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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

DA 00-705: Filing and Measurement Guidelines for Frequency Hopping Spread Spectrum Systems
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2. SUMMARY

2.1. Product Description

Name of EUT Dancing Unicorn Bluetooth speaker
Trade Mark: BYTECH

Model Number BY-AU-BS-280-WT

List Model: /

Power Rating DC 3.7V and DC 5V From Adapter

Mode:EP-TA20CBC

Adapter(Auxiliary test Provided by the Input:AC100-240V-50/60Hz, 0.5A

laborator) Output:DC 5V,2A

FCCID 2AHNG6-AUBS280
Bluetooth FCC Operation frequency 2402MHz-2480MHz
Bluetooth Modulation GFSK,8DPSK,1/4DQPSK
Antenna Type PCB antenna

Antenna gain 0.0dBi

2.2. Equipment Under Test
Power supply system utilised

Power supply voltage ;1 O|230V /50 Hz O 120V / 60Hz

0|12V DC 0|24V DC

@ | Other (specified in blank below)

DC 3.7V and DC 5V From Adapter

2.3. Short description of the Equipment under Test (EUT)

This is a Dancing Unicorn Bluetooth speaker.

For more details, refer to the user's manual of the EUT.
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2.4. EUT operation mode

The Applicant provides test software (AT directive ) to control the EUT for staying in continuous transmitting
and receiving mode for testing .There are 79 channels provided to the EUT. Channel 00/39/78 was selected

to test.

Channel Frequency(MHz) Channel Frequency(MHz)
00 2402 40 2442
01 2403 41 2443
02 2404 42 2444
03 2405 43 2445
04 2406 44 2446
05 2407 45 2447
06 2408 46 2448
07 2409 47 2449
08 2410 48 2450
09 2411 49 2451
10 2412 50 2452
11 2413 51 2453
12 2414 52 2454
13 2415 53 2455
14 2416 54 2456
15 2417 55 2457
16 2418 56 2458
17 2419 57 2459
18 2420 58 2460
19 2421 59 2461
20 2422 60 2462
21 2423 61 2463
22 2424 62 2464
23 2425 63 2465
24 2426 64 2466
25 2427 65 2467
26 2428 66 2468
27 2429 67 2469
28 2430 68 2470
29 2431 69 2471
30 2432 70 2472
31 2433 71 2473
32 2434 72 2474
33 2435 73 2475
34 2436 74 2476
35 2437 75 2477
36 2438 76 2478
37 2439 77 2479
38 2440 78 2480
39 2441
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2.5. Block Diagram of Test Setup

EUT

\ 4

Adapter
AC 120V/60Hz

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

This submittal(s) (test report) is intended for FCC ID: 2AHN6-AUBS280 filing to comply with Section 15.247 of
the FCC Part 15, Subpart C Rules.

2.7. Modifications

No modifications were implemented to meet testing criteria.
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3. TEST ENVIRONMENT
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3.1. TEST FACILITY

Test Firm Shenzhen HUAK Testing Technology Co., Ltd.

Address 1F, B2 Building, Junfeng Zhongcheng Zhizao Innovation Park, Fuhai

Street, Bao'an District, Shenzhen City, China

3.2. Environmental conditions

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

Temperature: 15-35°C

Humidity: 30-60 %

Atmospheric pressure: 950-1050mbar

3.3. Summary of measurement results

Test Test Test Recorded
Specification Test case Mod ch | In R Pass | Fail | NA | NP Remark
clause ode anne n Report
Carrier GFSK X Lowest GFSK
§15.247(a)(1) | Frequency | M/4DQPSK | [XIMiddle | M/4DQPSK | X Middle | X O | O| O | complies
separation 8DPSK [X] Highest 8DPSK
Number of GFSK GFSK
§15.247(a)(1) Hopping M/4DQPSK X Full SDPSK X Full X O | O | O | complies
channels 8DPSK
Time of GFSK X Lowest GFSK
§15.247(a)(1) | Occupancy | M/4DQPSK | [XIMiddle | M/4DQPSK | X Middle | X O | O| O | complies
(dwell time) 8DPSK X] Highest 8DPSK
Spectrum
bandwidth of GFSK X Lowest GFSK Xl Lowest
§15.247(a)(1) a FHSS M/4DQPSK | X Middle | M/M4DQPSK | X Middle X O | O | O | complies
system 20dB 8DPSK Xl Highest 8DPSK X] Highest
bandwidth
Maximum GFSK X Lowest GFSK X Lowest
§15.247(0)(1) | o Dower | TVADQPSK | BJ Middle | M/4DQPSK | B Middle | [ O | O | O | complies
8DPSK X Highest 8DPSK X Highest
Band edge GFSK I Lowest GFSK I Lowest
§15.247(d) compliance | M/4DQPSK I3 Highest MN/4DQPSK I3 Highest X O | O | complies
conducted 8DPSK 9 8DPSK 9
Band edge GFSK
§15.205 compliance | M/4DQPSK I% bfv‘r’]‘zsstt GFSK I% hf"’:]‘zztt X | O | O O/ complies
radiated 8DPSK 9 9
TX spurious GFSK X Lowest GFSK X Lowest
§15.247(d) emissions | M/4DQPSK | [X] Middle | M/4DQPSK | [X| Middle X O | O | O | complies
conducted 8DPSK [X] Highest 8DPSK [X] Highest
TX spurious GFSK X Lowest X Lowest
§15.247(d) emissions | M/4DQPSK | [X] Middle GFSK X Middle X O O | O | complies
radiated 8DPSK X Highest X Highest
TXsputous | Gesk | [X] Lowest
§15.209(a) ; Nn/4bQPsK | X Middle GFSK X Middle X O O | O | complies
radiated 8DPSK | [X Highest
Below 1GHz
Conducted
- GFSK X Lowest
§15.107(a) Emissions | mipqpsk | [X] Middle GFSK RuMdde | X | O | O | O | complies
§15.207 9KHz-30 8DPSK X High
MHz ghest
Remark:

1. The measurement uncertainty is not included in the test result.
2. NA = Not Applicable; NP = Not Performed

3. We tested all test mode and recorded worst case in report




Page 9 of 49

3.4. Statement of the measurement uncertainty

Measurement Uncertainty

Report No.: HK1907191731-E

Conducted Emission Expanded Uncertainty = 2.23dB, k=2
Radiated emission expanded uncertainty(9kHz-30MHz) = 3.08dB, k=2
Radiated emission expanded uncertainty(30MHz-1000MHz) = 4.42dB, k=2
Radiated emission expanded uncertainty(Above 1GHz) = 4.06dB, k=2
3.5. Equipments Used during the Test
Iltem Equipment Manufacturer Model No. Serial No. Last Cal. el
Interval
L.I.S.N.
1. Artificial Mains R&S ENV216 HKE-002 Dec. 28, 2018 | 1 Year
Network
2. Receiver R&S ESCI 7 HKE-010 Dec. 28,2018 | 1 Year
3, | RFautomatic Tonscend JS0806-2 | HKE-060  |Dec. 28,2018/ 1 Year
control unit
4. | Spectrum analyzer R&S FSP40 HKE-025 Dec. 28,2018 | 1 Year
5. | Spectrum analyzer Agilent N9020A HKE-048 Dec. 28,2018 1 Year
6. Preamplifier Schwarzbeck BBV 9743 HKE-006 Dec. 28, 2018 | 1 Year
7. | EMI Test Receiver | Rohde & Schwarz ESCI7 HKE-010 Dec. 28, 2018 | 1 Year
g, | BilogBroadband | qopoheck | VULBO163 | HKE-012 | Dec. 28,2018/ 1 Year
Antenna
9. | LoopAntenna | Schwarzbeck | 2% HKE-014  |Dec. 28,2018 1 Year
10. Horn Antenna Schewarzbeck 9120D HKE-013 Dec. 28, 2018 | 1 Year
11. Pre-amplifier EMCI EMCg? 845 HKE-015 Dec. 28, 2018 | 1 Year
12. Pre-amplifier Agilent 83051A HKE-016 Dec. 28,2018 | 1 Year
EMI Test Software JS1120-B
13. EZ-EMC Tonscend Version HKE-083 Dec. 28,2018| N/A
14. Power Sensor Agilent E9300A HKE-086 Dec. 28, 2018 | 1 Year
15 Power Sensor R&S NRP-Z4 HKE-091 Dec. 28, 2018 | 1 Year
16 Power Meter R&S NRVS HKE-092 Dec. 28,2018 | 1 Year
17 | Spectrum analyzer Agilent N9020A HKE-048 Dec. 28,2018 1 Year
18 Signal generator Agilent N5182A HKE-029 Dec. 28,2018 1 Year
19. | Signal Generator Agilent 83630A HKE-028 Dec. 28,2018 | 1 Year
20. Shielded room Shiel Hong 4*3*3 HKE-039 Dec. 28,2018 | 3 Year

Note: 1. The Cal.Interval was one year.
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4. TEST CONDITIONS AND RESULTS

4.1. AC Power Conducted Emission

TEST CONFIGURATION

Shielded Room:

EUT

Test

& :‘ Feceiver

0.8.:m = sy

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.

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

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

4, If a EUT received DC power from the USB Port of Notebook PC, the PC’s adapter received power
through a Line Impedance Stabilization Network (LISN) which supplied power source and was
grounded to the ground plane.

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

6, 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.

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

AC Power Conducted Emission Limit

For intentional device, according to § 15.207(a) AC Power Conducted Emission Limits is as following :

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 RESULTS

Remark:

1. 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:

2. Both 120 VAC, 50/60 Hz and 240 VAC, 50/60 Hz power supply have been tested, only the worst result of
120 VAC, 60 Hz was reported as below:.
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DC 5V from Adapter AC

120V/60Hz Polarization L

Power supply:

100

90

80

70

60

50

il P

/"\ A
RAYYA ,'\‘*y/\ ~ )
20 ‘ "W\nh M

——
—
A

Level[dBuV]

F =
F
¥

s

10 1 1

oK i oM 30M
Frequency[Hz]

— QP Limit — AV Limit — PK — AV

o QP Detector % AV Detector

1 0.2599 10.03 39.86 61.44 21.58 26.95 51.44 24.49
2 0.5249 10.04 35.85 56.00 20.15 26.70 46.00 18.30
3 0.6401 10.05 42.42 56.00 13.58 33.44 46.00 12.56
4 9.7825 10.07 33.42 60.00 26.58 23.77 50.00 26.23
5 14.2351 9.95 28.02 60.00 31.98 21.62 50.00 28.38
6 21.0612 10.13 29.81 60.00 30.19 2143 50.00 28.57
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DC 5V from Adapter AC

120V/60Hz Polarization N

Power supply:

100

90

80

70

60

50 b
40 VAV/\ AIA f. nvw\ ' :
30 V VW M& | _

20\.AJ\f\Twum D LLLTL A RN P g

Level[dBuV]

b

10

1%0K M 10M 30M
Frequency[Hz]

— QP Limit — AVLimt —PK —AV
o QP Detector % AV Detector

1 0.2224 10.04 36.68 62.73 26.05 24.12 52.73 28.61
2 0.6689 10.05 43.31 56.00 12.69 37.92 46.00 8.08
3 2.1951 10.17 31.04 56.00 24.96 24.19 46.00 21.81
4 10.1457 10.06 36.34 60.00 23.66 27.50 50.00 22.50
5 14.6953 9.95 35.04 60.00 24.96 26.36 50.00 23.64
6 21.3379 10.14 41.18 60.00 18.82 30.10 50.00 19.90
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4.2. Radiated Emission

TEST CONFIGURATION

Frequency range 9 KHz — 30MHz

Report No.: HK1907191731-E

Turntable

EUT

Ground

Loop antenna

3m ——»

—
Test
0.8m Receiver
-
I_IZI_I
Plane Coaxial Cable

Frequency range 30MHz — 1000MHz

Test
Receiver

Turntable

3m

\

EUT

0.8m

1 0

1m to 4m

1

Ground Plane E

Coaxial Cable :

Frequency range above 1GHz-25GHz

Semi-Anechoic Chamber

[2e]

Imtodm
l Antenna

f

150 cm

Turntable

‘et Ground Plane

—_—

L—;t_

J Measurement
Above 1GHz only Instrument

[Eontrotied——

1

|

Control Room
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TEST PROCEDURE

1. The EUT was placed on a turn table which is 12mm above ground plane when testing
frequency range 9 KHz —25GHz.

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.

5. The EUT minimum operation frequency was 32.768KHz and maximum operation
frequency was 2480MHz.so radiated emission test frequency band from 9KHz to 25GHz.

6. The distance between test antenna and EUT as following table states:

Test Frequency range Test Antenna Type Test Distance
9KHz-30MHz Active Loop Antenna 3
30MHz-1GHz Ultra-Broadband Antenna 3
1GHz-18GHz Double Ridged Horn Antenna 3
18GHz-25GHz Horn Anternna 1
7. Setting test receiver/spectrum as following table states:
Test Frequency range Test Receiver/Spectrum Setting Detector
9KHz-150KHZz RBW=200Hz/VBW=3KHz,Sweep time=Auto QP
150KHz-30MHz RBW=9KHz/VBW=100KHz,Sweep time=Auto QP
30MHz-1GHz RBW=120KHz/VBW=1000KHz,Sweep time=Auto QP
Peak Value: RBW=1MHz/VBW=3MHz,
Sweep time=Auto
1GHz-40GHz Average Value: RBW = MHz/VBW=10Hz, Peak
Sweep time=Auto

Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor and subtracting the
Amplifier Gain and Duty Cycle Correction Factor(if any) from the measured reading. The basic equation with a
sample calculation is as follows:

FS=RA+ AF +CL - AG

Where FS = Field Strength CL = Cable Attenuation Factor (Cable Loss)

RA = Reading Amplitude AG = Amplifier Gain

AF = Antenna Factor

Transd=AF +CL-AG

RADIATION LIMIT

For intentional device, according to § 15.209(a), the general requirement of field strength of radiated emission
from intentional radiators at a distance of 3 meters shall not exceed the following table. According to §
15.247(d), in any 100kHz bandwidth outside the frequency band in which the EUT is operating, the radio
frequency power that is produced by the intentional radiator shall be at least 20dB below that in the100kHz
bandwidth within the band that contains the highest level of desired power.

The pre-test have done for the EUT in three axes and found the worst emission at position shown in test setup
photos.

Frequency (MHz) Distance Radiated (dBuV/m) Radiated (uV/m)
(Meters)

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)+ 40l0g(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
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Remark: For test below 1GHz 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:

For 9 KHz-30MHz
Frequency Corrected Reading FCC Limit Margin
(MHz) (dBuVim)@3m | (dBuV/m) @3m (dB) Dt Rz
0.38 46.35 96.01 49.66 QP PASS
1.55 52.19 63.80 11.61 QP PASS
19.68 56.42 69.54 13.12 QP PASS
24.62 40.79 69.54 28.75 QP PASS
For 30MHz-1GHz
Horizontal
H 50 | o T —— e S R R A A A B I r
& B e V25 I

— GP Limit —— Horizontal PK

o OF Detecior

50.3700

-13.71

40.00

21.53

100

1 18.47 188 Horizontal
2 111.480 17.46 -15.68 43.50 26.04 100 169 Horizontal
3 224.970 23.76 -14.44 46.00 22.24 100 267 Horizontal
4 402.480 25.64 -10.36 46.00 20.36 100 207 Horizontal
5 715.790 28.11 -4.78 46.00 17.89 100 318 Horizontal
6 844.800 31.18 -2.61 46.00 14.82 100 338 Horizontal
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o  OP Detector

Vertical
T
1
£ d
L
y A War =
o . . sl LT J‘ﬂ“\"uﬂhﬂr‘*ﬂ
o — = ok 2
e - Lt ol
;OM 100M 1G
— QP Limit — Vertical PK FrequencyfHz]

1 44.5500 23.47 -13.73 40.00 16.53 100 352 Vertical
2 119.240 21.63 -16.97 43.50 21.87 100 121 Vertical
3 210420 27.16 -14.79 43.50 16.34 100 182 Vertical
4 377.260 25.11 -10.87 46.00 20.89 100 158 Vertical
5 562.530 28.82 -6.61 46.00 17.18 100 9 Vertical
6 918.520 32.01 -1.78 46.00 13.99 100 63 Vertical
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For 1GHz to 25GHz
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Remark: For test above 1GHz GFSK, Pi/4 DQPSK, and 8DPSK were test at Low, Middle, and High

channel; only the worst result of GFSK was reported as below:

CH Low (2402MHz)

Horizontal:
Frequency |Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuv) (dB) (dBuV/m) (dBuV/m) (dB) Type
4804 62.17 -3.64 58.53 74 -15.47 peak
4804 48.05 -3.64 44 .41 54 -9.59 AVG
7206 56.39 -0.95 55.44 74 -18.56 peak
7206 45.21 -0.95 44.26 54 -9.74 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Frequency |Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBpV) (dB) (dBuV/m) (dBuV/m) (dB) Type
4804 62.42 -3.64 58.78 74 -15.22 peak
4804 48.35 -3.64 44.71 54 -9.29 AVG
7206 57.58 -0.95 56.63 74 -17.37 peak
7206 44.39 -0.95 43.44 54 -10.56 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.




CH Middle (2441MHz)
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Horizontal:
Frequency |Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuv) (dB) (dBpV/m) (dBpV/m) (dB) Type
4882 62.02 -3.51 58.51 74 -15.49 peak
4882 45.96 -3.51 42.45 54 -11.55 AVG
7326 57.05 -0.82 56.23 74 -17.77 peak
7326 42.83 -0.82 42.01 54 -11.99 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Frequency |Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
4882 63.25 -3.51 59.74 74 -14.26 peak
4882 47.37 -3.51 43.86 54 -10.14 AVG
7326 57.29 -0.82 56.47 74 -17.53 peak
7326 43.26 -0.82 42.44 54 -11.56 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-ampilifier.




CH High (2480MHz)
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Horizontal:
Frequency |Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuv) (dB) (dBuV/m) (dBuV/m) (dB) Type
4960 60.18 -3.43 56.75 74 -17.25 peak
4960 45.37 -3.43 41.94 54 -12.06 AVG
7440 55.45 -0.75 54.7 74 -19.3 peak
7440 42.06 -0.75 41.31 54 -12.69 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-ampilifier.
Vertical:
Frequency [Meter Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuV) (dB) (dBpV/m) (dBpV/m) (dB) Type
4960 62.37 -3.43 58.94 74 -15.06 peak
4960 47.23 -3.43 43.8 54 -10.2 AVG
7440 57.26 -0.75 56.51 74 -17.49 peak
7440 45.13 -0.75 44.38 54 -9.62 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Remark:
(1) Data of measurement within this frequency range shown “--- ” in the table above means the

reading of emissions are attenuated more than 20dB below the permissible limits or the field
strength is too small to be measured.
(2) When the test results of Peak Detected below the limits of Average Detected, the Average
Detected is not need completed.




4.3. Maximum Peak Output Power

TEST CONFIGURATION

EUT
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TEST PROCEDURE

According to ANSI C63.10:2013 Maximum peak conducted output power for HFSS devices:

Power Sensor

The maximum peak conducted output power may be measured using a broadband peak RF power meter.
The power meter shall have a video bandwidth that is greater than or equal to the HFSS bandwidth and shall

utilize a fast-responding diode detector.

LIMIT

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-
overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt. For all
other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

TEST RESULTS

Peak Output power

Type Channel (dBm) Limit (dBm) Result

00 3.487

GFSK 39 3.592 21 Pass
78 3.674
00 3.176

m/4DQPSK 39 3.313 21 Pass
78 3.372
00 3.315

8DPSK 39 3.457 21 Pass
78 3.555

Note: 1.The test results including the cable lose.
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4.4. 20dB Bandwidth

TEST CONFIGURATION

SPECTRUM

EUT ANALYZER

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 RBW=30 KHz and VBW=100KHz.

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

LIMIT

For frequency hopping systems operating in the 2400MHz-2483.5MHz no limit for 20dB bandwith.

TEST RESULTS

Modulation Channel 20dB('l\)/|a|_r|1;i)width QQK;SSW Result
CHO00 0.9675 0.88594
GFSK CH39 0.9619 0.88514
CH78 0.9638 0.88912
CHO00 1.288 1.1743
m/4DQPSK CH39 1.291 1.1809 Pass
CH78 1.291 1.1724
CHO00 1.305 1.1829
8DPSK CH39 1.295 1.1891
CH78 1.292 1.1842
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GFSK Modulation

Radio Std: None

Cat 2 Center Freq: 2.402000000 GH;
Center Freq 2.402000000 GHz i S oo & redii

I Gain-Low #Aten: 30 dB Radio Device: BTS

Ref Offset 1 dB
Ref 20.00 dBm

Center 2.402 GHz Span 3 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 3.2 ms |
Occupied Bandwidth Total Power
885.94 kHz
Transmit Freq Error 5.476 kHz % of OBW Power 99.00 %
x dB Bandwidth 967.5 kHz x dB -20.00 dB

CHO00

e e .
Center Freq 2.441000000 GHz Conter Freq: 2441000000 GHz Radio Std: None
e Trig: Fres Run AvglHold: 1010
AFGainiow  #Atien: 30 dB Radio Device: BTS

Ref Offset 1 dB
Ref 20.00 dBm

ICenter 2.441 GHz Span 3 MHz
IRes BW 30 kHz #VBW 100 kHz Sweep 3.2 ms)

Occupied Bandwidth Total Power 10.9 dBm
885.14 kHz

Transmit Freq Error 4.889 kHz % of OBW Power  99.00 %

x dB Bandwidth 961.9 kHz x dB -20.00 dB

CH39

[ oot Spectnim Anahyre - Drccupesd DA

x &
Center Freq 2.480000000 GHz Canter Freq: 2.480000000 GHz Radio Std: None
o Trig: Free Run AvglHold: 1010

RF GainLow SAtten 30 0B Radio Device: BTS

Ref Offset 1 dB
Ref 20.00 dBm

iCenter 2.48 GHz Span 3 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 3.2ms

Occupied Bandwidth Total Power 11.0 dBm
889.12 kHz

Transmit Freq Error 5.468 kHz % of OBW Power 99.00 %

x dB Bandwidth 963.8 kHz xdB -20.00 dB

CH78
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1m/4DQPSK Modulation

[ Covoght Spectrum Aeadyeer - Occupied B0 ]
AL

x &
Center Freq 2.402000000 GHz Canter Freq: 2.402000000 GHz Radio Std: None
== Trig: Free Run AvglHold:> 1010
#F Gain:Low #Atten: 30 dB Radio Device: BTS

Ref Offset 1 dB
Ref 20.00 dBm

Center 2.402 GHz Span 3 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 3.2 ms

Occupied Bandwidth Total Power 9.55 dBm
1.1743 MHz

Transmit Freq Error 430 Hz % of OBW Power 99.00 %

x dB Bandwidth 1.288 MHz x dB -20.00 dB

CHO00

[ Reyvight Specium Amsiyees - Ovoupled W )
Center Freq 2.441000000 GHz Center Freq: 2.441000000 GHz

e Trig: Free Run Avgltold: 10110

W GaincL ow SAtten 30 dB Radio Device BTS

Radio $td: None

Ref Offset 1 4B
Ref 20.00 dBm

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

Occupled Bandwidth Total Power
1.1809 MHz

Transmit Freq Error 1.128 kHz % of OBW Power 99.00 %
x dB Bandwidth 1.291 MHz x dB -20.00 dB

CH39

Veyseght Spectrum Amahees - Ocuped 8V E

s A

Center Freq 2.480000000 GHz Center Freq: 2480000000 GHz Radio $td: None Frequency
e Trig: Fres Run AvglHold: 1010

AFGainiow  #Atten: 30 dB Radio Devics: BTS

Ref Offset 1 dB
Ref 20.00 dBm

Center 248 GHz ) ) Span 3 MHz
Res BW 30 kHz #VBW 100 kHz Sweep 3.2ms

Occupied Bandwidth Total Power 9.93 dBm
1.1724 MHz

Transmit Freq Error -437 Hz % of OBW Power 99.00 %

x dB Bandwidth 1.201 MHz x dB -20.00 dB

CH78
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8DPSK Modulation

. .Y
Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHe Radio Std: None
oo Trig: Fres Run AvglHold: 1010
WFGaindow  #Atten: 30 4B Radio Device: BTS

Report No.: HK1907191731-E

Ref Offset 1 dB
Ref 20.00 dBm

Center 2.402 GHz
#Res BW 30 kHz #VBW 100 kHz

Occupied Bandwidth Total Power
1.1829 MHz

Transmit Freq Error 2.118 kHz % of OBW Power

x dB Bandwidth 1.305 MHz x dB

Span 3 MHz,
Sweep 3.2 ms

9.39 dBm

99.00 %
-20.00 dB

CHO00

[ Kerugt Spectnom Amdyter - Occupad BW.
AL

-Cnmer Freq 2.441000000 GHz Canter Freq: 2.441000000 GH:

9 Gain:Low #Atten: 30 dB

Ref Offset 1 d8
Ref 20.00 dBm

#Res BW 30 kHz #VBW 100 kHz
Occupled Bandwidth Total Power
1.1891 MHz

Transmit Freq Error 882 Hz % of OBW Power
x dB Bandwidth 1.295 MHz x dB

z
o Trig: Free Run AvglHold:>1010

Radio $td: None

Radio Device: BTS

Center Freq
2441000000 GHz|

Span 3 MHz|
Sweep 3.2 ms

9.77 dBm

99.00 %
-20.00 dB

CH39

[ Keysight Specirum Arsbyre - Ocrupied BW

- .3
Center Freq 2.480000000 GHz Center Freq: 2.480000000 GHz

Radio Std: None

ig: Free Run AvglHold:»10110

AF GainL ow tten: 30 4B

Ref Offset 1 dB
Ref 20.00 dBm

iCenter 2.48 GHz
Res BW 30 kHz #VBW 100 kHz

Occupied Bandwidth Total Power
1.1842 MHz

Transmit Freq Eror 2.227 kHz % of OBW Power

x dB Bandwidth 1.292 MHz x dB

Radio Device: BTS

Span 3 MHz
Sweep 3.2 ms|

9.84 dBm

99.00 %
-20.00 dB

CH78
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4.5. Frequency Separation

TEST CONFIGURATION

SPECTRUM

EUT ANALYZER

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 RBW=30 KHz and VBW=100KHz.

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 RESULTS

4.5.1 GFSK Test Mode

Modulation Channel Channill\ﬂiezp;aration Limit(MHz) Result
CH38 2/3* 20dB BW or

GFSK CH39 0.903 20dB BW Pass
CH38 2/3* 20dB BW or

m/4DQPSK CH39 0.920 20dB BW Pass
CH38 2/3* 20dB BW or

8DPSK CH39 1.007 20dB BW Pass

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

[ Xeyuight Spectnum Amabytes - Swept 54
D &

- &

Start Freq 2.439500000 GHz #Avg Type: RMS
THO: Wide ~e— 171G Free Run AvgiHold->100100
1F Gain:Low #ATen: 40 4B

Ref Offset 1 d8
Ref 30.00 dBm

Start 2.439500 GHz Stop 2.441500 GHz,
#Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)|

AT $03.00 kHz (A} 0.145dB.
1] 2440 160 75 GHz 94 dBm

m/4DQPSK Modulation

Trig: Free Run AvgiHold: 100/100

TR a
Start Freq 2.439500000 GHz 24vg Type: RMS
Ill:::u ::- #Anen: 40 dB

Start 2.439500 GHz ) Stop 2.441500 GHz,
es BW 100 kHz #VBW 300 kHz ms (8001 pts)|

919.75kHz (A)  -0A78dB|
49 50 GH2 | 2432 dBm|

8DPSK Modulation

[ Eeymight Spectium Ansbytes - Swept A -

e A

Start Freq 2.439500000 GHz #Avg Type: RMS
PNO: Wide ~o= 11ig: Free Run AvgiHold: 1001100
IFGaindLow  #Atten: 40 dB

Ref Offset 1 dB
Ref 30.00 dBm

Start 2.439500 GHz Stop 2.441500 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)

1.007 256 MHz (A) 001308
2440 159 50 GHz 2686 dBm
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4.6. Band Edge Compliance of RF Emission

TEST REQUIREMENT

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated
intentional radiator is operating, the radio frequency power that is produced by the intentional radiator shall be
at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, based on either an RF conducted or a radiated measurement, provided the transmitter
demonstrates compliance with the peak conducted power limits. If the transmitter complies with the conducted
power limits based on the use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of
this section, the attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation below
the general limits specified in §15.209(a) is not required. 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) (see §15.205(c)).

TEST CONFIGURATION

For Radiated

Imiodm

L]

o FriEs

150 cm
Turntable

‘ - Ground Plane

J Measurement [T
fAbove 1GHz only Instrument : Ov0 E“:"’“"“”‘"I'i

Control Roeom

For Conducted

SPECTRUM

EUT ANALYZER

TEST PROCEDURE

—_

The EUT was placed on a 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.

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

The distance between test antenna and EUT was 3 meter:

Setting test receiver/spectrum as following table states:

Sz

Test Frequency range Test Receiver/Spectrum Setting Detector

Peak Value: RBW=1MHz/VBW=3MHz,
Sweep time=Auto
Average Value: RBW=1MHz/VBW=10Hz,
Sweep time=Auto

1GHz-40GHz Peak

LIMIT

Below -20dB of the highest emission level in operating band.
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)
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TEST RESULTS

4.6.1 For Radiated Bandedge Measurement
Remark: GFSK, Pi/4 DQPSK and 8DPSK all have been tested, only worse case GFSK is reported.

Operation Mode: GFSK TX Low channel(2402MHz)
Horizontal (Worst case)

Frequency [Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBpV/m) (dBpV/m) (dB) Type
2390 56.79 -5.81 50.98 74 -23.02 peak
2390 39.32 -5.81 33.51 54 -20.49 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:

Frequency |Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBpV/m) (dBpV/m) (dB) Type
2390 59.12 -5.81 53.31 74 -20.69 peak
2390 42.47 -5.81 36.66 54 -17.34 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-ampilifier.
Operation Mode: GFSK TX High channel (2480MHz)
Horizontal (Worst case)

Frequency |Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBpV/m) (dBpV/m) (dB) Type
2483.5 58.21 -5.65 52.56 74 -21.44 peak
2483.5 42.91 -5.65 37.26 54 -16.74 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:

Frequency |Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBuVv) (dB) (dBuV/m) (dBuV/m) (dB) Type
2483.5 60.18 -5.65 54.53 74 -19.47 peak
2483.5 44.52 -5.65 38.87 54 -15.13 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Remark: All the other emissions not reported were too low to read and deemed to comply with FCC limit.




4.6.2 For Conducted Bandedge Measurement
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[ Ceysight Spectrum Anshyzes - Swept SA

Trig: Free Run AvgiHold: 1001100

Center Freq 2.360000000 GHz #Avg Type: RMS
A

Start 2.31000 GHz

SSom~onkuna i

3 ast o
1F Gain:Low

#Atten: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Stop 2.41000 GHz,
#VBW 300 kHz Sweep 9.600 ms (8001 pts)
2401962 5 GHz

2.344 950 0 GHz |

Z2Soevoakun |

[ Kersight Spectum Ansyzer - Swept Sh

Center Freq 2.520000000 GHz
N

Ref Offset 1 dB
Ref 20.00 dBm

1

A
#Avg Type: RMS
O Tast —- Trig: Free Run AvglHold: 100/100

1FGaintow #Atten: 30 dB

il Stop 2.57000 GHz,
#VBW 300 kHz

3.603 dBm
-58.936 dBm _
-60.231 dBm.
-66.783 dBm

-

Center Freq

Sweep 9.600 ms (8001 pts)

Left Band edge hoping off

Right Band edge hoping off

[ teviont Spectium Anyzer - Swept 54

-Cunlnr Freq 2.360000000 GHz

.
#Avg Type: RMS
e Tast To Trig: Free Run AvglHold: 1001100
[

in:dow #Anen: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Stop 2.41000 GHz

#VBW 300 kHz Sweep 9.600 ms (8001 pts)

2.949 dBm
58,749 dBm _
460204 dBm

56.926 dBm_

2409 987 6 GHa |
2.400 0000 GHz |
2390 000 0 GHa
2.376 450 0 GHa.

[ Keysight Spectrum Ansyzer - Swapt SA

Center Freq 2.520000000 GHz
PAC

|

Ref Offset 1 dB
Ref 20.00 dBm

L. Mittit
WWLY
(LA LA

A
#Avg Type: RMS
Trig: Free Run AvglHold: 1001100

#Atten: 30 dB

Stop 2.57000 GHz

#VBW 300 kHz Sweep 9.600 ms (8001 pts)

3.267 dBm.
-69.226 dBm
-59.688 dBm |
-56.490 dBm |

Left Band edge hoping on

Right Band edge hoping on

7/4DQPSK

e Eeysioht Spectrum Amalyzer - Swept SA

Start 2.31000 GHz
#Res BW 100 kHz

Center Freq 2.360000000 GHz
PNO

2Avg Type: RMS
AvglHold: 1001100

e Trig: Free Run
#Atten 30 dB

): Fast
1F Gaindow

Ref Offset 1 dB
Ref 20.00 dBm

Stop 2.41000 GH;
#VBW 300 kHz
2.401862 5 GHz
2400000 0 GHz |
2.390 000 0 GHz |
2.337.050 0 GHz

2411dBm
-54.336 dBm _
-60.392 dBm |
$7.312 dBm.

Sweep 9.600 ms (8001 pts)

i
Center Frui
2360000000 GHz|

StartFreq
2.310000000 GHz

Center Freq 2.520000000 GHz
PhO:

[ Eeyiight Spectum Ansiyres - Swept S4

Ref Offset 1 dB
Ref 20.00 dBm

1

2480 187 6 GHz
2483 500 0 GHz
2.500 000 0 GHz .
248) 625 0 GHz

A
2Avg Type: RMS TR
" Trig: Free Run AvgiHold: 100/100

1F Gain-L ow #Atten: 30 dB

Stop 2.57000 GHz|

#VBW 300 kHz Sweep 9.600 ms (8001 pts)|

2510 dBm|
-59.379 dBm |
-60.713 dBm .
-56.802 dBm

Left Band edge hoping off

Right Band edge hoping off
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[ Kevught Spectrum Ansyzer - Swept SA

: &
Center Freq 2.520000000 GHz #Avg Type: RMS
PNO: bast ~o—= 1719: Free Run AvgiHold: 1001100

1F Gain:Low #Atten: 30 4B

INO: Tast —+- Trig: Free Run AvgiHold: 1001100
IF Gain-Low #Atten: 30 0B

[ Cermight Spactrum Anyres - Swept 54 g
—— .
Center Freq 2.360000000 GHz #Avg Type: RMS ™ m

Ls e

Ref Offset 1 4B

Ref Offset 1 d8
Ref 20.00 dBm

Ref 20.00 dBm

Center Freg;
2520000000 GH2

J—

CenterFi
2360000000 GH:

StartFreq StartF
2.310000000 GHz| 2470000000
StopFreq = mpv::

Stop 2.57000 GHz

Start 2.31000 GHz Stop 2.41000 GHz
E #VBW 300 kHz Sweep 9.600 ms (8001 pts)

#Res BW 100 kHz #VBW 300 kHz Sweep 9.600 ms (8001 pts)|

24768625 GHz | 1.160 dBm|
24835000 GHz|  60.566 dBm |
2.500 000 0 GHz 59,422 dBm |
2495 4125 GHz 67.162 dBm |

2403 187 5 GHz | 2078 dBm|
2.400 0000 GHz | -66.043 dBm |

-60.830 dBm _
2365 750 0 GHz -67.006 dBm

2Sco~onkuna i

Left Band edge hoping on Right Band edge hoping on

[ Keysight Spectnum Ansbyres - Swept A

B a4
Center Freq 2.520000000 GHz #Avg Type: RMS
TN Tost o Trig: FreeRun AvglHold: 100/100

1F Gain-Low #Atten: 30 4B

TNO Tast - Trig: FreeRun AvglHold: 100/100
F Gain-Low #Atten: 30 9B

g ]
: .
Center Freq 2.360000000 GHz #Avg Type: RMS TR mm

Ref Offset 1 d8
Ref 20.00 dBm

A1

Ref Offset 1 dB
Ref 20.00 dBm

Stop 2.57000 GHz:

Start 2.31000 GHz Stop 2.41000 GHz
Sweep 9.600 ms (8001 pts)

‘Res BW 100 kHz #VBW 300 kHz Sweep 9.600 ms (8001 pts)

2453 dBm
-59.081d8m
500 0000 GHz . -60.069 dBm .
2493 100 0 GHz. -57.088 dBm

2402 187 5 GHz | 1718 dBm,
2.400 000 0 GHz | 52715 dBm |
2390 000 0 GHz -60.072 dBm.
216 437 6 GHz. -57.566 dBm |

Soomvonkuna i

Left Band edge hoping off Right Band edge hoping off

[ Keysight Spectrum Ansyter - Swept SA

[ Keysight Spectrum Anabyres - Swept SA

Center Freq 2.520000000 GHz #Avg Type: RMS
PNO: Fast Trig: Free Run AvgiHold: 1001100

1F Gain-Low #Atten: 30 dB

2 3
Start Freq 2.310000000 GHz #Avg Type: RMS
PN Tast o~ Trig: FreeRun AvgiHold: 100100

1F Gain:Low #Atten: 30 dB

Auto Tune
Ref Offset 1 dB Ref Offset 1 dB
R’e’ 20‘30 dBm Ref 20.00 dBm
1 Center Freq

2620000000 GHz

'Start 2.31000 GHz Stop 2.41000 GHz|
#Res BW 100 kHz #VBW 300 kHz Sweep 9.600 ms (8001 pts)

Start 2.47000 GHz Stop 2.57000 GHz,
#Res BW 100 kHz Sweep 9.600 ms (8001 pts)

2476 950 0 GHz

; 1 1937 dBm 1
K] 0000 GHz|67.086 dBm | 2 2483500 0 Ghz |

SN EEEEEI 59476 dBm| 3 2.500 0000 GHz | I 1 1 FreqOffset

: 1 Il -56.609 dBm : 24956126 GHz -56.798 dBm ! ! OHz

H s I I

7 7

: Scale Type 8 Scale Type
9

10 10

" Log LRI B Log Lin

Left Band edge hoping on Right Band edge hoping on
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4.7. Spurious RF Conducted Emission

TEST CONFIGURATION

SPECTRUM

EUT ANALYZER

TEST PROCEDURE

The Spurious RF conducted emissions compliance of RF radiated emission should be measured by following
the guidance in ANSI C63.10-2013 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. Set RBW=100kHz and VBW= 300KHz to measure the peak field
strength , and mwasure frequeny range from 9KHz to 25GHz.

LIMIT
1. Below -20dB of the highest emission level in operating band.
2. Fall in the restricted bands listed in section 15.205. The maximum permitted average field strength is listed

in section 15.209.

TEST RESULTS

Remark: The measurement frequency range is from 30MHz to the 10t harmonic of the fundamental frequency.
The lowest, middle and highest channels are tested to verify the spurious emissions and bandege
measurement data.
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GFSK CHO00

GFSK CH39

[ Koyt Spectoum Anabyres - Swept 53

BAvg Type: RMS

'Camm Freq 2.402000000 GHz
? AvgiHold: 100100

NO: Wide ——
o Low

Trig: Frae Run
#Atten: 30 0B

Ref Offset 1 dB
Ref 20.00 dBm

i
Center Freq
2.402000000 GHz|

)

StartFreq
2401000000 GHz]

| StopFreq
2403000000 GHz

ICenter 2.402000 GHz
#Res BW 100 kHz

Span 2.000 MHz

#VBW 300 kHz Sweep 1.067 ms (8001 pts)

o Keyisght Spactnum Ansiyrer - Swept S4 o e

#Avg Type: RMS
AvglHold 1001100

2.441000000 GHz

PNO: Wide ~+ Trig: Free Run
IFGaint ow #Atten: 30 aB
Ref Offset 1 dB Mkr1
Ref 20.00 dBm

Center Freq
2.441000000 GHz

StartFreq
2.440000000 GHz

Span 2.000 MHz &) kin
Sweep 1.067 ms (8001 pts)

|Center 2.441000 GHz
#Res BW 100 kHz

#VBW 300 kHz

Reference

Reference

a
2Avg Type: RMS

Center Freq 1.515000000 GHz
AvglHold: 141100

PHO: Fasi —+— 17ig: Free Run
IF Gl ow #Atten: 30 dB
Ref Offset 1 dB

Mkr1
20.00 dBm "

Center Frec
1515000000 GH:

Start 0.030 GHz
#Res BW 100 kHz

Stop 3.000 GHz
Sweep 284.3 ms (8001 pts)

#VBW 300 kHz

[T —————rTy

1.515000000 GHz #Avg Type: RMS
PhC AvgiHold: 14100

Trig: Free Run
#Anen: 30 dB

st~

Ref Offset 1 dB
Ref 20.00 dBm

Center Freq
1.515000000 GH

StartFreq
30 000000 MH2

———

|
StopFi

Start 0.030 GHz

#Res BW 100 kHz #VBW 300 kHz

30MHz-3GHz

30MHz-3GHz

eraight Spectnim Ansbries - Sorept 54

¥ a
- #Avg Type: RMS
Conter Frog 14.000000000 GHz Trige Pres Roun AvgiHold. 2100

ain ZAtten: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

z
#Res BW 100 kHz #VBW 300 kHz

Sweep 2.103 s (8001 pts)|

[ Ceyaight Spactmum Ansiyrer - Suept 54

&

Trig: Fres Run AvglHold: 21100

Ref Offset 1 dB
Ref 20.00 dBm

Center Freq
14.000000000 GHa

StartFreq
3.000000000 GH2

Stop Freq
26.000000000 GHz

I
CF Step
GH2

Auto

FreqOffset

Stop 25.00 GHz
Sweep 2.103 s (8001 pts)

|start 3.00 GHz
#Res BW 100 kHz

#VBW 300 kHz

3GHz-25GHz

3GHz-25GHz
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GFSK CH78

7/4DQPSK CHOO0

[ Erysight Specirum Anabyres - Soepd 54

Ref Offget 1 dB
Ref 20.00 dBm

\Center 2.480000 GHz
#Res BW 100 kHz

2Avg Type: RMS
Trig: Free Run AvgiHold: 100100
#Atten 30 dB

Mikr1

Span 2.000 MHz i

#VBW 300 kHz Sweep 1.067 ms (8001 pts)

[ T————————T

.
#Avg Type: RMS

2.402000000 GHz
. Avg|Hold: 100100

e Trig: Free Run

PHO: Wide
IFGain L ow #Anen: 30 dB

: ri
T GHE Auto Tund
I—

Center Freq

2 402000000 GHA
e
StartFreq
2.401000000 GH

Ref Offset 1 dB
Ref 20.00 dBm

[Center 2402000 GHz )
#Res BW 100 kHz

Span 2.000 MHz ]
Sweep 1.067 ms (8001 pts)

#VBW 300 kHz

Reference

Reference

[ Erysight Spectrum Anabyrer - Suept 54

Ref Offset 1 dB
Ref 20.00 dBm

Start 0030 GHz
#Res BW 100 kHz

Center Freq 1.515000000 GHz )
PNO: Fast —o— 1
¥ Gaiect o

Frea Run
SAtten: 30 dB

AvglHold: 14/100

thvg Tyoe- RS : mm

Auto Tune

Center Freq
1616000000 GHz

StartFreq
30.000000 MHz

StopFreq
3.000000000 GH2

i Stop 3.000 GHz

#VBW 300 kHz Sweep 284.3 ms (8001 pts)

|

eyt Spectrum Anabyrer Seept 0

#Avg Type: RMS TR
AvglHold: 141100

e Trig: Free Run
IF A 30 48

n Mkr1
Ref Offset 1 dB
Ref 20.00 dBm

Center Freq

1515000000 GHz
[

StartFreq
30.000000 MHz
I
Stop Freq
3000000000 GHz

[Start 0.030 GHz
[#Res BW 100 kHz

Stop 3.000 GHz [
Sweep 284.3 ms (8001 pts)

#VBW 300 kHz

30MHz-3GHz

30MHz-3GHz

e Keyuught Specinum Ansiyzes - Seept SA

Center Freq 14.000000000 GHz
e

1dB

Ref
Ref 20.00 dBm

|
|Start 3.00 GHz
#Res BW 100 kHz

IFG

#Avg Typs: RMS
Trig: Free Run AvgiHold: 2/100
SAtten 30 B

Mkr1

i
Il

>

Q

x
-

lislis]

Stop 25.00 GHz'

#VBW 300 kHz Sweep 2.103 s (8001 pts)|

[Eg—————rTy

e A
Center Freq 14.000000000 GHz #Avg Type: RMS
P AvgiHold: /100

1 Gl

™ Trig: Free Run
#Aten: 30 68

Ref Offset 1 dB
Ref 20.00 dBm

Stop 25.00 GHz |
Sweep 2.103 s (8001 pts]

|Start 3.00 GHz
#Res BW 100 kHz

#VBW 300 kHz

3GHz-25GHz

3GHz-25GHz
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7/4DQPSK CH39

7/4ADQPSK CH78

eyright Spectum Anabrrer - Sucept 54

#Avg Type: RMS
AvglHold 1001100

Center Freq 2.441000000 GHz

THO: Woide o= Trig: FreeRun
IFGain:d o fArnen: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

B Span 2.000 MHz |t
Sweep 1.067 ms (8001 pts)

Center 2441000 GHz

#Res BW 100 kHz #VBW 300 kHz

eyvighe Spertrum Anabyzer - Swept S

.
BAvg Type: RMS.

Center Freq 2.480000000 GHz
AvgiHold: 1001100

RO Wide
I Gain:Low

™ Trig: Free Run
#Anen: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Span 2.000 MHz |5
Sweep 1.067 ms (8001 pts]

[Center 2480000 GHz

#Res BW 100 kHz #VBW 300 kHz

Reference

Reference

e Kevisght Specinum Ansiyies - Sevept SA

8Avg Type RMS

bun(er Freq 1.515000000 GHz
o AvglHold: 18/100

Trig: Free Run
#Aten: 30 d

ast ——
IF Gain-Low

Ref Offset 1 dB
Ref 20.00

]
Center Freq‘
1515000000 GHz|

Stop 3.000 GHz
Sweep 284.3 ms (8001 pts]

|Start 0.030 GHz

#Res BW 100 kHz #VBW 300 kHz

o eyt Spectnsm Anatyrer - Suept 58 =1

by . .
Center Freq 1.515000000 GHz #Avg Typs: RMS " mm

PN Fast e Trig: FreeRun AvgiHold: 18100
[ o sAnen: 30 dB

Ref Offset 1 dB.
Ref 20.00 dBm

Center Freq
1516000000 GHz

=
StartFreq

{Start 0.030 GHz -
{#Res BW 100 kHz

#VBW 300 kHz Sweep 284.3 ms (8001 pts)

30MHz-3GHz

30MHz-3GHz

[ Kyt Spectrum Ansiyzes - Swapt 54 =

A
#Avg Type: RMS

Center Freq 14.000000000 GHz
- AvgiHold: 21100

PNO: Fast
IF GainLow

Trig: Free Run
SAtten: 30 0B

Ref Offset 1 dB
Ref 20.00 dBm

" Stop 25.00 GHz

#VBW 300 kHz Sweep 2.103 s (8001 pts)|

#Res BW 100 kHz

Erynight Seectrum Ansbyzer  Swept 4 =
Center Freq 14.000000000 GHz £hvg Typa: RMS -
z = Trig: Free Run AvglHold: 21100 ol
sArten: 30 dB
Ref Offset 1dB
Ref 20.00 dBm

Center Fru*‘

14000000000 GHa

StartFreq
3000000000 GH2

Stop Freq

|start 3.00 GHz
#Res BW 100 kHz

Stop 25.00 GHz'

#VBW 300 kHz Sweep 2.103 s (8001 pts)

3GHz-25GHz

3GHz-25GHz
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8DPSK CHO00

8DPSK CH39

[ gt Sectum A Sepd 34

#Avg Type: RMS
Trig: Free Run AvgiHold: 100100

Ref Offset 1 dB
Ref 20.00

Center Freq
2.402000000 GHz

P———
StartFreq

2.401000000 GHz
I

StopFreq
2403000000 GHz

\Center 2.402000 GHz Span 2.000 MHz,

#Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts|

[ Eeyuight Spectrum Ansipres - Suept 54

Center Freq 2.441000000 GHz
T

#Avg Type: RMS

¥ Trig: Free Run AvgiHold: 100100

#hrten: 30 dB

Ref Offset 1 4B rzaa

Ref 20.00 dBm

ICenter 2.441000 GHz

‘Res BW 100 kHz #VBW 300 kHz

Sweep 1

Reference

Reference

e Ly gt Spectrum AnsbyTer - Sevept SA
2 L
Center Freq 1.515000000 GHz EAvg Type: RMS

NS Trig: Free Run AvglHold: 14100
#Atten 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

) Stop 3.000 GHz
Sweep 284.3 ms (8001 pts]

Start 0.030 GHz
{#Res BW 100 kHz #VBW 300 kHz

[ Eeysighe Spectrum Anabyzes - Swapt 54

Center Freq 1.515000000 GHz

PHO: Fast -

IF Gain:Low

Ref Offset 1 dB
Ref 20.00 dBm

&
BAvg Type: RMS

¥ Trig: Free Run AvgiHold: 14100

#Res BW 100 kHz #VBW 300 kHz

#Atten: 30 dB

Stop 3.000 GHz |

Sweep 284.3 ms (8001 pts)

30MHz-3GHz

30MHz-3GHz

L 1

Center Freq 14.000000000 GHz #Avg Type: RMS
BN Tast ~r Trig: Free Run AvgiHold: 21100
IFG

#Atten: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Center Freq
14.000000000 GHz

StartFreq
3.000000000 GHa

—

StopFreq
265.000000000 GHz

CF Step
2200000000 GH2
uto Man

——

Freq Offset

Stop 25.00 GHz i)
Sweep 2.103 s (8001 pts)

Start 3.00 GHz
iRes BW 100 kHz FVEW 300 kHz

I Keyisght Specinum Ansiyte: - Serept SA

Center Freq 14.000000000 GHz
PG

Ref Offset 1 dB
Ref 20.00 dBm

start 3.00 GHz

#Res BW 100 kHz #VBW 300 kHz

#Avg Type: RMS
Trig: Free Run AvgiHold: 2/100
#Atten: 30 4B

Center Freq

14000000000 GHz

3000000000 GHz

2200000000 GHz

StartFreq

Stop Freq

25,000000000 GHz

CF Step

) Stop 25.00 GHz |} Lin
Sweep 2.103 s (3001 pts)

3GHz-25GHz

3GHz-25GHz
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8DPSK CH78

P —————T T R erught Spechum Arityees - Suopt 1A =y |

i
Center Freq 1.515000000 G #Avg Type RMS.
e Trig: Free Run AvgiHold: 151100

#Anen: 30 6B

Center Freq 2.480000000 GHz SAvg Type: RMS
2 Trig: Fres Run AvglHold: 1001100

- }..i
— Aut
Ref Offset 1 dB ‘ .
Ref 20.00 dBm &

Center Freq
2480000000 GHz|

Ref Offset 1 6B
Ref 20.00 dBm

|
Center Freq
1515000000 GHa

[Center 2.480000 GHz ) Span 2.000 MHz |5

Start 0.030 GHz Stop 3.000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)

#Res BW 100 kHz #VBW 300 kHz Sweep 284.3 ms (8001 pts)

Reference 30MHz-3GHz

e Keyisght Spectum Ansiyies - Seept SA

L iy

Center Freq 14.000000000 GHz #Avg Type: RMS
PNO: Tast —+— Trig: Free Run AvglHold: 21100
IF Gain:Low #Arten: 30 di

Ref Offset 1 dB
Ref 20.00

c:merFreq‘
14.000000000 GHz

Start Freq
3000000000 GHz

[Start 3.00 GHz Sll:.\p 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.103 s (8001 pts)
™

3GHz-25GHz
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4.8. Number of hopping frequency

TEST CONFIGURATION

EUT

Report No.: HK1907191731-E

TEST PROCEDURE

SPECTRUM
ANALYZER

The transmitter output was connected to the spectrum analyzer through an attenuator.Set spectrum analyzer
start 2400MHz to 2483.5MHz with RBW=1MHz and VBW=3MHz.

LIMIT

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

Modulation Number of Hopping Channel Limit Result
GFSK 79

/4 DQPSK 79 215 Pass
8DPSK 79
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GFSK Modulation

[ ervight Spectm Ansiyser - Swept S5

o - ;o

Center Freq 2.441750000 GHz #Avg Type: RMS
PNO Tast o Trig: Free Run AvglHold: 100/100
IFGainLow __ #Atten: 30 dB

Ref Offset 1 dB.
Ref 20.00 dBm

Center Freq
I RREAIASAR AR LARRAL AR AAAAAAAANLY 2.441750000 GHz

Ty A R L

Stop 2.48350 GHz,
#VBW 300 kHz Sweep 8.000 ms (8001 pts)|

77958 MHz (A)  -0437dB|
2401973 GHz | 2,898 dBm.

m/4DQPSK Modulation

- A
Center Freq 2.441750000 GHz . ®Avg Type RMS
WNO: Tast —+— Trig: Fres Run AvgiHold: 100100

(FGaindow _ WAtten: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Center Freq
2441760000 GHz|

Start 2.40000 GHz Stop 2.48350 GHz
‘Res BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (8001 pts)

T8.114 MHz (A) 2074 08
2.402 014 GHz | 2849 dBm |

8DPSK Modulation

A
#Avg Type: RMS
AvglHold: 100100

Ref Offset 1 dB
Ref 20.00 dBm

Center Freq

mw’“*’w‘)“ﬂ‘ﬂ““‘l'ﬂ%m' \ 4 r 2.441750000 GHz|

Start 2.40000 GHz Stop 2.48350 GHz
WRes BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (8001 pts)

77.832 MHz (A} 0.464 B
2402 046 GHz 1495 dBm

Zlomummmwna
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4.9. Time Of Occupancy(Dwell Time)

TEST CONFIGURATION

SPECTRUM

EUT ANALYZER

TEST PROCEDURE

The transmitter output was connected to the spectrum analyzer through an attenuator. Set center frequency of
spectrum analyzer=operating frequency with RBW=1MHz and VBW=3MHz,Span=0Hz.

LIMIT

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

TEST RESULTS

Modulation Packet Pul(snewtl)me Ez:l:;i)t,—i]rg)e Limit (second) Result
DH1 0.371 0.119

GFSK DH3 1.626 0.260 0.40 Pass
DH5 2.875 0.307
2DH1 0.402 0.129

/4 DQPSK 2DH3 1.651 0.264 0.40 Pass
2DH5 2.877 0.307
3-DH1 0.380 0.122

8DSPSK 3-DH3 1.575 0.252 0.40 Pass
3-DH5 2.879 0.307

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
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GFSK Modulation

[ Keysight Spectuum Ansiyter - Swept 54

-Cm\lm Freq 2.441000000 GHz

)
#Avg Type: RMS

PNO: Fast ~»— 171G Free Run

Ref 20.00 dBm

Center 2.441000000 GHz
Res BW 1.0 MHz

1
2
3
4
]
6
7
8
9
0
1

#Anen: 30 dB

DH1

[Ep——————r

Ref 20.00 dBm

1

e

Center 2.441000000 GHz

Res BW 1.0 MHz #VBW 3.0 MHz

a
#Avg Type: RMS

Trig: Free Run
#Anen: 30 6B

Center Freq
2441000000 GHz|

Sweep £.000 ms (8001 pts)

1.423 ms_
3.049 ms.
3923 ms.

-0.04 dBm |
048 dBm_
0.05 dBm.

DH3

Center Freq 2.441000000 GHz
PN Fast
IFGaind ow

Ref 20.00 dBm

1

L

ICenter 2.441000000 GHz

#Avg Type: RMS

o Trig: Fres Run

Ehtten: 30 dB

Span 0 Hz

Res BW 1.0 MHz #VBW 1.0 MHz Sweep 10.13 ms (8001 pts)|

1.764 ms|
4639 ms
6515 ma,

Soommoe e

0.18 dBm
1.04 dBm’
201dBm_

DH5
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m/4DQPSK Modulation

[ Eeysigat Spectum Anstyoer - Swept 4

1 A
Center Freq 2.441000000 GHz #Avg Type: RMS
TN Tast o= Trig: FresRun
a-Low #Anen: 30 4B

Ref 20.00 dBm

‘Center 2.441000000 GHz Span 0 Hz
IRes BW 1.0 MHz #VBW 3.0 MHz Sweep 4.000 ms (8001 pts)

867.0 s
1.268 ms | [
2117 ma -6.76 dBm.

SoomNomn N

2-DH1

[ Keyught Spectrum Anshyce - Suept SA
i

- A
Center Freq 2.441000000 GHz . 2Avg Type RMS
PNO: Fast —e— Trig: Fres Run
IFGaindow _ BAtten: 30 6B

Ref 20.00 dBm

Center 2.441000000 GHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep £.000 ms (8001 pts)

1
2
3
4
5
8
7
8
9
0
1

-243dBm|
031dBm
243 dBm |

2-DH3

X A
Center Freq 2.441000000 GHz #Avg Typs: RMS
: e Trig: Free Run
#Anten: 30 dB

Ref 20.00 dBm

Center 2.441000000 GHz
Res BW 1.0 MHz #VBW 3.0 MHz

1

2
3
4
5
6
7
]
9
0

1

2-DH5
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8DPSK Modulation

Ref 20.00 dBm

o

A&
#Avg Type: RMS

oo Trig: Frea Run
#Aten: 30 4B

ICenter 2.441000000 GHz
Res BW 1.0 MHz

Span 0 Hz|
Sweep 4.000 ms (8001 pts)|

1839 ms_

3-DH1

e e A :
Center Freq 2.441000000 GHz SAvg Type: RMS
PNC

Ref 20.00 dBm

Center 2.441000000 GHz
IRes BW 1.0 MHz

Z3envanslv §|

o Trig: Free Run
15 SAtten 30 dB

n
#VBW 3.0 MHz Sweep 8.000 ms (8001 pts)|

-1.21 dBm.
020 dBm_
1.18 dBm.

3-DH3

Kepught Spactrum Anshyrer - Seept 54

a
Center Freq 2.441000000 GHz 2Avg Type: RMS

Ref 20.00 dBm

Center 2.441000000 GHz
Res BW 1.0 MHz

e Trig: Free Run
#Aten: 30 dB

Center Freq
2.441000000 GHz|

pal
Sweep 10.13 ms (8001 pts)

3-DH5

Report No.: HK1907191731-E
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4.10. 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 fre-quencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hop-ping channel, whichever is greater. Al-ternatively, frequency hopping
systems operating in the 2400-2483.5 MHz band may have hopping channel carrier fre-quencies 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 chan-
nel frequencies that are selected at the system hopping rate from a pseudo ran-domly ordered list of hopping
fre-quencies. Each frequency must be used equally on the average by each trans-mitter. The system
receivers shall have input bandwidths that match the hop-ping channel bandwidths of their cor-responding
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
frist stage.The sequence begins with the frist 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)

Linear Feedback Shift Register for Generation of the PRBS sequence

An explame of pseudorandom frequency hopping sequence as follows:
0 2 46 62 64 78 1 737577

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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4.11. 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.

Antenna Information

The antenna is PCB antenna ,The directional gains of antenna used for transmitting is 0.00 dBi.
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5. Test Setup Photos of the EUT

1
‘7 7 7;«5
y:!Ed;'ﬁ'*~

. ﬁwvv { F”'fvv

P e
i T 1

“"vvvw”‘_-w M

N
T N1 —




VA4
Page 46 of 49 Report No.: HK1907191731-E

&

6. Photos of the EUT
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