.49 PK2 34 -30.1 45.39 - - 74 -28.61 0 200 \
*4.949 31.06 MAv1 34 -30.1 34.96 54 -19.04 - 0 200 \
6 *8.489 38.15 PK2 35.8 -27 46.95 - - 74 -27.05 0 100 \
*8.487 26.66 MAv1 35.8 -27 35.46 54 -18.54 0 100 \
4 1.717 32.84 PK 29.2 -22.8 39.24 - - - - 0-360 100 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
-Compliance for emissions in non-restricted bands is shown in conducted out of band testing

PK - Peak detector
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average

Note: Emission was scanned up to 26 GHz; No emissions were detected above the noise floor which was at least 20dB below the
specification limit.
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

9.3. WORST-CASE BELOW 1 GHz

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

HORIZONTAL PLOT

UL FREMONT, 3m Chamber 22 Sep 2815 22:46:37

95

Rodioted Emissions — 3 Meters

85 Project Number: 15U21451
Client:SRAM

Config:EUT Only

Mode:Zigbes Below 1 GHz

75 Tested by:J. Uu

o
I}
c
0
N
O
0
T
£
~
>
3
@
Kl

e

—

168
Frequency (MHz)

Range (H2) et RoW VI fvg Typ Sucep Pl foups/fode  Position Range (HHZ) Dot REM VI fvg Tup Sueep Pte  Foups/Mode  FPosition
1:30-288 PERC  100k(-3B) N Log-Pur(Video) .BBIs/MMz 4001  InfMAXH  D-J6degs H | 3:208-1080 PEAC  1B0KC-3B) 1N Log-PurVideo) .DRIs/MHz 601 Inf/MAXH  0-3Bdegs H

FCC Part 15 Subpart C 3@-1888MHz. TST 39763 12 Jun 2814 Rev 9.5 22 Jul 20|

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

VERTICAL PLOT

<UL FREMONT, 3m Chomber 22 Sep 2B15 22:46:37

9

Rodioted Emissions - 3 Meters

a5 Project Number: 15021451
Client:SRAM

Config:EUT Only

Mode:Zigbee Below 1 GHz

75 Tested byiJ. Uu

65

55

45

35

(dBulU/m) Uertical

166

Frequency (MHz)

Range (HH2) Dot RO Suscp Pis Aoups/fode  Position Range (HHz) Sweep Pts  foups/Made  FPosition

FCC Part 15 Subpart C 38-1888MHz. TST 39763 12 Jun 2814
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

Trace Markers

Marker Frequenc Meter Det AF T185 Amp/Cbl Correcte QPK Limit Margin Azimuth Height Polarity
y Reading (dB/m) (dB) d (dBuV/m) (dB) (Degs) (cm)

(MHz) (dBuV) Reading

(dBuVv/m)
4 30.17 38.11 PK 21.6 -27.2 32.51 40 -7.49 0-360 100 \%
1 30.3825 34.56 PK 21.5 -27.2 28.86 40 -11.14 0-360 100 H
5 60.005 35.44 PK 7.3 -26.8 15.94 40 -24.06 0-360 100 \%
6 66.5075 34.31 PK 8.1 -26.7 15.71 40 -24.29 0-360 100 \%
7 100.295 33.26 PK 9.8 -26.3 16.76 43.52 -26.76 0-360 100 \%
2 125.2425 29.73 PK 14 -26 17.73 43.52 -25.79 0-360 400 H
3 443.5 33.55 PK 16.8 -24.9 25.45 46.02 -20.57 0-360 200 H

PK - Peak detector
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

9.4. RADIDATED EMISSION BELOW 30MHz

HORIZONTAL PLOT

SKUL Fremont - Chomber H 9 Oct 2815 21:87:48
H RF Emissions
Feak Limiti (dBul/ml
63 i Project Number: 15021451
H Client:SRAM LLC
— Config:EUT (Rear Derai | leur)
‘ e Mode :Be low 3BMHz (7| gBes)
51 pEve-limitLdBullim) o Tested by:G. Escano
"“‘-~\\\~§~_ H \‘N"“\\-__\_
— T—
34 : o
P— \\_s\m\s\\\s\\J
17 —
~ —
0 k
> \
= Yo
ER- .
3 ety
@ Tl Py
% — -
17 1 4 A
"ot By D @,
i T Sy
A Mg
_34 5 Wi
W i
=51
-68
ElEE] T 1 =] 38
Frequency (MHz)
Ronge (i) REU/UBW  Ref/fttn  Det/Avg Tupe Swezp Pis  Foups/Mode FPosition Range (Hz) REU/BN  Ref/fitn Det/Avg Tupe Sucep Fts  foups/tode  Fasition
1288515 160C-68)/308  87/8  PEAK/Pur Avg(RMS)  SBnsectfuto) 18k MAXH 8-36degs 28
2:.15- .43 RC-60B)/k 81/ PEAK/Pur AvgERHS)  ZnsecCPute) 18k HAYH 4-360degs 28
3:.49-1.785 9(-6iB)/30k  BI/B  PEAK/Fur AvgCRNS) Bncecthuto) 18k NAXH 4-368degs 28
4:1.785-30 SN(-60B)/30k  BT/B  PEAK/Pur AvgeRNS)  7Zmsac(futo) 18k MAXH G-36Adege 28
FCC 15.209 Below 38MHz.TST 38915 8 Jon 2815 Rev 9.5 24 Jun 2fl5

VERTICAL PLOT

UL Fremont - Chomber H 9 Oct 2815

8

RF Emissions

Feck Limit: CoBuY/m) Project Number: 15021451

68 Client:SRAM LLC

— Config:EUT (Rear Derail leur)
) Mode: Below 3BMHz(Z 1 gBes)
S1iA Tested by:G. Escano

(dBuVolts)

{
,ﬁc&%Mﬂwﬂ o

4 “ll‘:'i"-"“‘,é.'lf”’

i

- KO
s
&3

BB31 . 1 18
Frequency (MHz)

Ronge CHHz) REM/UBU Ref/Attn  Det/Avg Tupe Sweep Pts #5sps/Mode Position Ronge (HHz) ReL/VBU Ref/Attn  Det/fvg Type Sueep Pts #5ups/Mode Position
1:.089-.15 108C-608)/300  87/8 PEAK/Par Avg(RHS)  SSnsecChuto) 18k MAXH 8-360degs 281
2:.15-.43 Sh(-6d6)/ 38k PEAK/Pur Ag(RHS)  Znsecthuto) 18k 8-360degs 281
3:.49-1.785 9K C-6d6)/3k PEAK/Pur Avg(RHS)  Bnsecthuto) 18k 8-360degs 281
4:1.705-38 Sk C-6dB)/ 38k PEAK/Pur Avg(RHS)  172neec(Auto) 18k i 8-360degs 281

FCC 15.289 Below 3BMHz.TST 38915 8 Jon 2815 Rev 9.5 24 Jun 4
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REPORT NO: 15U21451-E1V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

Trace Markers

Marker Frequenc Meter Det Loop Cbl (dB) Dist Corr Correcte Peak Margin Avg Limit Margin Azimuth
y Reading Antenna 300m d Limit (dB) (dBuVv/m) (dB) (Degs)
(MHz) (dBuv) (dB/m) Reading (dBuV/m)
(dBuVolt
s)
1 .01411 41.43 Pk 17.2 1 -80 -21.27 64.61 -85.88 44.61 -65.88 0-360
4 .01882 42.15 Pk 15.3 1 -80 -22.45 62.11 -84.56 42.11 -64.56 0-360
2 .15463 47.02 Pk 10.7 1 -80 -22.18 43.82 -66 23.82 -46 0-360
5 .22285 42.67 Pk 10.4 1 -80 -26.83 40.64 -67.47 20.64 -47.47 0-360
Pk - Peak detector
Marker Frequenc Meter Det Loop Cbl (dB) Dist Corr Correcte Peak Margin Avg Limit Margin Azimuth
y Reading Antenna (dB) d Limit (dB) (dBuVv/m) (dB) (Degs)
(MHz) (dBuVv) (dB/m) 40Log Reading (dBuVv/m)
(dBuVolt
s)
3 .50049 37.39 Pk 10.3 1 -40 7.79 33.62 -25.83 - - 0-360
6 1.23159 29.01 Pk 10.4 2 -40 -.39 25.79 -26.18 - - 0-360

Pk - Peak detector
FCC 15.209 Below 30MHz. TST 30915 8 Jan 2015
Rev 9.5 24 Jun 2015
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