Report No.: PTC19071503802E-FCO01

9 20 dB Bandwidth Measurement

Test Requirement FCC CFR47 Part 15 Section 15.247

Test Method ANSI C63.10:2013

9.1 Test Procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum;

2. Set the spectrum analyzer: RBW =30kHz, VBW = 100kHz

9.2 Test Result

Test Mode:

CHO0 / CH39 / CH78 (GFSK/(1Mbps)Mode)

Channel number Channel frequency (MHz) Zg(\j/\?(l?l-?gn
00 2402 816
39 2441 815
78 2480 815
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Spectrum n%l
Ref Level 10,00 dBm @ RBW 30 kHz
& Att 20 dB SWT 63.2 ps @ VBW 100 kHz  Mode Auto FFT
@ 1Pk Max
wil M1[1] 0.91 dBm
2.4019905320 GHz
0 dBm ndB 20.00 dB|
Bw 815.506000000 kHz
-10 dBm - 2 RW“ 2945.4
-20 dem / vad \_\\(
-30 dBm (Jff\
\‘VVBE\ A /\\ \
-50 dBm
-60 dBm
-70 dBm
-B0 dBm
CF 2.402 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result
M1 [ 1 2.401990532 GHz 0.91 dBm nde down 615,506 kHz
T1| | 1 2.401587794 GHz -19.09 dBm ndB 20.00 dB
T2| | 4 2.4024033 GHz -19.10 dBm Q factor 2045.4
—
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Report No.: PTC19071503802E-FCO01

Spectrum n%ln
Ref Level 10.00 dBm @ RBW 30 kHz
| Att 20 dB SWT 63.2 ps @ VYBW 100 kHz  Mode Auto FFT
@ 1Pk Max
) M1[1] 0.29 dBm)|
R 2.4409908130 GHz|
0.dBim ndB 20.00 dB
Bw 815.131000000 kHz|
<10 dent Y g factor 2994.6
Ik 2
-20 dBm J/ \?ﬂ/ \ﬂvv H\
-30 dBm 0/"‘/{‘ \\\\
dBm \/‘/f( i /_/ /\
-50 dBm
-60 dBm
-70 dBm
-B0 dBm
CF 2.441 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value Y-value |__Function Function Result |
M1 1 2.440990813 GHz 0.29 dBm ndB down 815.131 kHz
T1 1 2.440587513 GHz -19.70 dBm ndB 20.00 dB
T2 4 2.441402644 GHz -19.70 dBm Q factor 2994.6
H Measuring... y
Spectrum n%ln
Ref Level 10.00 dBm @ RBW 30 kHz
| Att 20 dB SWT 63.2 ps @ VYBW 100 kHz  Mode Auto FFT
@ 1Pk Max
) M1[1] 0.11 dBm)|
R 2.4799908130 GHz|
0.dBim ndB 20.00 dB
Bw 814.850000000 kHz|
-10 dém g factor 3043.5
T, 2
-20 dBm / \?ﬂ/ VA \_\
-30 dBm /\/‘
dBm /\/JVV VJ _Jf\
-50 dBm
-60 dBm
-70 dBm
-B0 dBm
CF 2.48 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value Y-value |__Function Function Result |
M1 1 2.479990813 GHz 0.11 dBm ndB down 814.85 kHz
T1 1 2.4795877 GHz -19.89 dBm ndB 20.00 dB
T2 4 2.48040255 GHz -19.88 dBm Q factor 3043.5
H Measuring... y
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Test Mode:

Report No.: PTC19071503802E-FCO01

CHO0 / CH39 / CH78 (M/4-DQPSK /(2Mbps)Mode)

Channel number

Channel frequency (MHz)

20dB Down
BW(kHz)

00

2402

1252

39

2441

1252

78

2480

1250

Spectrum

(=)

Ref Level 10.00 dBm

@ RBW 30 kHz

o Att 20 dB SWT 63.2 us @ VBW 100 kHz  Mode Auta FFT
@ 1Pk Max
ml M1[1] 0.93 dBm
b 2.4019901570 GHz
o dom ndB 20.00 dB|
10 dB ™ By 1.251898000 MHz|
- i
Qfa 1918.7
Tvl?\f.rf\r‘\r' )
-20 dBm /_ VL\‘-
Sashvar ki WA AN
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
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CF 2.402 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value Y-value | Function Function Result
M1 1 2.401990157 GHz 0.93 dBm ndB down 1.251898 MHz
T1| 1 2,401370207 GHz -19.07 dBém nde 20.00 dB
T2 1 2,402622106 GHz -19.07 dBm Q factor 1918.7
—
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Report No.: PTC19071503802E-FCO01

Spectrum n%ln

Ref Level 10.00 dBm @ RBW 30 kHz
| Att 20 dB SWT 63.2 ps @ VYBW 100 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] 0.30 dBm
! 2.4409904380 GHz
0 dBm

M
jM ndB 20.00 dB
A By 1.251898000 MHz
-10 dBm ~ m\

f‘"\r’ 1949.8]

T

-20 dBm /{.,v];i \

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-B0 dBm

CF 2.441 GHz 32001 pts Span 3.0 MHz

Marker

Type | Ref | Trc X-value Y-value |__Function Function Result |
M1 1 2.440990438 GHz 0.30 dBm ndB down 1.251898 MHz
T1 1 2.440370301 GHz -19.69 dBm ndB 20.00 dB
T2 4 2.441622199 GHz -19.70 dBm Q factor 1949.8

H Measuring...

%

Spectrum n%ln

Ref Level 10.00 dBm @ RBW 30 kHz
| Att 20 dB SWT 63.2 ps @ VYBW 100 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] 0.11 dBm
3 2.4799906250 GHz
0 dBm

M|
,/\’\J\ ndB 20.00 dB
Bw 1.250492000 MHz
-10 dBm A Gta 1983.2
Tvlifw\/

-20 dBm

-30

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-B0 dBm

CF 2.48 GHz 32001 pts

Marker

Type | Ref | Trc X-value Y-value |__Function Function Result |
M1 2.479990625 GHz 0.11 dBm ndB down 1.250492 MHz
T1 2.479369832 GHz -19.89 dBm ndB 20.00 dB
T2 2.480620324 GHz -19.88 dBm Q factor 1983.2

Span 3.0 MHz

e

H Measuring...

%
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Test Mode:

Report No.: PTC19071503802E-FCO01

CHO0 / CH39 / CH78 (8DPSK(3Mbps)Mode)

Channel number

Channel frequency (MHz)

20dB Down
BW(kHz)

00

2402

1218

39

2441

1213

78

2480

1217

Spectrum

=)

Ref Level 10.00 dém

@ RBW 30 kHz

|& Att 20 dB SWT 63.2 ps @ VBW 100 kHz  Mode Auto FFT
@ 1Pk Max
b M1[1] 0.93 dBm
o 2.4019899690 GHz
0.dem ndB 20.00 dB
By, 1.217587000 MHz
-10 dBm:
}/'PJ factol 1972.7
T 2
-20 dBm; / Q\‘
-40 dBm
-50 dBm;
-60 dBm
-70 dBm
-80 dBm
CF 2.402 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value Function | Function Result \
M1 1 2.401989969 GHz 0.93 dem nde down 1.217587 MHz |
T1 1 2,401397394 GHz -19.06 dBm ndg 20,00 dB ‘
T2 1 2.402614981 GHz -19.07 dBm Q factor 1972.7 ‘
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Report No.: PTC19071503802E-FCO01

Spectrum n%:
Ref Level 10.00 dBm @ RBW 30 kHz
|& Att 20 dB SWT 63.2 ps @ VBW 100 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] 0.30 dBm
) Mt 2.4409906250 GHz
0,dem ndB 20.00 dB
By, 1.213368000 MHz
B
S0 dlEm ‘!ﬁ\flgéww\/q 2011.7
N
-20 dBm /,
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
CF 2.441 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | __Function | Function Result |
11 1 2.440990625 GHz 0.30 dBm ndB down 1,213368 MHz
T1 1 2.440398988 GHz -19.69 dém ndB 20.00 dB
T2 1 2.441612356 GHz -19.70 dBm Q factor 2011.7
Spectrum ks
Ref Level 10.00 dBm ® RBW 30 kHz
| Att 20 dB SWT 63.2 ps @ VYBW 100 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] 0.11 dBm|
~ il 2.4799908130 GHz|
0.dem ndB 20.00 dB
Bw 1.216181000 MHz
-10 dBm
2039.2
7| 2
-20 dBm

Wi‘mnw

N LA v

-40 dBm
-50 dBm;
-60 dBm
=70 dBm
-80 dBm
CF 2.48 GHz 32001 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
M1 1 2,479990813 GHz 0.11 dBm ndB down 1.216181 MHz
T1 1 2.479399456 GHz -19.88 dBm ndB 20.00 dB
T2 Y 2.480615637 GHz -19.89 dBm Q factor 2039.2
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Report No.: PTC19071503802E-FCO01

10 Maximum Peak Output Power
FCC CFRA47 Part 15 Section 15.247
ANSI C63.10:2013

Test Requirement
Test Method

Test Limit Regulation 15.247 (b)(1), For frequency hopping systems operating in the

2400-2483.5 MHz band eploying at least 75 non-overlapping hopping
channels, and all frequency hopping systems in the 5725-5850 MHz
band: 1 watt (30dBm). For all other frequency hopping systems in the
2400-2483.5 MHz band: 0.125 watts.
Refer to the result “Number of Hopping Frequency” of this document. The
0.125watts (20.97 dBm) limit applies.

10.1Test Procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the
spectrum.

2. Set the spectrum analyser: RBW = 3 MHz. VBW =10 MHz. Sweep = auto; Detector Function = Peak.

3. Keep the EUT in transmitting at lowest, medium and highest channel individually. Record the max value.

10.2Test Result

GFSK(1Mbps)
Conducted Output Peak | Conducted Output Pass/Fail
Test Frequency Power P Peak Power LiMIT
Channel
(MHz) (dBm) (W) (W)
CHO0 2402 1.01 0.00126 0.125 Pass
CH39 2441 0.42 0.00110 0.125 Pass
CH78 2480 0.24 0.00106 0.125 Pass
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|& Att

Spectrum

Report No.: PTC19071503802E-FCO01

(=)
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Report No.: PTC19071503802E-FCO01

Spectrum I {%]
Ref Level 10.00 dBm @ RBW 3 MHz
j& ALt 20 dB SWT 1.3 ps & VBW 10 MHz Mode Auto FFT
1Pk Max
i i 2 4HD252.‘5254EIdGBHm
0 dBm ¥
-10ds //— [y
bl
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
CF 2.48 GHz 32001 pts Span 9.0 MHz
11 | Measuring..  WRARRNNND i y
T/4QPSK(2Mbps)
Conducted Output Peak | Conducted Output Pass/Fail
Test Frequency Power P Peak Power LIMIT
Channel
(MHz) (dBm) (W) (W)
CHOO0 2402 1.33 0.00116 0.125 Pass
CH39 2441 0.80 0.00120 0.125 Pass
CH78 2480 0.66 0.00136 0.125 Pass
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Report No.: PTC19071503802E-FCO01

Spectrum n%:

Ref Level 10.00 dBm @ RBW 3 MHz
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Report No.: PTC19071503802E-FCO01

Spectrum [ [@
Ref Level 10.00 dBm @ RBW 3 MHz
|& ALt 20 dB SWT 1.3 ps & VBW 10 MHz Mode Auto FFT
@ 1Pk Max
. 2 4ﬂ225;.[lej‘33DdGBI:n
0 dBm ES———— : .
/ \\\
-10 dBm
=20 dBm
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dem
-80 dBm
CF 2.402 GHz 32001 pts Span 9.0 MHz
8DPSK(3Mbps)
Conducted Output Peak | Conducted Output Pass/Fail
Test Frequency Power P Peak Power LIMIT
Channel
(MHz) (dBm) (W) (W)
CHOO0 2402 1.53 0.00142 0.125 Pass
CH39 2441 0.88 0.00123 0.125 Pass
CH78 2480 0.78 0.00120 0.125 Pass
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Report No.: PTC19071503802E-FCO01

Spectrum [n—é
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Report No.: PTC19071503802E-FCO01

Spectrum n:vn
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Report No.: PTC19071503802E-FCO01

11 Hopping Channel Separation

Test Requirement . FCC CFR47 Part 15 Section 15.247
Test Method : ANSI C63.10:2013
Test Limit . Regulation 15.247(a)(1) Frequency hopping systems shall have

hopping channel carrier frequencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hopping channel, whichever is
greater. Alternatively, frequency hopping systems operating in the
2400-2483.5MHz 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 1W.

Test Mode : Hopping

11.1 Test Procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the
spectrum.

2. Set the spectrum analyzer: RBW = 30KHz. VBW = 100KHz, Span = 3.0MHz. Sweep = auto;
Detector Function = Peak. Trace = Max hold.

3. Allow the trace to stabilize. Use the marker-delta function to determine the separation between the
peaks of the adjacent channels. The limit is specified in one of the subparagraphs of this Section
Submit this plot.
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11.2 Test Result

Report No.: PTC19071503802E-FCO01

Test Mode:

CHO0 / CH39 / CH78 (GFSK(1Mbps) Mode)

Channel Separation Read Separation Limit
Channel number
frequency (MHz) Value (kHz) 20dB Down BW(kHz)
00 2402 1001 >816
39 2441 1001 >815
78 2480 1001 >815
T S =]
o e D2[1] ) -0.15 dB
o derm ey 2 M e aem
o Nf‘/\M/ § MNM \"\q
50 dBm ,/\/\/ \/\v .Y, d
I yal
CF 2.402 GHﬁ 32001 pts mev— ..I....I'—“ Span 3.0 MHZ///
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Report No.: PTC19071503802E-FCO01

Spectrum n%ln
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Report No.: PTC19071503802E-FCO01

Test Mode:

CHO0 / CH39 / CH78 (11/4-DQPSK(2Mbps) Mode)

Channel frequency Separation Read Separation Limit
Channel number (MHz) Value (kHz)
2/3 20dB Down BW(kHz)

00 2402 1001 >835
39 2441 1001 >835
78 2480 1001 >833

Spectrum @]
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q?‘?ﬁ“»"\y\r/\fv S YAy
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-50 dBm

-60 dBm

-70 dBm

-80 dem
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Report No.: PTC19071503802E-FCO01

Spectrum n%l
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Report No.: PTC19071503802E-FCO01

Test Mode: CHOO0 / CH39 / CH78 (8DPSK(3Mbps)Mode)
Channel frequency Separation Read Separation Limit
Channel number MH Value (kH
(MHz) alue (kHz) 2/3 20dB Down BW(kHz)
00 2402 1001 >812
39 2441 1001 >809
78 2480 1001 >811
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-20 dBm /
A ARNA WA
-40d
-S0d
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Report No.: PTC19071503802E-FCO01

Spectrum n%:
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Report No.: PTC19071503802E-FCO01

12 Number of Hopping Frequency

Test Requirement . FCC CFR47 Part 15 Section 15.247

Test Method :  ANSI C63.10:2013

Test Limit : Regulation 15.247 (a)(1)(iii) Frequency hopping systems in the 2400-
2483.5 MHz band shall use at least 15 channels.

Test Mode . Hopping(GFSK)

12.1 Test Procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the
spectrum.

2. Set the spectrum analyzer: RBW = 100KHz. VBW = 100KHz. Sweep = auto; Detector Function = Peak.
Trace = Max hold.

3. Allow the trace to stabilize. It may prove necessary to break the span up to sections. in order to clearly
show all of the hopping frequencies. The limit is specified in one of the subparagraphs of this Section.

4. Set the spectrum analyzer: Start Frequency = 2.4GHz, Stop Frequency = 2.483GHz. Sweep=auto;

12.2 Test Result

Channel Number Limit
79 215
Spectrum [%
Ref Level 10.00 dBm @ RBW 100 kHz
| Att 20 dE @ SWT 5.2 ms @ VBW 300 kHz Mode 4uto FFT

@ 1Pk Max

D2[1] 0.16 dB)]
78.36920 MHz

ﬂﬂﬂﬂuﬂﬂﬂ A

AT R A

Start 2.4 GHz 32001 pts Stop 2.4835 GHz
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Report No.: PTC19071503802E-FCO01

13 Dwell Time

Test Requirement . FCC CFR47 Part 15 Section 15.247
Test Method :  ANSI C63.10:2013
Test Limit . Regulation 15.247(a)(1)(iii) Frequency hopping systems in the 2400-

2483.5 MHz band shall use at least 15 channels. 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 Mode :  The worst case(m/4-DQPSK) was recorded

13.1 Test Procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the
spectrum.

2. Set spectrum analyzer span = 0. Centred on a hopping channel;

3. Set RBW = 1MHz and VBW = 3MHz.Sweep = as necessary to capture the entire dwell time per hopping
channel. Set the EUT for DH5, DH3 and DH1 packet transmitting.

4. Use the marker-delta function to determine the dwell time. If this value varies with different modes of

operation (e.g.. data rate. modulation format. etc.). repeat this test for each variation. The limit is specified in
one of the subparagraphs of this Section. Submit this plot(s).

13.2 Test Result

Test Mode: GFSK(1Mbps)
Length of Result
Mode Packet transmissions (sec) Limit (sec)
time(sec)
DH1 0.398 0.127 0.4
DH3 1.680 0.269 04
DH5 2.932 0.313 04
GFSK Note:
The test period= 0.4 Second/channel * 79 channel = 31.6s
Calculation Formula: Dwell time=Ton time per hop*Hopping numbers*Period
For Example:
DH1 time slot=0.398*(1600/(2*79))*31.6=127ms
DH3 time slot=1.680*(1600/(4*79))*31.6=269ms
DHS5 time slot=2.932*(1600/(6*79))*31.6=313ms
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14 Antenna Requirement

14.1 Antenna Requirement

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 (b), 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.

14.2 Result

The EUT’S antenna, permanent attached antenna, is PCB antenna. The antenna’s
gain is 0dBi and meets the requirement.

Page 63 of 76



Report No.: PTC19071503802E-FCO01

Radiated Spurious Emissions
Test Frequency From Below 30MHz
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from Above 1GHz

Page 65 of 76



Report No.: PTC19071503802E-FCO01

Page 66 of 76



Report No.: PTC19071503802E-FCO01

Page 67 of 76



Report No.: PTC19071503802E-FCO01

Page 68 of 76



Report No.: PTC19071503802E-FCO01

Page 69 of 76



Report No.: PTC19071503802E-FCO01

Page 70 of 76



Report No.: PTC19071503802E-FCO01

Page 71 of 76



Report No.: PTC19071503802E-FCO01

Page 72 of 76



Report No.: PTC19071503802E-FCO01

Page 73 of 76



Report No.: PTC19071503802E-FCO01

Page 74 of 76



Report No.: PTC19071503802E-FCO01

Page 75 of 76



Report No.: PTC19071503802E-FCO01

RF Antenna

*THE END REPORT****
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