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3.6 Band-edge for RF Conducted Emissions

Test Requirement:

47 CFR Part 15C Section 15.247 (d)

Test Method:

ANSI C63.10: 2013 Section 11.13

Test Setup:

Spectrum Analyzer

s s o |
Va Y o |

= EET E.U.T

ri

Non-Conducted Table

Ground Reference Plane

Instruments Used:

Refer to section 2.9 for details

Exploratory Test Mode:

Transmitting with all kind of modulations, data rates

Final Test Mode:

Through Pre-scan, find the the worst case of GFSK

Limit:

In any 100 kHz bandwidth outside the frequency band in which the spread
spectrum 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.

Test Results:

Pass

The detailed test data see: Appendix E
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3.7 RF Conducted Spurious Emissions

Test Requirement:

47 CFR Part 15C Section 15.247 (d)

Test Method:

ANSI C63.10: 2013 Section 11.11

Test Setup:

Spectrum Analyzer

o |
A e s |
Oocoda

= oo E.U.T

Non-Conducted Table

Ground Reference Plane

Instruments Used:

Refer to section 2.9 for details

Exploratory Test Mode:

Transmitting with all kind of modulations, data rates

Final Test Mode:

Through Pre-scan, find the worst case of GFSK;

Limit:

In any 100 kHz bandwidth outside the frequency band in which the spread
spectrum 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.

Test Results:

Pass

The detailed test data see: Appendix F
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Test Requirement: 47 CFR Part 15C Section 15.209 and 15.205

Test Method: ANSI C63.10: 2013 Section 11.12

Test Site: Measurement Distance: 3m or 10m (Semi-Anechoic Chamber)

Receiver Setup: Frequency Detector RBW VBW Remark
0.009MHz-0.090MHz Peak 10kHz 30kHz Peak
0.009MHz-0.090MHz Average 10kHz 30kHz Average
0.090MHz-0.110MHz Quasi-peak 10kHz 30kHz Quasi-peak
0.110MHz-0.490MHz Peak 10kHz 30kHz Peak
0.110MHz-0.490MHz Average 10kHz 30kHz Average

0.490MHz -30MHz Quasi-peak 10kHz 30kHz Quasi-peak
30MHz-1GHz Quasi-peak 120kHz 300kHz Quasi-peak
Peak 1MHz 3MHz Peak
Peak 1MHz 10Hz Average
Above 1GHz (DC=0.98)
=1/T
(DC<0.98)
Limit: e Field strength Limit Remark Mfeasurement
(microvolt/meter) (dBuV/m) distance (m)
0.009MHZz-0.490MHz 2400/F(kHz) - - 300
0.490MHz-1.705MHz 24000/F (kHz) - - 30
1.705MHz-30MHz 30 - - 30
30MHz-88MHz 100 40.0 Quasi-peak 3
88MHz-216MHz 150 435 Quasi-peak 3
216MHz-960MHz 200 46.0 Quasi-peak 3
960MHz-1GHz 500 54.0 Quasi-peak 3
Above 1GHz 500 54.0 Average 3
Remark: 15.35(b),Unless otherwise specified, the limit on peak radio frequency
emissions is 20dB above the maximum permitted average emission limit
applicable to the equipment under test. This peak limit applies to the total peak
emission level radiated by the device.
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Test Setup:

Smoridm =

Ground Refersnce Plane,

Antenna Tower
Antenna

Figure 1. Below 30MHz Figure 2. 30MHz to 1GHz

|_‘ Antenna Tower

Ground Reference Plane ‘

Test Receiver || — ?ﬂamlkr

Figure 3. Above 1 GHz

Test Procedure:

For below 1GHz, the EUT was placed on the top of a rotating table 0.8 meters
above the ground at a 3 or 10 meter semi-anechoic camber. The table was
rotated 360 degrees to determine the position of the highest radiation.

For above 1GHz, the EUT was placed on the top of a rotating table 1.5
meters above the ground at a 3 meter semi-anechoic camber. The table was
rotated 360 degrees to determine the position of the highest radiation

The EUT was set 3 or 10 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna tower.

The antenna height is varied from one meter to four meters above the ground
to determine the maximum value of the field strength. Both horizontal and
vertical polarizations of the antenna are set to make the measurement.

For each suspected emission, the EUT was arranged to its worst case and
then the antenna was tuned to heights from 1 meter to 4 meters(for the test
frequency of below 30MHz, the antenna was tuned to heights 1 meter) and
the rotatable table was turned from 0 degrees to 360 degrees to find the
maximum reading.

The test-receiver system was set to Peak Detect Function and Specified
Bandwidth with Maximum Hold Mode.

If the emission level of the EUT in peak mode was 10dB lower than the limit
specified, then testing could be stopped and the peak values of the EUT
would be reported. Otherwise the emissions that did not have 10dB margin
would be re-tested one by one using peak, quasi-peak or average method as
specified and then reported in a data sheet.

Test the EUT in the lowest channel, the middle channel ,the Highest channel.
The radiation measurements are performed in X, Y, Z axis positioning for
Transmitting mode, And found the X axis positioning which it is worse case.
Repeat above procedures until all frequencies measured was complete.
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Test Configuration:

Measurements Below 1000MHz

* RBW =120 kHz

* VBW = 300 kHz

» Detector = Peak

» Trace mode = max hold

Peak Measurements Above 1000 MHz

* RBW =1 MHz

* VBW = 3 MHz

» Detector = Peak

» Sweep time = auto

» Trace mode = max hold

Average Measurements Above 1000MHz

* RBW =1 MHz

* VBW = 10 Hz, when duty cycle is no less than 98 percent.
* VBW = 1/T, when duty cycle is less than 98 percent where T is the minimum

transmission duration over which the transmitter is on and is transmitting at its
maximum power control level for the tested mode of operation.

Exploratory Test Mode:

Transmitting with all kind of modulations, data rates.
Charge + Transmitting mode.

Final Test Mode:

Pretest the EUT at Charging+Transmitting mode.

Through Pre-scan, find the worst case of GFSK,Only the worst case is recorded in
the report.

Instruments Used:

Refer to section 2.9 for details

Test Results:

Pass
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Test data
For 30-1000MHz
e FCCPARTISC
i
80
07 I |
E 60 FCC PART 15 C-QP Limit
g 50 ; N
T =
K] : ; R P
20 s A s
10 w
oL
04
GBOM ‘ 10‘OM 1‘G
Frequency[Hz]
—— QP Limit —— Horizontal PK
« QP Detector
1 60.07 30.04 -8.77 21.27 40.00 18.73 100 87 PK H
2 134.09 32.44 -9.04 23.40 43.50 20.10 100 158 PK H
3 237.14 33.54 -9.49 24.05 46.00 21.95 100 333 PK H
4 379.51 29.71 -4.83 24.88 46.00 2112 100 360 AV H
5 527.51 30.62 -1.15 29.47 46.00 16.53 100 125 AV H
6 775.79 31.22 3.87 35.09 46.00 10.91 100 262 AV H
120 FCC PART15C
110
100 -
90
80+
E 60 FCC PART 15 C-QP Limit
= WW
oo ‘ 310‘0M 16

— QP Limit

+ QP Detector

— Vertical PK

Frequency[Hz]

1 60.70 38.05 -8.84 29.21 40.00 10.79 100 188 PK Vv
2 93.57 32.35 -13.54 18.81 43.50 24.69 100 29 PK \Y
3 133.48 36.45 -9.11 27.34 43.50 16.16 100 60 PK \Y
4 231.64 34.76 -10.15 24.61 46.00 21.39 100 2906 AV Vv
5 472.18 30.46 -2.28 28.18 46.00 17.82 100 199 AV Vv
6 823.44 30.97 4.85 35.82 46.00 10.18 100 88 AV \Y
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For above 1GHz

BLE 1M 2402MHz

. FCC PART 15C

110+
100 4
a0+
80 1 T - : i T ; i T FCG PART 15 CPK Limit
70
g 60 + 1 t t FCC PART 15 C-AV Limit
%. 50 -+ ! " g } ]
£ st - AN — b TN SN YT oottt
30 ,M ; !
20
10
o
104
20 ; I | , , , ; | ; |
1G 2G 3G 4G 6G 8G 18G
Frequency[Hz]
— PK Limit —— AV Limit —— Horzontal PK —— Horizontal AV
+ PK Detector + AV Detector
1 4804.59 62.44 -4.61 57.83 74.00 16.17 150 233 PK H
2 7205.46 51.07 -1.77 49.30 74.00 24.70 150 268 PK H
3 9608.58 42.62 0.88 43.50 74.00 30.50 150 128 PK H
4 4805.34 56.37 -4.61 51.76 54.00 2.24 150 251 AV H
5 7206.21 43.28 -1.76 41.52 54.00 12.48 150 268 AV H
6 9608.58 33.50 0.88 34.38 54.00 19.62 150 56 AV H
B FCC PART15C
110
100
90 4
B i ; FCCT PART 15 C-PK Limit,
70
g 60—+ 3 H FCC PART 15 C-AV Limit
g s el e
% 404 " et gt :.
30 — et
20
10
04
104
20 } I | ; I ; I | ; |
1G 2G 3G 4G 6G 8G 18G
Frequency[Hz]
— PK Limit — AV Limit — Vertical PK — Vertical AV
+ PK Detector * AV Detector

1 4803.84 58.25 -4.61 53.64 74.00 20.36 150 146 PK Vv
2 7206.96 48.63 -1.76 46.87 74.00 2713 150 324 PK Vv
3 9608.58 44.26 0.88 45.14 74.00 28.86 150 162 PK \Y
4 4804.59 52.71 -4.61 48.10 54.00 5.90 150 162 AV Vv
5 7207.71 41.69 -1.76 39.93 54.00 14.07 150 341 AV Vv
6 9608.58 33.24 0.88 34.12 54.00 19.88 150 146 AV \Y
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BLE 1M 2440MHz
120 FCC PART15C
110
1004~
90+
80 FCC PART 15 C-PK Limit
70+ 1
§ 80 z FCC PART 15 C-AV Limit
g 50+ g i —
3 a0 g o
30 m—— "
20+
104~
0
A
20 I I I I I | |
16 26 3G 4G 6G 8G 18G
Frequency[Hz]
— PK Limit — AVLmit  —— Honzontal PK  —— Horizontal AV
+ PK Detector + AV Detector
1 4880.34 65.10 -4.71 60.39 74.00 13.61 150 196 PK H
2 7320.97 54.51 -1.49 53.02 74.00 20.98 150 286 PK H
3 9760.09 42.36 1.62 43.98 74.00 30.02 150 252 PK H
4 4881.09 56.63 -4.71 51.92 54.00 2.08 150 214 AV H
5 7321.72 49.29 -1.49 47.80 54.00 6.20 150 286 AV H
6 9760.09 34.64 1.62 36.26 54.00 17.74 150 321 AV H
i FCC PART15C
1101
100~
a0+
80—~ FCC PART 15 C-PK Liffit
70
S'E 60 ! t FCC PART 15 C-AV Limit
g s ; ¢ F————
% 40 : ot iy @ i —
g0 ——
20—+
104
Oz
0L
20 I | | ; I |
16 26 3G 4G 6G 8G 186
Frequency[Hz]
— PK Limit — AVLimit ~ —— Verical PK  —— Vertical AV
+ PKDetector + AV Detector

1 4879.59 59.20 -4.70 54.50 74.00 19.50 150 215 PK Vv
2 7319.47 49.87 -1.50 48.37 74.00 25.63 150 90 PK \Y
3 9760.09 42.28 1.62 43.90 74.00 30.10 150 108 PK Vv
4 4880.34 55.38 -4.71 50.67 54.00 3.33 150 215 AV Vv
5 7320.22 42.53 -1.49 41.04 54.00 12.96 150 90 AV \Y
6 9760.09 34.38 1.62 36.00 54.00 18.00 150 356 AV \Y
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120 FCCPART15C
110
100+
90—
80— FCC PART 15 C-PK Lirmit
70—+
SE 60— FCC PART 15 C-AV Limit
S - -
g 50 ; vl g |
= " . H
2 10 i sl m - s —————
s | aeseaiien i
30—+ i
20+
104
0+
104
20 | I | I I
16 26 3G 4G 6G 8G
Frequency[Hz]
—— PK Limit — AV Limit —— Horizontal PK —— Horizontal AV

+ PK Defector

+ AV Detector
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|
18G

1 4960.60 62.49 -4.86 57.63 74.00 16.37 150 216 PK H
2 7439.47 53.85 -1.34 52.51 74.00 21.49 150 287 PK H
3 9920.60 42.50 2.27 44.77 74.00 29.23 150 127 PK H
4 4961.35 56.82 -4.86 51.96 54.00 2.04 150 216 AV H
5 7440.22 45.95 -1.34 44.61 54.00 9.39 150 287 AV H
6 9920.60 34.14 2.27 36.41 54.00 17.59 150 270 AV H
120 FCC PART15C
1104
1004
20+
B0 FCC PART 15 C-PK Limit
70-+
£ oot FCC PART 15 C-AV Limit
g 501 " - 7 = gl
L S - - P
30-F ! PO
20+
10+
0
0L
“1G Z‘G 3‘G Q‘G S‘G S‘G 1B‘G
Frequency[Hz]
— PK Limit — AV Limit — Vertical PK — Vertical AV
+ PK Defector AV Detector

1 4959.10 60.06 -4.86 55.20 74.00 18.80 150 272 PK \Y
2 7439.47 47.95 -1.34 46.61 74.00 27.39 150 108 PK Vv
3 9920.60 42.21 2.27 44.48 74.00 29.52 150 0 PK Vv
4 4960.60 55.34 -4.86 50.48 54.00 3.52 150 272 AV \Y
5 7441.72 40.09 -1.34 38.75 54.00 15.25 150 88 AV Vv
6 9920.60 34.00 2.27 36.27 54.00 17.73 150 252 AV Vv
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Note:

1. The Measurement (Result Level) is calculated by Reading Level adding the Correct Factor(maybe
including Ant.Factor and the Cable Factor etc.), The basic equation is as follows:
Result Level= Reading Level + Correct Factor(including Ant.Factor, Cable Factor etc. )

2. The amplitude of 9KHz to 30MHz spurious emission that is attenuated by more than 20dB below the
permissible limit has no need to be reported.

3. The amplitude of 18GHz to 25GHz spurious emission that is attenuated by more than 20dB below the
permissible limit has no need to be report.

4. All channels had been pre-test, BLE_1M is the worst case, only the worst case was reported
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3.9 Restricted bands around fundamental frequency

Page:

Test Requirement:

47 CFR Part 15C Section 15.209 and 15.205

Test Method:

ANSI C63.10: 2013 Section 11.12

Test Site: Measurement Distance: 3m or 10m (Semi-Anechoic Chamber)

Limit: Frequency Limit (dBuV/m) Remark
30MHz-88MHz 40.0 Quasi-peak
88MHz-216MHz 43.5 Quasi-peak

216MHz-960MHz 46.0 Quasi-peak
960MHz-1GHz 54.0 Quasi-peak
54.0 Average Value
Above 1GHz
74.0 Peak Value
Test Setup:

............

Ground Reference Plane ‘

Test Receiver | | = | ',,,m,,,,,‘ ?ﬂomlm

Figure 1. 30MHz to 1GHz

Figure 2. Above 1 GHz

Test Procedure:

a.

For below 1GHz, the EUT was placed on the top of a rotating table 0.8 meters
above the ground at a 3 or 10 meter semi-anechoic camber. The table was
rotated 360 degrees to determine the position of the highest radiation.

For above 1GHz, the EUT was placed on the top of a rotating table 1.5
meters above the ground at a 3 meter semi-anechoic camber. The table was
rotated 360 degrees to determine the position of the highest radiation.

The EUT was set 3 or 10 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna tower.
The antenna height is varied from one meter to four meters above the ground
to determine the maximum value of the field strength. Both horizontal and
vertical polarizations of the antenna are set to make the measurement.

For each suspected emission, the EUT was arranged to its worst case and
then the antenna was tuned to heights from 1 meter to 4 meters and the
rotatable table was turned from 0 degrees to 360 degrees to find the
maximum reading.

The test-receiver system was set to Peak Detect Function and Specified
Bandwidth with Maximum Hold Mode.

Place a marker at the end of the restricted band closest to the transmit
frequency to show compliance. Also measure any emissions in the restricted
bands. Save the spectrum analyzer plot. Repeat for each power and
modulation for lowest and highest channel

Test the EUT in the lowest channel , the Highest channel

The radiation measurements are performed in X, Y, Z axis positioning for
Transmitting mode,And found the X axis positioning which it is worse case.
Repeat above procedures until all frequencies measured was complete.

Test Configuration:

Measurements Below 1000MHz
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* RBW =120 kHz

* VBW = 300 kHz

 Detector = Peak

* Trace mode = max hold

Peak Measurements Above 1000 MHz

* RBW =1 MHz

* VBW = 3 MHz

» Detector = Peak

» Sweep time = auto

» Trace mode = max hold

Average Measurements Above 1000MHz

* RBW =1 MHz

* VBW =10 Hz, when duty cycle is no less than 98 percent.

* VBW = 1/T, when duty cycle is less than 98 percent where T is the

minimum
transmission duration over which the transmitter is on and is transmitting at its
maximum power control level for the tested mode of operation.

Exploratory Test Mode:

Transmitting with all kind of modulations, data rates.
Transmitting mode.

Final Test Mode:

Pretest the EUT at Charge + Transmitting mode.
Through Pre-scan, find the worst case of GFSK
Only the worst case is recorded in the report.

Instruments Used:

Refer to section 2.9 for details

Test Results:

Pass
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Test Date
BLE 1M 2402MHz

B FCC PART 15C

a0+ | |
A

80— : 1 B T - “FCC PART 15 G-PK Lirit

70
= ]
£ 60 7 i “«. FCC PART 15 C-AV Limit
= L B . R
2 50 = ; ’ : ¥ = ¥ . ,
= 4 P ——
3 40 ; :
5

30

20—+

104

Oz

10

20 ; | | | | | | |

2316 2323G 23366 2349G 23626 23756 23886 2401G 24146 24276 244G

Frequency[Hz]
—— PK Limit — AV Limit = Horizontal PK —— Horizontal AV

+ AV Detector

1 2370.26 55.46 -0.86 54.60 74.00 19.40 150 144 PK H
2 2390.01 52.90 -0.80 52.10 74.00 21.90 150 45 PK H
3 2369.94 46.18 -0.86 45.32 54.00 8.68 150 144 AV H
4 2390.01 44.02 -0.80 43.22 54.00 10.78 150 69 AV H

FCC PART15C

120
1104
1004
90
80—~ T T FCC PART 15 C-PK Limit|
704 ﬂl\
£ 60 G 4y FCC PART 15 G-AV Limit|
=1 = . (9, . M
3 50 £ dj
o
H 40 :
5
304
204
10+
ol
04
20 | | | | | | | |
231G 23236 23366 23496 23626 2375G 23886 24016 24146 24276 244G
Frequency[Hz]
— PK Limit — AVLmit  — Verical PK  —— Vertical AV

& AV Detector

1 2382.65 56.42 -0.83 55.59 74.00 18.41 150 264 PK \Y,
2 2390.01 53.95 -0.80 53.15 74.00 20.85 150 291 PK \Y
3 2382.72 45.02 -0.83 44.19 54.00 9.81 150 144 AV \Y
4 2390.01 43.83 -0.80 43.03 54.00 10.97 150 264 AV \Y
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BLE 2480MHz

120 FCC PART15C
1101
100~
a0+
80— o i FCC PART 15 C-PK Liffilt
Ry
£ 60— t / FCC PART 15 C-AV Limit
% 501 4'// ‘
% 40 N 3 0
30+
20—+
104
Oz
10
;fAAG 24;66 2A%26 ZAéBG ZAéAG EA;G ZA;BG 24§2G EAgBG 24édG ZéG
Frequency[Hz]
— PK Limit — AVLimit ~ —— Horzontal PK —— Horizontal AV
+ AV Detector
1 2483.50 49.76 -0.29 49.47 74.00 24.53 150 327 PK H
2 2487.74 50.98 -0.26 50.72 74.00 23.28 150 265 PK H
3 2483.50 40.27 -0.29 39.98 54.00 14.02 150 220 AV H
4 2487.04 40.45 -0.26 40.19 54.00 13.81 150 140 AV H
T FCCPART15C
110+
1004~
20+
80—~ FCC PART 15 C-PK Limit
70—+
g 60 FCC PART 15 C-AV Limit
éi 50
% 40 -
30+
20+
10
0
104
7;44G 24;as 2Aé2G ZA;BG 2Aé4G 243@ ZA;BG 24é2G ZAéBG 24;4G zéc
Frequency[Hz]
— PK Limit — AVLimit ~ —— Verical PK  —— Vertical AV
o AV Detector

1 2483.50 50.27 -0.29 49.98 74.00 24.02 150 216 PK \Y
2 2487.51 51.42 -0.26 51.16 74.00 22.84 150 356 PK \Y
3 2483.50 39.24 -0.29 38.95 54.00 15.05 150 237 AV V
4 2486.86 40.28 -0.26 40.02 54.00 13.98 150 2 AV V
Note:

1. All channels had been pre-test, BLE_1M is the worst case, only the worst case was reported
2. The Measurement (Result Level) is calculated by Reading Level adding the Correct Factor(maybe
including Ant.Factor and the Cable Factor etc.), The basic equation is as follows:
Result Level= Reading Level + Correct Factor(including Ant.Factor ,Cable Factor etc. )
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Test Method: ANSI C63.10: 2013
Test Frequency Range: 150kHz to 30MHz
Limit: 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 Procedure:

1) The mains terminal disturbance voltage test was conducted in a shielded
room.

2) The EUT was connected to AC power source through a LISN 1 (Line
Impedance Stabilization Network) which provides a 50Q/50uH + 5Q linear

impedance. The power cables of all other units of the EUT were connected to
a second LISN 2, which was bonded to the ground reference

plane in the same way as the LISN 1 for the unit being measured. A
multiple socket outlet strip was used to connect multiple power cables to a
single LISN provided the rating of the LISN was not exceeded.

3) The tabletop EUT was placed upon a non-metallic table 0.8m above the
ground reference plane. And for floor-standing arrangement, the EUT was
placed on the horizontal ground reference plane,

4) The test was performed with a vertical ground reference plane. The rear
of the EUT shall be 0.4 m from the vertical ground reference plane. The
vertical ground reference plane was bonded to the horizontal ground
reference plane. The LISN 1 was placed 0.8 m from the boundary of the
unit under test and bonded to a ground reference plane for LISNs

mounted on top of the ground reference plane. This distance was

between the closest points of the LISN 1 and the EUT. All other units of
the EUT and associated equipment was at least 0.8 m from the LISN 2.

In order to find the maximum emission, the relative positions of

equipment and all of the interface cables must be changed according to
ANSI C63.10 2013 on conducted measurement.

Test Setup:

Shielding Room

Test Receiver

EUT

80cm

AC Mains [~

1 LIsNt 0 Lisn2

Ground Reference Plane

Exploratory Test Mode:

Transmitting with all kind of modulations, data rates at lowest, middle and
highest channel.
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