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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-210 Issue 8 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:

CHOON SIAN OOl JEFFREY WU
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-210 Issue 8.

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)
36.5 dBuV + 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 FUNDAMENTAL FIELD STRENGTH

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

Frequency Range Mode Peak E-field Strength Avg E-field Strength Distance
(MHz) (dBuV/m) (dBuV/m) (m)
2402 - 2480 ANT + 77.23 77.14 3.00

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a ceramic antenna (P/N 2450AT42A100) by Johanson Technology, with a
maximum gain of O 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 and power line conducted emission were performed with the EUT set to
transmit at the channel with highest output power as worst-case scenario.

The fundamental of the EUT was investigated 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. ANTENNA PORT TEST RESULTS

7.1. ANT+ MODE IN THE 2.4 GHz BAND

7.1.1. 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
ANT+ 10.000 | 10.000 1.000 100.00% 0.00 0.010

7.1.2. DUTY CYCLE PLOT

DUTY CYCLE 802.15.4 SRAMLink

- Agilent 22:21:06 Sep 18, 2015

R T |Fre§fChanneI I

#Peak

AFv3.3(080515).JS, Conducted C
Rel -8 dBm

Atten 10 dB

Certer Freq
241000000 GHz
Stait Freq
241000000 GHz
Stop Freq
2.41000000 GHz

CF Step

8.00000000 MHz
Auto Man

Freq Cliset

0.00000000 Hz

Center 2.410 000 GHz
Res BW 8 MHz

#VBW 50 MHz

On

Span 0 Hz |
Sweep 1 ms (8192 pis)

Signal Track
of
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7.1.3. 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 20dB Bandwidth
(MHz) (MHz) (KHz)
Low 2410 0.0908114 11.35
Middle 2457 0.0855944 11.35
High 2480 0.0945508 11.54
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99% BANDWIDTH

99% BANDWIDTH LOW CH
5t Agilent 22:12-14 Sep 18, 2015 R T [Freq/Chanrel |

Certer Freq
241005994 GHz

Ch Freq 2.41006 GHz Trig  Free
Occupied Bandwidth Averages: 100 I

I Stait Freq
240995994 GHz
AF3.3(080515).JS, Conducted C Mkr1 2.410 059 931 GHz

Rel 0 dBm Atten 10 dB -21.84 dBm
#Samp) Stop Freq
Log 241015994 GHz

dB/ CF &tep
20.0000000 kHz
MAuto Man

Freq Clfset
Center 2.410 059 943 GHz Span 200 kHz || 0-00000000 Hz
#Res BW 1 kHz VBW 3 kHz Sweep 604.5 ms (8192 pis)

Occupied Bandwidth Occ BW % Pwr  99.00% |llon
90.8114 kHz xdB  -26.00 dB

Transmit Freq Enar -4.159 kHz
% dB Bandwidth 91.481 kHz*

Signal Track
cif

99% BANDWIDTH MID CH
e Agilent 22:02:48 Sep 18, 2015 R T |Frequhanne| |

Certer Freq
2 45706124 GHz

Ch Freq 2.45706 GHz Trig  Free
Occupied Bandwidth Averages: 100 I

I Stait Freq

| 2 45696124 GHz

AF3.3(080515).JS, Conducted C Mkr1 2.457 061 230 GHz

Rei 0 dBm Atten 10 dB -20.57 dBm

#Samp) T Stop Freq
2 45716124 GHz

CF &tep
20.0000000 kHz
f{Auto Man

Freq Clfset
Center 2.457 061 242 GHz Span 200 kHz || 0-00000000 Hz
#Res BW 1 kHz VBW 3 kHz Sweep 604.5 ms (8192 pis)

Occupied Bandwidth OccBW % Pwr  99.00% [flon
85.5944 kHz xdB  -26.00dB

Transmit Freq Emnar -1.821 kHz
% dB Bandwidth 87406 kHz*

Signal Track
cif
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99% BANDWIDTH HIGH CH
e Agilent 22:07:09 Sep 18, 2015 R T |FrequhanneI I

I I
- Certer Freqg
Ch Freq 2.48006 GHz Trig  Free 2 48006173 GHz
Occupied Bandwidth Averages: 100 I
| Stait Freg
2.47996173 GHz
AFv3.3(080515).JS, Conducted C Mkr1 2.480 061 720 GHz
Rel 0 dBm Atten 10 dB -20.13 dBm
#Samp) T Stop Freq
Log & 2 48016173 GHz
10
dB/ 5% 7 < CF Step
Oflst % 20.0000000 kHz
10.6  [uRARAF WY Y S Sl iy G (Rt WA T PR\ F i | Auito Man
B | HHH ]
| | i i | Freq Cifset
Center 2.480 061 732 GHz Span 200 kHz || 0-00000000 Hz
#Res BW 1 kHz VBW 3 kHz Sweep 604.5 ms (8192 pts)
N N Signal Track
Occupied Bandwidth Occ BW % Pwr 99.00 % |flon cf
94.5508 kHz X8 260045
Transmit Freq Emnar -4.221 kHz
x dB Bandwidth 95.307 kHz*
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7.1.4.20dB BANDWIDTH

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to = 1% of the 20
dB bandwidth. The VBW is set to = RBW. The sweep time is coupled

RESULTS
Channel Frequency 20dB Bandwidth
(MHz) (KHz)
Low 2410 11.35
Middle 2457 11.35
High 2480 11.54
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20dB BANDWIDTH

2

@ L RF 500 DC SENSE:INT] ALIGN AUTO 04:46:05 PM Oct 07, 2015

|Center Freq 2.410061714 GHz | Center Freq: 2.410061714 GHz Radio Std: None Frequency
—— Trig: FreeRun Avg|Hold: 1010
‘ #IFGain:Low #Atten: 10 dB Radio Device: BTS

Ref Offset 10.7 dB
10 dBidiv Ref 0.00 dBm
Log
0.0

Center Freq
2.410061714 GHz

200

-30.0

-40.0

-50.0

-50.0

-70.0

-50.0

-00.0

Center 2.41 GHz
#Res BW 1kHz #VBW 3 kHz

Span 200 kHz

Sweep 246.8 ms CF Step

20.000 kHz
JAuto Man
Occupied Bandwidth Total Power -21.5 dBm

88.285 kHz Freq Offset

Transmit Freq Error -4.672 kHz OBW Power 99.00 % OHz
x dB Bandwidth 11.35 kHz x dB -20.00 dB

20dB BANDWIDTH MID CH

Analyz

L z ALIGN AUTO 04:48:07 PMOct07,2015 | _ |
[Center Freq 2.457062715 GHz | Center Freq: 2457062715 GHz Radio Std: None Frequency
—— Trig: Free Run Avg|Hold: 10110

‘ #FGain:Low #Atten: 8 dB

Radio Device: BTS

10 dBlidiv Ref 0.00 dBm
Log

-10.0

Center Freq
2.457062715 GHz

-200

-30.0

-40.0

-50.0

-60.0

700

-50.0

500

Center 2,457 GHz
#Res BW 1 kHz #VBW 3 kHz

Span 200 kHz

Sweep 246.8 ms CF Step

20.000 kHz
JAuto Man
Occupied Bandwidth Total Power -20.0 dBm

85.842 kHz Freq Offset

Transmit Freq Error -3.617 kHz OBW Power 99.00 % OHz
x dB Bandwidth 11.35 kHz x dB -20.00 dB
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20dB BANDWIDTH HIGH CH

Agilent Spectrum
L RF 500 DC

ALIGN AUTO

04:52:33PMOct 07, 2015

[Center Freq 2.480062837 GHz .
[we] Trig: Free Run
‘ #IFGain:Low #Atten: 6 dB

‘ Center Freq: 2.480062837 GHz
— Avg|Hold:>10/10

Radio Std: None

Radio Device: BTS

Ref 0.00 dBm

10 dBidiv
Log

Frequency

-10.0

-20.0

-30.0

Center Freq
2.480062837 GHz|

-40.0

-50.0

500

-70.0

-50.0

-00.0

Center 2.438 GHz

#Res BW 1kHz #VBW 3 kHz

Span 200 kHz
Sweep 246.8 ms

Occupied Bandwidth
91.288 kHz

-3.862 kHz
11.54 kHz

Total Power

Transmit Freq Error
x dB Bandwidth

OBW Power
x dB

-19.5 dBm

99.00 %
-20.00 dB

CF Step
20.000 kHz
JAuto Man

Frec Offset
0 Hz
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8. RADIATED TEST RESULTS

8.1. LIMITS AND PROCEDURE

LIMITS

FCC 15.249

Operation within the bands 902-928 MHz, 2400-2483.5 MHz, 5725-5875 MHZ, and 24.0—
24.25 GHz.

(a) Except as provided in paragraph (b) of this section, the field strength of emissions from

intentional radiators operated within these frequency bands shall comply with the following:

Fisld Fisld
sirangth of strangth of
Fundamental frequency fundamental | harmonics
(rnillivaltss {rmic rovalts!
mstar) mster)
Qo2L28 MHz ... 50 RO
2400-2483 5 MHz ...l 50 RO
EF2E-BRTE MHz ... 50 RO
2402425 GHz .o 250 2500

(d) Emissions radiated outside of the specified frequency bands, except for harmonics, shall be
attenuated by at least 50 dB below the level of the fundamental or to the general radiated emission
limits in 8 15.209, whichever is the lesser attenuation.

(e) As shown in Sec. 15.35(b), for frequencies above 1000 MHz, the field strength limits in
paragraphs (a) and (b) of this section are based on average limits. However, the peak field strength
of any emission shall not exceed the maximum permitted average limits specified above by more
than 20 dB under any condition of modulation.
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REPORT NO: 15U21451-E2V4

FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

) Measura-

Fraquancy (MHz) (m'i:nzl:?n’h?malllgrr:ﬂgatgr] W?;ntcl:nla:a-
(metars)

0.008-0480 ... | 2400F(kHZ) Al
0AS-1T05 e | 24000F(kHZ) 30
1705200 . |30 30
88 e 10D 3
822168 ... 160 3
216880 L | 200 3
Abowve 980 ... | B00 3

“ Except as provided in paragraph {9y, fundamental emis-
sions from intentional radiators opsrating under this ssction
shall not be kcated in the frequancy bands 54-72 MHz, 7&-
88 MHz, 174-216 MHz or 470206
within thess frequency bands is permitted under other sec-
tions of thiz part, &.g., $§15.231 and 15241,

Hz. However, oparation
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.1. TRANSMITTER ABOVE 1 GHz

8.1.1. TX ABOVE 1 GHz FOR ANT+ MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

LOW CHANNEL, HORIZ

ramant , 5m_Chy

Trace Markers

Marker Frequency Meter Det AF T136 Amp/CblI/Fit Fixture Corr Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) (dB) Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.39 38.99 Pk 32 -24.6 0 46.39 - - 74 -27.61 240 262 H
2 *2.341 42.89 Pk 31.9 -24.7 0 50.09 - - 74 -23.91 240 262 H
3 *2.39 30.34 RMS 32 -24.6 0 37.74 54 -16.26 - - 240 262 H
4 *2.345 31.26 RMS 319 -24.7 0 38.46 54 -15.54 - - 240 262 H

Pk - Peak detector
RMS - RMS detection
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

LOW CHANNEL, VERT

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/ Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
4 *2.344 31.08 RMS 31.9 -24.7 38.28 54 -15.72 - - 92 276 \
2 *2.386 42.6 Pk 32 -24.6 50 - - 74 -24 92 276 \
1 *2.39 40.05 Pk 32 -24.6 47.45 - - 74 -26.55 92 276 \
3 *2.39 30.3 RMS 32 -24.6 37.7 54 -16.3 - - 92 276 \

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

RMS - RMS detection
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

HIGH CHANNEL, HORIZ

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/ Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fitr/Pad Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
1 *2.484 40.07 Pk 321 -24.5 47.67 - - 74 -26.33 331 107 H
3 *2.484 30.08 RMS 321 -24.5 37.68 54 -16.32 - - 331 107 H
2 *2.488 42.62 Pk 321 -24.5 50.22 - - 74 -23.78 331 107 H
4 2.531 31.07 RMS 321 -24.5 38.67 54 -15.33 - - 331 107 H

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

RMS - RMS detection
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

RESTRICTED BANDEDGE (HIGH CHANNEL, VERTICAL)

HIGH CHANNEL, VERT

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/ Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fitr/Pad Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
1 *2.484 39.74 Pk 321 -24.5 47.34 - - 74 -26.66 97 252 \
3 *2.484 30.21 RMS 321 -24.5 37.81 54 -16.19 - - 97 252 \
2 2.52 42.91 Pk 321 -24.5 50.51 - - 74 -23.49 97 252 \
4 2.541 30.82 RMS 322 -24.4 38.62 54 -15.38 - - 97 252 \

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

RMS - RMS detection
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.1.2. FUNDAMENTAL FREQUENCY RADIATED EMISSION

FCC, VCCl, CISPR, CE, AUSTEL, NZ Project #: 15021451
UL, CSA, TUV, BSM|, DHHS, NVLAP Report #: 15021451

Date& Time: 09/21/15

47173 BENICIA STREET, FREMONT, CA 94538, USA Test Engr: G. Escano

Company: SRAM LLC
EUT Description: Zigbee & ANT +

Test Configuration : |y POSITION (eTap Rear Derailleur)
Type of Test: FCC

Mode of Operation:  Transmitting : ANT+ mode

M% = ((t1+t2+t3+...)/T) * 66.83% = 100.00% Av Reading = Pk Reading + 20*log(M%)
20 *log (M%) = ' 0.00

Freq. | Pk Rdg | AvRdg AF Closs [Pre-amp| Pk Lewvel | AvLewel [ Pk Limit [ Av Limit | Pk Margin|Awg Margin| Pol Az Height

(MHz) [ @Buv) [ @Buv) [ @dB) (dB) (dB) [(dBuVv/m)|(dBuV/m)| FCC B | FCC_B (dB) (dB) (H/IV) (Deg) | (Meter)
Low channel
2410.00 [ 72.73 72.52 | 31.97 -34.48 0.00 70.22 70.00 114.00 [ 94.00 -43.78 -24.00 3mV 92.00 | 276.00
2410.00 | 73.27 73.08 | 31.97 -34.48 0.00 70.76 70.57 114.00 94.00 -43.24 -23.44 3mH 240.00 | 262.00
Mid channel
2457.00 | 76.87 76.82 | 32.08 -34.38 0.00 74.57 74.52 114.00 [ 94.00 -39.43 -19.48 3mV__ [ 146.00 [ 170.00
2457.00 | 75.17 75.04 | 32.08 -34.38 0.00 72.87 72.75 114.00 94.00 -41.13 -21.25 3mH 183.00 | 270.00
High channel
2480.00 75.86 75.74 | 32.08 -34.33 0.00 73.61 73.49 114.00 94.00 -40.39 -20.51 3mV 97.00 | 252.00
2480.00 77.23 77.14 | 32.08 -34.33 0.00 74.98 74.89 114.00 | 94.00 -39.02 -19.11 3mH | 331.00 [ 106.00

AVG VB=1/Ton, Voltage Averaging Max Hold where: Ton is the duration of the packet
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.1.3. HARMONIC RADIATED EMISSION

Project #: 15021451

Report #: 15021451

FCC, VCCI, CISPR, CE, AUSTEL, NZ H .
UL, CSA, TUV, BSM|, DHHS, NVLAP Date& Time: 09/21/15
Test Engr: G. Escano

47173 BENICIA STREET, FREMONT, CA 94538, USA

Company: SRAMLLC
EUT Description:  Zigbee & ANT +

Test Configuration : |y POSITION (eTap Rear Derailleur)
Type of Test: FCC

Mode of Operation:  Jransmitting : ANT+ mode

M% = ((t1+t2+t3+...)/T) * 66.83% = 100.00% Av Reading = Pk Reading + 20*log(M%)

20 * log (M%) = 0.00

Freq. | Pk Rdg | AvRdg AF Closs _[Pre-amp| Pk Lewvel | AvLewvel | Pk Limit | Av Limit | Pk Margin|Avg Margin|  Pol Az Height

(MHz) | (dBuv) | (dBuv) | (dB) (dB) (dB) |(dBuv/m)|(dBuV/m)] FCC B | FCC B (dB) (dB) (HIV) (Deg) | (Meter)
Low channel
4820.00 | 41.19 37.60 | 33.96 | -30.67 0.00 44.48 40.89 74.00 54.00 -29.52 -13.11 3mv 92.00 | 276.00
4820.00 | 41.50 38.19 | 33.96 [ -30.67 0.00 44.79 41.48 74.00 54.00 -29.21 -12.52 3mH [ 240.00 | 262.00
Mid channel
4914.00 | 41.50 38.19 | 33.85 [ -31.04 0.00 44.31 41.00 74.00 54.00 -29.69 -13.00 3mV_ [ 146.00 | 170.00
4914.00 | 40.34 38.26 | 33.85 [ -31.04 0.00 43.16 41.07 74.00 54.00 -30.84 -12.93 3mH | 183.00 | 270.00
High channel
4960.00 42.41 38.42 | 33.99 [ -31.00 0.00 45.40 41.41 74.00 54.00 -28.60 -12.59 3mv 97.00 | 252.00
4960.00 42.12 38.40 | 33.99 [ -31.00 0.00 45.11 41.39 74.00 54.00 -28.89 -12.61 3mH | 331.00 | 106.00

AVG VB=1/Ton, Voltage Averaging Max Hold where: Ton is the duration of the packet
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REPORT NO: 15U21451-E2V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

Fundamental and Harmonic Test Plot

Low Channel Horizontal

H:UL Fremont,5m Chamber A

6 Oct

2815 18:22:39

Radioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode: ANT+_HARM_2410 MHz
g5 Tested byiG. Escano
8|:
Peak Limit (dBulU/m)
7K
‘e
3 5
3 6
[as}
o N
2 fvg Limit (dBuU/m)
55
i b 1
WWWM \ A A
- W
35 T TR
T
o5

Range (6Hz) RBU/VBW Ref/fttn  Det/fvg Type
1:1-3 P

P )
IMC-6d6)/3k  167/18  PEAK/Far AvgRUS)  Tmsec(Puto) 6081 KX B-360egs H

18

Frequency (GHz)

Pis  #5wps/Mode Position Range (6Hz) RBUABY Ref/Bttn  Det/Avg Type
H 3 3:3-18 87/8

wes
1M(-6cB) /30K PERK/Pur vg(RHS)  5Tdnsec(Auto)

Pts  #5Sups/Mode Posit
HAXH 2

18k }-368degs H

FCC Parti5 Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815

Rev 9.5 24 Jun 2815

Low Channel Vertical

| 1l:UL Fremont,5m Chomber A 6 Oct 2815 18:22:39
Rodioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode : ANT+_HARM_2410 MHz
95 Tested byi6. Escano
8|:
Peok Limit (dBulU/m)
75
‘e
3 5
3 6
@
o
2 Avg Limit (dBuU/m)
5:
a5
3:
25
1 ] 18
Frequency (GHz)
Range (@) RRUABU  Ref/fitn Dt/Avg Tupe Sueep Pla #owps/fods  Position Range G RBWURI  Ref/Attn  Det/Avg Type Sueep Pio ¥oups/Mode Position
FCC Port!S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815

Rev 9.5 24 Jun 2815

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-E2V4
FCC ID: C90-RDED

DATE: OCTOBER 16, 2015

IC: 10161A-RDED

Mid Channel Horizontal

| Il:LJL Fremont,5m Chomber A 6 Oct 2815 18:41:07
Rodioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode : ANT+_HARM_2457 MHz
95 Tested byi6. Escano
8|:
Peak Limit (dBulU/m)
7:
‘e
3 5
3 6
[as}
o N
2 fvg Limit (dBuU/m)
55
45 ) ; muww
I o ¥
| it | ‘ R -
35 Mot ol B " i
" L
25
1 14 18
Frequency (GHz)
Range (@) RBUABU  Ref/fin Dt/Avg Tupe Sueep Pla #owps/fods Position Range (G RBWURI  Ref/Attn  Det/Avg Type e Pio ¥oups/ode  Position
113 INC-6d6)/3k  17/18  PEAK/Par Avg(RUS)  77msec(huto) 6881 MAXH B-360cegs H | 3:3-18 MCE®)/30 /B PERK/Pur AvgRMS)  STdnser(Auto) ISk HAH B-36Adegs H
FCC Port!S Subpart C 2.46Hz RSE.TST 38315 16 Jun 2815 Rev 9.5 24 Jun 2815
! 1:UL Fremont,5m Chomber A 6 Oct 2815 18:41:87
Rodioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode :ANT+_HARM_2457 MHz
95 Tested byiG. Escano
8:
Peok Limit (dBul/m)
75
e
3 5
3 6
[an}
o
~ Avg Limit (dBulU/m)
5|:
45
2
35 a
25
1 ] 18
Frequency (GHz)
Range (@f2) RAUABS  Ref/fitn Det/vg Tupe Sucep Pla #oups/fods Fosition Ronge (6> RBW/UBH  Ref/Attn  Dot/Avg Type Sucep Pts  ¥oups/fiode Fosition
FCC Port!S Subpart C 2.46Hz RSE.TST 38315 16 Jun 2815 Rev 9.5 24 Jun 2815

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-E2V4

FCC I

D: C90-RDED

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

High Channel Horizontal

UL Fremont,5m Chomber A

6 Oct 2815 18:56: 36

1S
Rodioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode: ANT+_HARM_2480 MHz
95 Tested byi6. Escano
8|:
Peak Limit (dBulU/m)
7;
‘e
3 5
3 6
[as}
o N
2 fvg Limit (dBuU/m)
55
"
4l: e
WWMW 1 e
35 [POTRIRAPIHIRREN T, s -
o5
1 18 18
Frequency (GHz)
Range (62 REU/UB  Ref/Attn Det/Avg Tupe ) Pls  Foups/fods Fosition Range (GHiz) RENAGN  Ref/Attn  Dot/Avg Type e Pts foups/fiods Position
113 INC-6d6)/3k  17/18  PEAK/Par Avg(RUS)  77msec(huto) 6881 MAXH B-368degs H | 3:3-18 MC6E)/3B  B1/8  PERK/Par MRS  STdnsec(iuto) ISk MM B-36Adegs H
FCC Port15 Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815
! 1:LJL Fremont,5m Chomber A 6 Oct 2815 18:56:36
Rodioted Emissions 3-Meters
= Project Number: 15021451
18 Client:SRAM LLC
Config:EUT (Y-Pos)
Mode :ANT+_HARM_ 24808 MHz
95 Tested byiG. Escano
8:
Peok Limit (dBul/m)
75
e
3 5
3 6
[an}
o
d v imi ( ul/m
Avg L t (dBul/m)
5|:
| OO OSSOSO ST
2
35 o
25
1 18 18
Frequency (GHz)
Range (6) RAUABS  Ref/fitn Det/vg Tupe Sucep Pla #oups/fods Fosition Ronge (6> RBW/UBH  Ref/Attn  Dot/Avg Type Sucep Pts  ¥oups/fiode Fosition

FCC Parti5 Subpart C 2.46GHz RSE.TST 36915 16 Jun 2815

Rev 9.5 24 Jun 2815

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-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

8.2. WORST-CASE BELOW 1 GHz

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

HORIZONTAL PLOT
UL Fremont,5m Chamber B 22 Sep 2815 22:46:37
Radiated Emissions — 3 Meters

9

85 FrgJact Number: 15021451
Client:SRAM

Config:EUT Only

Mode ANT+ B=low 1 GHz

75 Tested by!J. Wu

&5

55

45 mit LG

£
>
>
3
@
el

35

25

Frequency (MHz)

Fange () ROUARY  Ref/Rttn Det/fvg Tgpe Sueep Pts fopofiode FPasition Fange (FHE) FBUABN  Ref/Atn  Det/ivg Type Seep Lo Foupsfde  Position
1:38-208 1@BkC-3dB)/ 1M 97718 PFEAK/LogFur—iden aA1 s/ MHz 4801 MAXH 8-360ckens H 3:2p0-1083 100k (-3dB1 /1M 97718 FEAK/LagFur-Uideo 081 e/ MHz A1 MAXH B-3b0dags H

ouw 16hz far Reprot.dat 39763 12 Jun 2814 Rev 9.5 24 Jun CHES
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REPORT NO: 15U21451-E2V4 DATE: OCTOBER 16, 2015
FCC ID: C90-RDED IC: 10161A-RDED

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

VERTICAL PLOT

QEUL Fremont, bm Chamber B 22 Sep 2815 22:46:37
Radiated Emissions - 3 Meters
= Project Number:15U21451
8 Client: SRAM
Config:EUT Only
Mode :ANT+ Below 1 GHz
75 Tested by:J. Wu
o5
55
: ]
~
D] 4’: kT mre  tesatym f
@
2
35)
1]
251
6
I 5 ,,,,,,,,,,,,,,,,,, o -
=
38 188 1888
Frequency (MHz2
Range (W) /B Fef/fttn  Dat/ivg Tgps Sweep Pts  Towpeifode Pasition Range (2] REWAVEN  Fef/fiin  Det/fvg Tope Soeep Pte  Fowps/lade Position
Belou 16hz far Reprot.dat 39763 12 Jun 2814 Rev 3.5 24 Jun 5
Trace Markers
Marker Frequency Meter Det AF T185 Amp/Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
2 *125.2425 29.73 Pk 14 -26 17.73 43.52 -25.79 0-360 400 H
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 \
3 4435 33.55 Pk 16.8 -24.9 25.45 46.02 -20.57 0-360 200 H

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

Pk - Peak detector
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REPORT NO: 15U21451-E2V4
FCC ID: C90-RDED

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

8.3.

LOOP ANTENNA FACE ON

RADIATED EMISSION BELOW 30MHz

gL Fremont - Chember H g Oct 2815  23:87:21
RF Emissions
Feak Limit| CdBuy/m)
5 Project Number: 15021451
6 Client:SRAM LLC
— Config:EUT (Rear Derailleur
) N s N Mode:Below 3BMHz (ANT+)
51 pEvelimitLdBullim) o Tested by:G. Escano
\ \
34 T
T \\\\\1
- SN
: ;
i B
o bl
R "
2 3
@ i
Wit
- Wi
R S s TR
O L
v "“‘""“9*‘%.“&4“. i Sona, 5
il ‘ sBraty
a4 o .
AR iz i
M e
Tl
=51
-68
. 0p81 1 1 18 38
Frequency (MHz)
Range (tiz) RBU/VEW Ref/Attn  Det/Avg Tupe Sueep Fts #oups/Mode Position Ronge (MHz) RBUI/UBW Ref/Attn  Det/fvg Tupe Suesp Fts #Sups/fiode Fosition
1:.889-.15 188C-6d8) /300 87/8 PEAK/Pur Avg(RMS)  SBmsec(Auto) 18k MAXH 8-36@degs 281
2:.15-.49 S (-60B)/ 30k 87/8 PEAK/Pur Avg(RMS)  2mseclAuto) 18k MAXH @-36@degs 281
3:.49-1.785 9k (-60B)/30k 87/8 PEAK/Pur Avg(RMS)  Bmseclhuto) 18k MAXH 8-36@degs 281
4:1.785-38 9k (-6dB)/ 38k 87/8 PEAK/Pur AvgtRMS)  172nsec(futa) 18k MAXH 8-3606degs 281
FCC 15.209 Below 3BMH=z.TST 38915 8 Jon 2815 Rev 8.5 24 Jun 2HE5
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RF Emissions
Praoject Number: 15021451

—

Client:SRAM LLC
Config:EUT (Rear Derailleur)
Mode: Below 38MHz (ANT+)

51

Tested by:G. Escano

T

(dBuVolts)

b,

e,

PR

1
Frequency (MHz)

18

REM/UBU
10AC-6dB) /308
Sh(-6d6)/ 38k
9K C-6d6)/3k
Sk C-6dB)/ 38k

Det/Avg Tupe
PEAK/Par Avg(RYS)
PEAK/Pur AvgURYS)
PEAK/Par Avg(RYS)
PEAK/Par AvgCRYS)

Range (PHz)
88915

Ref/Attn
87/8

15-.43
49-1.785
|.765-38

S8nsecCAuto)
2nsec(Auta)
Basec(Auto)
172neec(futo) 18k

Pls  Foup
MAXi

s/Mode  Position

Range (PHz) REU/VBU  Ref/Attn Det/Avg Tupe
@-3ddegs 281
g-3fddegs 281
G-36ddege 261

@-38dege 281

Pts #5ups/Mode Position
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REPORT NO: 15U21451-E2V4 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 .01172 41.41 Pk 18.1 1 -80 -20.39 66.23 -86.62 46.23 -66.62 0-360
4 .0133 40.97 Pk 17.5 1 -80 -21.43 65.12 -86.55 45.12 -66.55 0-360
5 .25527 43.28 Pk 10.3 1 -80 -26.32 39.46 -65.78 19.46 -45.78 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)
2 .62929 35.09 Pk 10.2 1 -40 5.39 31.63 -26.24 - - 0-360
3 3.56468 16.64 Pk 10.5 .3 -40 -12.56 29.54 -42.1 - - 0-360
6 7.33905 13.52 Pk 10.5 4 -40 -15.58 29.54 -45.12 - - 0-360

Pk - Peak detector
FCC 15.209 Below 30MHz. TST 30915 8 Jan 2015
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