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TEST REPORT
Test Report No. : CTL1710131031-WF01 -+ Dee. LA

Equipment under Test

Model /Type

Applicant

Address

Manufacturer

Address

HELMET BLUETOOTH INTERCOM HEADSET

FDC-VB

Shenzhen FreedConn(FDC) Electronics Co., Ltd

6th Floor, Wanlihua Industrial Park, Gushu 2nd Road,
Gushu Community, Xixiang Street, BaoAn District,
Shenzhen, China

ShenZhen FreedConn(FDC) Electronics Co., Ltd

6th Floor, Wanlihua Industrial Park, Gushu 2nd Road,
Gushu Community, Xixiang Street, BaoAn District,
Shenzhen, China

Test result

Pass *

*In the configuration tested, the E

UT complied with the standards specified page 5.

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test laboratory.
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1. SUMMARY
1.1. TEST STANDARDS

The tests were performed according to following standards:
FCC Rules Part 15.247: Frequency Hopping, Direct Spread Spectrum and Hybrid Systems that are in
operation within the bands of 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz

ANSI C63.10: 2013: American National Standard for Testing Unlicensed Wireless Devices

1.2. Test Description

FCC PART 15.247

FCC Part 15.207 AC Power Conducted Emission PASS
FCC Part 15.247(a)(1)(i) 20dB Bandwidth PASS
FCC Part 15.247(d) Spurious RF Conducted Emission PASS
FCC Part 15.247(b) Maximum Peak Output Power PASS
FCC Part 15.247(b) Pseudorandom Frequency Hopping Sequence PASS
FCC Part 15.247(a)(1)(iii) Number of hopping frequency& Time of Occupancy PASS
FCC Part 15.247(a)(1) Frequency Separation PASS
FCC Part 15.205/15.209 Radiated Emissions PASS
FCC Part 15.247(d) Band Edge Compliance of RF Emission PASS
FCC Part 15.203/15.247 (b) Antenna Requirement PASS
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1.3. Test Facility

1.3.1 Address of the test laboratory
Shenzhen CTL Testing Technology Co., Ltd.
Floor 1-A, Baisha Technology Park, No. 3011, Shahexi Road, Nanshan, Shenzhen 518055 China

There is one 3m semi-anechoic chamber and two line conducted labs for final test. The Test Sites
meet the requirements in documents ANSI C63.4 and CISPR 32/EN 55032 requirements.

1.3.2 Laboratory accreditation
The test facility is recognized, certified, or accredited by the following organizations:

IC Registration No.: 9618B

The 3m alternate test site of Shenzhen CTL Testing Technology Co., Ltd. EMC Laboratory has been
registered by Certification and Engineer Bureau of Industry Canada for the performance of with
Registration No.: 9618B on November 13, 2013.

FCC-Registration No.: 399832

Shenzhen CTL Testing Technology Co., Ltd. EMC Laboratory has been registered and fully described
in a report filed with the (FCC) Federal Communications Commission. The acceptance letter from the
FCC is maintained in our files. Registration 399832, December 08, 2017.

1.4. Statement of the measurement uncertainty

The data and results referenced in this document are true and accurate. The reader is cautioned that
there may be errors within the calibration limits of the equipment and facilities. The measurement
uncertainty was calculated for all measurements listed in this test report acc. to CISPR 16 - 4
“Specification for radio disturbance and immunity measuring apparatus and methods — Part 4:
Uncertainty in EMC Measurements® and is documented in the Shenzhen CTL Testing Technology Co.,
Ltd. quality system acc. to DIN EN ISO/IEC 17025. Furthermore, component and process variability of
devices similar to that tested may result in additional deviation. The manufacturer has the sole
responsibility of continued compliance of the device.

Hereafter the best measurement capability for CTL laboratory is reported:

Measurement

Test Uncertainty Notes
Transmitter power conducted 10.57 dB (1)
Transmitter power Radiated 12.20 dB (1)
Conducted spurious emission 9KHz-40 GHz 12.20dB (1)
Occupied Bandwidth 10.01ppm (1)
Radiated Emission 30~1000MHz 14.10dB (1)
Radiated Emission Above 1GHz 14.32dB (1)
Conducted Disturbance0.15~30MHz 13.20dB (1)

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2.
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2. GENERAL INFORMATION

2.1. Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Normal Temperature: 25°C
Relative Humidity: 55 %
Air Pressure: 101 kPa

2.2. General Description of EUT

Product Name: HELMET BLUETOOTH INTERCOM HEADSET
Model/Type reference: | FDC-VB
Power supply: DC 3.7V from battery

Model:SAPA05003US
AC adapter information: | Input: AC100-240V 50/60Hz 0.6A
Output: DC 5V 500mA

Bluetooth :

Version: Supported BT3.0
Modulation: GFSK, m/4DQPSK, 8DPSK
Operation frequency: 2402MHz~2480MHz
Channel number: 29

Channel separation: 1MHz

Antenna type: Chip antenna

Antenna gain: 2dBi

Note: For more details, please refer to the user’s manual of the EUT.

2.3. Description of Test Modes and Test Frequency

The Applicant provides communication tools software to control the EUT for staying in continuous
transmitting (Duty Cycle more than 98%) and receiving mode for testing .There are 79 channels
provided to the EUT and Channel 00/39/78 were selected to test.

Operation Frequency :

Channel Frequency (MHz)
00 2402
01 2403
38 2440
39 2441
40 2442
77 2479
78 2480
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Preliminary tests were performed in each mode and packet length of BT, and found worst case as
bellow, finally test were conducted at those mode and recorded in this report.

Test Items Worst case
Conducted Emissions DH5 Middle channel
Radiated Emissions and Band Edge DH5
Maximum Conducted Output Power DH5/2DH5/3DH5
20dB Bandwidth DH5/2DH5/3DH5
Frequency Separation DH5/2DH5/3DH5 Middle channel
Number of hopping frequency DH5/2DH5/3DH5

Time of Occupancy (Dwell Time)

DH1/DH3/DH5 Middle channel
2DH1/2DH3/2DHS5 Middle channel
3DH1/3DH3/3DH5 Middle channel

Out-of-band Emissions DH5/2DH5/3DH5
2.4. Equipments Used during the Test
. , Calibration Calibration
Test Equipment Manufacturer Model No. Serial No. Date Due Date
LISN R&S ENV216 3560'2550'1 2017/06/02 | 2018/06/01
LISN R&S ESH2-Z5 860014/010 | 2017/06/02 | 2018/06/01
Sunol Sci
Bilog Antenna ””OCof:”CGS JB1 A0B1713 | 2017/06/02 | 2018/06/01
EMI Test Receiver R&S ESCI 103710 2017/06/02 | 2018/06/01
Spectrum Analyzer Agilent E4407B MY41440676 | 2017/05/21 | 2018/05/20
Spectrum Analyzer Agilent N9020 US46220290 | 2017/01/16 | 2018/01/17
Controller EM Electronics Contig'é)%r EM N/A 2017/05/21 | 2018/05/20
Horn Antenna S“”O'CSCienceS DRH-118 A062013 | 2017/05/19 | 2018/05/18
orp.
Active Loop SCHWARZBE FMZB1519 1519-037 | 2017/05/19 | 2018/05/18
Antenna CK
Amplifier Agilent 83498 3008A02306 | 2017/05/19 | 2018/05/18
Amplifier Agilent 8447D 2944A10176 | 2017/05/19 | 2018/05/18
Temperature/Humi Gangxing CTH-608 02 2017/05/20 | 2018/05/19
dity Meter
. . 9SH10-2700/X1
High-Pass Filter K&L 2750-0/0 N/A 2017/05/20 | 2018/05/19
. . 41H10-1375/U1
High-Pass Filter K&L 750.0/0 N/A 2017/05/20 | 2018/05/19
. HUBER+SUHN | SUCOFLEX
2017/06/02 | 2018/06/01
Coaxial Cables ER 104PEA-10M 10m
. HUBER+SUHN | SUCOFLEX
2017/06/02 | 201 1
Coaxial Cables ER 104PEA-3M 3m 017/06/0 018/06/0
. HUBER+SUHN | SUCOFLEX
2017/06/02 | 2018/06/01
Coaxial Cables ER 104PEA-3M 3m
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RF Cable Megalon RF-A303 N/A 2017/06/02 | 2018/06/01

The calibration interval was one year

2.5. Related Submittal(s) / Grant (s)

This submittal(s) (test report) is intended to comply with Section 15.247 of the FCC Part 15, Subpart C
Rules.

2.6. Modifications

No modifications were implemented to meet testing criteria.
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3. TEST CONDITIONS AND RESULTS

3.1. Conducted Emissions Test

LIMIT
FCC CFR Title 47 Part 15 Subpart C Section 15.207

Limit (dBuV)
Frequency range (MHz)
Quasi-peak Average
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50
* Decreases with the logarithm of the frequency.
TEST CONFIGURATION
Shielded Foom+
EUT
Test
( Receiver
LISH
Adapter [

TEST PROCEDURE

1.

The equipment was set up as per the test configuration to simulate typical actual usage per the user’s
manual. The EUT is a tabletop system; a wooden table with a height of 0.8 meters is used and is placed on
the ground plane as per ANSI C63.10:2013.

Support equipment, if needed, was placed as per ANSI C63.10:2013.

All I/O cables were positioned to simulate typical actual usage as per ANSI C63.10:2013.

The adapter received AC120V/60Hz power through a Line Impedance Stabilization Network (LISN) which
supplied power source and was grounded to the ground plane.

All support equipments received AC power from a second LISN, if any.

The EUT test program was started. Emissions were measured on each current carrying line of the EUT
using a spectrum Analyzer / Receiver connected to the LISN powering the EUT. The LISN has two
monitoring points: Line 1 (Hot Side) and Line 2 (Neutral Side). Two scans were taken: one with Line 1
connected to Analyzer / Receiver and Line 2 connected to a 50 ohm load; the second scan had Line 1
connected to a 50 ohm load and Line 2 connected to the Analyzer / Receiver.

Analyzer / Receiver scanned from 150 KHz to 30MHz for emissions in each of the test modes.

During the above scans, the emissions were maximized by cable manipulation.
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TEST RESULTS

Remark: All modes of GFSK, Pi/4 DQPSK, and 8DPSK were test at Low Middle and High
channel; only the worst result of GFSK Middle Channel was reported as below:

SCAN TABLE: "Voltage (9K-30M)FIN"
Short Description: 150K-30M Voltage

Level [dBpV]
70

B0 ——-r-—==

50

40+
30
20
10

0

-10

] | 1 | 1 | |
| | 1 | 1 | |
1 1 1 1 1 1 1
Ok 800k 1M 2M 3M 4aM 5M 6M 8M 10M 20m  30M
Frequency [Hz]

=
o
=]
=
w
o
=]
=
=
=}
=]
=
@
ol __

® x ®MES CTL171211006 fin

MEASUREMENT RESULT: "CTL171211006 fin"

11/12/2017 11:01

Freguency Level Transd Limit Margin Detector Line PE
MHz dBuv dB dBuv dB
0.418000 40.00 10.2 58 17.5 QP Ll GND
0.486000 33.20 10.2 56 23.0 g@F Ll GND
1.052000 33.30 10.3 56 22.7 @P L1 GND
1.748000 31.50 10.3 56 24.5 @Pp L1 GND
2.450000 31.30 10.4 56 24.7 QP L1 GND
3.224000 29.50 10.4 56 26.5 @P L1 GND

MEASUREMENT RESULT: "CTL171211006 fin2"

11/12/2017 11:01

Freqguency Level Transd Limit Margin Detector Lins PE
MHz dBpv dB dBuv dB
0.298000 31.40 10.2 50 18.9 AV Ll GND
0.418000 36.e0 10.2 48 10.9 AV Ll GND
0.486000 29.20 10.2 46 17.0 AV Ll GND
1.052000 28.30 10.3 46 17.7 oV Ll GND
1.748000 26.60 10.3 da 1%.4 LAV L1 GND
2.504000 26.20 10.4 da 1%.8 LoV L1 GND
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SCAN TABLE: "Voltage (SK-30M)FIN"
Short Description: 150K-30M Voltage

Level [dBpv]
70

60

50
40 ] I I
M LK o
30Frr-h -+ ”FL
N w |ﬁww1hﬁ~ *M% !
20 f -+ $ f.‘w"ﬁ o
Ry
1D—ﬁ+1? fﬁL ﬂﬁhr%?wm r—
D____:_ _____ I____I___I__ 1~ | I 1
I I 1 1 I I 1 1 I
_-10 | | 1 1 | | 1 1 |
150k 300k 400k 600k 800k 1M 2M 3m  4M 5M 6M BM 10M 20M  30M

Frequency [Hz]

®x ®x ®*MES5 CTL171211005 fin

MEASUREMENT RESULT: "CTL171211005 fin"
11/12/2017 10:57

Fraquency Level Transd Limit Margin Detector Lins PE
MH=z dBnuv dB dBuv dB
0.270000 32.20 10.2 el 28.9 QP N GND
0.274000 30.60 10.2 6l 30.4 gp ) GND
0.398000 28.30 10.2 58 29.6 QP N GND
0.422000 32.00 10.2 57 25.4 gp ) GND
1.814000 24.70 10.3 56 31.3 gP N GND
MEASUREMENT RESULT: "CTL171211005 fin2"
11/12/2017 10:57
Frequency Level Transd Limit Margin Detector Line PE
MH=z dBpv dB dBuv dB
0.238000 18.50 10.2 52 33.7 LV ) GND
0.298000 15.10 10.2 50 32.2 AV N GND
0.418000 22.20 10.2 483 25.3 AV N GND
0.486000 15.00 10.2 45 31.2 &v N GND
1.778000 14.20 10.3 45 31.8 AV N GND
2.528000 13.60 10.4 45 32.4 AV N GND
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For intentional device, according to § 15.209(a), the general requirement of field strength of radiated
emission out of authorized band shall not exceed the following table at a 3 meters measurement

distance.

In addition, radiated emissions which fall in the restricted bands, as defined in §15.205(a), must also
comply with the radiated emission limits specified in §15.209(a)

Radiated emission limits

Frequency (MHz) Distance (Meters) Radiated (dBpV/m) Radiated (uV/m)
0.009-0.49 3 20log(2400/F(KHz))+40log(300/3) 2400/F(KHz)
0.49-1.705 3 20log(24000/F(KHz))+ 40log(30/3) 24000/F(KHz)

1.705-30 3 20log(30)+ 40log(30/3) 30
30-88 3 40.0 100
88-216 3 43.5 150
216-960 3 46.0 200
Above 960 3 54.0 500

TEST CONFIGURATION

(A) Radiated Emission Test Set-Up, Frequency Below 30MHz

A

RX Antenna

3m —»E ?111

A
0.8m
Ground Plane -
Receiver |
(B) Radiated Emission Test Set-Up, Frequency below 1000MHz
F 3
Ant. feed
point
« 3m : | |
'|-|_ || I H l1-am
| EUT | Twrn Table
kO.B m

Ground Plane

(C) Radiated Emission Test Set-Up, Frequency above 1000MHz
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A
Ant.feed !
point i
< —
: i | E==+
EUT L—
.............. 1-4 m
Turn Tahle
T J./
1.5m
Ground Plane
Receiver | Amp.

Test Procedure

1. Below 1GHz measurement the EUT is placed on a turntable which is 0.8m above ground plane,
and above 1GHz measurement EUT was placed on a low permittivity and low loss tangent turn
table which is 1.5m above ground plane.

2. Maximum procedure was performed by raising the receiving antenna from 1m to 4m and rotating
the turn table from 0°C to 360°C to acquire the highest emissions from EUT

3. And also, each emission was to be maximized by changing the polarization of receiving antenna
both horizontal and vertical.

4. Repeat above procedures until all frequency measurements have been completed.

TEST RESULTS

Remark:

1. We measured Radiated Emission at GFSK, m/4 DQPSK and 8DPSK mode from 9 KHz to 25GHz
and recorded worst case at GFSK DH5 mode.

2. For below 1GHz testing recorded worst at GFSK DH5 low channel.

3. Radiated emission test from 9 KHz to 10th harmonic of fundamental was verified, and no emission
found except system noise floor in 9 KHz to 30MHz and not recorded in this report.
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For 30MHz-1GHz

Horizontal
SWEEP TABLE: '"test (30M-1G)"
Short Description: Field Strength
Start Stop Detector Meas. IF Transducer
Frequency Fregquency Time Bandw.
30.0 MHz 1.0 GHz MaxPeak 300.0 ms 120 kHz JB1
Level [dBpV/m]
L i T e T Y R il [ e e T e
I I I I I I I I I I I I I I I
70p-=--- el e e Tt rTTT AT TR T
I | I I I I I I I I I I I I I I
60F---—- it e B e e e e - f-—--- B R el e e s
I | I I I I I I I I I I I I I |
50} -~~~ S — foode o d Ll T
| I | | [ LT T T T T T r—— |
a0 T T s e
I | I I I I I I I I [} I I I 1 ]
30 ______ B T R [y R - o — == 1 e L iy A |
| | | | | | | | J | 1 I | | | |
1 | 1 1 1 1 1 I L 1 1 1 1 1 1 1
0p---—-= = S ety Rl nintinls il mnielh Rty Bl ey v ety - == =AgTeE | i B e el B e |
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 == mm e o E T T e oo
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
30M 40M 50M  6OM 7OM 100M 200M 300M 400M  500M 600M soom  1G
Frequency [Hz]
¥ ®x ®MES CTLLT120%60% red
MEASUREMENT RESULT: "CTL171209609 red"
9/12/2017 2:37PM
Frequency Level Transd Limit Margin ©Det. Height Azimuth Polarization
MHz dBpv/m dB dBpvV/m dB cm deg
212.360000 39.00 14.5 43.5 4.5 --- 0.0 0.00 HORIZONTAL
224.000000 37.30 14.3 46.0 8.7 --—- 0.0 0.00 HORIZONTAL
373.380000 38.80 17.7 46.0 7.2 —--- 0.0 0.00 HORIZONTAL
404.420000 40.70 8.3 46.0 5.3 --- 0.0 0.00 HORIZONTAL
410.240000 37.60 8.5 46.0 8.4 --- 0.0 0.00 HORIZONTAL
416.0€0000 37.40 8.6 46.0 8.6 -—-—- 0.0 0.00 HORIZONTAL
Vertical
SWEEP TABLE: "test (30M-1G)"
Short Description: Field Strength
Start Stop Detector Meas. IF Transducer
Freguency Frequency Time Bandw.
30.0 MHz 1.0 GHz MaxPeak 300.0 ms 120 kHz JB1
Level [dBpV/m]
LU i At et el iy il H i [ [ [ R R e
| I | | I I I I | I I I | I I I
MOf----- R e e i S cTTTTTTo FTTT AT T TR T
| 1 | | 1 1 1 1 | 1 1 1 | 1 1 1
B0fF----- e e e e S e [ === e i e et e |
| I | | I I I I | I I I | I I |
sof - R ——_——SMY]lk.kAAd e eV
| 1 | | 1 L L L F T T T T I
a0 — P oo
| I | | I I I I | I I I | I [
0p- S S o IR T P 7 St T R
| | | | | | | IX | I | | | | I
20 ______ S e e TIT T T T W T R AR AR TR N AWA D [ aT T T T AT T T T T T oo T = =1
| 1 | | 1 1 ' 1 | 1 1 1 | 1 1 1
L] Rk Eabe et St S Sl BEEEE S EE oo e e e e e
| I | | I I I I | I I I | I I I
U | 1 | | 1 1 1 1 | 1 1 1 | 1 1 1
30M 40M 50M  60M 7OM 100M 200M 300M 400M  500M 600M 800M 116G
Frequency [Hz]
x x®x xME3 CTL171209610_red
MEASUREMENT RESULT: ”CTLI7120961Q_red”
9/12/2017 2:39PM
Frequency Level Transd Limit Margin Det. Height Azimuth Polarization
MHz dBpv/m dB dBpV/m d cm deg
30.000000 25.80 22.1 40.0 14.2 --—- 0.0 0.00 VERTICAL
127.000000 27.40 15.3 43.5 16.1 --—- 0.0 0.00 VERTICAL
212.360000 25.00 14.5 43.5 18.5 --- 0.0 0.00 VERTICAL
342.340000 26.50 17.1 46.0 19.5 --—- 0.0 0.00 VERTICAL
547.980000 27.00 21.8 46.0 19.0 --- 0.0 0.00 VERTICAL
955.380000 33.40 27.4 46.0 12.6 --—- 0.0 0.00 VERTICAL
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For 1GHz to 25GHz
Note: GFSK, Pi/4 DQPSK and 8DPSK all have been tested, only worse case GFSK is reported.
GFSK (above 1GHZz)

Frequency(MHz): 2402 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna | Cable Pre.-. Correction
amplifier
(MHz) Level (dBuV/m)| (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4804.00 57.08 PK 74 16.92 52.57 33.49 6.91 35.89 4.51
4804.00 51.14 AV 54 2.86 46.63 33.49 6.91 35.89 4.51
5049.50 43.25 PK 74 30.75 36.39 34.06 7.04 34.24 6.86
5049.50 -- AV 54 - - -- -- -- --
7206.00 47.68 PK 74 26.32 36.58 36.95 9.18 35.03 11.10
7206.00 -- AV 54 - - -- -- -- --
Frequency(MHz): 2402 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna | Cable Prg-_ Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4804.00 57.18 PK 74 16.82 52.67 33.49 6.91 35.89 4.51
4804.00 50.23 AV 54 3.77 45.72 33.49 6.91 35.89 4.51
5049.50 43.14 PK 74 30.86 36.28 34.06 7.04 34.24 6.86
5049.50 -- AV 54 -- -- -- -- -- --
7206.00 48.09 PK 74 25.91 36.99 36.95 9.18 35.03 11.10
7206.00 -- AV 54 -- -~ -- -- -- --
Frequency(MHz): 2441 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna | Cable P“?‘. Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4882.00 58.38 PK 74 15.62 52.02 33.60 6:95 34.19 6.36
4882.00 51.04 AV 54 2.96 44.68 33.60 6.95 34.19 6.36
5172.05 43.41 PK 74 30.59 35.81 34.56 7.15 34.11 7.60
5172.05 -- AV 54 - - -- - -- --
7323.00 47.94 PK 74 26.06 36.24 37.46 9.23 35.00 11.70
7323.00 -- AV 54 -- -- -- -- -- --
Frequency(MHz): 2441 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna | Cable Prg-_ Correction
amplifier
(MHz) Level (dBuV/m)| (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4882.00 57.78 PK 74 16.22 51.42 33.60 6.95 34.19 6.36
4882.00 49.93 AV 54 4.07 43.57 33.60 6.95 34.19 6.36
5172.05 43.04 PK 74 30.96 35.44 34.56 7.15 34.11 7.60
5172.05 -- AV 54 -- -- -- -- -- --
7323.00 47.61 PK 74 26.39 35.91 37.46 9.23 35.00 11.70
7323.00 -- AV 54 -- -- -- -- -- --
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Frequency(MHz): 2480 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna | Cable Prg-_ Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4960.00 57.49 PK 74 16.51 52.57 33.84 7.00 35.92 4.92
4960.00 51.24 AV 54 2.76 46.32 33.84 7.00 35.92 4.92
5237.75 43.96 PK 74 30.04 36.68 34.45 7.12 34.29 7.28
5237.75 -- AV 54 -- -- -- -- -- --
7440.00 47.22 PK 74 26.78 35.27 37.64 9.28 34.97 11.95
7440.00 -- AV 54 -- -- -- -- -- --
Frequency(MHz): 2480 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna | Cable Pre'—' Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
4960.00 58.07 PK 74 15.93 53.15 33.84 7.00 35.92 4.92
4960.00 51.58 AV 54 2.42 46.66 33.84 7.00 35.92 4.92
5237.75 43.02 PK 74 30.98 35.74 34.45 7.12 34.29 7.28
5237.75 -- AV 54 -- -- -- -- -- --
7440.00 47.15 PK 74 26.85 35.20 37.64 9.28 34.97 11.95
7440.00 -- AV 54 -- -- -- -- -- --
REMARKS:

1. Emission level (dBuV/m) =Raw Value (dBuV)+Correction Factor (dB/m)

Correction Factor (dB/m) = Antenna Factor (dB/m)+Cable Factor (dB)-Pre-amplifier Factor
Margin value = Limit value- Emission level.

-- Mean the PK detector measured value is below average limit.

The other emission levels were very low against the limit.

RBW1MHz VBW3MHz Peak detector is for PK value; RBW 1MHz VBW10Hz Peak
detector is for AV value.

ol wN
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Results of Band Edges Test (Radiated)
Note: GFSK, Pi/4 DQPSK and 8DPSK all have been tested, only worse case GFSK is reported.

Frequency(MHz): 2402 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna | Cable Pre.—. Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
2402.00 97.15 PK -- -- 63.76 28.78 4.61 0 33.39
2402.00 91.43 AV -- -- 58.04 28.78 4.61 0 33.39
2348.75 43.28 PK 74 30.72 10.2 28.52 4.56 0 33.08
2348.75 -- AV 54 -- -- -- -- -- --
2390.00 48.01 PK 74 25.99 14.69 28.72 4.60 0 33.32
2390.00 -- AV 54 -- -- -- -- -- --
2400.00 49.04 PK 74 24.96 15.65 28.78 4.61 0 33.39
2400.00 -- AV 54 -- -- -- -- -- --
Frequency(MHz): 2402 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna | Cable Pre.—. Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
2402.00 98.72 PK -- -~ 65.33 28.78 4.61 0 33.39
2402.00 91.05 AV -- -- 57.66 28.78 4.61 0 33.39
2348.75 43.14 PK 74 30.86 10.06 28.52 4.56 0 33.08
2348.75 -- AV 54 -- -- -- -- -- --
2390.00 47.22 PK 74 26.78 13.9 28.72 4.60 0 33.32
2390.00 -- AV 54 -- -- -- -- -- --
2400.00 49.07 PK 74 24.93 15.68 28.78 4.61 0 33.39
2400.00 -- AV 54 -- -- -- -- -- --
Frequency(MHz): 2480 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna | Cable Prg-. Correction
amplifier
(MHz) Level (dBuV/m)] (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
2480.00 97.31 PK -- -- 63.69 28.92 4.70 0.00 33.62
2480.00 90.06 AV -- -- 56.44 28.92 4.70 0.00 33.62
2483.50 42.92 PK 74 31.08 9.29 28.93 4.70 0.00 33.63
2483.50 - AV 54 -- -- -- -- -- --
2491.45 43.11 PK 74 30.89 9.45 28.95 4.71 0.00 33.66
2491.45 -- AV 54 - - - -- - --
2500.00 44.04 PK 74 29.96 10.36 28.96 4.72 0.00 33.68
2500.00 -- AV 54 -- -- -- -- -- --
Frequency(MHz): 2480 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna | Cable Prg-. Correction
amplifier
(MHz) Level (dBuV/m) (dB) Value Factor Factor (dB) Factor
(dBuV/m) (dBuV) | (dB/m) (dB) (dB/m)
2480.00 98.25 PK -- -- 64.63 28.92 4.70 0.00 33.62
2480.00 91.16 AV -- -- 57.54 28.92 4.70 0.00 33.62
2483.50 43.21 PK 74 30.79 9.58 28.93 4.70 0.00 33.63
2483.50 -- AV 54 - - - -- - --
2491.45 42.97 PK 74 31.03 9.31 28.95 4.71 0.00 33.66
2491.45 -- AV 54 -- -- -- -- -- --
2500.00 43.81 PK 74 30.19 10.13 28.96 4.72 0.00 33.68
2500.00 -- AV 54 -- -- -- -- -- --
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Emission level (dBuV/m) =Raw Value (dBuV)+Correction Factor (dB/m)

Correction Factor (dB/m) = Antenna Factor (dB/m)+Cable Factor (dB)-Pre-amplifier Factor
Margin value = Limit value- Emission level.

-- Mean the PK detector measured value is below average limit.

The other emission levels were very low against the limit.

RBW1MHz VBW3MHz Peak detector is for PK value; RBW 1MHz VBW10Hz Peak
detector is for AV value.
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3.3. Maximum Peak Output Power

Limit

The Maximum Peak Output Power Measurement is 125mW(20.97).

Test Procedure

Remove the antenna from the EUT and then connect a low loss RF cable from the antenna port to the

spectrum.

Test Configuration

SPECTRUM
EUT ANALYZER
Test Results
Type Channel PK Output power (dBm) Limit (dBm) Result
00 5.763
GFSK 39 6.546 20.97 Pass
78 6.887
00 5.451
/4DQPSK 39 6.290 20.97 Pass
78 6.616
00 5.596
8DPSK 39 6.416 20.97 Pass
78 6.712

Note: 1.The test results including the cable lose.

Test plot as follows:
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GFSK Modulation

Agilant Spectium Analyrer - Swept SA

T : .
[ e q 2.4 Bhg Type: Pur(RMS; Frequency
Center Freq 2.402000000 z e .\u:fue‘l'::.1mw /]

-G adn:Lerw #itten: 30 dB

ffzet 35 dB
20.00 dBm

Center Freq
2.402000000 GHz

Center 2.402000 GHz
#Res BW 1.5 MHz

Span 5.000 MHz

#VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CHOO0

Agilont Spectrum Analyzer - Swept 5S4
R -
#ivg Type: Pwr{RMS) Frequency

Center Freq 2.441000000 Awg|Held: 1601100

™ Trig: Fres Run
dB

Center Freq
2.441000000 GHz

|
|
|
|
[
|
|
|
!

Center 2441000 GHz
#Res BW 1.5 MHz

Span 5.000 MHz

#VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CH39

#ivg Type: Pwr{RMS) Frequency

o Trig: Fres Run AvglHeld: 100100

#itzen: 30 dB

Center Freq
2.4B0000000 GHz

[ ——
StartFreq

2 477500000 GHz
Stop Freq

Center 2480000
#Res BW 1.5 MHz

Sweep 1.07 ms (8001 pts)

#VBW 3.0 MHz

CH78
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m/4DQPSK Modulation

Agllont Spectrum Analyrer - Swept SA
R

Cente q 2.4020 ) #0ug Type: i RME; L Frequency
Center Freq 2.402000000 z e .\u:fue‘l'::.1mw ]
-G adn:Lerw #itten: 30 dB

ffzet 35 dB
f 20.00 dBm

Center Freq
2.402000000 GHz

[ ——
Start Freq
2399500000 GHz

Stop Freq

Center 2.402000 GHz Span 5.000 MHz
#Res BW 1.5 MHz #VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CHOO0

Agllont Spectrum Analyrer - Swept SA
R

#ivg Type: Pwr{RMS) T Frequency
™ Trig: Fres Run AvglHeld: 100100 T
dB

Center Freq 2.441000000 GH
PN

Center Freq
2.441000000 GHz

StartFreq
2438500000 GHz

Stop Freq
2.443600000 GHz

CF Step
500,000 kHz

FreqOffset
0Hz|

!
v
|
.

Center 2441000 GHz Span 5.000 MHz
#Res BW 1.5 MHz #VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CH39

#ivg Type: Pwr{RMS) T Frequency
e Trig: Fres Run AvglHeld: 100100 T
1 G ads #itter: 30 dB

Center Freq
2.4B0000000 GHz

[ ——
StartFreq
2 477500000 GHz

Stop Freq

#VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CH78
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8DPSK Modulation

Agllont Spectrum Analyrer - Swept SA
R

Cente q 2.4020 ) #0ug Type: i RME; L Frequency
Center Freq 2.402000000 z e .\u:fue‘l'::.1mw /] N
-G adn:Lerw #itten: 30 dB

ffzet 35 dB
20.00 dBm

Center Freq
2.402000000 GHz

[ ——
Start Freq
2399500000 GHz

Stop Freq

Center 2.402000 GHz Span 5.000 MHz
#Res BW 1.5 MHz #VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CHOO0

Agllont Spectrum Analyrer - Swept SA
R

#ivg Type: Pwr{RMS) T Frequency
™ Trig: Fres Run AvglHeld: 100100 T
dB

Center Freq 2.441000000 GH
PN

Center Freq
2.441000000 GHz

StartFreq
2438500000 GHz

Stop Freq
2.443600000 GHz

CF Step
500,000 kHz

FreqOffset
0Hz|

Span 5.000 MHz
#VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

#ivg Type: Pwr{RMS) Frequency
AvglHeld: 100100

ffzet 35 dB
20.00 dBm

Center Freq
2.4B0000000 GHz

[ ——
StartFreq
2 477500000 GHz

Stop Freq
2.482600000 GHz

CF Step
500,000 kHz

Center 2480000
#Res BW 1.5 MHz #VEW 3.0 MHz Sweep 1.07 ms (8001 pts)

CH78




V1.0 Page 24 of 52 Report No.: CTL1710131031-WFO01

3.4. 20dB Bandwidth
Limit
For frequency hopping systems operating in the 2400MHZz-2483.5MHz no limit for 20dB bandwidth.

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. The bandwidth
of the fundamental frequency was measured by spectrum analyzer with 30 KHz RBW and 100 KHz
VBW.

The 20dB bandwidth is defined as the total spectrum the power of which is higher than peak power
minus 20dB.

Test Configuration

EUT SPECTRUM
ANALYZER
Test Results
Modulation Channel 20dB(|l\)/Ia|_r|12d)width gg(tﬁ SZI?;W Result
CHO0 1.026 0.89503
GFSK CH39 1.027 0.88953
CH78 0.9617 0.89462
CHO0 1.287 1.1772
m/4DQPSK CH39 1.315 1.1858 Pass
CH78 1.288 1.1768
CHO0 1.310 1.1941
8DPSK CH39 1.293 1.1901
CH78 1.294 1.1878

Test plot as follows:
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GFSK Modulation

Aglient Spectrum Anslyzer - Occupied BW

GHz
AvglHeld> 1010

Center 2.402 GHz

WRes BW 30 kHz #VBW 100 kHz

QOccupied Bandwidth Total Power

895.03 kHz
5.233 kHz OEW Power
1.026 MHz xdB

Transmit Freq Error
x dB Bandwidth

Radio Std: Nens Frequency

Radic Davi.

Sweep 3.2 ms|

12.7 dBm

99.00 %
-20.00 dB

STATUS

Aglient Spectrum Anslyzer - Occupied BW
AL

Center Freq 2.441000000 GHz

Center 2.441 GHz

WRes BW 30 kHz #VBW 100 kHz

Occupied Bandwidth Total Power
889.53 kHz
4.287 kHz OEW Power

1.027 MHz xdB

Transmit Freq Error
x dB Bandwidth

Radio Std: Nens Frequency

Radic Davi.

Sweep 3.2 ms|

13.8 dBm

99.00 %
-20.00 dB

CH39

Aglient Spectrum Anslyzer - Occupied BW
AL

Center Freq 2480000000 GHz $;:...s'
#IF Calnel M. - Satten: 30 dB

Ref O B
Ref 20.00 dBm

Center 2.48 GHz
l#Res BW 30 kHz

#VBW 100 kHz

QOccupied Bandwidth Total Power
894.62 kHz
5.432 kHz OBW Power

961.7 kHz xdB

Transmit Freq Error
x dB Bandwidth

450000000 GHz
«Run AvglHeld> 1010

Radio Std: Nens Frequency

Radio Davice: BTS

Sweep 3.2 ms|

13.9 dBm

99.00 %
-20.00 dB

STATUS

CH78




V1.0 Page 26 of 52 Report No.: CTL1710131031-WFO01

m/4DQPSK Modulation

Agllent Spectrum Anslyzer - Dccuphed AW
I Radio Std: Nens Frequency

GHz
AvglHeld: 10110

Radic Davi.

Center 2.402 GHz
l#Res BW 30 kHz #VBW 100 kHz Sweep 3.2ms

QOccupied Bandwidth Total Power 11.6 dBm
11772 MHz

Transmit Freq Error -166 Hz OBW Power 99.00 %
x dB Bandwidth 1.287 MHz xdB -20.00 dB

= STATUS

Aglient Spectrum Anslyzer - Occupied BW
AL

Center 4410 GH ' Radio Std: N Frequency
Center Freq 2.441000000 GHz n;m:unmn adie Std: Nena
Radio Davi

Center 2.441 GHz
l#Res BW 30 kHz #VBW 100 kHz Sweep 3.2ms

Occupied Bandwidth Total Power 12.3 dBm
1.1858 MHz

Transmit Freq Error 1.592 kHz OBW Power 99.00 %

x dB Bandwidth 1.315 MHz xdB -20.00 dB

CH39

Aglient Spectrum Anslyzer - Occupied BW
AL

F o ABOD Contar Fraq: 2450000000 GH: § Radio Std: N Frequency
Center Freq 2.480000000 GHz - 'r;: ar [EEE l\-'g|H:Id:vINw adie one
#IF Calnel ow #itten: 30 dB Radioc Device: BTS
Ref O B
Ref 20.00 dBm

Center 2.48 GHz
l#Res BW 30 kHz #VBW 100 kHz Sweep 3.2ms

Qccupied Bandwidth Total Power 12.8 dBm
1.1768 MHz

Transmit Freq Error 440 Hz OBW Power 99.00 %

x dB Bandwidth 1.288 MHz xdB -20.00 dB

= STATUS

CH78




V1.0 Page 27 of 52

Report No.: CTL1710131031-WFO01

8DPSK Modulation

Aglient Spectrum Anslyzer - Occupied BW

GHz
AvglHeld> 1010

Center 2.402 GHz

WRes BW 30 kHz #VBW 100 kHz

QOccupied Bandwidth Total Power

1.1941 MHz
Transmit Freq Error 20 Hz OBW Power
x dB Bandwidth 1.310 MHz xdB

Radio Std: Nens Frequency

Radic Davi.

Sweep 3.2 ms|

11.2 dBm

99.00 %
-20.00 dB

STATUS

Aglient Spectrum Anslyzer - Occupied BW
AL

Center Freq 2.441000000 GHz

Center 2.441 GHz

WRes BW 30 kHz #VBW 100 kHz

Occupied Bandwidth Total Power

1.1901 MHz
Transmit Freq Error 75Hz OBW Power
x dB Bandwidth 1.293 MHz xdB

GHz
AvglHeld> 1010

Radio Std: Nens Frequency

Radic Davi.

Sweep 3.2 ms|

12.4 dBm

99.00 %
-20.00 dB

CH39

Aglient Spectrum Anslyzer - Occupied BW
AL

Center Freq 2480000000 GHz $;:...s'
#IF Calnel M. - Satten: 30 dB

Ref O B
Ref 20.00 dBm

Center 2.48 GHz
l#Res BW 30 kHz

#VBW 100 kHz

QOccupied Bandwidth Total Power
1.1878 MHz
1.616 kHz OBW Power

1.294 MHz xdB

Transmit Freq Error
x dB Bandwidth

450000000 GHz
«Run AvglHeld: 10110

Radio Std: Nens Frequency

Radio Davice: BTS

Sweep 3.2 ms|

12.7 dBm

99.00 %
-20.00 dB

STATUS

CH78
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3.5. Frequency Separation

LIMIT

According to 15.247(a)(1),frequency hopping systems shall have hopping channel carrier frequencies
separated by minimum of 25KHz or the 2/3*20dB bandwidth of the hopping channel, whichever is
greater.

TEST PROCEDURE

The transmitter output was connected to the spectrum analyzer through an attenuator. The bandwidth
of the fundamental frequency was measured by spectrum analyzer with100 KHz RBW and 300 KHz
VBW.

TEST CONFIGURATION

SPECTRUM
EUT ANALYZER
TEST RESULTS
Modulation Channel Channel Separation Limit(MHz) Result
(MHz)
GESK CH39 i 25KHz or 2/3*20dB Pass
CH40 : bandwidth
CH39 25KHz or 2/3*20dB
T/4DQPSK 0 1.117 N Pass
CH39 .
8DPSK 0.961 25K"b'z or 2/3 hZOdB Pass
CH40 andwidt

Note:
We have tested all mode at high, middle and low channel, and recorded worst case at middle

Test plot as follows:
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GFSK Modulation

Agllont Spectyum Analyzer - Swept 54
s i

4405 i #8g Typi: Pur(RMS ; Frequency
24050 (N0 . — l\.-:fHe‘lz;lmm | ™
LA®
Auto Tune
Ref Offsst 35 dB
__Ref 30.00 dBm

Center Freq
2.440500000 GHz

Stop 2.441500 GHzlj
Sweep 1.07 ms (8001 pts)

299,76
2,440 147 50 GH;

#ivg Type: Pwr{RMS) T Frequancy
AvglHeld: 100100 T

Auto Tune
Ref Dffset 36 dB
__Ref 30.00 dBm

Center Freq
2.440500000 GHz

Stop 2.441500 GHz
#VEW 300 kHz Sweep 1.07 ms (2001 pts)
L Al :'.

1117 80 MHz[(A) 2,317 dB|
440 022 560 GHz 2450 dBm |

8DPSK Modulation

Agllont Spectrum Analyrer - Swept SA
e -

P o 24405 ) g Type: Pur(RMS 7 Frequancy
Center Freq 2.440500000 “ = h:fm\l's;mw ] y

Auto Tune

Center Freq
2.440500000 GHz

#VBW 300 kHz

KHz| (&) 2101 dB|
GHz | 25696 dBm |




V1.0 Page 30 of 52 Report No.: CTL1710131031-WFO01

3.6. Number of hopping frequency
Limit

Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels.

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. Set spectrum
analyzer start 2400MHz to 2483.5MHz with 100 KHz RBW and 300 KHz VBW.

Test Configuration

SPECTRUM
EUT ANALYZER
Test Results
Modulation Number of Hopping Channel Limit Result
GFSK 79
m/4DQPSK 79 215 Pass
8DPSK 79

Test plot as follows:
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GFSK Modulation

Agllont Spectrum Analyrer - Swept SA
e -

P a 7.4 g Type: Pur(RMS T Fraquancy
Center Freq 2.441750000 2 hﬂfm\l's;mw ] e

—p
W Gadn:L ow

Auto Tune
Ref Offset 36 dB
__Re n

b = = - Center Freq
l | f | 2441750000 GHz

ERCRER ey Hm i AL abARLl _

StartFreq
2.400000000 GHz |

Stop Freq
2.4B3600000 GHz|

Stop 2.48350 GHzj pr—
#VEW 300 kHz Sweep £.00 ms (8001 pts)
9 ¢ < 8350000 MHz

1019 dB|
5371 dBm|

Freq Offset
0Hz|

m/4DQPSK Modulation

#ivg Type: Pwr{RMS) C Frequency
o Trig: Fres Run AvglHeld: 100100 TvrE
dB
Auto Tune
Ref Offset 35 dB
Ref 20.00 dBm

Center Freq
2.441750000 GHz

Stop 2.48350 GHzj
#VEW 300 kHz Sweep £.00 ms (8001 p

Ful ALLE

Nitoa~answna

Agllont Spectrum Analyrer - Swept SA
e -

Frequency

o — ) g Type: Pur(RMS
Center Freq 2.441750000 2 e hﬂfm\l's;mw ]
1 G s #itten: 30 dB

Auto Tune
Ref Offset 36 dB
__Ref 20.00 dBm

7 = Center Freq
I)-Q?\\rm‘."r"1#ﬁu‘#ﬁi,vw‘»,#.lqﬂ.n'«w:f."rMﬂ&".s’M‘J."\%,'N.\’zw.h."w&*fﬂaf\We-. W | 2441750000 GHz

Stop 2.48350 GHzj
#VBW 300 kHz Sweep 2.00 ms (8001 pi

10 MHz | {&) 2836 dB|
O77 GHz| 1873 dBm|
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3.7. Time of Occupancy (Dwell Time)
Limit

The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of
0.4 seconds multiplied by the number of hopping channels employed.

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. Set center
frequency of spectrum analyzer=operating frequency with 1MHz RBW and 1MHz VBW, Span OHz.

Test Configuration

EUT ANALYZER
Test Results
Modulation Packet Pul(srﬁst;me Dw(enl:sti)me Limit (ms) Result
DH1 0.371 118.72
GFSK DH3 1.625 260.00 400 Pass
DH5 2.874 306.56
2-DH1 0.378 120.96
m/4DQPSK 2-DH3 1.629 260.64 400 Pass
2-DH5 2.877 306.88
3-DH1 0.379 121.28
8DPSK 3-DH3 1.628 260.48 400 Pass
3-DH5 2.878 306.99

Note:

1.  We have tested all mode at high,middle and low channel,and recoreded worst case at middle channel.
2. Dwell time=Pulse time (ms) x (1600 + 2 + 79) x31.6 Second for DH1, 2-DH1, 3-DH1

Dwell time=Pulse time (ms) x (1600 + 4 + 79) x31.6 Second for DH3, 2-DH3, 3-DH3

Dwell time=Pulse time (ms) x (1600 + 6 + 79) x31.6 Second for DH5, 2-DH5, 3-DH5

Test plot as follows:
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GFSK Modulation

Agilont Spectrum Analyzer - Swopt SA
TG F

Center Freq 2.441000000 GHz T savgTypePurMs) T Frequency
PHO: Fast =

Rel 20.00 dBm

Center Freq
2441000000 GHz

J—

StartFreq
2.441000000 GHz

Center 2.441000000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 4.000 ms (3001 pts)

FUNCTION WIDTH FUNCTIONVALE |
10,50 us
3215us
12681 ms

DH1

lont Spectrum Analyzor - Swept SA

RL 7] A NELIN
Center Freq 2.441000000 GHz 3 Frequency
PHO: Fast ~e- 109 Frée Run
IF Gain:Low #Atten: 30 4B

Ref 20,00 dBm

Center 2.441000000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep B.000 ms (8001 pts)

MK MODE| TRC SCL i i FUNCTION ! FUNLTION VaLUE

R =00 0~ @ B G

T
&

DH3

#Avg Typa: Pwr(RMS) ’ Frequency
agt =+ 1rig: Frae Run
Low #Atten: 30 dB

Ref 20.00 dBm

Center Freq
2.441000000 GHz

StartFreq
2.441000000 GHz
I

Stop Freq
2.441000000 GHz

Span 0 Hz|
#VBW 3.0 MHz Sweep 10.13 ms (28001 pts)

i SCL [ ki FUNCTION FUNCTION WD TH FUNCTION i

MG STATUS.

DH5
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m/4DQPSK Modulation

Agllont Spectrum Analyrer - Swept SA
e -

Center Freq 2.441000000 GHz - L Frequancy
PHO; Fast =+ v
W Gadn:l ow

Auto Tune

Center Freq
2.441000000 GHz

1503 ms|

Frequency

Auto Tune

Center Freq
2.441000000 GHz

2-DH3

Agilont Spectrum Analyzer - Swept 5S4
TR [ L ’
Center Freq 2.441000000 GHz #ivg Type: Pwr(RMS) L Frequency
et e Trig: Fres Run
1 G s #itten: 30 dB
Auto Tune
. Ref 20.00 dBm
il Center Freq
2.441000000 GHz

2-DH5
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8DPSK Modulation

Agllont Spectrum Analyrer - Swept SA
e -

Center Freq 2.441000000 GHz - #4vg Type: Pur(RMS)
PRO: —

—p
W Gadn:L ow

P I
Sweep 4.000 ms (8001 pts)

Frequency

Auto Tune

Center Freq
2.441000000 GHz

Frequency

Auto Tune

Center Freq
2.441000000 GHz

3-DH3

#Avg Type: Pwr{RMS)
o Trig: Fres Run
#itten: 30 dB

1.29 dBm|
1.02 dBm |
0.34 dBm|

Frequency

Auto Tune

Center Freq
2.441000000 GHz

3-DH5
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3.8. Out-of-band Emissions

Limit

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 con-ducted or a radiated
measurement, pro-vided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter com-plies 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
§15.209(a) is not required.

Test Procedure

Connect the transmitter output to spectrum analyzer using a low loss RF cable, and set the spectrum
analyzer to RBW=100 kHz, VBW= 300 kHz, peak detector , and max hold. Measurements utilizing
these setting are made of the in-band reference level, bandedge and out-of-band emissions.

Test Configuration

SPECTRUM
ANALYZER

EUT

Test Results

Remark: The measurement frequency range is from 30MHz to the 10th harmonic of the fundamental
frequency. The lowest, middle and highest channels are tested to verify the spurious emissions and
bandage measurement data.

We measured all conditions (DH1, DH3, DH5) and recorded worst case at DH5

Test plot as follows:
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GFSK CHO00

Agilent Spectium I.lulr.rlr . iup sh Agilent Spectium I.lulr.rlr . iup sh
RL L RL 2
Bhg Type: Pur(RMS] L Big Type: Pur{RME)
Avg|Held: 1001160 e — : HAvg|Held: 1001100

GFSK CH39

Ref Offset 36 dB tef Offsel dB
Ref 20.00 dBm T | 20.00 dBm

Center 2441000 GHz
#VEW 300 kHz #Res BW 100 kHz #VEW 300 kHz

#ivg Typa: Pur{RMS) T #Avg Type: Pur(RMS)
AvglHeld: 171100 Tve ] AvglHeld: 17100

Ref Offzet 35 dB
Ref 20,00 dBm

Start 30 MHz Stop 3.000 GHz Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 284 ms (10000 pts) #Res BW 100 kHz #VBW 300 kHz

#ivg Typa: Puwr{RMS) #ivg Type: Pwr(RMS)
™ Trig: Fres Run AvglHeld: 11100 v ] o Trig: Fres Run AvglHeld: 1100
WG #Atten: 30 dB

e dB 4 9 1 el dB
0.00 dBm i 20.00 dBm

Start 3.00 GHz Stop 25.00 GHz Start 3.00 GHz Stop 25.00 GHz
#Res BW 100 kHz Sweep 2.10 s (20000 pts) #Res BW 100 kHz #VEW 300 kHz Sweep 2.10 s (20000 pts)

3GHz-25GHz
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GFSK CH78

7/ADQPSK CHO0

Agilent Spectrum I.lulr.rlr . iup sh

RL

Agilent Spectium I.lulr.rlr . iup sh
RL
Bhg Type: Pur(RMS]
Avg|Held: 1001160

#ivg Type: Pur(RMS)
AvglHeld: 100160

Ref Offzet 35 dB
Ref 20.00 dBm

Center 2402000 GHz

#VBW 300 kHz #Res BW 100 kHz #VBW 300 kHz

#ivg Typa: Pur{RMS) - ) #Avg Type: Pur(RMS)
AvglHeld: 181100 v ] AvglHeld: 17100

Ref Offzet 35 dB
Ref 20,00 dBm

Start 30 MHz Stop 3.000 GHz Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 284 ms (10000 pts) #Res BW 100 kHz #VBW 300 kHz

#ivg Typa: Puwr{RMS) #ivg Type: Pwr(RMS)
™ Trig: Fres Run AvglHeld: 11100 v ] o Trig: Fres Run AvglHeld: 1100
WG #Atten: 30 dB

e dB 4 9 1 el dB
0.00 dBm i 20.00 dBm

Start 3.00 GHz Stop 25.00 GHz Start 3.00 GHz Stop 25.00 GHz
#Res BW 100 kHz Sweep 2.10 s (20000 pts) #Res BW 100 kHz #VEW 300 kHz Sweep 2.10 s (20000 pts)

3GHz-25GHz
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7/4DQPSK CH39

7/4DQPSK CH78

Agilent Spectium I.lulr.rlr . iup sh Agilent Spectium I.lulr.rlr . iup sh
RL L RL 2
Bhg Type: Pur(RMS] L Big Type: Pur{RME)
Avg|Held: 1001160 e — : HAvg|Held: 1001100

Span 2.000 MHz Center 2480000 GHz
#VEW 300 kHz Sweep 1.07 ms (8001 pts) #Res BW 100 kHz #VEW 300 kHz

#ivg Typa: Pur{RMS) T #Avg Type: Pur(RMS)
AvglHeld: 181100 Tve ] AvglHeld: 17100

Ref Offzet 35 dB
Ref 20,00 dBm

Start 30 MHz Stop 3.000 GHz Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 284 ms (10000 pts) #Res BW 100 kHz #VBW 300 kHz

#ivg Typa: Puwr{RMS) #ivg Type: Pwr(RMS)
™ Trig: Fres Run AvglHeld: 11100 v ] o Trig: Fres Run AvglHeld: 1100
WG #Atten: 30 dB

e dB 4 9 1 el dB
0.00 dBm i 20.00 dBm

Start 3.00 GHz Stop 25.00 GHz Start 3.00 GHz 25.00 GHz
#Res BW 100 kHz Sweep 2.10 s (20000 pts) #Res BW 100 kHz #VEW 300 kHz Sweep 2.10 s (20000 pts)

3GHz-25GHz
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8DPSK CHO0

Agilent Spectium I.lulr.rlr . iup sh Agilent Spectium I.lulr.rlr . iup sh
RL L RL 2
Bhg Type: Pur(RMS] L Big Type: Pur{RME)
Avg|Held: 1001160 e — : HAvg|Held: 1001100

8DPSK CH39

Ref Offset 36 dB tef Offsel dB
Ref 20.00 dBm . T | 20.00 dBm

Center 2441000 GHz
#VEW 300 kHz #Res BW 100 kHz #VEW 300 kHz

#ivg Typa: Pur{RMS) T #Avg Type: Pur(RMS)
AvglHeld: 171100 Tve ] AvglHeld: 17100

Ref Offzet 35 dB
Ref 20,00 dBm

Start 30 MHz Stop 3.000 GHz Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 284 ms (10000 pts) #Res BW 100 kHz #VBW 300 kHz

#ivg Typa: Puwr{RMS) T #ivg Type: Pwr(RMS)
™ Trig: Fres Run AvglHeld: 11100 T ] o Trig: Fres Run AvglHeld: 1100
WG #Atten: 30 dB

e dB 4 9 1 el dB
0.00 dBm i 20.00 dBm

Start 3.00 GHz Stop 25.00 GHz Start 3.00 GHz Stop 25.00 GHz
#Res BW 100 kHz Sweep 2.10 s (20000 pts) #Res BW 100 kHz #VEW 300 kHz Sweep 2.10 s (20000 pts)

3GHz-25GHz
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8DPSK CH78

Agllont Spectrum Analyrer - Swept SA Agllont Spectrum Analyrer - Swept SA
R 8 R

'Cenmr Freq 2.480000000 GHz - - Bavg Typa: Pwr(RMS) :r_" 'Cenmr Freq 1. - i #avg Type: PuriRMS)
. — —

AvglHeld: 100100 AvglHeld: 18100

Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz

Reference 30MHz-3GHz

Agllont Spectrum Analyrer - Swept SA
R

Ean c z ) g Typa: Pur(RMS
Center Freq 14.0000000001’5 -l\.-:fHe‘l'::.1m ]

Start 3.00 GHz Stop 25.00 GHz
#Res BW 100 kHz Sweep 2.10 s (20000 pts)
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Agllont Spectrum Analyzer - Swept SA
RL

‘Cenmr Freq 2.360000000 GHz
PRO; Fast

Ref Offset 35 dB
2oy Ref 20,00 dBm

3900000
23T S

o Trig: Fres Run

#astan: 30 dB

0B dBm |
54,719 dBm |

#ivg Type: Pwr{RMS)
AvglHeld: 100100

Stap 2.41000 GHz
Sweep 09.60 ms (2001 pts) |

#ivg Type: Pur(RMS)
AvglHeld: 100160
LA®

Ref Offset 35 dB
Ref 20.00 dBm

Stop 2.57000 GHzlj
Sweep 9.60 ms (8001 pts) |
E— |

Ref Offset 35 dB
2oy Ref 20,00 dBm

2400 000 0

#ivg Type: Pwr{RMS)
AvglHeld: 100100

Stop 2.41000 GHz
Sweep 0.60 ms (8001 pts)

#ivg Type: Pur(RMS)
AvglHeld: 100160

Stop 2.57000 GHzlj
Sweep 0.60 ms (8001 pts)

Right Band edge hoping on

Agllont Spectrum Analyzer - Swept SA
R

‘Cenmr Freq 2.360000000 GHz
PRO;

Ref Offset 35 dB
0 dBm

a5 =

Trig: Fres Run
#Atter: 30 dB

#ivg Type: Pwr{RMS)
AvglHeld: 100100

Stop 2.41000 GHz
Sweep 9.60 ms (8001 pts) |

Agllont Spectrum Analyrer - Swept SA
R

Cen ) g Type: Pur(RMS;
Center Freq 2.520000000 z - .\u:fHe‘\':;mw ]

Ref Offset 36 dB

Stop 2.57000 GHzlj
Sweep 0.60 ms (8001 pts)

Right Band edge hoping off
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Agllont Spectrum Analyrer - Swept SA

#ivg Type: Pwr{RMS) T #ivg Type: Pur(RMS)
™ Trig: Fres Run AvglHeld: 100100 — AvglHeld: 100160
[t

Ref Offset 35 dB
Ref 20.00

Stop 2.41000 GHz Stop 2.57000 GHz
Sweep 9.60 ms (2001 pts) | . Sweep 9,60 ms (2001 pts)

5.210 dBm|
G000 C
0000 C

2444760 C

Agilant Spectium Analyrer - Swept SA
TG : 7 RL L :

q 2.3 #ivg Type: Pur(RMS C q 2.t g Type: Pur(RMS;
Center Freq 2.360000000 i 3 ul\.-:fHe‘l'::.‘imw ) N ] nter Freq 2.520000000 _ “:IGH:":;mw 1]
I Gadn:L e 9 I Gadn:L e

Ref Offset 36 dB L 4 et 9 Ref Offset 36 dB
Ref 20.00 dBm M| ooz Ref 20.00 dBm

Stop 2.41000 GHz 4 Stop 2.57000 GHz
9,60 ms (2001 pts) = Sweep 0.60 ms (8001 pts)

Agllont Spectrum Analyzer - Swept SA
R

Ean a 2.3 ) g Type: Pur(RMS ) g Type: Pur(RMS
Center Freq 2.360000000 H - ul\.-:fHe‘l'::.‘imw ] . n",fm‘@h&""‘w 1]

Ref Offset 36 dB Mk . Ref Offset 36 dB
/@i Ref 20.00 dBm 10 geial_ Ref 20.00 dBm

Stop 2.41000 GHz Stop 2.57000 GHz
Sweep 9.60 ms (2001 pts) | = Sweep 9,60 ms (2001 pts)

2,405 137 5 GH
0000 0
00000

2371837

Right Band edge hoping on
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3.9. Pseudorandom Frequency Hopping Sequence
TEST APPLICABLE

For 47 CFR Part 15C section 15.247 (a) (1) requirement:

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum
of 25 kHz or the 20 dB bandwidth of the hop-ping channel, whichever is greater. Alternatively,
frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping channel
carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping
channel, whichever is greater, provided the systems operate with an output power no greater than 125
mW. The system shall hop to channel frequencies that are selected at the system hopping rate from a
pseudo randomly ordered list of hopping frequencies. Each frequency must be used equally on the
average by each transmitter. The system receivers shall have input bandwidths that match the
hop-ping channel bandwidths of their corresponding transmitters and shall shift frequencies in
synchronization with the transmitted signals.

EUT Pseudorandom Frequency Hopping Sequence Requirement

The pseudorandom frequency hopping sequence may be generated in a nice-stage shift register
whose 5™ and 9" stage outputs are added in a modulo-two addition stage. And the result is fed back to
the input of the first stage. The sequence begins with the first one of 9 consecutive ones, for example:
the shift register is initialized with nine ones.

@® Number of shift register stages:9
@® Length of pseudo-random sequence:29-1=511 bits
@® Longest sequence of zeros:8(non-inverted signal)

l i
f+\=

P

Linear Feedback Shift Register for Generation of the PRBS sequence

An example of pseudorandom frequency hopping sequence as follows:
0 2 4 6 62 64 78 1 37577

Each frequency used equally one the average by each transmitter.

The system receiver have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitter and shift frequencies in synchronization with the transmitted signals.
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3.10. Antenna Requirement

Standard Applicable

For intentional device, according to FCC 47 CFR Section 15.203, an intentional radiator shall be
designed to ensure that no antenna other than that furnished by the responsible party shall be used
with the device.

And according to FCC 47 CFR Section 15.247 (c), if transmitting antennas of directional gain greater
than 6dBi are used, the power shall be reduced by the amount in dB that the directional gain of the
antenna exceeds 6dBi.

Refer to statement below for compliance

The manufacturer may design the unit so that the user can replace a broken antenna, but the use of a
standard antenna jack or electrical connector is prohibited. Further, this requirement does not apply to
intentional radiators that must be professionally installed.

Antenna Connected Construction

The maximum gain of antenna was 2.0dBi.

Antenna

g TrTFPRITTfqqce:
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4. Test Setup Photos of the EUT
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5. Photos of the EUT

External Photos of EUT
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antenna
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