Below 1GHz Data:
RF Mode TX BT_GFSK Channel CH 39 : 2441 MHz

Frequency Range 9kHz ~ 1GHz Detector Function Quasi-Peak (QP)

Antenna Polarity & Test Distance : Horizontal at 3 m

Emission . . Antenna Table Raw Correction
Frequency Limit Margin .
No (MHz2) Level (dBuV/m) (dB) Height Angle Value Factor
(dBuV/m) (m) (Degree) | (dBuV) (dB/m)
1 166.24 38.7 QP 43.5 -4.8 2.00H 237 51.0 -12.3
2 199.58 40.2 QP 43.5 -3.3 1.50 H 50 55.2 -15.0
3 240.00 42.7 QP 46.0 -3.3 1.50 H 284 55.8 -13.1
4 298.76 42.8 QP 46.0 -3.2 2.00H 327 53.5 -10.7
5 698.43 42,5 QP 46.0 -3.5 1.00 H 269 42.9 -0.4
6 721.85 42.8 QP 46.0 -3.2 1.50 H 210 43.0 -0.2
Remarks:

1. Emission Level(dBuV/m) = Raw Value(dBuV) + Correction Factor(dB/m)
2. Correction Factor(dB/m) = Antenna Factor(dB/m) + Cable Factor(dB) — Pre-Amplifier Factor(dB)
3. Margin value = Emission Level — Limit value
4. The other emission levels were very low against the limit of frequency range 30MHz~1000MHz.
5. The emission levels were very low against the limit of frequency range 9kHz~30MHz: the amplitude of
spurious emissions attenuated more than 20 dB below the permissible value to be report.
Level

(dBuVim)
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RF Mode TX BT_GFSK Channel CH 39 : 2441 MHz

Frequency Range 9kHz ~ 1GHz Detector Function Quasi-Peak (QP)

Antenna Polarity & Test Distance : Vertical at 3 m

Emission . . Antenna Table Raw [Correction
Frequency Limit Margin -
No (MHz) Level (dBuV/m) (dB) Height Angle Value Factor
(dBuV/m) (m) (Degree) | (dBuV) (dB/m)
1 30.78 33.6 QP 40.0 -6.4 1.00V 322 47.3 -13.7
2 166.26 39.4 QP 43.5 -4.1 1.50V 360 51.6 -12.2
3 298.72 41.2 QP 46.0 -4.8 2.00V 311 52.0 -10.8
4 698.45 40.2 QP 46.0 -5.8 150V 254 40.6 -0.4
5 719.96 40.2 QP 46.0 -5.8 1.00V 293 40.4 -0.2
6 897.98 40.9 QP 46.0 -5.1 1.50V 290 374 3.5
Remarks:

1. Emission Level(dBuV/m) = Raw Value(dBuV) + Correction Factor(dB/m)
2. Correction Factor(dB/m) = Antenna Factor(dB/m) + Cable Factor(dB) — Pre-Amplifier Factor(dB)
3. Margin value = Emission Level — Limit value
4. The other emission levels were very low against the limit of frequency range 30MHz~1000MHz.
5. The emission levels were very low against the limit of frequency range 9kHz~30MHz: the amplitude of
spurious emissions attenuated more than 20 dB below the permissible value to be report.
Level
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4.2 Conducted Emission Measurement
4.2.1 Limits of Conducted Emission Measurement
Conducted Limit (dBuV
Frequency (MHz) : ! )
Quasi-peak Average
0.15-0.5 66 - 56 56 - 46
0.50-5.0 56 46
5.0-30.0 60 50

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

2. The limit decreases in line with the logarithm of the frequency in the range of 0.15 to 0.50MHz.

4.2.2 Test Instruments

DESCRIPTION ALIBRATED ALIBRATED
SC ON & MODEL NO. SERIAL NO. ¢ ¢

MANUFACTURER DATE UNTIL

;?;Rece'ver ESCS 30 847124/029 Oct. 20, 2020 Oct. 19, 2021

Line-Impedance

gj%"za“o” Network (for | poyy3 75 848773/004 Oct. 27, 2020 Oct. 26, 2021

R&S

50 ohms Terminator 50 3 Oct. 26, 2020 Oct. 25, 2021

RF Cable 5D-FB COCCAB-001 Sep. 26, 2020 Sep. 25, 2021

E'I\’;%dl attenuator STI02-2200-10 | 005 Aug. 29,2020  |Aug. 28, 2021

Software BVADT_Cond_

BVADT V7.3.7.4 NA NA NA

Note:

1. The calibration interval of the above test instruments are 12 months and the calibrations are traceable to

NML/ROC and NIST/USA.
2. The test was performed in Conduction 1.
3 Tested Date: Mar. 20, 2021

Report Format Version: 6.1.1
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4.2.3 Test Procedures

a. The EUT was placed 0.4 meters from the conducting wall of the shielded room with EUT being
connected to the power mains through a line impedance stabilization network (LISN). Other support
units were connected to the power mains through another LISN. The two LISNs provide 50 ohm/ 50uH
of coupling impedance for the measuring instrument.

b. Both lines of the power mains connected to the EUT were checked for maximum conducted
interference.

c. The frequency range from 150kHz to 30MHz was searched. Emission levels under (Limit - 20dB) was
not recorded.

Note: The resolution bandwidth and video bandwidth of test receiver is 9kHz for quasi-peak detection (QP)
and average detection (AV) at frequency 0.15MHz-30MHz.

4.2.4 Deviation from Test Standard

No deviation.
425 Test Setup

/ Vertical Ground
Reference Plane / Test Receiver

EUT
40cm dian™
| |

o o0 oo
© 0 oo

‘ ‘ 80cm ‘
Il |

N

\ Horizontal Ground

Reference Plane

|LISN h ‘
|

I

Note: 1.Support units were connected to second LISN.

For the actual test configuration, please refer to the attached file (Test Setup Photo).

4.2.6 EUT Operating Condition

Same as 4.1.6.
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[BUREAU |
VERITAS

4.2.7 Test Results

RF Mode TX BT_GFSK Channel CH 39 : 2441 MHz

Frequency Range |150kHz ~ 30MHz Eﬁiﬁﬂ‘i?;""ct'” ® |Quasi-Peak (QP) / Average

Bandwidth (AV), OkHz
Phase Of Power : Line (L)
Frequency |Correction| Reading Value | Emission Level Limit Margin
No Factor (dBuV) (dBuV) (dBuV) (dB)
(MHz) (dB) Q.P. AV. Q.P. AV. Q.P. AV. Q.P. AV.

1 0.15781 9.95 3459 | 16.23 | 44.54 | 26.18 | 65.58 | 55.58 | -21.04 | -29.40
2 0.18125 9.96 38.14 | 2716 | 48.10 | 3712 | 64.43 | 54.43 | -16.33 | -17.31
3 0.22422 9.97 30.95 | 19.39 | 4092 | 29.36 | 62.66 | 52.66 | -21.74 | -23.30
4 0.44688 9.99 2556 | 16.31 35.55 | 26.30 | 56.93 | 46.93 | -21.38 | -20.63
5 1.45313 10.05 16.45 | 11.17 | 2650 | 21.22 | 56.00 | 46.00 | -29.50 | -24.78
6 13.95703 10.77 15.94 8.57 26.71 19.34 | 60.00 | 50.00 | -33.29 | -30.66

Remarks:

1. Q.P. and AV. are abbreviations of quasi-peak and average individually.
2. The emission levels of other frequencies were very low against the limit.
3. Margin value = Emission level — Limit value

4. Correction factor = Insertion loss + Cable loss

5. Emission Level = Correction Factor + Reading Value

dBuW

110 —

FK Trace P
QP Limit e
CAV Limit  |wr

|
1.00

x: QF  Value

1
30.00
MHz
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RF Mode TX BT_GFSK Channel CH 39 : 2441 MHz
Frequency Range |150kHz ~ 30MHz 32;?;3:;1”"6“0“ ® Quasi-Peak (QP) / Average
Bandwidth (AV), OkHz
Phase Of Power : Neutral (N)
Frequency [Correction| Reading Value | Emission Level Limit Margin
No Factor (dBuV) (dBuV) (dBuV) (dB)
(MHz) (dB) Q.P. AV. Q.P. AV. Q.P. AV. Q.P. AV.
1 0.15000 9.92 38.92 | 19.78 | 48.84 | 29.70 | 66.00 | 56.00 | -17.16 | -26.30
2 0.17344 9.93 31.36 | 15.11 4129 | 25.04 | 64.79 | 54.79 | -23.50 | -29.75
3 0.20859 9.95 26.08 8.52 36.03 | 18.47 | 63.26 | 53.26 | -27.23 | -34.79
4 0.22422 9.95 30.95 | 17.97 | 40.90 | 27.92 | 62.66 | 52.66 | -21.76 | -24.74
5 0.27109 9.95 26.10 | 16.73 | 36.05 | 26.68 | 61.08 | 51.08 | -25.03 | -24.40
6 0.45859 9.96 25.76 | 2117 | 35.72 | 31.13 | 56.72 | 46.72 | -21.00 | -15.59
Remarks:

1. Q.P. and AV. are abbreviations of quasi-peak and average individually.

2. The emission levels of other frequencies were very low against the limit.
3. Margin value = Emission level — Limit value

4. Correction factor = Insertion loss + Cable loss
5. Emission Level = Correction Factor + Reading Value

FK Trace P
QP Limit e
CAV Limit |er ™

I
1.00
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4.3 Number of Hopping Frequency Used

4.3.1 Limits of Hopping Frequency Used Measurement

At least 15 channels frequencies, and should be equally spaced.

4.3.2 Test Setup

EUT Attenuator |

Spectrum
Analyzer

4.3.3 Test Instruments

Refer to section 4.1.2 to get information of above instrument.

4.3.4 Test Procedure

a. Check the calibration of the measuring instrument (SA) using either an internal calibrator or a known

signal from an external generator.

b. Turn on the EUT and connect its antenna terminal to measurement via a low loss cable. Then set it to

any one measured frequency within its operating range and make sure the instrument is operated in its

linear range.

c. Set the SA on MaxHold Mode, and then keep the EUT in hopping mode. Record all the signals from

each channel until each one has been recorded.
d. Setthe SA on View mode and then plot the result on SA screen.

e. Repeat above procedures until all frequencies measured were complete.

4.3.5 Deviation from Test Standard

No deviation.
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4.3.6 Test Results

There are 79 hopping frequencies in the hopping mode. Please refer to below plots for the test result. On the

lots, it shows that the hopping frequencies are equally spaced.
REW 100 AHe e LAY 20 Markes 1 [T} REW 100 kHe i vEw Mareer § [T
VENO e 12,10 gt VWG iz 12,74 Qi
5 Bet2tdEm an 2048 ST 0% 2 40300 Gisz 5y Detztsm 1 3048 ST 108 PPhh b
T Tofsm e 3| Marcer 2 (T T ofsmiiaE Marker 271
| 1251 1274
1 244200 Gz 248000 GHe
1
20
!
i
lul\u*k:
£ £ 1
ol I i | i | i | prwem ™ | i | i | " - S
Coniey 242742 GH2 4.2 NHzf Span 42 MHZ [VERTFLS] Canler 24634 Gz 4.2 NHzf Span 42 MHZ [VERTFLS]
REW 100 AHe e LAY 20 Markes 1 [T} REW 100 kHe i vEw Mareer § [T
VWG iz 1025 abim VWG iz 1,21 atim
4 BetztdBm an 2048 ST 0% i 5y Detztsm £n 3048 ST 108 PP b
T Marer 2 (71 T, ofsmiia Marker 271
E 1050 ot 1074 ot
i 248000 GHe

244200 GHz
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4.4 Dwell Time on Each Channel

4.4.1 Limits of Dwell Time on Each Channel Measurement

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.

4.4.2 Test Setup

Spectrum
EUT Attenuator | Analyzer

4.4.3 Test Instruments

Refer to section 4.1.2 to get information of above instrument.

4.4.4 Test Procedures

a. Check the calibration of the measuring instrument (SA) using either an internal calibrator or a known
signal from an external generator.

b. Turn on the EUT and connect its antenna terminal to measurement via a low loss cable. Then set it to
any one measured frequency within its operating range and make sure the instrument is operated in its
linear range.

c. Adjust the center frequency of SA on any frequency be measured and set SA to zero span mode. And
then, set RBW and VBW of spectrum analyzer to proper value.

d. Measure the time duration of one transmission on the measured frequency. And then plot the result with
time difference of this time duration.

e. Repeat above procedures until all different time-slot modes have been completed.

4.4.5 Deviation from Test Standard

No deviation.
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|BUREAU |
4.4.6 TestResults
GFSK
Number of transmission in a Lengt_h ‘?f Result Limit
e 31.6 (79Hopping*0.4) ML B (msec) (msec)
) ) time (msec)

DH1 50 (times / 5 sec) * 6.32 = 316 times 0.414 130.82 400

DH3 26 (times / 5 sec) * 6.32 = 165 times 1.75 288.75 400

DH5 16 (times / 5 sec) * 6.32 = 102 times 2.944 300.29 400

Note: Test plots of the transmitting time slot are shown on next page.
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DH1

RBW 100 kHz [T1] MP CLRWR REW 100 kiiz TOMPVEW  yaeert )
VW 300 kHz VBW 300 kHz 6877 dBm
q_ Ref21dBm Att 2008 SWTss 39 Rei21 dBm At 20 4B SWT3ms 1273000 ms
Offset 11dB Offset 11 dB Detta 2 [T1]
0.05 68
10 Ll st ol 414.000000 us
Wy
a0 4
50+ K
E
= T T T T [6urRenu | T T
Center 2.441 GHz 500 ms/ Center 2.441 GHz 300 usi
RBW 100 kHz [T1] MP CLRWR REW 100 Kz TIMPVEW  yoners ry)
WEW 300 kHz VBW 300 kifz -70.00 dBm
. Ref 21 dBm At 2008 SWTSs 9. Re12168m At 2048 SWT5 ms 1,620000 ms
Offset 11dB Offset 1108 Detia2([T1]
02788
e 3 B (g, et 1.750000 ms
Ww‘ ot W W
PUN . .
0|
Ui ¥ A T
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e e
B [ [ [ T T T T [ [ [
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RBW 100 kHz [T1] MP CLRWR REW 100 kiiz TOMPVEW  yaeert )
VW 300 kHz VBW 300 kHz -69.08 dBm
q_ Ref21dBm Att 2008 SWTss 39 Rei21 dBm At 20 4B SWTEms 2 450000 ms
Offset 11dB Offset 11 dB Detta 2 [T1]
24948
10 I L e 3 ke 0 e 451 2944000 ms
(R B R A
) JI H -
= T T T T TR =9, T T T T T T
Center 2.441 GHz 500 ms/ Center 2.441 GHz 800 us
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|BUREAU |
8DPSK
Mode Number of transmission in a tr:::r?ltils‘:i.gn Result Limit
H *

31.6 (79Hopping*0.4) time (msec) (msec) (msec)
3DH1 50 (times / 5 sec) * 6.32 = 316 times 0.426 134.62 400
3DH3 26 (times / 5 sec) * 6.32 = 165 times 1.7 280.5 400
3DH5 17 (times / 5 sec) * 6.32 = 108 times 3.008 324.86 400

Note: Test plots of the transmitting time slot are shown on next page.
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3DH1

RBW 100 kiiz [T1] MP CLRWR REW 100 kiz MIMPVEN e sy
WBW 300 kiz VBW 300 khz -72.49 aBm
q_ Ref 21 dbm Alt 20 4B SWTSs ¢ Ref21 dBm At 2048 SWT3ms 1266000 ms
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426.000000 us
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30} 1 1l E
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4.5 Channel Bandwidth

4.5.1 Limits of Channel Bandwidth Measurement

For frequency hopping system operating in the 2400-2483.5MHz, If the 20dB bandwidth of hopping channel is
greater than 25kHz, two-thirds 20dBbandwidth of hopping channel shell be a minimum limit for the hopping

channel separation.

452 Test Setup

Spectrum
EUT Attenuator | Analyzer

4.5.3 Test Instruments

Refer to section 4.1.2 to get information of above instrument.

454 Test Procedure

a. Check the calibration of the measuring instrument using either an internal calibrator or a known signal
from an external generator.

b. Turn on the EUT and connect it to measurement instrument. Then set it to any one convenient frequency
within its operating range. Set a reference level on the measuring instrument equal to the highest peak
value.

c. Measure the frequency difference of two frequencies that were attenuated 20dB from the reference level.
Record the frequency difference as the emission bandwidth.

d. Repeat above procedures until all frequencies measured were complete.

4.5.5 Deviation from Test Standard

No deviation.

4.5.6 EUT Operating Condition

The software provided by client enabled the EUT to transmit and receive data at lowest, middle and highest
channel frequencies individually.

Report No.: RFBARR-WTW-P21030485-1 Page No. 40/ 52 Report Format Version: 6.1.1




4.5.7 Test Results

20dB Bandwidth (MHz)

Channel Frequency (MHz)
GFSK 8DPSK

0 2402 0.86 1.25

39 2441 0.87 1.26
78 2480 0.87 1.25

Spectrum Plot of Min. Value
GFSK/CHO0 8DPSK/CHO

REW 30 kHz [T1] WP VEW REW 30 kHz [T1] WP VEW

Marker 1 [T1] Marker 1 [T1]

WBW 100 Kz _5.07 dBm WBW 100 Kz 851 dBm
1 Re21 dBm Att 20 6B SWT 1.08 ms 240154 GHz 1 Re21 dBm Att 20 6B SWT 1.08 ms 240135 GHz
Offset 11 dB Detta 2 [T1] Offset 11 dB Delta 2 [T1]
0.00 dB 0.00 dB
D11092 dRr 860.00 kHz oo |—D11108 dBm 1.25 WHz
r[vw Tt \ W \
|_D2-908 dém /‘/ | 02292 dem

L ! ! ! [evreaul L ! [eurREay ]
Center 2.402 GHz 250 kHz/ Span 2.5 MHz Center 2.402 GHz 250 kHz/ Span 2.5 MHz.
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4.6 Hopping Channel Separation

4.6.1 Limits of Hopping Channel Separation Measurement

At least 25kHz or two-third of 20dB hopping channel bandwidth (whichever is greater).

4.6.2 Test Setup

EUT

Spectrum

4.6.3 Test Instruments

Attenuator | Analyzer

Refer to section 4.1.2 to get information of above instrument.

4.6.4 Test Procedure

Measurement Procedure REF

a. Check the calibration of the measuring instrument using either an internal calibrator or a known signal from

an external generator.

b. Turn on the EUT and connect it to measurement instrument. Then set it to any one convenient frequency

within its operating range.

c. By using the MaxHold function record the separation of two adjacent channels.

d. Measure the frequency difference of these two adjacent channels by SA MARK function. And then plot the

result on SA screen.

e. Repeat above procedures until all frequencies measured were complete.

4.6.5 Deviation from Test Standard

No deviation.
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4.6.6 Test Results

Adjacent Channel .
chammel | Frequency Separation ZOdB(I\BA?_'”SW'dth Minimurm Limit (WHz)|

anne (MHz) (MHz) ass / Fai

GFSK 8DPSK GFSK 8DPSK GFSK 8DPSK
0 2402 1 1 0.86 1.25 0.58 0.84 Pass
39 2441 1 1 0.87 1.26 0.58 0.84 Pass
78 2480 1 1 0.87 1.25 0.58 0.84 Pass

Note: The minimum limit is two-third 20dB bandwidth.
Spectrum Plot of Worst Value
GFSK/CHO 8DPSK/ CHO

N

s

&3

\

T T
Center 2.4025 GHz

T
250 kHz/

T
Center 2.4025 GHz
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4.7 Maximum Output Power

4.7.1 Limits of Maximum Output Power Measurement

The Maximum Output Power Measurement is 125mWV.

4.7.2 Test Setup

EUT

4.7.3 Test Instruments

Refer to section 4.1.2 to get information of above instrument.

4.7.4 Test Procedure

Attenuator

Power Sensor

Power Meter

A peak power sensor was used on the output port of the EUT. A power meter was used to read the response
of the peak power sensor. Record the power level.

Average power sensor was used to perform output power measurement, trigger and gating function of wide
band power meter is enabled to measure max output power of TX on burst. Duty factor is not added to

measured value.

4.7.5 Deviation from Test Standard

No deviation.

4.7.6 EUT Operating Condition

The software provided by client enabled the EUT to transmit and receive data at lowest, middle and highest
channel frequencies individually.
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4.7.7 Test Results
FOR PEAK POWER
GFSK
Chan. Freq. Peak Power Peak Power o .
Chan. (MHz) (MW) (dBm) Limit (dBm) Pass / Fail
0 2402 22.594 13.54 21 Pass
39 2441 22.909 13.60 21 Pass
78 2480 22.646 13.55 21 Pass
8DPSK
Chan. Freq. Peak Power Peak Power - .
Chan. (MHz) (mW) (dBm) Limit (dBm) Pass / Fail
0 2402 22.646 13.55 21 Pass
39 2441 22.233 13.47 21 Pass
78 2480 22.284 13.48 21 Pass
FOR AVERAGE POWER
GFSK
Chan. Freq.
Chan. (MHz) Average Power (mW) Average Power (dBm)
0 2402 21.038 13.23
39 2441 22.029 13.43
78 2480 20.941 13.21
8DPSK
Chan. Freq.
Chan. (MHz) Average Power (mW) Average Power (dBm)
0 2402 10.814 10.34
39 2441 11.015 10.42
78 2480 10.94 10.39
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4.8 Conducted Out of Band Emission Measurement

4.8.1 Limits of Conducted Out of Band Emission Measurement

Below 20dB of the highest emission level of operating band (in 100kHz Resolution Bandwidth).

4.8.2 Test Instruments

Refer to section 4.1.2 to get information of above instrument.

4.8.3 Test Procedure

The transmitter output was connected to the spectrum analyzer via a low lose cable. Set both RBW and VBW
of spectrum analyzer to 100 kHz and 300 kHz with suitable frequency span including 100 MHz bandwidth
from band edge. The band edges was measured and recorded.

4.8.4 Deviation from Test Standard

No deviation.

4.8.5 EUT Operating Condition

The software provided by client enabled the EUT to transmit and receive data at lowest and highest channel
frequencies individually.

4.8.6 Test Results

The spectrum plots are attached on the following images. D1 line indicates the highest level, D2 line indicates
the 20dB offset below D1. It shows compliance with the requirement.
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5 Pictures of Test Arrangements

Please refer to the attached file (Test Setup Photo).
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Annex A - Band-Edge Measurement
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Appendix — Information of the Testing Laboratories

We, Bureau Veritas Consumer Products Services (H.K.) Ltd., Taoyuan Branch, were founded in 1988 to
provide our best service in EMC, Radio, Telecom and Safety consultation. Our laboratories are FCC
recognized accredited test firms and accredited according to ISO/IEC 17025.

If you have any comments, please feel free to contact us at the following:

Lin Kou EMC/RF Lab Hsin Chu EMC/RF/Telecom Lab
Tel: 886-2-26052180 Tel: 886-3-6668565
Fax: 886-2-26051924 Fax: 886-3-6668323

Hwa Ya EMC/RF/Safety Lab
Tel: 886-3-3183232
Fax: 886-3-3270892

Email: service.adt@tw.bureauveritas.com
Web Site: www.bureauveritas-adt.com

The address and road map of all our labs can be found in our web site also.

--END ---
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