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2.4.3. Plot of Conducted Spurious Emissions
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Middle Channel
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High Channel
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3.6 dB Bandwidth and 99% Bandwidth

3.1. Test Setup

EUT Attenuator Spectrum
Analyzer
3.2. Limit
3.2.1. FCC

According to §15.247(a)(2), systems using digital modulation techniques may operate in the 902-928 i,
2 400-2 483.5 Mz, and 5 725-5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kifz.

3.22.1C
According to RSS-247 Issue 4, 6.3.1(a), the minimum 6 dB bandwidth shall be 500 k.

3.3. Test Procedure

The test follows section 11.8 DTS bandwidth of ANSI C63.10-2020 (for FCC) and ANSI C63.10-2020 +
Cor.1-2023 + C63.10a-2024 + Errata to C63.10a-2024 (for ISED).

3.3.1. 6 dB Bandwidth
Tests performed using section 11.8.1 Option 1.

- Option 1:

. Set RBW to = shall be in the range of 1% to 5% of the OBW but not less than 100 ki&z.
. Set the VBW 2 [3 x RBW].

. Detector = peak.

. Trace mode = max hold.

. Sweep = No faster than coupled (auto) time.

. Allow the trace to stabilize.

NO OB WN =~

. Measure the maximum width of the emission by placing two markers, one at the lowest frequency and the

other at the highest frequency of the envelope of the spectral display, such that each marker is at or slightly
below the "-6 dB down amplitude”. If a marker is below this “-6 dB down amplitude” value, then it shall be

as close as possible to this value.
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3.3.2. 99 % Bandwidth

The test follows section 6.9.3 of ANSI C63.10-2020 (for FCC) and ANSI C63.10-2020 + Cor.1-2023 +
C63.10a-2024 + Errata to C63.10a-2024 (for ISED).

The occupied bandwidth is the frequency bandwidth such that, below its lower and above its upper
frequency limits, the mean powers are each equal to 0.5% of the total mean power of the given emission.
The following procedure shall be used for measuring 99% power bandwidth:

a) The instrument center frequency is set to the nominal EUT channel center frequency. The
frequency span for the spectrum analyzer shall be between 1.5 times and 5.0 times the OBW.

b) The nominal IF filter bandwidth (3 dB RBW) shall be in the range of 1% to 5% of the OBW, and VBW shall
be at least three times the RBW, unless otherwise specified by the applicable requirement.

1) When measuring OBW for UWB, the VBW shall be set to three times the RBW or the
maximum available VBW of the measuring instrument.

c) Set the reference level of the instrument as required, keeping the signal from exceeding the maximum
input mixer level for linear operation. In general, the peak of the spectral envelope shall be more than [10
log (OBW/RBW)] below the reference level. Specific guidance is given in 4.1.6.2.

d) Step a) through step c¢) might require iteration to adjust within the specified range.

e) Video averaging is not permitted. Where practical, a sample detection and single sweep mode shall
be used. Otherwise, peak detection and max-hold mode (until the trace stabilizes) shall be used.

f) Use the 99% power bandwidth function of the instrument (if available) and report the measured
bandwidth.

g) If the instrument does not have a 99% power bandwidth function, then the trace data points are
recovered and directly summed in linear power terms. The recovered amplitude data points,
beginning at the lowest frequency, are placed in a running sum until 0.5% of the total is reached,;
that frequency is recorded as the lower frequency. The process is repeated until 99.5% of the total
is reached; that frequency is recorded as the upper frequency. The 99% power bandwidth is the
difference between these two frequencies.

h) The occupied bandwidth shall be reported by providing spectral plot(s) of the measuring instrument
display; the plot axes and the scale units per division shall be clearly labeled. Tabular data may be
reported in addition to the plot(s).
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3.4. Test Results

Ambient temperature (23+£1) C
Relative humidity 47 %
-6 dB Bandwidth
Frequency 6 dB Bandwidth Minimum Bandwidth
Mode Channel
(Mz) (Mtz) (kifz)
Low 2402 0.759
GFSK Middle 2440 0.759 500
High 2480 0.759
- 99 % Bandwidth
Frequency 99 % Bandwidth ..
Mode Channel Limit
(Mz) (Mtz)
Low 2402 1.044
GFSK Middle 2440 1.044 -
High 2480 1.049
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- Test plots
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-99 % Bandwidth
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4. Maximum Peak Conducted Output Power

4.1. Test Setup

EUT Attenuator Power Sensor

Test Note PC

4.2. Limit

4.21. FCC
According to §15.247(b)(3), for systems using digital modulation in the 902-928 Mz, 2 400-2 483.5 Mz, and 5 725-

5 850 Mz bands: 1 Watt. As an alternative to a peak power measurement, compliance with the one Watt limit

can be based on a measurement of the maximum conducted output power. Maximum Conducted Output
Power is defined as the total transmit power delivered to all antennas and antenna elements averaged across
all symbols in the signaling alphabet when the transmitter is operating at its maximum power control level.
Power must be summed across all antennas and antenna elements. The average must not include any time
intervals during which the transmitter is off or is transmitting at a reduced power level. If multiple modes of
operation are possible (e.g., alternative modulation methods), the maximum conducted output power is the
highest total transmit power occurring in any mode.

According to §15.247(b)(4), the conducted output power limit specified in paragraph (b) of this section is based
on the use of antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of
this section, if transmitting antennas of directional gain greater than 6 dBi are used, the conducted output
power from the intentional radiator shall be reduced below the stated values in paragraph (b)(1), (b)(2), and
(b)(3) of this section, as appropriate, by the amountin dB that the directional gain of the antenna exceeds 6dBi

4.2.2.1C
According to RSS-247 Issue 4, 6.3.2, For DTS operating in the band 902-928 Mz, the maximum peak
conducted output power shall not exceed 1W, and the e.i.r.p. shall not exceed 4 W.

For DTS operating in the band 2 400-2 483.5 Mz, the maximum peak conducted output power shall not exceed
1W, and the e.i.r.p. shall not exceed 4 W, except as provided in section 6.5 a) and b).

As an alternative to a peak power measurement, compliance can be based on a measurement of the maximum
conducted output power.
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4.3. Test Procedure

The test follows section 11.9.1.3 of ANSI C63.10-2020 (for FCC) and ANSI C63.10-2020 + Cor.1-2023 +
C63.10a-2024 + Errata to C63.10a-2024 (for ISED).

PKPM1 Peak-reading power meter method

- The maximum peak conducted output power may be measured using a broadband peak RF power meter.
The power meter shall have a video bandwidth that is greater than or equal to the DTS bandwidth and shall
utilize a fast-responding diode detector.

Method AVGPM-G (Measurement using a gated RF average-reading power meter)

- Alternatively, measurements may be performed using a wideband gated RF power meter provided that the
gate parameters are adjusted such that the power is measured only when the EUT is transmitting at its
maximum power control level. Since this measurement is made only during the ON time of the transmitter, no
duty cycle correction is required.

Gate triggering can be implemented in such a way that the sweep of the instrument is only active during the
burst period of the device. Any Gate triggering shall be performed on the full power portion of the pulses

and care must be taken to ensure that static portions of the pulse are not included in the measurement
(ensuring that the trace is averaged over the entire symbol range). All Gate triggered measurements shall be
accompanied by a Gate setup plot in the test report.

Test program: (S/W name: R&S Power Viewer, Version: 3.2.0)

1. Initially overall offset for attenuator and cable loss is measured per frequency.

2. Measured offset is inserted in test program in advance of measurement for output power.

3. Power for each frequency (channel) of device is investigated as final result.

4. Final result reported on this section from R&S power viewer program includes with several factors and test
program shows only final result.
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4.4. Test Results
Ambient temperature (23+£1) C
Relative humidity 47 %
Test mode: PHY 1M
Frequenc Average Power Peak Power Limit
Mode Channel qMHz y Result Result dBm
(Vz) (dB m) (dB m) (dB m)
Low 2402 3.65 3.90
GFSK Middle 2440 3.96 4.13 30.00
High 2480 3.83 3.95
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- Test plots
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5. Power Spectral Density

5.1. Test Setup

EUT Attenuator Spectrum
Analyzer
5.2. Limit
5.21 FCC

According to §15.247(e), for digitally modulated systems, the power spectral density conducted from the
intentional radiator to the antenna shall not be greater than 8 dB min any 3 kilz band during any time interval
of continuous transmission. This power spectral density shall be determined in accordance with the provisions
of paragraph (b) of this section. The same method of determining the conducted output power shall be used
to determine the power spectral density.

5.22I1C

According to RSS-247 Issue 4, 6.3.1(b), the transmitter power spectral density conducted from the
transmitter to the antenna(s) shall not be greater than 8 dB m/3 kilz band during any time interval of
continuous transmission. This power spectral density shall be determined in accordance with the provisions
of section 6.3.2 The power spectral density shall be determined using the same method as is used to
determine the maximum conducted output power.

5.3. Test Procedure

The measurements are recorded using the PKPSD measurement procedure in section 11.10.2 of ANSI
C63.10-2020 (for FCC) and ANSI C63.10-2020 + Cor.1-2023 + C63.10a-2024 + Errata to C63.10a-2024 (for
ISED).

- This procedure shall be used if maximum peak conducted output power was used to demonstrate
compliance, and is optional if the maximum conducted (average) output power was used to demonstrate
compliance.

1. Set analyzer center frequency to DTS channel center frequency.

2. Set the span > 1.5 times the DTS bandwidth.

3. Set the RBW to 3 kiz < RBW <100 K.

4. Set the VBW = [3 x RBW].

5. Detector = peak.

6. Sweep time = No faster than coupled (auto) time.

7. Trace mode = max hold.

8. Allow trace to fully stabilize.

9. Use the peak marker function to determine the maximum amplitude level within the RBW.

10. If measured value exceeds requirement, then reduce RBW (but no less than 3 kilz) and repeat.

Note;
- For test plots, the reading values shown in plots were final results because all path loss of the cable and
attenuator were investigated and compensated to spectrum analyzer as TDF function.
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5.4. Test Results

Ambient temperature : (23x1) T
Relative humidity 1 47 %

Test mode: PHY 1M

Frequency Measured PSD Limit
Mode Shiaunel (M) (dB m/3 ki) (dB m/3 kiz)
Low 2 402 -13.33
GFSK Middle 2 440 -12.56 8
High 2 480 -12.98
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6. AC Power Line Conducted Emission

6.1 Test Setup

Shield room enclosure

Main power source

Test Receiver

0.4m
LISN
AC
Adapter
Table height
0.8m
v EUT

6.2. Limit
6.2. Limit

6.2.1 FCC

According to §15.207(a), for an intentional radiator that is designed to be connected to the public utility (AC)
power line, the radio frequency voltage that is conducted back onto the AC power line on any frequency or
frequencies, within the band 150 kHiz to 30 Mz, shall not exceed the limits in the following table, as measured
using a 50 pH /50 ohms line impedance stabilization network (LISN).

Compliance with the provision of this paragraph shall be based on the measurement of the radio frequency
voltage between each power line and ground at the power terminal. The lower limit applies at the boundary

between the frequency ranges.

Conducted limit (dBxV)
Frequency of emission (Mk)
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.
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6.2.21C
According to RSS-Gen Issue 5, 8.8, Unless stated otherwise in the applicable RSS, for radio apparatus that
are designed to be connected to the public utility AC power network, the radio frequency voltage that is

conducted back onto the AC power line on any frequency or frequencies within the range 150 kHz to 30 Miz

shall not exceed the limits in table 4, as measured using a 50 pH / 50 Q line impedance stabilization network.
This requirement applies for the radio frequency voltage measured between each power line and the ground
terminal of each AC power-line mains cable of the EUT.

For an EUT that connects to the AC power lines indirectly, through another device, the requirement for
compliance with the limits in table 4 shall apply at the terminals of the AC power-line mains cable of a
representative support device, while it provides power to the EUT. The lower limit applies at the boundary
between the frequency ranges. The device used to power the EUT shall be representative of typical
applications.

Frequency Conducted limit (dBxV)
(VEz) Quasi-peak Average
0.15-0.5 66 to 56' 56 to 46!
05-5 56 46
5-30 60 50

Note 1: The level decreases linearly with the logarithm of the frequency.

6.3. Test Procedures

AC conducted emissions from the EUT were measured according to the dictates of ANSI C63.10-2020 (for
FCC) and ANSI C63.10-2020 + Cor.1-2023 + C63.10a-2024 + Errata to C63.10a-2024 (for ISED).

1. The test procedure is performed ina 6.5 m x 3.5m x 3.5 m (L x W x H) shielded room. The EUT along with
its peripherals were placed on a 1.0 m (W) x 1.5 m (L) and 0.8 m in height wooden table and the EUT was
adjusted to maintain a 0.4 meter space from a vertical reference plane.

2. The EUT was connected to power mains through a line impedance stabilization network (LISN) which
provides 50 ohm coupling impedance for measuring instrument and the chassis ground was bounded to the
horizontal ground plane of shielded room.

3. All peripherals were connected to the second LISN and the chassis ground also bounded to the horizontal
ground plane of shielded room.

4. The excess power cable between the EUT and the LISN was bundled. The power cables of peripherals
were unbundled. All connecting cables of EUT and peripherals were moved to find the maximum emission.
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6.4. Test Results

The following table shows the highest levels of conducted emissions on both phase of Hot and Neutral line.

Ambient temperature (23+£1)°C

Relative humidity 47 %

Frequency range 0.15 Mk - 30 M

Measured Bandwidth 9 ki
Freq. | Reading (dBxV) [Correction| Result (dBxV) Limit (dBuV) Margin (dB)
(Miz) Quasi- |\ orage Fa(;:];or Quasi- |\ orage Hne "Quasi- Average | QU381 | Average

peak 9 (dB) peak 9 peak g peak g
0.20 14.21 -2.00 9.83 24.04 7.83 N 63.69 53.69 39.65 | 45.86
0.23 10.83 | -3.69 9.83 20.66 6.14 N 62.45 52.45 41.79 | 46.31
0.31 4.88 -5.19 9.84 14.72 4.65 N 59.86 49.86 4514 | 45.21
0.79 0.75 -5.65 9.86 10.61 4.21 N 56.00 46.00 45.39 | 41.79
1.96 412 -2.64 9.99 14.11 7.35 N 56.00 46.00 41.89 | 38.65
18.16 | 3.13 -2.87 10.82 13.95 7.95 N 60.00 50.00 46.05 | 42.05
0.19 15.86 | -2.05 9.73 25.59 7.68 H 64.21 54.21 38.62 | 46.53
0.22 1259 | -3.17 9.73 22.32 6.56 H 62.89 52.89 40.57 | 46.33
0.25 8.82 -4.03 9.74 18.56 5.71 H 61.63 51.63 43.07 | 45.92
0.76 2.20 -5.35 9.80 12.00 4.45 H 56.00 46.00 44.00 | 41.55
1.92 4.85 -2.62 9.90 14.75 7.28 H 56.00 46.00 41.25 | 38.72
4.99 5.05 -2.18 9.97 15.02 7.79 H 56.00 46.00 40.98 | 38.21
Remark;

1. Line (H): Hot, Line (N): Neutral.

2. The limit for Class B device(s) from 150 kiz to 30 Miz are specified in Section of the Title 47 CFR.
3. Testfrom 150 kiiz to 30 Mk was performed using the software of EMC32(V10.60.20) from R&S.
4. Traces shown in plot were made by using a Quasi-peak detector and average detector.
5. Deviations to the Specifications: None.
6. Result (dB4V) = Reading (dBxV) + Correction Factor(dB)

7. Correction Factor(dB) = LISN factor (dB) + Cable loss (dB)
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- Test plots

Test mode: (Neutral)
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7. Antenna Requirement

7.1. Standard Applicable

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. The
use of a permanently attached antenna or of an antenna that uses a unique coupling to the intentional radiator
shall be considered sufficient to comply with the provisions of this section. The manufacturer may design the
unit so that a broken antenna can be replaced by the user, but the use of a standard antenna jack or electrical
connector is prohibited. Further, this requirement does not apply to intentional radiators that must be
professionally installed, such as perimeter protection systems and some field disturbance sensors, or to other
intentional radiators which, in accordance with §15.31(d), must be measured at the installation site. However,
the installer shall be responsible for ensuring that the proper antenna is employed so that the limits in this part
are not exceeded. And according to FCC 47 CFR Section §15.247(b) if transmitting antennas of directional
gain greater than 6 dB i are used, the conducted output power shall be reduced appropriate, by the amount in

dB that the directional gain of the antenna exceeds 6 dBi.

7.2. Antenna Connected Construction

Antenna used in this product is Multilayer Chip Antenna with gain of 2.87 dB i

- End of the Test Report -
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