SPORTON LAB.

FCC RADIO TEST REPORT

Report No. : FR051232A

Appendix C. Radiated Spurious Emission

Temperature : 21.4~22.9°C
Test Engineer : Leo Lee, Mancy Chou and Bigshow Wang
Relative Humidity : 52~61%
<Open Mode>
2.4GHz 2400~2483.5MHz
BT (Band Edge @ 3m)
BT Note | Frequency Level Over Limit Read | Antenna| Path |Preamp| Ant | Table Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos Pos |Avg.
(MHz) (dBpV/m)| (dB) [(dBpV/m)|(dBpV)| (dB/m) | (dB) | (dB) |(cm) | (deg)|(P/A)|(H/V)
2320.92 46.61 -27.39 74 42.44 28.06 7.29 31.18 | 265 2 P H
2320.92 21.85 -32.15 54 - - - - - - A H
* 2402 105.43 - - 101.42 27.7 7.45 31.14 | 265 2 P H
* 2402 80.67 - - - - - - - - A H
BT
H
CHO0
2333.52 46.75 -27.25 74 42.58 28.03 7.31 31.17 | 234 100 P \Y,
2402MHz
2333.52 21.99 -32.01 54 - - - - - - A \Y
* 2402 101.1 - - 97.09 27.7 7.45 3114 | 234 100 P \Y
* 2402 76.34 - - - - - - - - A \Y,
\Y
2379.58 46.56 -27.44 74 42.48 27.82 7.41 31.15 | 293 1 P H
2379.58 21.8 -32.2 54 - - - - - - A H
* 2441 110.91 - - 106.89 27.62 7.52 31.12 | 293 1 P H
* 2441 86.15 - - - - - - - - A H
2496.15 46.52 -27.48 74 42.48 27.51 7.62 31.09 | 293 1 P H
BT
2496.15 21.76 -32.24 54 - - - - - - A H
CH 39
2371.6 46.78 -27.22 74 42.67 27.87 7.39 31.15 195 111 P \Y
2441MHz
2371.6 22.02 -31.98 54 - - - - - - A \Y,
* 2441 106.5 - - 102.48 27.62 7.52 31.12 195 111 P \Y
* 2441 81.74 - - - - - - - - A \Y
2493.35 46 -28 74 41.97 27.51 7.61 31.09 195 111 P \%
2493.35 21.24 -32.76 54 - - - - - - A \Y
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* 2480 112.4 - - 108.37 27.54 7.59 311 272 2 P H
* 2480 87.64 - - - - - - - - A H
2483.52 55.93 -18.07 74 51.9 27.53 7.6 311 272 2 P H
2483.52 31.17 -22.83 54 - - - - - - A H
H
BT
H
CH 78
* 2480 107.79 - - 103.76 27.54 7.59 311 179 75 P \%
2480MHz
* 2480 83.03 - - - - - - - - A \%
2483.68 51.3 -22.7 74 47.27 27.53 7.6 31.1 179 75 P \Y,
2483.68 26.54 -27.46 54 - - - - - - A \%
\Y,
\%
1. No other spurious found.
Remark
2. Allresults are PASS against Peak and Average limit line.
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2.4GHz 2400~2483.5MHz

BT (Harmonic @ 3m)

BT Note | Frequency Level Over Limit Read | Antenna| Path |Preamp| Ant | Table Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos Pos |Avg.
(MHz) (dBpV/m)| (dB) [(dBpV/m)|(dBpV)| (dB/m) | (dB) | (dB) |(cm) | (deg)|(P/A)|(H/V)
4804 41.31 -32.69 74 58.53 31.21 10.65 | 59.08 100 0 P H
4804 16.55 -37.45 54 - - - - - - A H
H
BT
H
CH 00
4804 39.88 -34.12 74 57.1 31.21 10.65 | 59.08 100 0 P \%
2402MHz
4804 15.12 -38.88 54 - - - - - - A \Y,
\%
\Y,
4882 40.33 -33.67 74 57.5 31.24 10.72 | 59.13 100 0 P H
4882 15.57 -38.43 54 - - - - - - A H
7323 45.65 -28.35 74 55.07 36.55 12.58 | 58.55 100 0 P H
BT
7323 20.89 -33.11 54 - - - - - - A H
CH 39
4882 41 -33 74 58.17 31.24 10.72 | 59.13 100 0 P V
2441MHz
4882 16.24 -37.76 54 - - - - - - A \%
7323 45.24 -28.76 74 54.66 36.55 12.58 | 58.55 100 0 P \Y,
7323 20.48 -33.52 54 - - - - - - A V
4960 40.76 -33.24 74 57.6 31.54 10.8 59.18 100 0 P H
4960 16 -38 54 - - - - - - A H
7440 46.62 -27.38 74 55.73 36.56 12.71 | 58.38 100 0 P H
BT
7440 21.86 -32.14 54 - - - - - - A H
CH 78
4960 41.16 -32.84 74 58 31.54 10.8 59.18 100 0 P \%
2480MHz
4960 16.4 -37.6 54 - - - - - - A \%
7440 46.8 -27.2 74 55.91 36.56 12.71 | 58.38 100 0 P \Y,
7440 22.04 -31.96 54 - - - - - - A \%
1. No other spurious found.
Remark
2. Allresults are PASS against Peak and Average limit line.
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Emission below 1GHz

2.4GHz BT (LF)

BT Note | Frequency Level Over Limit Read | Antenna| Path |Preamp| Ant | Table |Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos | Pos |Avg.
(MHz) [(dBuV/m)| (dB) [(dBpV/m)| (dBpV) | (dB/m) | (dB) | (dB) |[(cm)|(deg)|(P/A)|(H/V)
72.68 23.08 |-16.92 40 41.8 12.74 1.12 32.58 - - P H
87.23 22.13 -17.87 40 38.75 14.53 1.24 32.39 - - P H
187.14 22.65 |-20.85 43.5 38.11 15 1.92 32.38 - - P H
298.69 28.13 | -17.87 46 39.21 19.08 2.36 32.52 - - P H
705.12 33.44 -12.56 46 35.87 26.29 3.68 324 - - P H
908.82 38.62 -7.38 46 37.46 28.67 431 31.82 | 100 0 P H
H
H
H
H
H
2.4GHz

H

BT
L 40.67 21.82 -18.18 40 34.29 19.11 0.76 32.34 - - P \%
72.68 23.66 -16.34 40 42.38 12.74 1.12 32.58 - - P \%
258.92 20.89 -25.11 46 31.6 19.49 2.23 32.43 - - P \%
714.82 35.48 -10.52 46 37.56 26.62 3.71 3241 - - P \%
745.86 34.86 -11.14 46 35.86 27.65 3.81 32.46 - - P \%
902.03 39.23 -6.77 46 38.28 28.59 4.29 31.93 100 0 P \%
\%
\%
\%
\%
\%
\%

1. No other spurious found.
Remark
2. All results are PASS against limit line.
TEL : 886-3-327-3456 Page Number : C4 of C6

FAX : 886-3-328-4978




samonias.  FCC RADIO TEST REPORT Report No. : FR051232A

Note symbol

Fundamental Frequency which can be ignored. However, the level of any
unwanted emissions shall not exceed the level of the fundamental frequency.

! Test result is over limit line.

P/A | Peak or Average

H/V | Horizontal or Vertical
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A calculation example for radiated spurious emission is shown as below:

FAX : 886-3-328-4978

BT Note | Frequency Level Over Limit Read | Antenna| Path |Preamp| Ant | Table |[Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos | Pos |Avg.
(MHz) |(dBpV/m)| (dB) |(dBuV/m)|(dBuV)| (dB/m) | (dB) | (dB) |(cm)|(deg) |(P/A)(HV)
BT 2390 55.45 -18.55 74 5451 32.22 4.58 35.86 103 308 P H
CH 00
2402MHz 2390 43.54 -10.46 54 42.6 32.22 4.58 35.86 103 308 A H
1. Path Loss(dB) = Cable loss(dB) + Filter loss(dB) + Attenuator loss(dB)
2. Level(dBuV/m) =
Antenna Factor(dB/m) + Path Loss(dB) + Read Level(dBuV) - Preamp Factor(dB)
3. Over Limit(dB) = Level(dBuV/m) — Limit Line(dBuV/m)
For Peak Limit @ 2390MHz:
1. Level(dBuV/m)
= Antenna Factor(dB/m) + Path Loss(dB) + Read Level(dBuV) - Preamp Factor(dB)
= 32.22(dB/m) + 4.58(dB) + 54.51(dBuV) — 35.86 (dB)
=55.45 (dBuV/m)
2. Over Limit(dB)
= Level(dBuV/m) — Limit Line(dBuV/m)
= 55.45(dBuV/m) — 74(dBuV/m)
= -18.55(dB)
For Average Limit @ 2390MHz:
1. Level(dBuV/m)
= Antenna Factor(dB/m) + Path Loss(dB) + Read Level(dBuV) - Preamp Factor(dB)
= 32.22(dB/m) + 4.58(dB) + 42.6(dBuV) — 35.86 (dB)
= 43.54 (dBuV/m)
2. Over Limit(dB)
= Level(dBuV/m) — Limit Line(dBuV/m)
= 43.54(dBuV/m) — 54(dBuV/m)
= -10.46(dB)
Both peak and average measured complies with the limit line, so test result is “PASS”.
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Appendix D. Radiated Spurious Emission Plots

Temperature : 21.4~22.9°C
Test Engineer : Leo Lee, Mancy Chou and Bigshow Wang
Relative Humidity : 52~61%
Note symbol
-L Low channel location
-R High channel location
TEL : 886-3-327-3456 Page Number : D1 of D11
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<Open Mode>

2.4GHz 2400~2483.5MHz
BT (Band Edge @ 3m)

BT 2.4GHz 2400~2483.5MHz Band Edge @ 3m

BT CHOO 2402MHz

Horizontal Fundamental

Date: 20200606, ) gBuvim) Date: 2020.06.06
1300) 1300]
1200) 1200
109 09|
1000) 1000]
s00 | s0d
800 s00) sl
700 700
600) 600] ]
500 1 500 "
a00) Y S T e T
300 300]
200 200
100 100
w0 7540, 2360, 2580, 2400, s 000 TS0, 1500 700 1900 2100 2300 2500 2700. 000
Frequency (MHz) Froquency (MHz)
site 03CHIS-HY site 03CHI5-HY
Condition +PEAK_BE_74 3m 9120D_15_1620 HORTZONTAL Condition PEAK_74 3m 9120D_15_1620 HORTZONTAL

+ RBW:1000.000KHz VBW:3000.000KHz SWT:Auto RBW:1000.000KHz VBW:3000000KHz SWT:Auto
Detector Detector Peak

+Peak
Peak Project :051232 Project 051232
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BT

2.4GHz 2400~2483.5MHz Band Edge @ 3m

BT CHOO 2402MHz

Vertical

Fundamental

Peak

A (@Buvim)

Date: 20200606

310 2320,

site
Condition

Detector
Project

240, o

2360,
Frequency (MHz)

$03CHI5-HY
+PEAK_BE_74 3m 9120D_15_1620 VERTICAL

+ RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto
+Peak

:051232

el (9BuVim)

Date: 20200606

1300
1200
o)
1000
90
80

PEAK 74|

700
600]

AVG 54

500)

Y R SR ————— S

300]
200)

100

000

Site
Condition

Detector
Project

300, 1500, 1700,

7500,
Frequency (MiHz)

£ 03CHISHY
+PEAK_74 3m 9120D_15_1620 VERTICAL
RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto

+Peak
051232

2100, 2300, 2500

2700,

3000
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BT

2.4GHz 2400~2483.5MHz Band Edge @ 3m

BT CH39 2441MHz

Horizontal

Fundamental

o oot 020,606 o oot 2020.0506
1309 100
1209 1200
109 o
1009 1000
s00 500
809 809 PEAK 74
700 704
600 w0q e
n
o - S
00 s P SO oV s .
209 200
209 200
109 100
somm B me mwwm m wa o0 e mn 0w me mo w0
Freaseney ) eaiency (k)
site {03CHIE-HY site {03CHIB-HY
Condition :PEAK_BE_74 3m 9120D_15_1620 HORIZONTAL Condition :PEAK_74 3m 9120D_15_1620 HORIZONTAL
{RBWH000.000KHz VBW-3000.000KHz SWT:Auto REWI000.000KHz VBW-3000.000KHz SWT:Auto
Detector :Peak Detector :Peak
Peak Project 1051232 Project 051232
Jsovm) oo 20200606
1209
1209
109
1009
s00
209 i PEAK_BE 74
09
m,»/""’/ M -
50.0) - oy 2 o
100
09
209
109
oI wem@ w0
reasency
site {03CHIS-HY
(Condition :PEAK_BE_74 3m 9120D_15_1620 HORIZONTAL
{RBWHI000.000KHz VBW-3000.000KHz SWT:Auto
Detector :Peak
Peak o ootz Left blan
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BT 2.4GHz 2400~2483.5MHz Band Edge @ 3m
BT CH39 2441MHz
Vertical Fundamental

0

wd

800 200 PEAK 74]

&

600 y 600 i

s : :

400 40,00 kb A A s s i

s

Condition : PEAK_BE_74 3m 9120D_15_1620 VERTICAL Condition : PEAK_74 3m 9120D_15_1620 VERTICAL

RO T00D 000K VOWES0D0 000K SWT AT Ao TO00 000K VOV S000 000K SWTAT0
Detector +Peak Detector +Peak.
Peak Project 1051232 Project 051232

s0q

i

200 PEAK_BE 74

wd

509 | 1

s

T
Condition : PEAK_BE_74 3m 9120D_15_1620 VERTICAL
RO T00D000K2 VOWES0D0 000K SWT AT
Detector : Peak
Peak e ostsaz Left blank
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BT

2.4GHz 2400~2483.5MHz Band Edge @ 3m

BT CH78 2480MHz

Horizontal

Fundamental

Peak

A (@Buvim)

Date: 20200606

00T R

ﬂ \ PERK_BE 74

309
200
100
460 ) 58, 2
Frequency (i)
site $03CHI5-HY
Condition +PEAK_BE_74 3m 9120D_15_1620 HORIZONTAL
+ RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto
Detector +Peak
Project :051232

el (9BuVim)

Date: 20200606

1300
1200
o)
1000
90
80

PEAK 74|

700
600]

AVG 54

500)

st
400} e s b

300]
200)

100

000

Site
Condition

Detector
Project

300, 1500, 1700,

£ 03CHISHY
+PEAK_74 3m 9120D_15_1620 HORIZONTAL
RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto

+Peak
051232

To00. 2100 2300 00, 2700, 3000
Frequency (MiHz)
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BT

2.4GHz 2400~2483.5MHz Band Edge @ 3m

BT CH78 2480MHz

Vertical

Fundamental

Peak

A (@Buvim)

Date: 20200606

PERK_BE 74

R s S SIS

site
Condition

Detector
Project

Frequency (i)

$03CHI5-HY
+PEAK_BE_74 3m 9120D_15_1620 VERTICAL

+ RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto
+Peak

:051232

el (9BuVim)

Date: 20200606

1300
1200
o)
1000
90
80

PEAK 74|

700
600]

AVG 54

500)

40,0l itk 8 0

300]
200)
100

000

Site
Condition

Detector
Project

300, 1500, 1700,

£ 03CHISHY
+PEAK_74 3m 9120D_15_1620 VERTICAL
RBW:1000.000KHZ VBW:3000.000KHz SWT:Auto

+Peak
051232

To00. 2100 2300 00, 2700, 3000
Frequency (MiHz)
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2.4GHz 2400~2483.5MHz

BT (Harmonic @ 3m)

BT

2.4GHz 2400~2483.5MHz Harmonic @ 3m

BT CHOO 2402MHz

Horizontal

Vertical

Peak

Avg.

1 @BuVim) Date: 20200606

PERK 74

AVG 54

109

000

site
Condition
Detector
Project

4000 6000, 8000, 10000, 12000 14000, 16000. 1000, 20000. 22000, 2501
Frequency (MHz)
£ 03CHI5-HY
+PEAK_74 3m 9120D_15_1620 HORTZONTAL
+Peak
:051232

A a8y

Date: 20200606

1300
1200
o
1000
904
80

PERK 74

700)
60.0]

AVG 54

50
40
304
200
100

000

Site
Condition
Detector
Project

7000, 6000, 8000, 10000. 12000 14000 16000. 18000, 20000. 22000 25000
Frequency (MHz)

£ 03CHI5-HY
PEAK_74 3m 9120D_15_1620 VERTICAL
+Peal
051232
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BT

2.4GHz 2400~2483.5MHz Harmonic @ 3m

BT CH39 2441MHz

Horizontal

Vertical

Peak

Avg.

A (@Buvim)

Date: 20200606

PERK 74

VG 54

000

site
Condition
Detector
Project

4000 6000, 8000, 10000, 12000 14000, 16000,
Frequency (MHz)

:03CHIS-HY
+PEAK_74 3m 9120D_15_1620 HORIZONTAL

+Peak
:051232

3000, 20000 22000, 250

el (9BuVim)

Date: 20200606

1300
1200
o)
1000
90
80

PEAK 74|

700
600]

AVG 54

50
400
s00f
200
100

000

site
Condition
Detector
Project

4000, 6000, 5000, 10000, 12000 14000 16000, 1000, 20000, 22000, 25000
Frequency (MiHz)

$03CHIS

-HY
+PEAK_74 3m 9120D_15_1620 VERTICAL

Peak
:051232
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BT

2.4GHz 2400~2483.5MHz Harmonic @ 3m

BT CH78 2480MHz

Horizontal

Vertical

Peak

Avg.

1 (6Buvim) Date: 2020-06.06 el (@Buvim) Date: 2020.06.06
1300 1300)
1200 1200)
1109 0,
1009 1000)
909 909
809 PEAK 74 809 PEAK 74
700 700
609 VG 54 609 VG 54
509 509
1 1

409 400)
300 300
200 200
109 100

000 4000, G000, 5000, 10000, 12000. 14000. 16000, 16000 20000, 22000, 250 000 4000, 6000, G000, 10000, 12000. 14000. 16000. 18000, 20000 22000. 25000

Freaquency (MHz) Freauency (MHz)

site $03CHISHY site $03CHI5-HY
Condition +PEAK_74 3m 9120D_15_1620 HORIZONTAL Condition +PEAK_74 3m 9120D_15_1620 VERTICAL
Detector +Peak Detector Peak
Project 1051232 Project $051232
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Emission below 1GHz

2.4GHz BT (LF)

BT

2.4GHz 2400~2483.5MHz

Vertical

QP/
Peak

|
i
/‘T‘”WW
T

QP 3m BILOG_15_41912 HORTZONTAL

) (@BuVim)

Date: 2020.06-18

ap)

Site
Condition
Detector
Project

+03CHI5-HY
+ QP 3m BILOG_15_41912 VERTICAL
+Peak

051232
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Appendix E. Duty Cycle Plots

DH5 on time (One Pulse) Plot on Channel 39

Bl Keysight Spectrum Analyzer - Swept SA (=N
( 0 SENSE:INT| [ Zaucn oFF | 02:56:38 PMJun 06, 2020
#Avg Type:RMS
PNO: Fast —#— 1rig: Free Run Avg|Hold: 1/1
IFGain:Low Atten: 20 dB Select Marker
>

AMkr3 3.750 ms|
0.044 d

RL RF 50Q AC Mark
Marker 3 A 3.75000 ms arker

Span 0 Hz|
Sweep 10.00 ms (1001 pts)

MKR| MODE| TRC FUNCTION FUNCTION WIDTH FUNCTION VALUE =

- =

t I§|E|§
[e] —
E] 2 g 8 &

B>

Sowm~NaO AL

87.
3750 ms[(A) _ 0.044 dB|
| 87.596 dBuV|

0.044 dB "
87.596 dBuv Properties»

More
10of2

s &3 Suffix not allowed STATUS €3 Align Now, All required

on time (Count Pulses) Plot on Channel 39

t SA

Bl Keysight Spectrum Analyzer - S
0 50

[-o -]
Peak Search

i

SENSE:INT|

M ALIGN OFF
#Avg Type:RMS
PNO: Fast —#— 1rig: Free Run Avg|Hold: 1/1
|IFGain:Low Atten: 20 dB

[ 02:58:03 PM1un 06, 2020

RL RF 50
Marker 1 64.5000 m:

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Center 2.441000000 GHz
Res BW 1.0 MHz

MKR| MODE| X Y FUNCTION FUNCTION WIDTH

89.635 dBuv

Mkr—RefLvl

Soom~NonaLNS

m 3

=

a7

- =2 T
Ial II

s &3 Suffix not allowed STATUS €3 Align Now, All required

Note:

1. Worst case Duty cycle = on time/100 milliseconds =2 * 2.89 / 100 = 5.78 %
2. Worst case Duty cycle correction factor = 20*log(Duty cycle) = -24.76 dB
3. DHS5 has the highest duty cycle worst case and is reported.
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Duty Cycle Correction Factor Consideration for AFH mode:

Bluetooth normal hopping rate is 1600Hz and reduced to 800Hz in AFH mode; due to the reduced number of
hopping frequencies, with the same packet configuration the dwell time in each channel frequency within

100msec period is longer in AFH mode than normal mode.

In AFH mode, the minimum hopping frequencies are 20, to get the longest dwell time DH5 packet is observed,;

the period to have DH5 packet completing one hopping sequence is

2.89 ms x 20 channels =57.8 ms

There cannot be 2 complete hopping sequences within 100ms period, considering the random hopping

behavior, maximum 2 hops can be possibly observed within the period. [100 ms /57.8 ms ] =2 hops

Thus, the maximum possible ON time:

2.89msx2=578ms

Worst case Duty Cycle Correction factor, which is derived from the maximum possible ON time,

20 x log(5.78 ms/100 ms) = -24.76 dB

—— THE END———
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