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Laboratory Information

We, QuieTek Corporation, are an independent EMC and safety consultancy that was established
the whole facility in our laboratories. The test facility has been accredited/accepted(audited or listed)
by the following related bodies in compliance with ISO 17025, EN 45001 and specified testing scope:

Taiwan R.O.C. : BSMI, NCC, TAF
USA : FCC

Japan : VCCI

China : CNAS

The related certificate for our laboratories about the test site and management system can be downloaded
from QuieTek Corporation’s Web Site :http://www.quietek.com/tw/ctg/cts/accreditations.htm

The address and introduction of QuieTek Corporation’s laboratories can be founded in our Web site :
http://www.quietek.com/

If you have any comments, Please don’t hesitate to contact us. Our contact information is as below:

HsinChu Testing Laboratory :
No.75-2, 3rd Lin, Wangye Keng, Yonghxing Tsuen, Qionglin Shiang, Hsinchu County 307, Taiwan, R.O.C.
TEL:+886-3-592-8858 / FAX:+886-3-592-8859 E-Mail : service@quietek.com

LinKou Testing Laboratory :
No.5-22, Ruishukeng, Linkou Dist., New Taipei City 24451, Taiwan, R.O.C.
TEL : 886-2-8601-3788 / FAX : 886-2-8601-3789 E-Mail : service@quietek.com

Suzhou Testing Laboratory :
No0.99 Hongye Rd., Suzhou Industrial Park, Suzhou,215006, Jiangsu, China
TEL : +86-512-6251-5088 / FAX : 86-512-6251-5098 E-Mail : service@quietek.com
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History of This Test Report

REPORT NO. VERSION DESCRIPTION ISSUED DATE

15A0041R-RF-US-PO6V02 | V1.0 Initial Issued Report Nov. 05, 2015
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Report No.: 15A0041R-RF-US-P06V02

General Information

1.1. EUT Description

Product Name Wahoo GPS BIKE COMPUTER

Brand Name Wahoo

Model No. WFCC1

Working Voltage DC 3.5vV-4.2V

Bluetooth Specification V3.0+V4.1

Frequency Range 2402- 2480 MHz

Channel Number V3.0:79
V4.1: 40

Channel Separation V3.0: 1MHz
V4.1: 2MHz

Type of Modulation V3.0: GFSK, Pi/4 DQPSK, 8DPSK
V4.1: GFSK

Data Rate V3.0: 1Mbps(GFSK), 2Mbps(Pi/4 DQPSK), 3Mbps
(8DPSK)
V4.1: 1Mbps(GFSK)

Antenna Type Reference to Antenna List

Peak Antenna Gain Reference to Antenna List

Bluetooth Working Frequency of Each Channel: (For V4.0)

Channel| Frequency |Channel| Frequency |Channel| Frequency |Channel| Frequency
00 2402 MHz 01 2404 MHz 02 2406 MHz 03 2408 MHz
04 2410 MHz 05 2412 MHz 06 2414 MHz 07 2416 MHz
08 2418 MHz 09 2420 MHz 10 2422 MHz 11 2424 MHz
12 2426 MHz 13 2428 MHz 14 2430 MHz 15 2432 MHz
16 2434 MHz 17 2436 MHz 18 2438 MHz 19 2440 MHz
20 2442 MHz 21 2444 MHz 22 2446 MHz 23 2448 MHz
24 2450 MHz 25 2452 MHz 26 2454 MHz 27 2456 MHz
28 2458 MHz 29 2460 MHz 30 2462 MHz 31 2464 MHz
32 2466 MHz 33 2468 MHz 34 2470 MHz 35 2472 MHz
36 2474 MHz 37 2476 MHz 38 2478 MHz 39 2480 MHz

Bluetooth Antenna List

Antenna Manufacturer Model No. Peak Gain

PIFA Antenna Walsin N/A 2.58dBi for 2.4GHz
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1.2. Mode of Operation
QuieTek has verified the construction and function in typical operation. All the test modes were

carried out with the EUT in normal operation, which was shown in this test report and defined as:

Test Mode

Mode 1: Transmit-1Mbps(GFSK_BLE)

Note:

1. Regards to the frequency band operation: the lowest. middle and highest frequency of channel
were selected to perform the test, then shown on this report.

2. For portable device, radiated spurious emission was verified over X, Y, Z Axis, and shown the
worst case on this report.
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1.3. Tested System Details

The types for all equipments, plus descriptions of all cables used in the tested system (including
inserted cards) are:

Product Manufacturer Model No. Serial No.
1IN/A N/A N/A N/A

Power Cord
N/A
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1.4. Configuration of Tested System

Connection Diagram
1 A |

! i
' i
' i
! EUT !
! I
! |
| |
| i
| i
| i
| i
! i
! I
! |
| |
| i
| i
| i
| i
! i
! I
! |
| |
| i
| i
| i
| i
! i
! I
! i
| 1
| i
| 1
| 1
| 1
| |
! i
! i
| 1
| i
| 1
| 1
[ o o o o o e e e e e o o o q

Signal Cable Type Signal cable Description

A USB Cable Shielded, 1.5m

Page: 10 of 52



» B> DEKRA =ompany Report No.: 15A0041R-RF-US-P06V02

1.5. EUT Exercise Software

1 [Setup the EUT and simulators as shown on above.

2 [Turn on the power of all equipment.
Run the RF test software “Blue Test 3”, and set the test mode and channel, then press OK to start
continue receive.
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2. Technical Test

2.1. Summary of Test Result

[X] No deviations from the test standards
[ ] Deviations from the test standards as below description:

For FCC
Performed Test Item Normative References Test Deviation
Performed

Conducted Emission FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.207

Radiated Emission FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.209

RF Antenna Conducted Spurious |FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.247(d)

Radiated Emission Band Edge  |FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
15.247(d)

Operation Frequency Range of |FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No

20dB Bandwidth 15.215(c)

6dB Bandwidth FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.247(a)(2)

Power Output FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.247(b)(3)

Power Spectral Density FCC CFR Title 47 Part 15 Subpart C: 2014 Yes No
Section 15.247(e)
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For IC

Performed Test ltem Normative References Test Deviation

Performed

Conducted Emission RSS-Gen Issue 4 Yes No
Section 8.8

Radiated Emission RSS-Gen Issue 4 Yes No
Section 8.9

RF Antenna Conducted Spurious |RSS-247 Issue 1 Yes No
Section A5.5

Radiated Emission Band Edge  |RSS-247 Issue 1 Yes No
Section A5.5

Occupied Bandwidth RSS-Gen Issue 4 Yes No
Section 6.6
RSS-247 Issue 1
Section A5.2(1)

Power Output RSS-247 Issue 1 Yes No
Section A5.4(4)

Power Spectral Density RSS-247 Issue 1 Yes No
Section A5.2(2)
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2.2. Test Environment

Items Required (IEC 68-1) Actual
Temperature (°C) 15-35 21
Humidity (%RH) 25-75 50
Barometric pressure (mbar) 860-1060 950-1000
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3. Conducted Emission
3.1. Test Equipment

Conducted Emission / TR-1

Instrument Manufacturer Type No. Serial No. Cal. Due Date
EMI Test Receiver R&S ESCI 100726 2016.03.30
Two-Line V-Network  |R&S ENV216 100043 2016.03.30
Two-Line V-Network  |R&S ENV216 100044 2016.09.16
500hm Coaxial Switch |Anritsu MP59B 6200464462 2016.03.01
500hm Termination SHX TF2 07081401 2016.09.16
Temperature/Humidity

Meter zhicheng ZC1-2 TR1-TH 2016.01.08

Note: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.

3.2. Test Setup

Shielding Room

= fertical Reference Ground Flane Test Recelver
A ern——m" 2mm :
EUTH e & oo

M'_

- Horizontal Ground Reference Flang e
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3.3.

3.4.

3.5.

Limit

FCC Part 15 Subpart C Paragraph 15.207 Limits

Frequency QP AV
(MHz) (dBuV) (dBuV)

0.15-0.50 66 - 56 56 — 46

0.50-5.0 56 46
5.0-30 60 50

Note 1: The lower limit shall apply at the transition frequencies.
Note 2: The limit decreases linearly with the logarithm of the frequency in the range 0.15 MHz
to 0.5 MHz.

Test Procedure

The EUT was setup according to ANSI C63.4, 2009 and tested according to KDB 558074 for
compliance to FCC 47CFR 15.247 requirements. The EUT was placed on a platform of
nominal size, 1 m by 1.5 m, raised 80 cm above the conducting ground plane. The vertical
conducting plane was located 40 cm to the rear of the EUT. All other surfaces of EUT were at
least 80 cm from any other grounded conducting surface. The EUT and simulators are
connected to the main power through a line impedance stabilization network (LISN). The LISN
provides a 50 ohm /50uH coupling impedance for the measuring equipment. The peripheral
devices are also connected to the main power through a LISN. (Please refer to the block
diagram of the test setup and photographs) Each current-carrying conductor of the EUT power
cord, except the ground (safety) conductor, was individually connected through a LISN to the
input power source.

The excess length of the power cord between the EUT and the LISN receptacle were folded
back and forth at the center of the lead to form a bundle not exceeding 40 cm in length.
Conducted emissions were investigated over the frequency range from 0.15MHz to 30MHz
using a receiver bandwidth of 9 kHz.

Uncertainty

The measurement uncertainty is defined as * 2.02 dB
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3.6. Test Result

Site: TR1 Time: 2015/10/19 - 16:02
Limit: FCC_Part15.107_CE_AC Power_ClassB Margin: 0
Probe: ENV216_101044(0.009-30MHz) Polarity: Line

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1

80

70

50

50

s 40

S 30

g b

= 20

10

0

-10

-20
0.15 1t 10 30

equssen it
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV) (dBuv) (dB) (dBuV) (dB)

1 0.150 30.541 20.722 -35.459 66.000 9.819 QP
2 0.150 16.938 7.119 -39.062 56.000 9.819 AV
3 0.170 15.193 5.375 -49.767 64.960 9.818 QP
4 0.170 2.195 -7.623 -52.765 54.960 9.818 AV
5 1.750 22.488 12.704 -33.512 56.000 9.784 QP
6 1.750 11.775 1.990 -34.225 46.000 9.784 AV
7 * 2.674 28.682 18.886 -27.318 56.000 9.795 QP
8 2.674 18.112 8.317 -27.888 46.000 9.795 AV
9 3.066 27.575 17.769 -28.425 56.000 9.806 QP
10 3.066 11.868 2.062 -34.132 46.000 9.806 AV
11 7.246 26.592 16.689 -33.408 60.000 9.903 QP
12 7.246 13.302 3.399 -36.698 50.000 9.903 AV
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Site: TR1

Time: 2015/10/19 - 16:08

Limit: FCC_Part15.107_CE_AC Power_ClassB

Margin: 0

Probe: ENV216_101044(0.009-30MHz)

Polarity: Neutral

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1

80

70

60

50

40
s
3 g 11
I 30
[
20 3 i 12
10 g
%
0
-10
-20
0.15 1t 10 30
Fraquency i
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV) (dBuVv) (dB) (dBuV) (dB)
1 0.150 29.235 19.289 -36.765 66.000 9.946 QP
2 0.150 16.571 6.625 -39.429 56.000 9.946 AV
3 0.190 16.026 6.132 -48.011 64.037 9.894 QP
4 0.190 6.022 -3.872 -48.014 54.037 9.894 AV
5 0.370 23.036 13.074 -35.465 58.501 9.962 QP
6 0.370 18.565 8.603 -29.936 48.501 9.962 AV
7 1.710 21.033 11.070 -34.967 56.000 9.964 QP
8 1.710 12.380 2.416 -33.620 46.000 9.964 AV
9 * 3.122 29.647 19.650 -26.353 56.000 9.997 QP
10 3.122 16.717 6.720 -29.283 46.000 9.997 AV
11 6.314 27.514 17.355 -32.486 60.000 10.159 QP
12 6.314 14.180 4.021 -35.820 50.000 10.159 AV
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4. Radiated Emission

4.1. Test Equipment

Radiated Emission / AC-2

Instrument Manufacturer Type No. Serial No. Cal. Due Date
EMI Test Receiver R&S ESCI 100573 2016.03.28
Loop Antenna R&S HFH2-Z2 833799/003 2015.11.25
Bilog Antenna Teseq GmbH CBL6112D 27611 2016.10.10
Coaxial Cable Huber+Suhner SUCOFLEX 106 AC2-C 2016.03.01
Temperature/Humidity

Meter Zhicheng ZC1-2 AC2-TH 2016.01.08
Radiated Emission / AC-5

Instrument Manufacturer Type No. Serial No. Cal. Due Date
Spectrum Analyzer Agilent N9010A MY48030494 |2016.05.12
Preamplifier Miteq NSP1800-25 1364185 2016.05.03
Preamplifier QuieTek AP-040G CHM-0906001 |2016.05.03
Bilog Antenna Teseq GmbH CBL6112D 27612 2016.10.15
Broad-Band Horn

Antenna Schwarzbeck BBHA9120D 499 2016.06.08
Broad-Band Horn

Antenna Schwarzbeck BBHA9170 294 2016.04.10
Coaxial Cable Huber+Suhner SUCOFLEX 106 AC5-C1 2016.03.01
Coaxial Cable Huber+Suhner SUCOFLEX 106 AC5-C2 2016.03.01
Coaxial Cable Huber+Suhner SUCOFLEX 102 AC5-C3 2016.03.01
Temperature/Humidity

Meter Zhicheng ZC1-2 AC5-TH 2016.01.08
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4.2. Test Setup

Below 1GHz Test Setup:

FRP Dome T e

Imtogm (Antenna Tower)

Antenna
el [ | b,
Bbse; I gm/iom M EI .
(Turntable) — :

‘== GroundPlane O

Test Receiver| | — [controlie——-

Above 1GHz Test Setup:

— _

Imto4m (Antenna Tower)
Antenna | Pre-Amplifier
m_ EUT l_ ........
g '
150 B Wi — 3m —H

(Turntable)

‘== GroundPlane meE EED

Spectrum Analyzer| [Controlle——

L ] 7|
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4.3. Limit
FCC Part 15 Subpart C Paragraph 15.209
Frequency Distance Level
(MHz) (m) (dBuV/m)
30 -88 3 40
88 - 216 3 43.5
216 - 960 3 46
Above 960 3 54

4.4.

4.5.

Note 1: The lower limit shall apply at the transition frequency.

Note 2: Distance refers to the distance in meters between the measuring instrument antenna
and the closed point of any part of the device or system.

Note 3: E field strength (dBuV/m) = 20 log E field strength (uV/m)

Test Procedure

The EUT was setup according to ANSI C63.4, 2014 and tested according to KDB 558074 for

compliance to FCC 47CFR 15.247 requirements.

The EUT is placed on a turn table which is 0.8 meter above ground. The turn table is rotated

360 degrees to determine the position of the maximum emission level. The EUT was

positioned such that the distance from antenna to the EUT was 3 meters.

The antenna is scanned from 1 meter to 4 meters to find out the maximum emission level. This

is repeated for both horizontal and vertical polarization of the antenna. In order to find the

maximum emission, all of the interface cables were manipulated according to ANSI

C63.4:2009 on radiated measurement.

The resolution bandwidth below 1GHz setting on the field strength meter is 120 kHz and above

1GHz is 1MHz.

The frequency range from 30MHz to 10th harmonic is checked.

Note: When doing emission measurement above 1GHz, the horn antenna will be bended down
a little (as horn antenna has the narrow beamwidth) in order to keeping the antenna in the
“cone of radiation” of EUT. The 3dB beamwidth is 10~60 degrees for H-plane and 10~90
degrees for E-plane.

Uncertainty
The measurement uncertainty above 1GHz is defined as + 3.9 dB
3.8dB

-+

+

below 1GHz is defined as
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4.6. Test Result
All of the test result shown indicates the worst case, and spectrum analyzer parameters setting

as shown below:

Peak detector: RBW = 1MHz, VBW = 3MHz, sweep time = 200ms;

Average detector: RBW = 1MHz, VBW = 10Hz, sweep time = auto.

Measure Level = Reading Level + Cable Loss + Antenna Factor - Preamplifier Gain

Mode 1: Transmitter-1Mbps(GFSK_BLE)

CH|Antenna| Frequency | Reading |Factor| Measure Limit Margin |Detector
(MHz) Level (dB) | Level (dBuV/m) (dB)
(dBuV/m) (dBuV/m)
H 4804.0 45.6 -6.6 39.0 54(Note 2) | -15.0 PK
H 7206.0 44 1 -2.9 41.2 54(Note2) -12.8 PK
0 H 9608.0 41.1 0.9 42.0 54(Note2) -12.0 PK
\Y 4804.0 46.3 -6.6 39.7 54(Note2) -14.3 PK
Vv 7206.0 447 -2.9 41.8 54(Note2) -12.2 PK
\Y 9608.0 40.6 0.9 41.5 54(Note2) -12.5 PK
H 4880.0 46.3 -6.6 39.7 54(Note2) -14.3 PK
H 7320.0 44.6 -2.8 41.8 54(Note2) -12.2 PK
19 H 9760.0 41.1 1.2 42.3 54(Note2) -11.7 PK
\Y 4880.0 45.8 -6.6 39.2 54(Note2) -14.8 PK
\Y 7320.0 44.2 -2.8 41.4 54(Note2) -12.6 PK
\Y 9760.0 41.3 1.2 42.5 54(Note2) -11.5 PK
H 4960.0 46.5 -6.3 40.2 54(Note2) -13.8 PK
H 7440.0 44 1 -2.6 41.5 54(Note2) -12.5 PK
29 H 9920.0 41.3 0.8 421 54(Note2) -11.9 PK
\Y 4960.0 45.4 -6.3 39.1 54(Note2) -14.9 PK
Vv 7440.0 443 -2.6 41.7 54(Note2) -12.3 PK
\Y 9920.0 42.2 0.8 43.0 54(Note2) -11.0 PK

Note 1: The test trace is same as the ambient noise (the test frequency range: 9kHz~30MHz,
18GHz~25GHz), therefore no data appear in the report.
2: This limit applies for using average detector, if the test result on peak is lower than

average limit, then average measurement needn’t be performed.
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The worst case of Radiated Emission below 1GHz:

Site: AC2 Time: 2015/10/20 - 11:55
Limit: FCC_Part15.109_RE(3m)_ClassB Margin: 0
Probe: AC2_10M(30-1000M) Polarity: Horizontal
EUT: Wahoo GPS BIKE COMPUTER Power: AC 120V/60Hz
Note: Mode 1
80
70
&0
50
E 40
=
g 30
E 20
10
0
-10
-20
30 100 1000
Fraquency i :
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 31.516 28.075 0.800 -11.925 40.000 27.275 QP
2 69.430 25.365 13.918 -14.635 40.000 11.447 QP
3 138.393 34.307 16.767 -9.193 43.500 17.540 QP
4 207.731 30.709 13.445 -12.791 43.500 17.264 QP
5 691.703 30.203 1.000 -15.797 46.000 29.203 QP
6 * 859.564 37.235 4.912 -8.765 46.000 32.322 QP

Page: 23 of 52



» B> DEKRA =ompany Report No.: 15A0041R-RF-US-P06V02

Site: AC2 Time: 2015/10/20 - 12:15

Limit: FCC_Part15.109_RE(3m)_ClassB Margin: 0

Probe: AC2_10M(30-1000M) Polarity: Vertical

EUT: Wahoo GPS BIKE COMPUTER Power: AC 120V/60Hz

Note: Mode 1
80
70
50
50
E 40
3
g 30
E 20
10
0
-10
-20
30 100 1000
Fraquency i
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 69.023 23.544 8.333 -16.456 40.000 15.211 QP
2 * 138.919 41.082 22.700 -2.418 43.500 18.382 QP
3 207.612 39.439 16.024 -4.061 43.500 23.414 QP
4 277.014 36.815 12.376 -9.185 46.000 24.439 QP
5 346.305 35.740 11.520 -10.260 46.000 24.220 QP
6 878.403 33.821 0.648 -12.179 46.000 33.173 QP
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5. RF Antenna Conducted Spurious
5.1. Test Equipment

RF Antenna Conducted Spurious / TR-8
Instrument Manufacturer Type No. Serial No. Cal. Due Date

Spectrum Analyzer Agilent E4446A MY45300103 [2016.01.05

Temperature/Humidity
zhicheng ZC1-2 TR8-TH 2016.04.09

Meter

Note: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.

5.2. Test Setup

Spectrum Analyzer

o
(H oo EUT

Non-Conducted
Table

- Ground Reference Plane s

5.3. Limit

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum 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.
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5.4.

5.5.

Test Procedure

According to ANSI C63.10: 2013& ANSI C63.4: 2014

Use the following spectrum analyzer settings:

Span = approximately 2 to 3 times the 20dB bandwidth, centered on a hopping channel

RBW = 1% of the 20dB bandwidth

VBW = RBW

Sweep = auto

Detector function = peak

Trace = max hold

The EUT should be transmitting at its maximum data rate. Allow the trace to stabilize.

Use the marker-to-peak function to set the marker to the peak of the emission. Use the
marker-delta function to measure 20 dB down one side of the emission. Reset the marker-delta
function, and move the marker to the other side of the emission, until it is (as close as possible
to) even with the reference marker level. The marker-delta reading at this point is the 20 dB
bandwidth of the emission. If this value varies with different modes of operation (e.g., data rate,
modulation format, etc.), repeat this test for each variation.

Uncertainty

The measurement uncertainty is defined as + 1.27 dB
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5.6. Test Result

Product : WAHOO GPS BIKE COMPUTER
Test Item . |RF Antenna Conducted Spurious

Test Site : [TR-8

Test Mode : Mode 1: Transmit-1Mbps(GFSK_BLE)

Channel 00 (2402MHz)-1

Agiland Lpacirem knatyrer . Sempt 58

.'ﬂ.tlhﬂf 1 2. 401992500000 GHz Ay Typa: Log-Fer
T e Trig: Frws Run AvglHaids 1

Wil dww e 20 48

Rl Offeet 15 4B
Ref 10.00 dBm

Center 2402000 GHz B - N - " Span 5.000 MHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.067 ms (2001 pts)

Channel 00 (2402MHz)-2

Agiland Lpacirem knatyrer . Sempt 58

.'ﬂ.tlhﬂf 1 2. 400000000000 GHz Ay Typa: Log-Fer
T e Trig: Frws Run AvglHaids 1

Wil dww e 20 48

Rl Offeet 15 4B
Ref 10.00 dBm

Center 2400000 GHz B - N - " Span 10.00 MHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.067 ms (2001 pts)
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Channel 00 (2402MHz)-3

Agiland Lpacirem knaigrer - Sewpt 54

.'ﬂ.tlhﬂf 1 5. 806185250000 GHz Ay Typa: Log-Fer
ol Ton Trig: Frws Run AvglHaids 1

Wiiamdwe e 20 48

Rl D2t 1.6 dB
Ref 10,00 dBm

Start 30 MHz B ' ~ Stop 25.00 GHz
#Res BW 100 kHz #VEW 300 kHz Sweep 2,387 5 (40001 pts)

Agiland Lpacirem knatyrer . Sempt 58

.'ﬂ.tlhﬂf 1 2.439997500000 GHz Ay Typa: Log-Fer
e wnae T Trig: Fres Run AvglHaids 1

i Gl ww Mran; 20 48

Rl Oiffest 15 4B
Ref 10.00 dBm

Center 2440000 GHz - ) " Gpan 5.000 MHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.067 ms (2001 pts)
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Channel 19 (2440MHz)-2

Agiland Lpacirem knaigrer - Sewpt 54

.'ﬂ.tlhﬂf 1 23.356349750000 GHz Ay Typa: Log-Fer
Vet T Trig: Fres Run AvglHaids 1
W G, Aaren; 20 48

Rl D2t 1.6 dB
Ref 10,00 dBm

Start 30 MHz ok - - T
#Res BW 100 kHz #VEBW 300 kHz Sweep 2.387 5 (40001 pis)
e

Channel 39 (2480MHz)-1
:"-- Spacirem knatyrer - Sswpi 34

.'ﬂ.tlhﬂf 1 2.479995000000 GHz Ay Typa: Log-Fer
e wnae T Trig: Fres Run AvglHaids 1
W G, Aaren; 20 48

Rl D2t 1.6 dB
Ref 10,00 dBm

Center 2480000 GHz - ' - ~ Span 5.000 MHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.067 ms (2001 pis)
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Channel 39 (2480MHz)-2

Agiland Lpacirem knaigrer - Sewpt 54

.'ﬂ.tlhﬂf 1 2. 483500000000 GHz Ay Typa: Log-Fer
e wnae T Trig: Fres Run AvglHaids 1

i Gl ww Mran; 20 48

Rl OfTaes 1.6 dB
Ref 10,00 dBm

Center 2AB3500 GHz - ) " Span 10.00 MHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.067 ms (2001 pis)

Agiland Lpacirem knatyrer . Sempt 58

.'ﬂ.tlhﬂf 1 21. 5160607 50000 GHz Ay Typa: Lag-Par
Tt Tent Trig: Froes Run Arvgibab 111

Wiiamdwe e 20 48

Rl Oiffest 15 4B
Ref 10.00 dBm

Start 30 MHz — s ; 1}  Stop 25.00 GHz
#Res BW 100 kHz #VEBW 300 kHz Sweep 2.387 s (40001 pis)
e
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6. Radiated Emission Band Edge
6.1. Test Equipment

XIRadiated Emission Band Edge / AC-5

Instrument Manufacturer Type No. Serial No. Cal. Due Date
Spectrum Analyzer Agilent N9020A MY49100159 |2016.03.30
Preamplifier Miteq NSP1800-25 1364185 2016.05.03
Preamplifier QuieTek AP-040G CHM-0906001 |2016.05.03
Bilog Antenna Teseq GmbH CBL6112D 27612 2016.10.15
DRG Horn ETS-Lindgren 3117 00123988 2016.01.05
Coaxial Cable Huber+Suhner SUCOFLEX 106 AC5-C1 2016.03.01
Coaxial Cable Huber+Suhner SUCOFLEX 106 AC5-C2 2016.03.01
Coaxial Cable Huber+Suhner SUCOFLEX 102 AC5-C3 2016.03.01
EMI Receiver Agilent N9038A MY51210196 |2016.08.07
Temperature/Humidity

Meter Zhicheng ZC1-2 AC5-TH 2016.01.08

Note 1: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.
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6.2.

6.3.

6.4.

Test Setup

Imtogm {Antenna Tower)
l Antenna
—_— ¥ L_ ;|
" =
= GroundPlane o Pre-Amplifier
Spectrum Analyzer| - og | | [Controllef—!
[ ]

Limit

Radiated emissions which fall in the restricted bands, as defined in Section 15.205(a) of FCC
part 15, must also comply with the radiated emission limits specified in Section 15.209(a) (see
Section 15.205(c)).

Test Procedure

According to ANSI C63.10: 2013.

This test is required for any spurious emission or modulation product that falls in a Restricted
Band, as defined in Section 15.205 of FCC part 15. It must be performed with the highest gain
of each type of antenna proposed for use with the EUT. Use the following spectrum analyzer
settings:

Span = wide enough to fully capture the emission being measured

RBW = 1 MHz for f = 1 GHz, 100 kHz for f < 1GHz

VBW = RBW

Sweep = auto

Detector function = peak

Trace = max hold

Follow the guidelines in ANSI C63.4 with respect to maximizing the emission by rotating the
EUT, measuring the emission while the EUT is situated in three orthogonal planes (if
appropriate), adjusting the measurement antenna height and polarization, etc. A pre-amp and a
high pass filter are required for this test, in order to provide the measuring system with
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6.5.

sufficient sensitivity. Allow the trace to stabilize. The peak reading of the emission, after being
corrected by the antenna factor, cable loss, pre-amp gain, etc., is the peak field strength, which
must comply with the limit specified in Section 15.35(b) of FCC part 15.

Now set the VBW 2 1/ T (the minimum transmission duration), while maintaining all of the other
instrument settings. This peak level, once corrected, must comply with the limit specified in
Section 15.209 of FCC Part 15.

If the emission on which a radiated measurement must be made is located at the edge of the
authorized band of operation, then the alternative “marker-delta” method may be employed.

Uncertainty

The measurement uncertainty above 1G is defined as + 3.9 dB
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6.6. Test Result

Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:42

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Horizontal

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2402Mhz by BLE

120
2
T 80
1
=
T
5 60
1
SDHWMWWWMM Rt et s o Hirrod il Aul TIPe TR TR T VoL =
40
30
20
2310 2405
FraquencyMiiz)
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 2390.000 48.057 10.702 -25.943 74.000 37.355 PK
2 * 2402.198 98.908 61.567 24.908 74.000 37.342 PK
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:44

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Horizontal

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2402Mhz by BLE

120
E 8o 2
2
]
T
& 6
50
40 1
30
20
2310 2405
ey
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 2390.000 35.807 -1.548 -18.193 54.000 37.355 AV
2 * 2402.055 74.428 37.086 20.428 54.000 37.341 AV

Page: 35 of 52




» B> DEKRA company

Report No.: 15A0041R-RF-US-P06V02

Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:48

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Vertical

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2402Mhz by BLE

120
3
T 80
2
]
T
& 60
1
, 2
S0 | bbb sttt bl Al bbb Mt b A A sl ot it b
40
30
20
2310 2405
FrequencyiMiiz)
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 2366.383 51.187 13.881 -22.813 74.000 37.307 PK
2 2390.000 47.805 10.450 -26.195 74.000 37.355 PK
3 * 2402.198 96.386 59.045 22.386 74.000 37.342 PK
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:51

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Vertical

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2402Mhz by BLE

120
T 80 5
2
]
T
& 6
50
40 -
30
20
2310 2405
ey
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 2390.000 35.785 -1.570 -18.215 54.000 37.355 AV
2 * 2401.913 72.809 35.467 18.809 54.000 37.342 AV
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:55

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Horizontal

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2480Mhz by BLE

120
1
T 80
2
]
T
& 6
2
50 '
40
30
20
2478 2500
ey
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 * 2479.925 99.411 61.925 25411 74.000 37.485 PK
2 2483.500 50.298 12.787 -23.702 74.000 37.511 PK
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:56

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Horizontal

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2480Mhz by BLE

120
T 80 1
2
]
T
& 6
50 \
2
40 ,
30
20
2478 2500
ey
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 * 2479.947 75.126 37.640 21.126 54.000 37.486 AV
2 2483.500 37.045 -0.466 -16.955 54.000 37.511 AV
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:59

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Vertical

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2480Mhz by BLE

120
1
T 80
2
]
T
& 6
2
50 [T ! O e Ml o s g oo Al e A, Mol (TSR A Y & “hh“ PSR Frivh "
40
30
20
2478 2500
ey
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 * 2480.046 96.762 59.276 22.762 74.000 37.486 PK
2 2483.500 49.484 11.973 -24.516 74.000 37.511 PK
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Engineer: Scott

Site: AC5

Time: 2015/10/25 - 15:59

Limit: FCC_Part15.209_RE(3m)

Margin: 0

Probe: Horn_3117_00167055(1-18GHz)

Polarity: Vertical

EUT: Wahoo GPS BIKE COMPUTER

Power: AC 120V/60Hz

Note: Mode 1:Transmit at CH2480Mhz by BLE

120
E 80
5‘; 1
]
T
& 6
50
40 2
30
20
2478 2500
Frequency(MHz)
No | Mark Frequency Measure Level Reading Level Over Limit Limit Factor Type
(MHz) (dBuV/m) (dBuV) (dB) (dBuV/m) (dB)
1 * 2479.914 71.810 34.325 17.810 54.000 37.485 AV
2 2483.500 36.562 -0.949 -17.438 54.000 37.511 AV
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7. 6dB Bandwidth and Occupied Bandwidth
7.1. Test Equipment

Occupied Bandwidth / TR-8
Instrument Manufacturer Type No. Serial No. Cal. Due Date
Spectrum Analyzer Agilent E4446A MY45300103 [2016.01.05

Temperature/Humidity
zhicheng ZC1-2 TR8-TH 2016.04.09

Meter

Note: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.

7.2. Test Setup

Spectrum Analyzer

+H oo EUT

Hon-Conducted
Table

- Sround Reference Plane e

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

7.4. Test Procedure

The EUT was setup according to ANSI C63.4: 2014; tested according to DTS test
procedure of ANSI C63.10 requirements.

When the average power is exercised, the measured power is to be referenced to the OBW
(99% occupied bandwidth) rather than to the DTS bandwidth according to Clause 11.9.2.1
of ANSI C63.10.

The 99% bandwidth test is using ANSI C63.10 Section 6.9.3 method.

a) Set RBW =in the range of 1% to 5% of the OBW.

b) Set the video bandwidth (VBW) = 3 x RBW.

c) Detector = Peak.

d) Trace mode = max hold.
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e) Sweep = auto couple.

f) Allow the trace to stabilize.

g) Use the 99% power bandwidth function of the instrument (if available) and report the
measured bandwidth.

7.5. Uncertainty

The measurement uncertainty is defined as + 1 kHz
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7.6. Test Result

Product : WAHOO GPS BIKE COMPUTER

Test Item : |6dB Bandwidth & 99% Occupied Bandwidth

Test Site : [TR-8

Test Mode : Mode 1: Transmit-1Mbps(GFSK_BLE)

Channel No. | Frequency 6dB Bandwidth  |Occupied Band Limit Result
(MHz) (kHz) width (kHz) (kHz)

00 2402 716.1 1052.30 >500 Pass
19 2440 713.4 1053.00 >500 Pass
39 2480 715.7 1052.70 >500 Pass

Channel 00 (2402MHz)

Agiiand Lpacirem knabyrer - Ovcapied 19

E:L"II.'IHI Freq 2.402000000 GHz
5 Trig: Frae Run

-
HIF el e Fhrar: 0 88

Rel Offsst 1.5 dB
Ref 10.00 dBm

Center 2.402 GHz

{#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power

1.0523 MHz
5.510 kHz
716.1 kHz

OBW Powar
% dB

Transmit Freq Emmor
¥ dB Bandwidth

Cantas Frig: 2402000000 GHx
Ao 10010

Rushs Davica: BTS

]
Span 5 MHz

Sweep 1 msj
|

Min Hold

5.48 dBm

69.00 %
-6.00 dB
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Agiiand Lpacirem knabyrer - Ovcapied 19

Center Fregq 2.440000000 GHz
o Trig: Frae Run
HiF Gl e Ratar: 90 S8

R 'sal 1.5 dB
Ref 10.00 dBm

Center 2.44 GHz

{#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power

1.0530 MHz
5.614 kHz OBW Powar
T13.4 kHz x dB

Transmit Freq Emmor
¥ dB Bandwidth

Channel 19 (2440MHz)

Canbid Frq: 2440000000 GHE
Argiiabd %0070

A O S, 1

Rdis St Hone

Rushs Davica: BTS

Average
-~

Max Hold

]
Span 5 MHz !
Sweep 1 msj

|

Min Hold

10.1 dBm

69.00 %
-6.00 dB

Channel 39 (2480MHz)

Agiiand Lpacirem knatyrer - Uvcepisd 18

Center Fregq 2. 480000000 GHz
o Trig: Frae Run
HiF Gl e Ratar: 90 S8

Center 2.48 GHz
e #VBW 300 kHz

Occupied Bandwidth Total Power

1.0527 MHz
5.487 kHz OBW Powar
T15.7 kHz x dB

Transmit Freq Ermor
¥ dB Bandwidih

Canbid Fraq: 2430000000 GHx
Argiiabd %0070

Rsis Davica: TS

Span 5 MHz |
Sweep 1 msj|

10.2 dBm

69.00 %
-6.00 dB
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8. Power Output
8.1. Test Equipment

Power Output / TR-8

Instrument Manufacturer [Type No. Serial No. Cal. Due Date
\Wideband Peak Power Meter |Anritsu ML2495A 0905006 2015.11.10
Power Sensor Anritsu MA2411B 0846014 2015.11.10
Temperature/Humidity Meter [zhicheng ZC1-2 TR8-TH 2016.04.09

Note: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.

8.2. Test Setup

Power Meter

- = Powar Sensor EUT

Non-Conducted
Table

s Ground Reference Plang e

8.3. Limit

The maximum peak power shall be less 1 Watt (30dBm).

Note: the conducted output power limit specified above is based on the use the antennas with
directional gains that do not exceed 6 dBi are used, the conducted output power from the
intentional radiator shall be reduced below the stated values above, as appropriate, by the
amount in dB that the directional gain of antenna exceeds 6 dBi.

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

8.4. Test Procedure
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The EUT was tested according to DTS test procedure of ANSI C63.10 for compliance to FCC
47CFR 15.247 requirements. The maximum conducted output power using ANSI C63.10
section 11.9.1.1 peak power meter method.
1. Power meter and sensor’s minimum video bandwidth is 50MHz, larger than
occupied bandwidth;
2. Fast responding diode sensors respond immediately to changes in power level to
reduce total test time.
3. Use peak detector to test.

8.5. Uncertainty

The measurement uncertainty is defined as + 1.27 dB
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8.6. Test Result

Product WAHOO GPS BIKE COMPUTER
Test ltem : |Power Output
Test Site : [TR8
Test Mode : [Mode 1: Transmit-1Mbps(GFSK_BLE)
Channel | Frequency |Power Output| Output Power Result
No. (MHz) (dBm) Limit
(dBm)
00 2402 3.33 30.00 Pass
19 2440 3.94 30.00 Pass
39 2480 4.19 30.00 Pass
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9. Power Spectral Density
9.1. Test Equipment

Power Spectral Density / TR-8

Instrument Manufacturer Type No. Serial No. Cali. Due Date

Spectrum Analyzer Agilent E4446A MY45300103 [2016.01.05

Temperature/Humidity
zhicheng ZC1-2 TR8-TH 2016.04.09

Meter

Note: All equipments are calibrated with traceable calibrations. Each calibration is traceable to the

national or international standards.

9.2. Test Setup

Spectrum Analyzer

i
(' oo EUT

Non-Conducted
Table

- Sround Reference Plane s

9.3. Limit

For digitally modulated systems, the power spectral density conducted from the intentional
radiated to the Antenna shall not be greater than 8dBm in any 3kHz band during any time
interval of continuous transmission.

9.4. Test Procedure

The EUT was setup according to ANSI C63.4, 2014, tested according to DTS test procedure of KDB
558074 for compliance to FCC 47CFR 15.247 requirements.
The maximum power spectral density using KDB 558074 section 10.2 PKPSD (peak PSD) method.
a) Set analyzer center frequency to DTS channel center frequency.
b) Setthe span to 1.5 times the DTS bandwidth.
c) Setthe RBWto: 3 kHz < RBW < 100 kHz. (Actually we use 3kHz RBW)
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d) Setthe VBW = 3 x RBW.

e) Detector = peak.

f) Sweep time = auto couple.

g) Trace mode = max hold.

h) Allow trace to fully stabilize.

i) Use the peak marker function to determine the maximum amplitude level within the
band.

j) If measured value exceeds limit, reduce RBW (no less than 3 kHz) and repeat.

9.5. Uncertainty

The measurement uncertainty is defined as + 1.27 dB
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9.6. Test Result

Product : WAHOO GPS BIKE COMPUTER
Test Item . |Power Spectral Density
Test Site . [TR-8
Test Mode : IMode 1: Transmit-1Mbps(GFSK_BLE)
Measurement o
Frequency Limit
Channel No. PPSD Result
(MHz) (dBm)
(dBm)
00 2402 -12.399 Pass
19 2440 -11.679 Pass
39 2480 -11.533 Pass
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Marker 1 2 401970000000 GHz
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Rl DTz 1.6 dB
Ref 0.00 dBm

Center 2402000 GHz
#Res B 3.0 kHz
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Channel 00 (2402MHz)

Ayyg Typa: Log-Par
5 Trig: Fres Run AvgiHadd 30000
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B ~ Span 3.000 MHz

#WVBW 10 kHz Sweep 3163 ms (1001 pts)
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Channel 19 (2440MHz)
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.'ﬂ.tlhﬂf 1 2.439979000000 GHz Ay Typa: Log-Fer
T e Trig: Fras Run A glHai 25100

Wiisin e e 9 48

Rl Oiffest 15 4B
Ref 0.00 dBm

Center 2440000 GHz - - N -  Span 3.000 MHz
#Res BW 3.0 kHz #VEW 10 kHz Sweep 316.3 ms (1001 pis)

Channel 39 (2480MHz)
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Marker 1 2.4 79979000000 GHz vy Type: Log-Par
PHLE Wide Trig: Fres Run Ao g 5000400

Wiisin e e 9 48

Rl Offeet 15 4B
Ref 0.00 dBm

Center ZAED000 GHz B - N B " Span 3.000 MHz
#Res B 3.0 kHz #VEW 10 kHz Sweep 316.3 ms (1001 pts)

The End
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