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2 Test Summary

Radio Spectrum Technical Requirement
ltem Standard Method Requirement Result
Antenna Requirement N/A éé?lngI%g zrt11552,4$7u(l;)p&r)t Pass
Other requirements 47 CER Part 15
F??EZS? Hegtriﬁ'rfgg Subpart C 15.247 N/A 47 CFR Part 15, Subpart |
b pectt C 15.247(a)(1),(9).(h)
System Hopping
Sequence
Radio Spectrum Matter Part
Iltem Standard Method Requirement Result
Conducted Peak ANSI| C63.10 (2013) | 47 CFR Part 15, Subpart Pass
Output Power Section 7.8.5 C 15.247(b)(2)
: ANSI C63.10 (2013) | 47 CFR Part 15, Subpart
20dB Bandwidth Section 7.8.7 C 15.247(a)(1) Pass
Carrier Frequencies ANSI C63.10 (2013) | 47 CFR Part 15, Subpart Pass
Separation Section 7.8.2 C 15.247a(1)
Hopping Channel ANSI C63.10 (2013) | 47 CFR Part 15, Subpart Pass
Number Section 7.8.3 C 15.247a(2)(i)
Dwell Time ANSI C63.10 (2013) | 47 CFR Part 15, Subpart Pass
Section 7.8.4 C 15.247a(1)(i)
Conducted Band ANSI C63.10 (2013) | 47 CFR Part 15, Subpart
47 CFR Part 15, . Pass
Edges Measurement Subpart C 15.247 Section 7.8.6 C 15.247(d)
Conducted Spurious ANSI C63.10 (2013) | 47 CFR Part 15, Subpart Pass
Emissions Section 7.8.8 C 15.247(d)
Rﬂﬁéﬁﬁ;{ﬁ‘f‘fﬁﬁgns ANSI C63.10 (2013) | 47 CFR Part 15, Subpart |
. Section 6.10.5 C 15.205 & 15.209
restricted bands
REan‘:'i:;?gn‘Z’%g:g\‘jvs ANSI C63.10 (2013) | 47 CFR Part 15, Subpart |
Section 6.4,6.5 C 15.205 & 15.209
1GHz
Féﬁ;:;?gn‘:’%&‘f ANSI C63.10 (2013) | 47 CFR Part 15, Subpart |
1GHy Section 6.6 C 15.205 & 15.209

Note: There have 8 antenna ports, but they cannot simultaneously transmit at the same time, there is
only one port can transmission at one time. As the RF antenna paths are same, we have pre-scan all
ports radio power, finally we choose port 1 as a typical representative for all test items.
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4 General Information
4.1 Details of E.U.T.

Power supply: DC 5V from USB port

Test Voltage: DC 5v

Operation Frequency: 902.75MHz ~ 927.25MHz
Modulation Type: ASK

Number of Channels: 50

Channel Spacing: 500KHz

Antenna Type: PCB Antenna

Antenna Gain: -15dBi (Provided by manufacturer)

Spectrum Spread Technology: Frequency Hopping Spread Spectrum(FHSS)

4.2 Description of Support Units

Description Manufacturer Model No. Serial No.

Laptop LENOVO L460 -

4.3 Power level setting using in test

Channel Power setting
Low 27
Middle 27
High 27

4.4 Measurement Uncertainty

No. Item Measurement Uncertainty
1 Radio Frequency 8.4x 108
2 Timeout 2s
3 Duty cycle 0.4%
4 Occupied Bandwidth 3%
5 RF conducted power 0.6dB
6 RF power density 2.9dB
7 Conducted Spurious emissions 0.75dB
i 5.2dB (Below 1GHz)
8 RF Radiated power
5.9dB (Above 1GHz)
4.2dB (Below 30MHz)
_ _ o 4.5dB (30MHz-1GHz)
9 Radiated Spurious emission test
5.1dB (1GHz-6GHz)
5.4dB (6GHz-18GHz)
10 Temperature test 1°C
11 Humidity test 3%
12 Supply voltages 1.5%
13 Time 3%

Note: The measurement uncertainty represents an expanded uncertainty expressed at
approximately the 95% confidence level using a coverage factor of k=2.
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45 Test Location

All tests were performed at:

SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd. E&E Lab

588 West Jindu Road, Xingiao, Songjiang, 201612 Shanghai, China

Tel: +86 21 6191 5666 Fax: +86 21 6191 5678

No tests were sub-contracted.

Note:

1. SGS is not responsible for wrong test results due to incorrect information (e.g. max. clock frequency,
highest internal frequency, antenna gain, cable loss, etc ) is provided by the applicant. (if applicable).
2. SGS is not responsible for the authenticity, integrity and the validity of the conclusion based on
results of the data provided by applicant. (if applicable).

3. Sample source: sent by customer.

4.6 Test Facility

4.7

4.8

The test facility is recognized, certified, or accredited by the following organizations:
* A2LA (Certificate No. 6332.01)
SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd. is accredited by the American
Association for Laboratory Accreditation(A2LA).
* FCC (Designation Number: CN1301)
SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd. has been recognized as an accredited
testing laboratory.
* ISED (CAB Identifier: CN0020)
SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd. EMC Laboratory has been recognized
by Innovation, Science and Economic Development Canada (ISED) as an accredited testing laboratory.
Company Number: 8617A
* VCCI (Member No.: 3061)
The 3m Semi-anechoic chamber and Shielded Room of SGS-CSTC Standards Technical Services
(Shanghai) Co., Ltd. has been registered in accordance with the Regulations for Voluntary Control
Measures with Registration No.: R-13868, C-14336, T-12221, G-10830 respectively.

Deviation from Standards

None

Abnormalities from Standard Conditions
None
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6.111221a

Equipment [Manufacturer| ~ Model No [ Inventory No | Cal Date [Cal Due Date
RF Conducted Test
Spectrum Analyzer R&S FSP-30 SHEMO002-1 | 2022-12-20 | 2023-12-19
Spectrum Analyzer Keysight N9020B SHEM241-1 | 2022-12-20 | 2023-12-19
Spectrum Analyzer Agilent N9020A SHEM181-1 | 2023-08-02 | 2024-08-01
Signal Generator R&S SMR20 SHEMO006-1 | 2023-08-02 | 2024-08-01
Signal Generator Agilent N5182A SHEM182-1 | 2023-08-02 | 2024-08-01
Communication Tester R&S CMW270 SHEM183-1 | 2023-06-01 | 2024-05-31
Communication Tester R&S CMW500 SHEM268-1 | 2023-06-01 | 2024-05-31
Power Sensor Keysight U2021XA * 4 SHEM184-1 | 2023-08-02 | 2024-08-01
Splitter Anritsu MA1612A SHEM185-1 / /
Coupler e-meca 803-S-1 SHEM186-1 / /
High-low Temp Cabinet Suzhou Zhihe TL-40 SHEMO087-1 | 2022-11-08 | 2024-11-07
AC Power Stabilizer APC KDF-31020T-V0-FO | SHEM216-1 | 2022-12-20 | 2023-12-19
DC Power Supply MCH MCH-303A SHEM210-1 | 2022-12-20 | 2023-12-19
Conducted test Cable / RF01~RF04 / 2022-12-20 | 2023-12-19
Switcher Tonscend JS0806 SHEM184-1 | 2023-08-02 | 2024-08-01
JS Tonscend .
Test software Tonscend BT/WIFI System Version: 2.6 / /
Coaxial Cable TST SHEM263-1 | 2023-08-02 | 2024-08-01
Test software TST TST PASS Version: 2.0 / /
RF Radiated Test
EMI test Receiver R&S ESU40 SHEMO051-1 | 2022-12-20 | 2023-12-19
Spectrum Analyzer R&S FSP-30 SHEMO002-1 | 2022-12-20 | 2023-12-19
Communication Tester R&S CMW500 SHEM268-1 | 2023-06-01 | 2024-05-31
Loop Antenna (9kHz-30MHz) | Schwarzbeck FMZB1519 SHEM135-1 | 2022-12-20 | 2023-12-19
Antenna (25MHz-2GHz) Schwarzbeck VULB9168 SHEMO048-1 | 2022-09-11 | 2024-09-10
Antenna (25MHz-2GHz) Schwarzbeck VULB9168 SHEM202-1 | 2022-05-07 | 2024-05-06
Horn Antenna (1-18GHz) | Schwarzbeck HF906 SHEMO009-1 | 2022-08-11 | 2024-08-10
Horn Antenna (1-18GHz) | Schwarzbeck BBHA9120D SHEMO050-1 | 2022-09-18 | 2024-09-17
Horn Antenna (14-40GHz) | Schwarzbeck BBHA 9170 SHEMO049-1 | 2022-09-18 | 2024-09-17
Pre-Amplifier HP 8447D SHEM236-1 | 2023-08-02 | 2024-08-01
High-amplifier (14-40GHz) | Schwarzbeck 10001 SHEMO049-2 | 2022-12-20 | 2023-12-19
Band Filter LORCH 9BRX-875/X150 | SHEM156-1 / /
Band Filter LORCH 13BRX-1950/X500 | SHEMO083-2 / /
Band Filter LORCH 5BRX-2400/X200 | SHEM155-1 / /
Band Filter LORCH 5BRX-5500/X1000 | SHEM157-2 / /
High pass Filter Wainwright WHK3.0/18G SHEM157-1 / /
High pass Filter Wainwright WHKS1700 SHEM157-3 / /
Semi/Fully Anechoic ST 11*6*6M SHEMO078-2 | 2021-05-25 | 2024-05-24
RE test Cable / REO1, REO2, RE06 / 2023-01-07 | 2024-01-06
Test software ESE E3 version: / /
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6 Radio Spectrum Technical Requirement

6.1 Antenna Requirement
6.1.1 Test Requirement:
47 CFR Part 15, Subpart C 15.203 & 15.247(b)(4)

6.1.2 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 permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator, 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.

15.247(b) (4) requirement:

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 paragraphs (b)(1),
(b)(2), and (b)(3) of this section, as appropriate, by the amount in dB that the directional gain of the
antenna exceeds 6 dBi.

EUT Antenna:

The antenna is PCB antenna and no consideration of replacement. The best case gain of the
antenna is -15 dBi.

Antenna location: Refer to internal photo.
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6.2 Other requirements Frequency Hopping Spread Spectrum System Hopping
Sequence
6.2.1 Test Requirement:
47 CFR Part 15, Subpart C 15.247(a)(1),(g),(h)

6.2.2 Conclusion
Standard Requirement:

The system shall hop to channel frequencies that are selected at the system hopping rate from a
Pseudorandom ordered list of hopping frequencies. Each frequency must be used equally on the
average by each transmitter. The system receivers shall have input bandwidths that match the
hopping channel bandwidths of their corresponding transmitters and shall shift frequencies in
synchronization with the transmitted signals.

Frequency hopping spread spectrum systems are not required to employ all available hopping
channels during each transmission. However, the system, consisting of both the transmitter and the
receiver, must be designed to comply with all of the regulations in this section should the transmitter
be presented with a continuous data (or information) stream. In addition, a system employing short
transmission bursts must comply with the definition of a frequency hopping system and must
distribute its transmissions over the minimum number of hopping channels specified in this section.

The incorporation of intelligence within a frequency hopping spread spectrum system that permits the
system to recognize other users within the spectrum band so that it individually and independently
chooses and adapts its hopsets to avoid hopping on occupied channels is permitted. The
coordination of frequency hopping systems in any other manner for the express purpose of avoiding
the simultaneous occupancy of individual hopping frequencies by multiple transmitters is not
permitted.

Compliance for section 15.247(a)(1): According to Technical Specification, when transmitting
continuously, device radios will hop over 50 frequency channels. They will select the transmit
frequency from a pseudorandom sequence stored in a frequency hopping table. This ensures the
equally usage of all channels

An example of Pseudorandom Frequency Hopping Sequence as follow:

Each frequency used equally on the average by each transmitter.

According to Technical Specification, the receivers are designed to have input and IF bandwidths that
match the hopping channel bandwidths of any transmitters and shift frequencies in synchronization
with the transmitted signals.

Compliance for section 15.247(g): According to Technical Specification, the device uses a single side
band modulation with a fully suppressed carrier, where a subcarrier is modulated. The offset of this
SSB subcarrier is related to the central frequency “F0” of each declared 100 KHz channel in which
the device is hopping 50 channels for continuous transmission.

Compliance for section 15.247(h): According to Technical specification, When the radio switches on,
it starts on the first channel of the declared hopping list. Transmission can stop before going over the
50 channels if the message is short. No individual channel will ever be used more often than it is
allowed.

The system is designed not have the ability to coordinated with other FHSS System in an effort to
avoid the simultaneous occupancy of individual hopping frequencies by multiple transmitter.
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7 Radio Spectrum Matter Test Results

7.1 Conducted Peak Output Power

Test Requirement 47 CFR Part 15, Subpart C 15.247(b)(2)

Test Method: ANSI C63.10 (2013) Section 7.8.5

Limit:

Frequency range(MHz) Output power of the intentional radiator(watt)
1 for 250 hopping channels

902-928 0.25 for 25< hopping channels <50

1 for digital modulation
1 for 275 non-overlapping hopping channels

2400-2483.5 0.125 for all other frequency hopping systems
1 for digital modulation
5725-5850 1 for frequency hopping systems and digital modulation

7.1.1 E.U.T. Operation
Operating Environment:
Temperature: 25.1°C Humidity: 59.8 % RH Atmospheric Pressure: 1010 mbar

7.1.2 Test Mode Description

Pre-scan /| Mode

Final test Code Description

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK

Final test 01 .
modulation.

7.1.3 Test Setup Diagram

Spectrum Analyzer

ElENE
/\\ s |
o s |

= = E"Z E.U.T

Non-Conducted Table

Ground Reference Plane

7.1.4 Measurement Procedure and Data

Note: Since the verify power the same operating range bandwidth and smaller power can be covered
by the higher power.

Please Refer to Appendix for Details
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7.2 20dB Bandwidth

Test Requirement 47 CFR Part 15, Subpart C 15.247(a)(1)
Test Method: ANSI C63.10 (2013) Section 7.8.7
Limit:
20 dB bandwidth of the hopping Hopping frequencies Average time of occupancy
channel
shall not be greater than 0.4
less than 250 kHz least 50 hopping frequencies seconds within a 20 second
period
shall not be greater than 0.4
250 kHz to 500kHz least 25 hopping frequencies seconds within a 10 second
period.
7.21 E.U.T. Operation
Operating Environment:
Temperature: 25.1°C Humidity: 59.5 % RH Atmospheric Pressure: 1010 mbar

7.2.2 Test Mode Description

Pre-scan /| Mode

Final test Code Description

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK

Final test 01 .
modulation.

7.2.3 Test Setup Diagram

Spectrum Analyzer

=)= =)
/\\ Ei=EE
| == =]

= = S'Z E.U.T

Non-Conducted Table

Ground Reference Plane

7.2.4 Measurement Procedure and Data

Please Refer to Appendix for Details
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7.3 Carrier Frequencies Separation

Test Requirement 47 CFR Part 15, Subpart C 15.247a(1)
Test Method: ANSI C63.10 (2013) Section 7.8.2
Limit:

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 2400-2483.5 MHz 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

125 mw.

7.3.1 E.U.T. Operation
Operating Environment:

Temperature: 25.2°C Humidity: 59.7 % RH Atmospheric Pressure: 1010 mbar

7.3.2 Test Mode Description

Pre-scan /| Mode

Final test Code Description

Final test 00 TX _Hop mode_Keep the EUT in frequency hopping mode with GFSK modulation.

7.3.3 Test Setup Diagram

Spectrum Analyzer

i o f |
A Ooo

i e
— i e

== E.U.T

Non-Conducted Table

Ground Reference Plane

7.3.4 Measurement Procedure and Data

Please Refer to Appendix for Details
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7.4 Hopping Channel Number
Test Requirement 47 CFR Part 15, Subpart C 15.247a(1)(i)
Test Method: ANSI C63.10 (2013) Section 7.8.3

Limit:

Frequency range(MHz) Number of hopping channels (minimum)

50 for 20dB bandwidth <250kHz
25 for 20dB bandwidth 2250kHz

902-928

2400-2483.5 15

5725-5850 75

7.41 E.U.T. Operation
Operating Environment:
Temperature: 25.2°C Humidity: 59.9 % RH Atmospheric Pressure: 1010 mbar

7.4.2 Test Mode Description

Pre-scan /| Mode Description
Final test Code P
Final test 00 TX_Hop mode_Keep the EUT in frequency hopping mode with GFSK modulation.

7.4.3 Test Setup Diagram

Spectrum Analyzer

===
A~ ooo

i e
— i e

=t =] E.U.T

(C_

Non-Conducted Table

Ground Reference Plane

7.4.4 Measurement Procedure and Data

Please Refer to Appendix for Details
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7.5 Dwell Time

Test Requirement 47 CFR Part 15, Subpart C 15.247a(1)(i)

Test Method: ANSI C63.10 (2013) Section 7.8.4

Limit:

Frequency(MHz) Limit
902-928 0.4S within a 20S period(20dB bandwidth<250kHz)
0.4S within a 10S period(20dB bandwidth=250kHz)
0.4S within a period of 0.4S multiplied by the number
2400-2483.5 .
of hopping channels
5725-5850 0.4S within a 30S period

7.5.1 E.U.T. Operation
Operating Environment:
Temperature: 25.2°C Humidity: 59.9 % RH Atmospheric Pressure: 1010 mbar

7.5.2 Test Mode Description

Pre-scan /| Mode

Final test Code Description

Final test 00 TX _Hop mode_Keep the EUT in frequency hopping mode with GFSK modulation.

7.5.3 Test Setup Diagram

Spectrum Analyzer

=} =) =)
/\\ Ei=E=
i s |

= = S‘Z EUT

Non-Conducted Table

Ground Reference Plane

7.5.4 Measurement Procedure and Data

Please Refer to Appendix for Details
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Conducted Band Edges Measurement

Test Requirement 47 CFR Part 15, Subpart C 15.247(d)
Test Method: ANSI C63.10 (2013) Section 7.8.6
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 815.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c).

E.U.T. Operation
Operating Environment:
Temperature: 25.2°C Humidity: 59.6 % RH Atmospheric Pressure: 1010 mbar

7.6.2 Test Mode Description

Pre-scan / | Mode
Final test Code

Description

Final test 00 TX _Hop mode_Keep the EUT in frequency hopping mode with GFSK modulation.

Final test 01

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK
modulation.

7.6.3 Test Setup Diagram

Spectrum Analyzer

i o |
/\\ Ei=E=
o s |

= = SE’ EUT

Non-Conducted Table

Ground Reference Plane

7.6.4 Measurement Procedure and Data

Please Refer to Appendix for Details
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Conducted Spurious Emissions

Test Requirement 47 CFR Part 15, Subpart C 15.247(d)
Test Method: ANSI C63.10 (2013) Section 7.8.8
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 815.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c).

E.U.T. Operation
Operating Environment:
Temperature: 25.2°C Humidity: 59.5 % RH Atmospheric Pressure: 1010 mbar

7.7.2 Test Mode Description

Pre-scan / | Mode
Final test Code

Description

Final test 01

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK
modulation.

7.7.3 Test Setup Diagram

Spectrum Analyzer

===
A ooo

i e
— i e

=l E.U.T

(C_

Non-Conducted Table

Ground Reference Plane

7.7.4 Measurement Procedure and Data

Please Refer to Appendix for Details




SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.
SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 18 of 60

7.8 Radiated Emissions which fall in the restricted bands

Test Requirement 47 CFR Part 15, Subpart C 15.205 & 15.209
Test Method: ANSI C63.10 (2013) Section 6.10.5
Limit:
Frequency(MHz) Field Measurement
q y 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 quasi-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.

7.8.1 E.U.T. Operation
Operating Environment:
Temperature: 25.2 °C Humidity: 59.4 % RH Atmospheric Pressure: 1010 mbar

7.8.2 Test Mode Description

Pre-scan /| Mode

Final test Code Description

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK

Final test 01 .
modulation.

7.8.3 Test Setup Diagram

Antenna Tower

Turntable]  GroundReference Plane

Ground Reference Plane

i = ii i ..l.] Test Recei | o
Test Receiver est Receiver Preamoe G ontrotier -

30MHz-1GHz Above 1GHz




SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 19 of 60

7.8.4 Measurement Procedure and Data

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 O 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.

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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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:Low

Level! (dBuVim)

120
1
108.0
96.0
84.0
72.0
60.0/
48.04
s i e i i P i Ao e bt P
36.0
24.0
12.0
900 910 920 a50 1000
Frequency (MHz)
Antenna Polarity :HORIZONTAL
EUT/Project :1972AT
Test mode :81
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
MHz  dBu¥  dB/m dB dB dBuv/m dBuV/m dB

1 982.659 188.87 23.94 3.25 27.34 188.72  46.88 62.72 Peak
2 So@.eee 37.27 23.85 3.3% 28.25 38.22 45.089 -7.78 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical;, Modulation:GFSK; Channel:Low

Level! (dBuVim)

120
108.0 ]
96.0
84.0
72.0
60.0
4804 =l
ILHM-II" Bt M 30 i L b oAt s S e
36.0
24.0
12.0
900 910 920 as0 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project :1972AT
Test mode :01
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuv/m dB

1 982.659 1es.87 23.94 3.25 27.34 187.92 46.88 61.92 Peak
2 So@.eBe 38.67 23.85 3.3% 28.25 39.82 45.089 -6.38 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:middle

Level! (dBuVim)

120
1
108.0
96.0
84.0
72.0
60.0
48.0 l”
3
q,..,u,.lw..m”--;' s e e
36.0
24.0
12.0
900 910 920 as0 1000
Frequency (MHz)
Antenna Polarity :HORIZONTAL
EUT/Project :1972AT
Test mode :01
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuV/m dB

1 915.381 189.54 23.96 3.28 27.87 189.71 46.88 63.71 Peak
2 So@.epe 38.24 23.85 3.35% 28.25 39.19 46.080 -6.81 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor



SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 23 of 60

Test Mode: 01; Polarity: Vertical;, Modulation:GFSK; Channel:Low

Level! (dBuVim)

120
108.0 !
96.0
84.0
72.0
60.0
48.0 ,,UH— :
EB.I}W e o b A b e b g s
24.0
12.0
900 910 920 as0 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project :1972AT
Test mode :01
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
Wz dsuv ds/m  dB  dB  dBuv/m deuv/m  ds

1 915.381 1es.48 23.96 3.28 27.87 188.57 46.88 62.57 Peak
2 Sol@.epe 37.88 23.85 3.3% 28.25 37.95 46.080 -8.83 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:High

Level! (dBuVim)

120
1
108.0
96.0
84.0
72.0
60.0
48.0
Prprsht nard e o it ll-.,a,,.-..,.-,._ b e L At At |
36.0
24.0
12.0
900 910 920 as0 1000
Frequency (MHz)
Antenna Polarity :HORIZONTAL
EUT/Project :1972AT
Test mode :01
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuV/m dB

1 927.239 111.44 23.91 3.32 26.80 111.87 46.88 65.87 Peak
2 So@.eee 37.27 23.85 3.3% 28.25 38.22 45.089 -7.78 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical; Modulation:GFSK; Channel:High

Level! (dBuVim)

120
1
108.0
96.0
84.0
72.0
60.0
48.0 'ﬂ| )
Mtk sreporhim ey e a d
36.0
24.0
12.0
900 910 920 as0 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project :1972AT
Test mode :01
Read Antenna Cable Preamp Emission Limit Owver
Freq Level Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuv/m dB

1 927.239 1es.89 23.91 3.32 26.80 185.52 46.88 62.52 Peak
2 So@.ep@ 38.46 23.85 3.3% 28.25 39.41 45.089 -6.59 QP

Note:Emission Level=Read Level+Antenna Factor+Cable loss-Preamp Factor
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7.9 Radiated Spurious Emissions Below 1GHz

Test Requirement
Test Method:

47 CFR Part 15, Subpart C 15.205 & 15.209
ANSI C63.10 (2013) Section 6.4,6.5

Limit:

Frequency(MHz) Field strength(microvolts/meter) di'\sAtZiscL:ar(;n:::s)
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
960-1000 500 3
7.9.1 E.U.T. Operation
Operating Environment:
Temperature: 25.2°C Humidity: 60.0 % RH Atmospheric Pressure: 1010 mbar

7.9.2 Test Mode Description

Pre-scan / | Mode

Final test Code Description

TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK

Final test 01 .
modulation.

7.9.3 Test Setup Diagram

0.6m Loup Antenna

3mor10m

-

EUT
T —— —

Turntable Ground Reference Plane

Test Receiver

T

2 = i ]
Test Receiver | E :Ei ?

Below 30MHz 30MHz—-1GHz
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7.9.4 Measurement Procedure and Data

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. 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.

c. 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.

d. 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 O degrees to 360 degrees to find
the maximum reading.

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

f. 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 quasi-peak method as specified and
then reported in a data sheet.

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

h. 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.

i. Repeat above procedures until all frequencies measured was complete.
Remark:
1. Level= Read Level+ Cable Loss+ Antenna Factor- Preamp Factor

2. Scan from 9kHz to 30MHz, the disturbance 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.

3. The disturbance below 1GHz was very low and the harmonics were the highest point could be
found when testing, so only the above harmonics had been displayed.
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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:Low

Level ({dBuVim)

110,
96.3
82.5
68.8
55.0
413 ! ' E[
: - Ty
27.5| piniesoian oy e
s
13.8
30 50 100 200 500 1000
Frequency (MHz)

Antenna Polarity :HORIZONTAL

EUT/Project 1972AT

Test mode :81

Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuV/m dB
1 49,533 48.48 13.84 @.83 26.58 28.45 48.88 -11.55 QP
2 la7.51e 44.77 16.83 l.e8 27V.le 28.78 43.58 -14.72 QP
3 284,238 46.82 9.93 1.49 26.71 31.33 43,58 -12.17 QP
4 435,598 38.71 16.81 2.24 26.68 3l.88 46.88 -14.92 QP
5 752.743 38.12 22.31 2.97 27.23 36.17 46.088 -9.83 QP
6 955.438 39.58 23.79 3.35 26.24 46.48 45.088 -5.68 QP
Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical;, Modulation:GFSK; Channel:Low

11“Le1.rel {dBuVimj)

96.3

825

68.8

55.0

41.3 !

p L
o
275 MW

£

£al

A 2 s
. it Al i
30 50 100 200 500 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project :1972AT
Test mode 191
Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark

MHz  dBuv  dB/m dB dB dBuv/m  dBuv/m dB
1 49,187 43.83 13.83 @.83 26.58 38.99 48 .88 -9.81 QP
2 les.759 35.79 9.91 l.e8 27V.le 19.68  43.58 -23.82 QP
3 131.758 34.81 12.28 1.16 27V.1e 21.87 43.58 -22.43 QP
4 leg.8e8 34.21 13.15 1.33 27.e8 21.89 43,58 -21.81 QP
5 414.722 34.87 15.98 2.19 27.11 25.93 46.88 -28.87 QP
6 938.833 36.88 23.75 3.32 26.42 37.45 46.88 -8.55% QP
Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:middle

Level ({dBuVim)

120
105.0
90.0
75.0
60.0
45.0 | i C ',..4-....-."-1“
30.0 ) 2 A PN e
I Pt .
PTSTRPTE v W
i W
15.0
30 50 100 200 500 1000
Frequency (MHz)
Antenna Polarity :HORIZONTAL
EUT/Project 1972AT
Test mode 191
Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark
MHz dBuv  dB/m dB dB dBuv/m dBuV/m dB
1 49,359 41.93 13.83 @.63 26.58 29.89 4.8 -18.11 QP
2 186.759 45,53 9.91 l.e8 27.18 29.42 43.58 -14.858 QP
3 216.824 47.57 9.81 1.55 26.75% 32.18 46.88 -13.82 QP
4 385.281 39.83 15.41 2.1e 27.14 3Z8.8e 4o0.88 -lo.e@ QP
5 612.864 39.58 28.55 2.67 27.286 35.52 4s.88 -18.48 QP
i1 9l16.869 39.41 23.96 3.28 27.87 39.58 46.688 -6.42 QP

Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical, Modulation:GFSK; Channel:middle

Level ({dBuVim)

120
105.0
90.0
75.0
60.0
45.0 f |_
I h
3"[}"} ..I' f Mol I w: e TRy
15.0
30 50 100 200 500 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project 1972AT
Test mode :81

Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark
MHz  dBuv  dB/m dB dB dBuv/m dBuV/m dB
1 49,359 44,58 13.83 @.83 26.58 32.486 40.068 -7.54 QP
2 7@.832 38.57 1l.62 @.78 26.51 24.46 48.88 -15.54 QP
3 159.225 39.24 13.27 1.33 27.85 26.79 43.5%8¢ -16.71 QP
4 3g4.268 38.76 14.93 2.4 26.76 28.97 4e6.88 -17.83 QP
5 645.128 39.86 28.53 2.76 27.28 35.286 4e6.88 -le.88 QP
6 952.894 38.87 23.76 3.35 26.22 39.786 46.88 -6.24 QP
Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Horizontal, Modulation:GFSK; Channel:High

Level ({dBuVim)

120
105.0
90.0
75.0
60.0
45.0 i |—
I g ,.vﬁ-"'"
30.0 TR . twﬁﬁ*”#nﬂjitmﬁﬂ*m iy
ot
15.0
30 50 100 200 500 1000
Frequency (MHz)
Antenna Polarity :HORIZONTAL
EUT/Project 1972AT
Test mode 191
Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark

MHz  dBuv  dB/m dB dB dBuv/m  dBuv/m dB
1 49,359 41.93 13.83 @.83 26.58 29.89 48.88 -16.11 QP
2 la7.888 43.71 1e.11 l.e8 27V.le 27.88 43.58 -15.78 QP
3 284,238 46.31 9.93 1.49 26.71 3l.82 43.58 -12.48 QP
4 447,982 38.e1 17.e6 2.28 26.52 38.83 4g.88 -15.17 QP
5 696.857 39.17 28.82 2.86 28.67 34.7Y8 4e6.88 -11.22 QP
6 854.825 38.88 23.52 3.15 27¥.21 38.34 46.88 -7.66 QP
Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical; Modulation:GFSK; Channel:High

Level ({dBuVim)

120
105.0
90.0
75.0
60.0
45.0 | i |—
PRI RAN Ly
30.0/ - o2 i
J_l.‘. x L l"'ﬂil_.]_ WMWI‘*
15.0
30 50 100 200 500 1000
Frequency (MHz)
Antenna Polarity :VERTICAL
EUT/Project 1972AT
Test mode 191
Read Antenna Cable Preamp Emission Limit Owver
Freq Lewvel Factor Loss Factor Level Line Limit Remark

MHz dBu¥  dB/m dB dB dBuv/m dBuV/m dB
1 49,359 43,93 13.83 8.63 26.58 31.89 48.868 -8.11 QP
2 129.468 39.41 12.81 1.16 27.16 25.48 43,58 -18.82 QP
3 159,225 38.85 13.27 1.33 27.85 25.608 43.58 -17.98 QP
4
5

447,982 39.72 17.86  2.28 126.532 32.34 46.88 -13.46 QP
658.836 48.17 28.41 2.79 27.33 36.84 46.88 -9.96 QP

6 929.@888 39.14 23.89 3.32 26.89 39.66 46.80 -6.34 QP
Mote:Emission Lewvel=Read LeveltAntenna Factor+Cable loss-Preamp Factor
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7.10 Radiated Spurious Emissions Above 1GHz

Test Requirement 47 CFR Part 15, Subpart C 15.205 & 15.209
Test Method: ANSI C63.10 (2013) Section 6.6
Limit:
Frequency(MHz) Field .Measurement
strength(microvolts/meter) distance(meters)
Above 1000 500 3

7.10.1 E.U.T. Operation
Operating Environment:

Temperature: 25.2°C Humidity: 60.3 % RH Atmospheric Pressure: 1010 mbar

7.10.2 Test Mode Description

Pre-scan /| Mode Description

Final test Code P

Final test 01 TX_non-Hop mode_Keep the EUT in continuously transmitting mode with GFSK
modulation.

7.10.3 Test Setup Diagram

L. Antenna Tower
Antenna \‘n
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7.10.4 Measurement Procedure and Data

a. 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.

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

c. 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.

d. 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.

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

f. 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 or average method as specified
and then reported in a data sheet.

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

h. 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.

i. Repeat above procedures until all frequencies measured was complete.

Remark:

1. Level= Read Level+ Cable Loss+ Antenna Factor- Preamp Factor

2. Scan from 1GHz to 25GHz, the disturbance above 18GHz 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.

3. As shown in this section, 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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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:Low

1 D{:_Lmrel {dBuVim}

75.0

fa

(%]

25.0

1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :HORIZOMNTAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark
MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1811.34 42.59 27.32 3.12 34.79 38.24 74.88 -35.76 Peak
3pl4.18 51.57 32.23 4.15 36.13 51.82 JF4.88 -22.18 Peak
6324.12 45.33 35.53 6.13 36.68 50.39 JF4.88 -23.61 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical;, Modulation:GFSK; Channel:Low

1 D{:_Lmrel {dBuVim}

75.0

"2

25.0

1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :VERTICAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark
MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1811.34 45.88@ 27.32 3.12 34.79 48.65 74.88 -33.35 Peak
3pl4.18 51.82 32.23 4.15 36.13 51.27 TJ4.88 -22.73 Peak
4598.17 48.64 32.46 4.62 3F6.790 49.82 T74.88 -24.98 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor



SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 38 of 60

Test Mode: 01; Polarity: Horizontal; Modulation: GFSK; Channel:middle

1 D{:_Lmrel {dBuVim}

75.0

gl

25.0

1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :HORIZOMNTAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark

MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1745.82 47.46 26.94 3.7 34.77 42,78 74.88 -31.38 Peak
3664.38 49.97 32.46 4.19 36.15 58.47  74.88 -23.53 Peak
6412.18 47.12 35,47  6.19 36.47 52.31 74.88 -21.69 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical;, Modulation:GFSK; Channel:middle

1 D{:_Lmrel {dBuVim}

75.0

| ]

2

25.0

1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :VERTICAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark

MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1757.92 47.27 27.81 3.89 34.78 42.59 74.88 -31.41 Peak
3664.38 51.85 32.46 4.19 36.15 51.55 74,88 -22.45 Peak
4578.88 58.25 32.64 4.56 36.72 58.73 7a.8@ -23.27 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Horizontal; Modulation:GFSK; Channel:High

1 D{:_Lmrel {dBuVim}

75.0

25.0

1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :HORIZOMNTAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark
MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1853.53 42.44 27.59 3.11 34.88 38.25 74.88 -35.75 Peak
2523.48 51.56 29.13 3.3@ 35.38 48.69 JF4.88 -25.31 Peak
3786.81 51.46 32.79 4.21 36.17 52.290 TF4.88 -21.88 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor
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Test Mode: 01; Polarity: Vertical; Modulation:GFSK; Channel:High

Level ({dBuVim)

100

75.0
3
50.0 5
.1
25.0
1000 1500 2000 5000 10000
Frequency (MHz)

Antenna Polarity :VERTICAL

Read Antenna Cable Preamp Emission Limit Ower
Freg Level Factor Loss Factor Level Line Limit Remark
MHz dBuwv dB/m dB dB dBuv/m dBuwv,/m dB
1853.53 43.e6 27.59 3.11 34.88 38.87 TJ4.88 -35.13 Peak
2612.16 47.38 29.23 3.49 35.48 44.78 TF4.88 -29.38 Peak
37@86.81 51.97 32.78 4.21 36.17 52.71 J4.88 -21.29 Peak

Mote:Emission Level=Read Level+Antenna Factor+(Cable loss-Preamp Factor
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8 Test Setup Photo

Refer to Appendix - Test Setup Photo for SHCR2309001972AT

9 EUT Constructional Details (EUT Photos)

Refer to Appendix - Photographs of EUT Constructional Details for SHCR2309001972AT

10 Appendix

10.1 Appendix A: 20dB Emission Bandwidth
10.1.1 Test Result

TestMode Antenna Channel 20db EBW[MHZz] FL[MHZ] FH[MHZz]
902.75 0.072 902.714 902.786

Other Antl 915.25 0.073 915.214 915.287
927.25 0.073 927.214 927.287
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10.1.2 Test Graphs

Other_Antl 902.75

Agilent Spectrum Analyzer - Swept
RL

‘Center Freq 902.750000 MHz
PNO: ——
IFGai #Atten: 40 dB

Ref Offset 7.7 dB
Ref 37.70 dBm

Center Freq
902.750000 MHz

Start Freq
902.250000 MHz

Stop Freq
903.250000 MHz

| er—eg

Center 902.7500 MHz
#Res BW 3.0 kHz #VBW 10 kKHz

Span 1.000 MHz CF Step|

Sweep 105.5 ms (1001 pts)| 100.000 kHz
Man

E

FUNCTION | FUNCTION WIDTH FUNCTION VALUE

MKR MODE| TAC SCL
902,714 MHz 5.000 dBm |
802,751 MHz 26470 dBm_

72 kHz|(A) 0318dB

Souo~ann W

Frequency

=+ Trig:Fras Run
#Atzen: 40 dB

Auto Tune

Ref Offset 7.7 dB
Ref 37.70 dBm
Center Freq

916.260000 MHz

Start Freq
914.750000 MHz

Stop Freq
916.750000 MHz

Span 1.000 MHz CF Step|

Sweep 105.5 ms (1001 pts)| 100.000 kHz
Man

#VBW 10 kKHz

IE

FUNCTION | FUNCTION WIDTH

MKR MODE| TAC SCL

= Trig:Free Run
#Atten: 40 dB

Ref Offset 7.7 dB
Ref 37.70 dBm

Center Freq
927.250000 MHz

Start Freq
926.750000 MHz

Stop Freq
927.750000 MHz

Span 1.000 MHz CF Step|

Sweep 105.5 ms (1001 pts)| 100.000 kHz
Man

IE

MKR MODE| TAC SCL FUNCTION | FUNCTION WIDTH
927.214 MHz 5.947 dBm
927.250 MHz 26871 dBm_

73 kHz|(A) 0803 dB
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10.2 Appendix B: Occupied Channel Bandwidth
10.2.1 Test Result

TestMode Antenna Channel OCB [MHZz] FL[MHz] FH[MHZ]
902.75 0.070145 902.718 902.788

Other Antl 915.25 0.070382 915.216 915.286
927.25 0.071388 927.213 927.284
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10.2.2 Test Graphs

Other_Antl 902.75

Agilent Spectrum Analyzer - Occupied BW
RL F

N OFF OL:34:01PM

c . o2 A T o 2023
Center Freq 902.750000 MHz Center Fraq: 902.750000 MHz Radio Std: None Frequency
Trig: Free Run ‘AvglHold: 100100

==
#IFGain:Low #Atten: 40 dB

Ref Offset 7.7 dB
Ref 45.00 dBm

Center Freq
902.750000 MHz

-
Span 1 MHz
#VBW 10 kHz Sweep 1055 ms|

Occupied Bandwidth Total Power 31.9 dBm
70.145 kHz

Transmit Freq Error 548 Hz OBW Power 99.00 %

x dB Bandwidth 84.16 kHz x dB -26.00 dB

= sTATUS

Other_Antl 915.25

T

q: 915.250000 MHz
—— Trig: Run Avg|Held: 1001100
#Atren: 40 dB

Frequency

Ref Offset 7.7 dB
Ref 45.00 dBm

Center Freq
915.250000 MHz

Span 1 MHz
#VBW 10 kHz Sweep 1055 ms|

Occupied Bandwidth Total Power 32.0 dBm
70.382 kHz

Transmit Freq Error 366 Hz OBW Power 99.00 %

x dB Bandwidth 84.40 kHz x dB -26.00 dB

= sTATUS

Other_Antl 927.25

Agilent Spectrum Analyzer - Occupied BW
RL

L Lt S i A\ ALIGN OFF OL3B43PM. 2023
Center Freq 927.250000 MHz Center Freq: 927.250000 MHz Radio Std: None Frequency
e Trig:Free Run Avg|Hold: 1001100

#IFGain:Low #Atten: 40 dB

Mkr1 927
Ref Offset 7.7 dB
R:r 4;.500 dBm 6.811 dBm)|

-
Span 1 MHz
#VBW 10 kHz Sweep 1055 ms|

Occupied Bandwidth Total Power

71.388 kHz
Transmit Freq Error 390 Hz OBW Power 99.00 %
x dB Bandwidth 84.71 kHz x dB -26.00 dB

s sTATUS
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10.3 Appendix C: Maximum conducted output power
10.3.1 Test Result
TestMode Antenna Channel Result[dBm] Limit[dBm] Verdict
902.75 26.531 <30 PASS
Other Antl 915.25 26.405 <30 PASS
927.25 26.271 <30 PASS
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10.3.2 Test Graphs
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Other_Antl 902.75

Agilent Spectrum Analyzer - Swept SA
RL F

Center Freq 902.750000 MHz
P

IFGain:Lows

Ref Offset 7.7 dB
Ref 37.70 dBm

[y

#VBW 3.0 MHz

:Fast —*—

MALIGN OFF | 09:33:18AMOCT 07, 20
a Frequency

g Type: RM

AvglHold: 100100 TveE
Der

Mkr1 902.750 MHz,

26.531 dBm

Trig: Free Run
#atten: 40 4B

Center Freq
902.750000 MHz

StartFreq
800.250000 MHz

Stop Freq
906.260000 MHz

CF Step
500.000 kHz
Man

Span 5.000 MHz
Sweep 1.000 ms (1001 pts)

Other_Antl 915.25

Ref Offset 7.7 dB
Ref 37.70 dBm

#VBW 3.0 MHz

#Avg Typ 5 Frequency
AvglHeld: 100100

Mkr1 915.225 MHz
26.405 dBm

Center Freq
915.250000 MHz

StartFreq
912.750000 MHz

Stop Freq
917.760000 MHz

CF Step
500.000 kHz
Man

Span 5.000 MHz
Sweep 1.000 ms (1001 pts)

Other_Antl 927.25

Agilent Spectrum Analyzer - Swept SA

i L F o

Center Freq 927.250000 MHz
3
IFGain:Low

Ref Offset 7.7 dB
Ref 37.70 dBm

¥
¥
ki

Center 927.250 MHz

NO: Fast ——

#VBW 3.0 MHz

NOFF |09:47:29 AMOCL7, 202:
RMS a Frequency
Avg|Hold: 100100 TvPE

oeT|

Mkr1 927.245 MHz,
26.271 dBm

Trig: Free Run
#atten: 40 4B

Center Freq
927.250000 MHz

StartFreq
924.750000 MHz

Stop Freq
929.760000 MHz

CF Step

Span 5.000 MHz
Sweep 1.000 ms (1001 pts)
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10.4 Appendix D: Carrier frequency separation
10.4.1 Test Result
TestMode Antenna Channel Result[KHz] Limit[KHz] Verdict
Antl Hop 499.50 273 PASS
Other
Antl Hop 501.00 273 PASS
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10.4.2 Test Graphs
Other_Antl_Hop

\ALIGN OFF 10:59:53 AM OCt 07, 2023
: TRACE]

ENSE INT
TP

Agilent Spectrum Analyzer - Swept SA
RL i

Marker 3 A 501.000000 kHz
M o Free Run
" #aten: 40 dB

Avg Type: Log-Pwr
AvglHold> 100100

Ref Offset 7.7 dB
Ref 37.70 dBm

Span 1.500 MHz|
#VBW 300 kHz Sweep 1.000 ms (1001 pts)|

FUNCTION | FUNCTION WIDTH FUNCTION VALUE
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10.5 Appendix E: Time of occupancy
10.5.1 Test Result
BurstWidth
TestMode Antenna Channel Hrst Vel e Result[s] Limit[s] Verdict
[ms] [Num]
Other Antl Hop 204 1 0.204 <0.4 PASS
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10.5.2 Test Graphs
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Other_Antl_Hop

Agilent Spectrum Analyzer
RL

Swopt SA

Marker 2 A 204.000 ms

Ref Offset 7.7 dB
Ref 37.70 dBm

Center 915.250000 MHz

Trig: Free Run
#atten: 40 4B

Delta

Fixed?

Span 0 Hz

#VBW 100 kHz Sweep 1.000 s (1001 pts)

MKR MODE| TAC GCL

FUNCTION | FUNCTION WIDTH FUNCTION VALUE

Ll

Properties»

L

Agilont Spectrum Analyzer - Swept SA
T 5 o
Marker 1 10,0800 s
eoe Trig:Fres Run
IFGain:Low _ #Atten: 40 4B Select Marker
»
Ref Offset 7.7 dB § 1
Ref 37.70 dBm
Normal
| ———— |
Delta
| s——— |
Fixed?
I
Center 915.250000 MHz Span 0 Hz
Res BW 30 kHz #VBW 100 kHz Sweep 20.00 s (1001 pts)| Off
W MODE| T SCL FUNCTION | FUNCTONWIDTH __ FUNCTIONVALUE %
| sasstessaesonsaaess |
Properties»,
||
More|
1 10f2
1 ) O S B S
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10.6 Appendix F: Number of hopping channels
10.6.1 Test Result
TestMode Antenna Channel ResultfNum] Limit[Num] Verdict
Other Antl Hop 50 =50 PASS
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10.6.2 Test Graphs

Other_Antl_Hop

Ag\lml S Jnch e
; AL ENSEINT AALIGN GFF
Marker 2 927 23—1500000 MHZ Avg Type: Log-Pur
WO: Fast g Trig:Free Run AvglHold> 100100
Ehaa v Whttors A 48

Ref Offset 7.7 dB
Ref 37.70 dBm

\n\'
i

"t I'J 'I

Stop 928.00 MHz

#VBW 300 kHz Sweep 2.533 ms (1001 pts)|

KR MODE| TRC SCL FUNCTION
802,763 MHz| 25942 dBm |
2l 927,235 MHz| 26.242 dBm_
3 { ]

FUNCTION WIDTH FUNCTION VALUE
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10.7 Appendix G: Band edge measurements
10.7.1 Test Result

RefLevel Result Limit .
TestMode Antenna ChName Channel Verdict
[dBm] [dBm] [dBm]
Low 902.75 26.734 -41.835 <6.734 PASS
High 927.25 26.642 -43.736 <6.642 PASS
Other Antl
Low Hop_902.75 26.559 -42.463 <6.559 PASS
High Hop_927.25 27.162 -42.890 <7.162 PASS
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10.7.2 Test Graphs
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Other_Antl_High_Hop_927.25
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10.8 Appendix H: Conducted Spurious Emission
10.8.1 Test Result
FreqRange RefLevel Result Limit .
TestMode Antenna Channel Verdict
[MHz] [dBm] [dBm] [dBm]
Reference 26.039 26.039 PASS
902.75 30~1000 26.039 -43.241 <6.039 PASS
1000~26500 26.039 -34.187 <6.039 PASS
Reference 25.841 25.841 PASS
Other Antl 915.25 30~1000 25.841 -43.719 <5.841 PASS
1000~26500 25.841 -34.737 <5.841 PASS
Reference 26.107 26.107 PASS
927.25 30~1000 26.107 -42.877 <6.107 PASS
1000~26500 26.107 -33.960 <6.107 PASS
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10.8.2 Test Graphs

Other_Antl_902.25 0~Reference

Agilent Spectrum Analyzer - Swept SA

o\ L F i ENSE IN N OFF
Ref Level 37.70 dBm Amplitude
o Trig:Fr :
IFGainLow  #Atten: 40 d8 o
1 2 747 0 S|
Ref Offset7.7 dB Mkr1 902.747 0 MHz, 37.70 dBm

Ref 37.70 dBm 26.039 dBm

Attenuation 4
140 ¢B]

Scale/Div|

hlrmv,"-.l, o

Y W

Center 902.7500 MHz Span 1,500 MHz
Res BW 100 kHz #VBW 300 kHz

Agilent Spectrum Analyzer - Swopt SA

o+ L 2
Ref Level 37.70 dBm

#hvg T g
PHO: Fast —+— Trig:Frae Run AvglHold: 1010
IFGain:Low #Atten: 40 dB

Ref Offset 7.7 dB K| v 37.70 dBm
Ref 37.70 dBm .241
T3

Attenuation N
[40 dB]

Scale/Div
10 dB

Stop 1.0000 GHz,
#VBW 300 kHz Sweep 94.00 ms (30001 pts)

FUNCTION | FUNCTION WIDTH FUNCTION VALUE &

Agilent Spectrum Analyzer - Swopt SA
RL F

Ref Level 27.70 dBm e Amplitude
PNO: Fast —»— H
IR RefLevel
Ref Offset 7.7 dB ik " < 27.70 dBm
Ref 27.70 dBm

Attenuation |
[30 dB]

Scale/Div
10 dB

Scale Type
Log Lin

Presel Center|

Presel Adjust|

Stop 26.50 GHz
#VBW 300 kHz Sweep 2.438 s (30001 pts]




SGS

SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 59 of 60

Other_Antl_915.25 0~Reference

Agilent Spectrum Analyzer - Swept SA
RL F

Ref Level 37.70 dBm : M Trace Amplitude
PNO: Wide —— 17ig:Fre

IFGain:Low #Atten: RefLevel
Ref Offset7.7 dB . - 37.70 dBm
Ref 37.70 dBm
Attenuation |

[40 dB]

Scale/Div
10 dB

o H‘l|“
AN
f "'w‘u‘ |.”I‘_ﬂ,

Center 915.2500 MHz Span 1.500 MHz

#VBW 300 kHz Sweep 1.000 ms (1001 pts) %

Other_Antl_915.25_30~1000

Agilent Spectrum Analyzer - Swopt SA

Jou v 5
Ref Level 37.70 dBm Amplitude

PNO: Fast —»— 1rig:Free Run
IFGain:Lows #Aten: 40 dB o

. 7 Mkr2 532.91 M 37.70 dBm
s %0 ot | I

1
Attenuation
[40 dB]

Scale/Div
10 dB

|
Scale Type|

Stop 1.0000 GHz,
#Res BW 100 kHz Sweep 94.00 ms (30001 pts)

MER MODE| TAC SCL % FUNCTION | FUNCTION WIDTH FUNCTION VALUE &

||
1[f 915,25 MHz, | | ——
Jemrr———|

1Y ¥

\% NIl1[f 532,91 MHz
4
5

Agilent Spectrum Analyzer - Swept SA

o7 L 0 7 — -
Ref Level 27.70 dBm g Type: RM A T
PHO: Fast ~—»- Trig:Free Run
IFGainLow  #Atten: 30 d8 m—

Ref Offset 7.7 dB ik U 27.70 dBm
Ref 27.70 dBm

Attenuation |
[30 dB]

Scale/Div
10 dB

Presel Center|

Presel Adjust
0 Hz|

Stop 26.50 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.438 s (30001 pts]




SGS

SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

SHEM-TRF-001 Rev. 02 Sep01, 2023 Report No.: SHCR230900197201
Page: 60 of 60

Other_Antl_927.25 0~Reference

Agilent Spectrum Analyzer - Swept SA
RL

L ; 5 ] 10:10,19 44 Dt 07, 202
Ref Level 37.70 dBm #Avg Type: RMS o Amplitude

oNO Wt T Trig:Free Run AvglHold: 10110 Tvee

IFGain:low _ #Atten: 40 dB oer e
Ref Offset7.7 dB Mkr1 927.248 5 MHz| 37.70 dBm

Ref 37.70 dBm 26.107 dBm
Allenuaﬁnn’
140 ¢B]

Scale/Div|
10 dB|

Span 1,500 MHz

#VBW 300 kHz 00 ms (1001 pts) %

Agilent Spectrum Analyzer - Swopt SA

Jou v % -
Ref Level 37.70 dBm : RM! c Amplitude
PNO: Fast —»— 1rig:Free Run

IFGain:Lovs #Aten: 40 dB RefLevel

Ref Offset 7.7 dB 37.70 dBm
Ref 37.70 dBm d

Attenuation
[40 dB]
(—
Scale/Div
10 dB
|

Scale Type
Log Lin

Stop 1.0000 GHz,
#VBW 300 kHz Sweep 94.00 ms (30001 pts)

FUNCTION | FUNCTION WIDTH FUNCTION VALUE

927,25 MHz 26,091 dBm |
76187 MHz 42877 dBm_

10:11:42 AMOCL 07, 2023
TRACE Amplitude
TveE

IFGain:Low Atten: RefLevel

Ref Offset 7.7 dB ik 27.70 dBm
Ref 27.70 dBm -

Attenuation |
[30 dB]

Scale/Div
10 dB

Presel Center|

Presel Adjust
0 Hz|

Stop 26.50 GHz
#VBW 300 kHz Sweep 2.438 s (30001 pts]

STATUS

- End of the Report -




