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13 RADIATED SPURIOUS EMISSIONS

Test Standard

47 CFR Part 15, Subpart C 15.247

Test Method

ANSI C63.10 (2013) Section 6.4,6.5,6.6

Test Mode (Pre-Scan)

X

Test Mode (Final Test) TX
Tester Charlie
Temperature 25C
Humidity 60%
13.1 LIMITS
Field Measurement
Frequency(MHz) .
strength(microvolts/meter) distance(meters)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3

Remark: The emission limits shown in the above table are based on measurements employing a
CISPR gquasi=peak detector except for the frequency bands 9-90kHz, 110-490kHz and above 1000
MHz. Radiated emission limits in these three bands are based on measurements employing an

average detector, the peak field strength of any emission shall not exceed the maximum permitted

average limits specified above by more than 20 dB under any condition of modulation.
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13.2 BLOCK DIAGRAM OF TEST SETUP
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13.3 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 chamber. The table was rotated 360 degrees to determine the position of the
highest radiation.

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

c. 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.

d. 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.

e. 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.

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

g. 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.
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h. Test the EUT in the lowest channel, the middle channel, the Highest channel.

i. The radiation measurements are performed in X, Y, Z axis positioning for Transmitting mode, and found
the X axis positioning which it is the worst case.

j- Repeat above procedures until all frequencies measured was complete.

Remark:

1) For emission below 1GHz, through pre-scan found the worst case is the lowest channel. Only the worst
case is recorded in the report.

2) The field strength is calculated by adding the Antenna Factor, Cable Factor & Preamplifier. The basic
equation with a sample calculation is as follows:

Final Test Level =Receiver Reading + Antenna Factor + Cable Factor - Preamplifier Factor

3) Scan from 9kHz to 25GHz, the disturbance above 12.75GHz and below 30MHz was very low. The
points marked on above plots are the highest emissions could be found when testing, so only above
points had been displayed. The amplitude of spurious emissions from the radiator which are attenuated
more than 20dB below the limit need not be reported.fundamental frequency is blocked by filter, and. only
spurious emission is shown.

4) For frequencies above 1GHz, the field strength limits are based.on average limits. However, the peak
field strength of any emission shall not exceed the maximum permitted average limits specified above by
more than 20 dB under any condition of modulation. For the emissions whose peak level is lower than the
average limit, only the peak measurement is shown in the report.
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13.4 TEST DATA

Below 1GHz
[TestMode: TX]; [Polarity: Horizontal]

Radiated Emission Measurement

Project No.: REL Data #7 20242119 156721
go.o  dBuV/m

FCC Panti5 Class B

30000 £0.00 [MHz) 300.00 1000.000

Site Polarization: Horizontal Temperature: (C)
Limit: FCC Part15 Class B Power: Humidity: %RH
EUT: EchoBeatz

MM: AH181

Mode: BLE-TX

Mote:

No. | Frequency |Reading | Factor | Level Limit | Margin
(MHz) (dBuv) | (dB/m) |({dBuVim)|(dBuM/m) (dB)
31.3982 6.02 18.67 24.69 40.00 |-15.31| QP
45 2166 1562 19.53 21.05 40.00 |-1895| QP
167.2366 -0.55 18.69 18.14 43.50 |-2536| QP
362.9844 065 20.92 21.57 46.00 |-2443| QP
620.7096 125 2711 28.36 46.00 |-1764| QP
* | 9001474 437 30.72 35.09 46.00 |-1091| QP

Detector [P/F | Remark

imm-hmu—s
|o|o|o|D|D|D

Test Result: Pass
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[TestMode: TX]; [Polarity: Vertical]

Radiated Emission Measurement

Project No.: REL Data #8 20242119 16:00:31

goo  dBuVim

70

[=11] |

FCC Patt15 Class B
50
||

40 |

an

20

10

o

a0

-20

20000 &0.00 MHz) 30000 1000000

Site Polarization: Vertical Temperature: (Ch
Limit: FCC Part15 Class B Power: Humidity: %RH
EUT: EchoBeatz
MM: AH181
Mode: BLE-TX
Mote:

Frequency | Reading | Factor J Level Limit |Margin
No. | " (MHz) | (dBuV) | (dBim) |(dBuVim)|(dBuvim)| (dB) | Pt |P/F| Remark
1 31.3982 5.84 18.67 24 .51 40.00 |-1548| QP P
2 43.5057 529 18.87 2416 40.00 |-15.84| QP P
3 101.6443 2.00 15.79 17.79 4350 |-2571| QP P
4 166.6513 0.02 18.98 18.96 43.50 |-2454| QP P
5 383.9318 0.13 21.63 21.50 46.00 |-2450| QP P
6 * | 9001474 3.32 30.72 34.04 46.00 |-11.896| QP P

Test Result: Pass
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Above 1GHz:

[TestMode: TX low channel]; [Polarity: Horizontal]

Radiated Emission Measurement

Project No.: REH Data #17 202412120
B0 dBuV S m

FCLC Pastl5 [PK)

FCC Pat15 pAV)
]

50 2 & peak
Mﬂ‘@ww :
3 W’M

30

20

10

o

-10

.20

1000.000 217500 335000 452500  G700.00  [MHz) BO05000 922500 1040000 1157500  12750.00

Site Polarization: Horizontal Temperature: (C)
Limit: FCC Part15 (PK) Power: Hurmidity: %RH
EUT: EchoBeatz
MM: AH181
Mode: 1M-2402

MNote:

Reading Comect Measure-
No. Mk. Freq. Level Factor ment Limnit Qver

MHz dBuy dB dBuv/m dBuVim dB Detector Comment
4804.000 3763 5.64 43.27 74.00 -30.73 peak
6017.250  41.10 563 46.73 74.00 -27.27 peak
7206.000  37.26 9.24 46.50 74.00 -27.50 peak
8249.750  38.96 9.86 48.82 74.00 -2518  peak
9608.000  36.23 12.31 48.54 74.00 -2546  peak
* 11340.00  37.96 12.67 50.63 T4.00 -23.37 peak

| | | | B3| =

Test Result: Pass
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[TestMode: TX low channel]; [Polarity: Vertical]

Radiated Emission Measurement

Project No.. REH Data #18 2024/2/120
o0 dBuV/m

FCLC Pastl5 [PK]

o

60
FCL Pan5 [AV]

= 1 W WWW P
40 W
P Wwww

an

20

o

10
-20

1000.000 Z175.00 335000 452500  G700.00 [MHz] 805000 922500 1040000 1157500  12750.00

Site Polarization: Vertical Temperalure: {C
Limit: FCC Part15 (PK) Power: Humidity: %RH
EUT: EchoBeatz

MM: AH181

Mode: 1M-2402

Mote:

Reading Comect Measure-
No. Mk. Freq. Level Factor ment Limit Ower

MHz dBuv dB dBuvim dBuvim dB Detector Comment
1 4804.000 37.79 5.64 43.43 74.00 -30.57 peak
2 5664.750  39.06 T.83 46.89 74.00 -27.11  peak
3 7206.000  37.38 9.24 46.62 74.00 -27.38  peak
4 8014.750  39.24 9.87 49.11 74.00 -24.89 peak
5
(5]

9608.000  37.06 12.31 49.37 74.00 -2463 peak
* 1131650  38.35 12.69 51.04 74.00 -2286 peak

Test Result: Pass
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[TestMode: TX middle channel]; [Polarity: Horizontal]

Radiated Emission Measurement

Project No.: REH Data :#16 202442720
a0 dBul /m

FCC Part15 [PK)

FCC Pat15 |AY)
-~
o

4 5
= 1 MW"WW s

k1]
20
in
o

10

-20
1000000 217500 3350.00 452500 570000 [MHz] BO50.00 922500 140000 157500 1275000

Site Polarization: Horizontal Temperature: ()
Limit: FCC Part15 (PK) Power: Humidity: “eRH
EUT: EchoBeatz

MM: AH181

Mode: 1M-2442

Mote:

Reading Corect Measure-
No. Mk.  Freqg. Level Factor ment Limit Owver

MHz dBuv dB dBuviim dBuMim dB Detector Comment
4884.000 39.16 5.75 44.91 74.00 -28.089 peak
5888.000 37.69 8.60 46.28 74.00 -27.71 peak
7326.000 38.30 9.43 47.73 74.00 -26.27 peak
8473.000 38.02 10.77 48.78 74.00 -25.21 peak
8768.000 36.15 12.22 48.37 74.00 -25.63 peak
* 1136175 38.16 12.65 50.81 T4.00 -2319  peak

| | | | R =

Test Result: Pass
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[TestMode: TX middle channel]; [Polarity: Vertical]

Radiated Emission Measureament

Project No.: REH Data #15 2024/2/20
go.0  dBuV/m

FCC Partl% [PK]

G0

FLC Pat1% [AV]

- I | & 2
WWMWWFM

’ M’Wm e

]

-20
1000.000 217500 335000  A525.00  G/700.00 [MHz] BOS0.00 922500 1040000 1165/5.00  12750.00

Site Polarization: Vertical Temperature: (Ch
Limit: FCC Part15 (PK) Power: Hurmidity: %RH
EUT: EchoBeatz

MM AH181

Mode: 1M-2442

Mote:

Reading Corect Measure-
No. Mk. Freq. Level F actor ment Limit Owver

MHz dBuv dB dBuvim dBuvifm dB Detector  Comment
4884.000 38.42 5.75 4417 74.00 -29.83 peak
5983.750  37.48 8.75 46.23 74.00 -27.77  peak
T7326.000  37.28 9.43 46.71 74.00 -27.29  peak
8860.750  37.58 11.83 48.41 74.00 -24.58  peak
9768.000  37.05 12.22 49.27 74.00 -24.73 peak
* 11351.76  37.81 12.65 50.46 74.00 -23.54  peak

| | B L] P =

Test Result: Pass
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[TestMode: TX High channel]; [Polarity: Horizontal]

Radiated Emission Measurement

Project No.: REH Data :#13 202472120
a0.0 dBuY /m

FCC Partl5 [PK]

7o

60

S0 2 3 5 peak
el

40

an

20

10

o

10

-20
1000000 217500 3350.00 4525.00 500,00 [MHz] 805000 9225 00 140000 M55.00 1275000

Site Polarization: Horizontal Temperatune: (Ch
Limit: FCC Part15 (PK) Power: Humidity: %RH
EUT: EchoBeatz

MM: AH181

Mode: 1M-2480

Mote:

Reading Comect Measure-
MNo. Mk. Freq. Level Factor ment Lirmit Over

MHz dBuv dB dBuNim dBuVim dB Detector Comment
1 4960.000  36.19 6.60 42.79 74.00 -31.21 peak
2 6017.250  41.15 563 46.78 74.00 -27.22 peak
3 7440.000  37.56 9.64 47.20 74.00 -26.80 peak
4 8731.500 37.96 11.56 49.52 74.00 -24.48  peak
&
6

89920.000  35.01 12.14 47.15 74.00 -26.85 peak
* 11283.00 38.33 12.70 51.03 74.00 -22.87 peak

Test Result: Pass
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[TestMode: TX High channel]; [Polarity: Vertical]

Radiated Emission Measurement

Project Na.: REH Data :#14 202402020
gog  dBuV/m
FCC Partl5 [PE)
FiLll
3]

FLE Paldilh [AV)

Sl 2 memw peak
i — MWW
M

10

o

-20
1000.000  2175.00 3350.00 4525.00 5{00.00 [MHz] BO50. 00 322500 TMDOD  M5M500  12750.00

Site Polarization: WVertical Temperature: (C)
Limit: FCC Part15 (PK) Power: Hurmidity: %RH
EUT: EchoBeatz

MM: AH181

Mode: 1M-2480

MNote:

Reading Comect Measure-
MNo. Mk.  Freq. Level Factor ment Limit Owver

MHz dBuv dB dBuvim dBuViim dB Detector Comment
4960.000 37.52 6.60 44.12 74.00 -29.88 peak
5889.750 38.25 8.66 46.91 74.00 -27.09 peak
7440.000 37.21 9.64 46.85 74.00 -27.15  peak
8661.000 37.79 11.34 49.13 74.00 -24.87 peak
9520.000 35.64 12.14 47.78 74.00 -26.22 peak
¥ 11281.25 37.38 12.70 50.08 74.00 -23.92 peak

| ) | x| BRI =

Test Result: Pass
For Radiated emission, 1Mbps and 2Mbps mode all have been tested, only worse case 1Mbps mode is

reported.
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14 ANTENNA REQUIREMENT

Test Standard 47 CFR Part 15, Subpart C 15.247

Test Method N/A

14.1 CONCLUSION

Standard Requirement:

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. The use of a antenna that uses a
unique coupling to the intentional radiator, the manufacturer may design the unit
permanently attached antenna or of an so that a broken antenna can be replaced by the
user, but the use of a standard antenna jack or electrical connector is prohibited.

EUT Antenna:
The antenna is integrated on the main PCB and no consideration of replacement. The best
case gain of the antenna is -2.98dBi.

10d-181
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15 RADIATED EMISSIONS WHICH FALL IN THE RESTRICTED BANDS

Test Standard 47 CFR Part 15, Subpart C 15.247
Test Method ANSI C63.10 (2013) Section 6.10.5
Test Mode (Pre-Scan) TX
Test Mode (Final Test) X
Tester Charlie
Temperature 25C
Humidity 60%
15.1 LIMITS
Frequency(MHz) F‘ield Measurement
strength(microvolts/meter) distance(meters)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3
Remark: The emission limits shown in the above table are based on measurements employing a
CISPR gquasi=peak detector except for the frequency bands 9-90kHz, 110-490kHz and above 1000
MHz. Radiated emission limits in these three bands are based on measurements employing an
average detector, the peak field strength of any emission shall not exceed the maximum permitted
average limits specified above by more than 20 dB under any condition of modulation.
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15.2 BLOCK DIAGRAM OF TEST SETUP

Turzsable — m
EUT

38m Tesz
i Reeceiter

(it Flane S Ceancial Cabilde .fr

h-‘-"-u .
;i

- -
Tedt Antenma-

15.3 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 chamber. The table was rotated 360 degrees to determine the position of the
highest radiation.

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

c. 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.

d. 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.

e. 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.

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

g. 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.
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h. Test the EUT in the lowest channel, the middle channel, the Highest channel.

i. The radiation measurements are performed in X, Y, Z axis positioning for Transmitting mode, and found
the X axis positioning which it is the worst case.

j- Repeat above procedures until all frequencies measured was complete.

Remark 1: Level= Read Level+ Cable Loss+ Antenna Factor- Preamp Factor

Remark 2: For frequencies above 1GHz, the field strength limits are based on average limits. However,
the peak field strength of any emission shall not exceed the maximum permitted average limits specified
above by more than 20 dB under any condition of modulation. For the emissions whose peak level is
lower than the average limit, only the peak measurement is shown in the report.
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15.4 TEST DATA

[TestMode: TX low channel]; [Polarity: Horizontal]
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Radiated Emission Measurement

Project No.: REH Data #19 202412120

107.0  dBuV/m

a7

az (\

" FEC l"a-ﬂﬁEl'KJ L

B7

57

47 peak

2 meww*ﬁhwmw”hw

27

17

7.0

20000 2950 232900 233850  Z348.00 [MHz] 236700 23760 238600 239550 240500
Site Polarization: Horizontal Temperalure: (Ch
Limit: FCC Part15 (PK) Power: Husmidity: “%RH
EUT: EchoBeatz
MM: AH181
Mode: 1M-2402
MNote:

Reading Comect Measure-
No. Mk. Freq. Level Factar ment Limit Ower
MHz dBuv dB dBuMim dBuMim  dB Detector  Comment

1 2310.000 41.12 -2.89 38.23 7400 -3577 peak
2 * 2390.000 41.31 -2.70 38.61 7400 -35.39 peak

Test Result: Pass
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[TestMode:TX low channel]; [Polarity: Vertical]
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Project Mo.: REH
1070 dBuV/m

Radiated Emission Measurement
Data #20 2024/2/20

ar

ar

i

BT

57

47

w

27

7

7.0
2300000 23719.50

2329.00

JLWMWWWM

FCC Pant15 [PE) ﬂ

FCC Pant15 [AY) &
paak

233850 24600 [MHz] 236700

237650 238600 239550 Z405.00

Site

Limit: FCC Part15 (PK)
EUT: EchoBeatz
MM: AH181

Mode: 1M-2402
Mote:

Polarization:
Power:

Vertical

]
%RH

Temperatune:
Hurnidity:

Reading

No. Mk. Level

Freq.

Comect Measure-

Factor ment Limit Ower

MHz dBuv

dB dBuvim dBuvim dB Detector

Comment

1 % 2310.000 41.81

-2.89 38.92 74.00 -35.08 peak

2 2380.000 4151

-2.70 38.81 74.00 -3519 peak

Test Result: Pass
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[TestMode: TX High channel]; [Polarity: Horizontal]

Radiated Emission Measurement

Progject No.: REH Data :#12 202442120
107.0 dBuV/m

/
.JX!I \

/

BT r'J

ar

7 FCC Part15 (K]

a7

FCC Part 15 AV

o7

37 mmmwwmwmﬂt

27

7.0
2476000 248020 2482 40 2484 B0 2486 80 [MHz] 24971 .20 2493 40 249560 249780 2500.00

Site Polarization: Horizontal Temperature: (c)
Limit: FCC Part15 (PK) Power: Hurmidity: %RH
EUT: EchoBeatz

MMN: AH181

Mode: 1M-2480

Mote:

Reading Cormect Measure-
Mo. Mk. Freq. Level Factor ment Limit Over

MHz dBuv dB dBuvim  dBuvim dB  Deleclor  Comment
1 * 2483.500 48.85 -2.91 4594 74.00 -28.06 peak
2 2500.000  41.95 -3.00 38.95 74.00 -35.05 peak

Test Result: Pass
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[TestMode: TX High channel]; [Polarity: Vertical]

Radiated Emission Measurement

Prject No.: REH Data :#11 2024/2/20
107.0  dBu¥/m

a7
a7 ff \\
L = % FEE Partlh (PK]

B

57 FCC Pant15 [AY]

47 1

ar

27

7.0
2478000 248020 2482 40 2484 60 248680 [MHz] 243120 2493 40 2495 60 2437 80 250000

Site Polarization: Vertical Température: (Ch
Limit: FCC Part15 (PK) Power: Humidity: %RH
EUT: EchoBeatz

MM: AH181

Mode: 1M-2480

Mote:

Reading Comect Measure-
Mo. Mk.  Freq. Level Factor ment Limit Over

MHz dBuv dB dBuvim  dBuMim dB  Delector  Comment
1 * 2483.500  46.50 -2.91 43.59 74.00 -30.41 peak
2 2500.000  41.36 -3.00 38.36 74.00 -35.64 peak

Test Result: Pass
For Radiated emission, 1Mbps and 2Mbps mode all have been tested, only worse case 1Mbps mode is

reported.
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16 CONDUCTED SPURIOUS EMISSIONS

Test Standard 47 CFR Part 15, Subpart C 15.247
Test Method ANSI C63.10 (2013) Section 7.8.6 & Section 11.11
Test Mode (Pre-Scan) TX
Test Mode (Final Test) TX
Tester Charlie
Temperature 25C
Humidity 60%
16.1 LIMITS

Limit:

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(¢)).
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