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Section 1 Report summary
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Section1l Report summary

1.1 Test specifications

FCC 47 CFR Part 15, Subpart C, Clause 15.247
RSS-247, Issue 2, Feb 2017, Section 5

1.2 Test methods

Operation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-585 MHz
Digital Transmission Systems (DTSs), Frequency Hopping Systems (FHSs) and Licence-Exempt Local Area
Network (LE-LAN) Devices

558074 D01 15.247 Meas Guidance v05r02
(April 2, 2019)

DA 00-705, Released March 30, 2000

ANSI C63.10 v2013

RSS-102, Issue 5, March 19, 2015

1.3  Exclusions

Guidance for compliance measurements on digital transmission system, frequency hopping spread
spectrum system, and hybrid system devices operating under section 15.247 of the FCC rules.

Filing and Measurement Guidelines for Frequency Hopping Spread Spectrum Systems

American National Standard of Procedures for Compliance Testing of Unlicensed Wireless Devices
Radio Frequency (RF) Exposure Compliance of Radiocommunication Apparatus (All Frequency Bands)

None

1.4  Statement of compliance

In the configuration tested, the EUT was found compliant.

Testing was performed against all relevant requirements of the test standard except as noted in section 1.3 above. Results obtained indicate that the
product under test complies In full with the requirements tested. The test results relate only to the items tested.

See “Summary of test results” for full details.

1.5 Test report revision history

Table 1.5-1: Test report revision history

Revision # Date of issue Details of changes made to test report
TRF January 28, 2021 Original report issued
1RTRF January 29, 2021 Update battery information section 2.2 and 5.4

Report reference ID: ~ 403700-1R1TRFWL
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Section 2 Engineering consideration
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Section 2 Engineering considerations

2.1  Modifications incorporated in the EUT for compliance

There were no modifications performed to the EUT during this assessment.

2.2 Technical judgment

Power setting = 13.0 dBm used for all measurements
The EUT will be powered by 2 x CR 2032, 3.0 Voc Batteries in normal operation. For testing purposes only 1 x 3.0 Voc battery was required to power the EUT
in combination with the external Laptop.

2.3 Deviations from laboratory tests procedures

No deviations were made from laboratory procedures.
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Section 3 Test conditions
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Section 3 Test conditions

3.1 Atmospheric conditions

Temperature 15°C-35°C
Relative humidity 20%-75%
Air pressure 86 kPa (860 mbar) — 106 kPa (1060 mbar)

When it is impracticable to carry out tests under these conditions, a note to this effect stating the ambient temperature and relative humidity during the
tests shall be recorded and stated.

3.2 Power supply range

The normal test voltage for equipment to be connected to the mains shall be the nominal mains voltage. For the purpose of the present document, the
nominal voltage shall be the declared voltage, or any of the declared voltages +5 %, for which the equipment was designed.
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Section4 Measurement uncertainty

4.1 Uncertainty of measurement

UKAS Lab 34 and TIA-603-B have been used as guidance for measurement uncertainty reasonable estimations with regards to previous experience and
validation of data. Nemko Canada, Inc. follows these test methods in order to satisfy ISO/IEC 17025 requirements for estimation of uncertainty of
measurement for wireless products.

Measurement uncertainty budgets for the tests are detailed below. Measurement uncertainty calculations assume a coverage factor of K = 2 with 95%

certainty.
Table 4.1-1: Measurement uncertainty calculations for Radio
Test name Measurement uncertainty, +dB
All antenna port measurements 0.55
Occupied bandwidth 4.45
Conducted spurious emissions 1.13
Radiated spurious emissions 3.78
AC power line conducted emissions 3.55

Report reference ID: ~ 403700-1R1TRFWL Page 7 of 65



Section 5 Information provided by the applicant
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Section 5 Information provided by the applicant

5.1 Disclaimer

This section contains information provided by the applicant and has been utilized to support the test plan. Inaccurate information provided by the applicant
can affect the validity of the results contained within this test report. Nemko accepts no responsibility for the information contained within this section and
the impact it may have on the test plan and resulting measurements.

5.2  Applicant/Manufacture

Applicant name Ring LLC

Applicant address 1523 26th St, Santa Monica, CA 90404, USA
Manufacture name Leedarson Lighting Co.,Ltd.

Manufacture address Xingtai industrial zone,Changtai, Zhangzhou Fujian.

5.3 EUT information

Product name Contact Sensor

Model 5AT3S2

Model variant(s) None

Serial number G7Q1D202018505QN (Radiated), G7Q1D2020113000M (Conducted)

Part number None

Operating conditions Firmware revision V1.15

Product description and theory When activated, the contact sensor will send a message to the Base Station that the door has been opened. It can also
of operation be placed on a window frame and window to achieve the same function.
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Section 5 Information provided by the applicant
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5.4 Technical information

Applicant IC company number 20271

IC UPN number 5AT3S2

All used IC test site(s) Reg. number 24676

RSS number and Issue number RSS-247 Issue 2, Feb 2017

Category of Wideband Data X Frequency Hopping Spread Spectrum (FHSS) equipment

Transmission equipment X  Other types of Wideband Data Transmission equipment (e.g. DSSS, OFDM, etc.).
Frequency band 902-928 MHz

Frequency Min (MHz) 902.2 (50 kbps, FHSS), 902.4 (150 kbps, FHSS), 902.5 (250 kbps, FHSS), 912 (DTS)
Frequency Max (MHz) 927.8 (50 kbps, FHSS), 927.6 (150 kbps, FHSS), 927.5 (250 kbps, FHSS), 920 (DTS)

RF power Max (W), Conducted 50 kbps, FHSS: 0.0135 (11.3 dBm) @ 927.8 MHz

150 kbps, FHSS: 0.0138 (11.4 dBm) @ 927.6 MHz
250 kbps, FHSS: 0.0135 (11.3 dBm) @ 927.5 MHz
DTS: 0.0126 (11.0 dBm) @ 920 MHz

Field strength, dBuV/m @ 3 m N/A

Measured BW (kHz), 99% OBW 50 kbps, FHSS: 88.0 @ 915.2 MHz
150 kbps, FHSS: 317.2 @ 927.6 MHz
250 kbps, FHSS: 386.7 @ 927.5 MHz
DTS: 933.5 @ 912 MHz

Type of modulation Equipment class DSS: (FSK FHSS)
Equipment class DXX: DSSS-OQPSK
Emission classification F1D, W7D

Transmitter spurious, dBuV/m @3 m 50 kbps, FHSS: 51.3 dBuV/m (Average) @ 1.8044 GHz
150 kbps, FHSS: 44.4 dBuV/m (Average) @ 1.8552 GHz
250 kbps, FHSS: 42.5 dBuV/m (Average) @ 1.855 GHz
DTS: 64.1 dBuV/m (Average) @ 1.84 GHz

Power supply requirements Battery: 2 x 3.0 Vc

Antenna information IFA Antenna
Peak gain = -1 dBi

5.5 EUT setup details

5.5.1 EUT Exercise and monitoring

Methods used to exercise the EUT and all relevant ports:
- EUT set to transmit at 100% duty cycle throughout testing

Configuration details:
—  The EUT setup in a configuration that was expected to produce the highest amplitude emissions relative to the limit and that satisfy normal
operation/installation practice by the end user.
—  The type and construction of cables used in the measurement set-up were consistent with normal or typical use. Cables with mitigation features
(for example, screening, tighter/more twists per length, ferrite beads) have been noted below:
- None
—  The EUT was setup in a manner that was consistent with its typical arrangement and use. The measurement arrangement of the EUT, local AE
and associated cabling was representative of normal practice. Any deviations from typical arrangements have been noted below:
- None

Monitoring details:
- Program and monitor EUT via external laptop using Terra Terminal V4.102
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5.6 EUT setup details, continued

Section 5

Information provided by the applicant

5.5.2 EUT test configuration

Table 5.5-1: EUT sub assemblies

Description

Brand name Model, Part number, Serial number, Revision level

3.0 VDC Battery

Duracell MN: DL/CR 2032, SN: None

Table 5.5-2: EUT interface ports

Description Qty.
Flying leads 4
Table 5.5-3: Support equipment

Description Brand name Model, Part number, Serial number, Revision level
Laptop Dell Latitude MN: E6420, SN: FA002705

Table 5.5-4: Inter-connection cables
Cable description From To Length (m)
USB — flying leads EUT Laptop >1

Report reference ID:
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5.6 EUT setup details, continued

5.5.2 EUT test configuration, continued

EUT

Laptop

Figure 5.5-1: Radiated testing block diagram

Spectrum Analyzer

EUT

Figure 5.5-2: Antenna port testing block diagram
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Section 6 Summary of test results

Section 6 Summary of test results

6.1

Testing location

Test location (s)

Cambridge

6.2 Testing period
Test start date October 7, 2020 Test end date January 5, 2021
6.3 Sample information

Receipt date

October 6, 2020 Nemko sample ID number(s)

1,2

6.4  FCC Part 15 Subpart C, general requirements test results
Table 6.4-1: FCC general requirements results
Part Test description Verdict
§15.207(a) Conducted limits Pass
§15.31I Variation of power source Pass
§15.31(m) Number of tested frequencies Pass
§15.203 Antenna requirement Pass

Notes: EUT is an AC powered device.

6.5 FCC Part 15 Subpart C, intentional radiators test results for frequency hopping spread spectrum systems
Table 6.5-1: FCC 15.247 results for FHSS
Part Test description Verdict
§15.247(a)(1)(i) Requirements for operation in the 902—928 MHz band Pass
§15.247(a)(1)(ii) Requirements for operation in the 5725-5850 MHz band Not applicable

§15.247(a)(1)(iii)
§15.247(b)(1)
§15.247(b)(2)
§15.2471(1)
§15.2471(2)
§15.247(d)
§15.247(f)
§15.247(j)

Requirements for operation in the 2400-2483.5 MHz band

Maximum peak output power in the 2400-2483.5 MHz band and 5725-5850 MHz band
Maximum peak output power in the 902-928 MHz band

Fixed point-to-point operation with directional antenna gains greater than 6 dBi
Transmitters operating in the 2400-2483.5 MHz band that emit multiple directional beams
Spurious emissions

Time of occupancy for hybrid systems

Radiofrequency radiation exposure evaluation

Not applicable
Not applicable
Pass
Not applicable
Not applicable
Pass
Not applicable
Pass

Report reference ID:
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Section 6 Summary of test results
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6.6 FCC Part 15 Subpart C, intentional radiators test results for digital transmission systems (DTS)

Table 6.6-1: FCC 15.247 results for DTS

Part Test description Verdict
§15.247(a)(2) Minimum 6 dB bandwidth Pass
§15.247(b)(3) Maximum peak output power in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands Pass
§15.2471(1) Fixed point-to-point operation with directional antenna gains greater than 6 dBi Not applicable
§15.2471(2) Transmitters operating in the 2400-2483.5 MHz band that emit multiple directional beams Not applicable
§15.247(d) Spurious emissions Pass
§15.247I Power spectral density Pass
§15.247(f) Time of occupancy for hybrid systems Not applicable
§15.247(i) Radiofrequency radiation exposure evaluation Not applicable

6.7 ISED RSS-Gen, Issue 5, test results

Table 6.7-1: RSS-Gen results

Part Test description Verdict

7.3 Receiver radiated emission limits Not applicable

7.4 Receiver conducted emission limits Not applicable

6.9 Operating bands and selection of test frequencies Pass

8.8 AC power-line conducted emissions limits Pass
RSS-102, 252 Exemption Limits for Routine Evaluation — RF Exposure Evaluation Pass

Notes: * According to sections 5.2 and 5.3 of RSS-Gen, Issue 5 the EUT does not have a stand-alone receiver neither scanner receiver, therefore exempt from
receiver requirements.
EUT is an AC powered device.

6.8 ISED RSS-247, Issue 2, test results for frequency hopping spread spectrum systems (FHSS)

Table 6.8-1: RSS-247 results for FHSS

Part Test description Verdict
5.1 (a) Bandwidth of a frequency hopping channel Pass
5.1 (b) Minimum channel spacing Pass
5.1 (c) Systems operating in the 902-928 MHz band Pass
5.1(d) Systems operating in the 2400-2483.5 MHz band Not applicable
5.1 (e) Systems operating in the 5725-5850 MHz band Not applicable
5.3 Hybrid Systems
5.3 (a) Digital modulation turned off Not applicable
5.3 (b) Frequency hopping turned off Not applicable
5.4 Transmitter output power and e.i.r.p. requirements
5.4 (a) Systems operating in the 902-928 MHz band Pass
5.4 (b) Systems operating in the 2400-2483.5 MHz band Not applicable
5.4 (c) Systems operating in the 5725-5850 MHz Not applicable
5.4 (e) Point-to-point systems in 2400-2483.5 MHz and 5725-5850 MHz band Not applicable
5.4 (f) Transmitters which operate in the 2400-2483.5 MHz band with multiple directional beams Not applicable
5.5 Unwanted emissions Pass
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6.9 ISED RSS-247, Issue 2, test results for digital transmission systems (DTS)

Table 6.9-1: RSS-247 results for DTS

Part Test description Verdict
5.2 (a) Minimum 6 dB bandwidth Pass
5.2 (b) Maximum power spectral density Pass
5.3 Hybrid Systems
5.3(a) Digital modulation turned off Not applicable
5.3 (b) Frequency hopping turned off Not applicable
5.4 Transmitter output power and e.i.r.p. requirements
5.4 (d) Systems employing digital modulation techniques Pass
5.4 (e) Point-to-point systems in 2400-2483.5 MHz and 5725-5850 MHz band Not applicable
5.4 (f) Transmitters which operate in the 2400-2483.5 MHz band with multiple directional beams Not applicable
5.5 Unwanted emissions Pass
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Section 7 Test equipment

Test equipment

7.1 Test equipment list

Table 7.1-1: Equipment list

Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.

3 m EMI test chamber TDK SAC-3 FA003012 1year Apr. 10/21
Flush mount turntable SUNAR FM2022 FA003006 — NCR
Controller SUNAR Sc1iov FA002976 = NCR
Antenna mast SUNAR TLT2 FA003007 — NCR
Receiver/spectrum analyzer Rohde & Schwarz ESR26 FA002969 1year Nov. 12/21
Spectrum analyzer Rohde & Schwarz FSW43 FA002971 1 year Nov. 13/21
Horn antenna (1-18 GHz) ETS Lindgren 3117 FA002911 1year Mar. 11/21
Preamp (1-18 GHz) ETS Lindgren 124334 FA002956 1 year Mar. 26/21
Bilog antenna (30-2000 MHz) SUNAR JB1 FA003010 1 year Mar. 17/21
50 Q coax cable Huber + Suhner None FA003047 1 year Mar. 30/21
50 Q coax cable Huber + Suhner None FA003044 1year Apr.7/21
Notch filter 902-928 MHz Microwave circuits N03916M1 FA003032 1 year Apr.9/21

Note: NCR - no calibration required

Report reference ID: ~ 403700-1R1TRFWL
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Section 8 Testing data
N em ko Test name FCC 15.31(e) Variation of power source

Specification FCC Part 15 Subpart A

Section 8 Testing data

8.1 FCC15.31(e) Variation of power source

8.1.1 References, definitions and limits

For intentional radiators, measurements of the variation of the input power or the radiated signal level of the fundamental frequency component of the
emission, as appropriate, shall be performed with the supply voltage varied between 85% and 115% of the nominal rated supply voltage. For battery
operated equipment, the equipment tests shall be performed using a new battery.

8.1.2 Test summary

Verdict Pass
Tested by Mark Libbrecht Test date October 16, 2020
8.1.3 Observations, settings and special notes

The testing was performed as per ANSI C63.10 Section 5.13.

a)  Where the device is intended to be powered from an external power adapter, the voltage variations shall be applied to the input of the adapter
provided with the device at the time of sale. If the device is not marketed or sold with a specific adapter, then a typical power adapter shall be
used.

b)  For devices, where operating at a supply voltage deviating +15% from the nominal rated value may cause damages or loss of intended function,
test to minimum and maximum allowable voltage per manufacturer’s specification and document in the report.

c)  For devices with wide range of rated supply voltage, test at 15% below the lowest and 15% above the highest declared nominal rated supply
voltage.

d)  For devices obtaining power from an input/output (1/0) port (USB, firewire, etc.), a test jig is necessary to apply voltage variation to the device
from a support power supply, while maintaining the functionalities of the device.

For battery-operated equipment, the equipment tests shall be performed using a variable power supply.

8.14 Test data

EUT Power requirements: JAC Jbc Battery
If EUT is an AC or a DC powered, was the noticeable output power variation observed? I YES CJNO N/A
If EUT is battery operated, was the testing performed using fresh batteries? YES CONO CIN/A

If EUT is rechargeable battery operated, was the testing performed using fully charged batteries? [ YES CONO N/A
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Section 8 Testing data
N em ko Test name FCC 15.31(m) and RSS-Gen 6.9 Number of frequencies

Specification FCC Part 15 Subpart A and RSS-Gen, Issue 5

8.2 FCC15.31(m) and RSS-Gen 6.9 Number of frequencies

8.2.1 References, definitions and limits

FCC:
Measurements on intentional radiators or receivers shall be performed and, if required, reported for each band in which the device can be operated with
the device operating at the number of frequencies in each band specified in the following table.

ISED:

Except where otherwise specified, measurements shall be performed for each frequency band of operation for which the radio apparatus is to be certified,
with the device operating at the frequencies in each band of operation shown in table below. The frequencies selected for measurements shall be reported
in the test report.

Table 8.2-1: Frequency Range of Operation

Frequency range over which the device Number of test frequencies required Location of measurement frequency inside the
operates (in each band) operating frequency range
1 MHz or less 1 Center (middle of the band)
1-10 MHz 2 1 near high end, 1 near low end
Greater than 10 MHz 3 1 near high end, 1 near center and 1 near low end

Note: “near” means as close as possible to or at the centre / low end / high end of the frequency range over which the device operates.

8.2.2 Test summary
Verdict Pass
Tested by Mark Libbrecht Test date October 16, 2020

8.2.3 Observations, settings and special notes

Per ANSI C63.10 Subclause 5.6.2.1:
The number of channels tested can be reduced by measuring the center channel bandwidth first and then applying the following relaxations as appropriate:

a)  For each operating mode, if the measured channel bandwidth on the middle channel is at least 150% of the minimum permitted bandwidth,
then it is not necessary to measure the bandwidth on the high and low channels.

b)  For multiple-input multiple-output (MIMO) systems, if the measured channel bandwidth on testing the middle channel exceeds the minimum
permitted bandwidth by more than 50% on one transmit chain, then it is not necessary to repeat testing on the other chains.

c)  If the measured channel bandwidth on the middle channel is less than 50% of the maximum permitted bandwidth, then it is not necessary to
measure the bandwidth on the high and low channels.

Per ANSI C63.10 Subclause 5.6.2.2:
For devices with multiple operating modes, measurements on the middle channel can be used to determine the worst-case mode(s). The worst-case modes
are as follows:

a) Band edge requirements—Measurements on the mode with the widest bandwidth can be used to cover the same channel (center frequency) on
modes with narrower bandwidth that have the same or lower output power for each modulation family (e.g., OFDM and direct sequence spread
spectrum).

b)  Spurious emissions—Measure the mode with the highest output power and the mode with the highest output power spectral density for each
modulation family (e.g., OFDM and direct sequence spread spectrum).

c) In-band PSD—Measurements on the mode with the narrowest bandwidth can be used to cover all modes within the same modulation family of
an equal or lower output power provided the result is less than 50% of the limit.

Report reference ID: ~ 403700-1R1TRFWL Page 17 of 65



Section 8 Testing data
N em ko Test name FCC 15.31(m) and RSS-Gen 6.9 Number of frequencies
Specification FCC Part 15 Subpart A and RSS-Gen, Issue 5

8.2.4 Test data

Table 8.2-2: Test channels selection, DTS

Start of Frequency End of Frequency Frequency range . .
range, MHz range, MHz bandwidth, MHz Bit rate, kbps Low channel, MHz High channel, MHz
902 928 26 100 912 920

Note: Long range DTS is limited to 2 channels of operation
Table 8.2-3: Test channels selection, FHSS

Starrtat:‘fg::::incy Enc:::gFer’e:nu:zncy E;enqdu;;‘iirmﬁi Bit Rate, kbps Low channel, MHz  Mid channel, MHz ngh“t;llrznnel,
902 928 26 50 902.2 915.2 927.8
902 928 26 150 902.4 914.8 927.6
902 928 26 250 902.5 915.0 927.5
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Section 8 Testing data
N em ko Test name FCC and RSS-Gen, section 6.8 Antenna requirement

Specification FCC Part 15 Subpart C and RSS-Gen, Issue 5

8.3 FCC 15.203 and RSS-Gen, section 6.8 Antenna requirement

8.3.1 References, definitions and limits

FCC:

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. 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.

FCC 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 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.

ISED:

The applicant for equipment certification shall provide a list of all antenna types that may be used with the transmitter, where applicable (i.e. for
transmitters with detachable antenna), indicating the maximum permissible antenna gain (in dBi) and the required impedance for each antenna. The test
report shall demonstrate the compliance of the transmitter with the limit for maximum equivalent isotropically radiated power (e.i.r.p.) specified in the
applicable RSS, when the transmitter is equipped with any antenna type, selected from this list.

For expediting the testing, measurements may be performed using only the antenna with highest gain of each combination of transmitter and antenna
type, with the transmitter output power set at the maximum level. However, the transmitter shall comply with the applicable requirements under all
operational conditions and when in combination with any type of antenna from the list provided in the test report.

8.3.2 Test summary

Verdict Pass

Tested by Mark Libbrecht Test date October 16, 2020
8.3.3 Observations, settings and special notes

None

8.3.4 Test data

Must the EUT be professionally installed? I YES NO
Does the EUT have detachable antenna(s)? J YES NO
If detachable, is the antenna connector(s) non-standard? J YES CONO N/A

Table 8.3-1: Antenna information

Antenna type Manufacturer Model number Maximum gain Connector type
IFA Antenna Jucheng N/A -1 dBi N/A
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Section 8 Testing data
N em ko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.4 FCC15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements, 900 MHz operation

8.4.1 References, definitions and limits
FCC:
(1) 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. The system shall hop to channel frequencies that are selected at
the system hopping rate from a pseudo randomly 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.

(i) For frequency hopping systems operating in the 902-928 MHz band: if the 20 dB bandwidth of the hopping channel is less than 250 kHz, the
system shall use at least 50 hopping frequencies and the average time of occupancy on any frequency shall not be greater than 0.4 seconds
within a 20 second period; if the 20 dB bandwidth of the hopping channel is 250 kHz or greater, the system shall use at least 25 hopping
frequencies and the average time of occupancy on any frequency shall not be greater than 0.4 seconds within a 10 second period. The maximum
allowed 20 dB bandwidth of the hopping channel is 500 kHz.

(f) For the purposes of this section, hybrid systems are those that employ a combination of both frequency hopping and digital modulation techniques. The
frequency hopping operation of the hybrid system, with the direct sequence or digital modulation operation turned-off, shall have an average
time of occupancy on any frequency not to exceed 0.4 seconds within a time period in seconds equal to the number of hopping frequencies
employed multiplied by 0.4. The power spectral density conducted from the intentional radiator to the antenna due to the digital modulation
operation of the hybrid system, with the frequency hopping operation turned off, shall not be greater than 8 dBm in any 3 kHz band during any
time interval of continuous transmission.

Table 8.4-1: Summary of the basic requirements

Pmaxpk <1 W Pmaxpk £ 0.25 W
Nech 2 50 25 <N <50
Af > MAX { 25 kHz, BW2o¢s } Af > MAX { 25 kHz, BW2o s }
BW20 48 < 250 kHz 250 kHz < BW204s < 500 kHz
tn<0.4sforT=20s th<0.4sforT=10s

Note: t.» = average time of occupancy; T = period; Ncn = # hopping frequencies; BW = bandwidth; Af = hopping channel carrier frequency separation

ISED:

a)  The bandwidth of a frequency hopping channel is the 20 dB emission bandwidth, measured with the hopping stopped. The system’s radio
frequency (RF) bandwidth is equal to the channel bandwidth multiplied by the number of channels in the hopset. The system shall hop to
channel frequencies that are selected at the system hopping rate from a pseudo randomly ordered list of hopping frequencies. 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.

c)  For FHSs in the band 902-928 MHz: if the 20 dB bandwidth of the hopping channel is less than 250 kHz, the system shall use at least 50 hopping
channels and the average time of occupancy on any channel shall not be greater than 0.4 seconds within a 20-second period. If the 20 dB
bandwidth of the hopping channel is 250 kHz or greater, the system shall use at least 25 hopping channels and the average time of occupancy on
any channel shall not be greater than 0.4 seconds within a 10-second period. The maximum 20 dB bandwidth of the hopping channel shall be
500 kHz.

5.3 Hybrid systems

Hybrid systems employ a combination of both frequency hopping and digital transmission techniques and shall comply with the following:

a. With the digital transmission operation of the hybrid system turned off, the frequency hopping operation shall have an average time of occupancy on any
frequency not exceeding 0.4 seconds within a duration in seconds equal to the number of hopping frequencies multiplied by 0.4.

Report reference ID: ~ 403700-1R1TRFWL Page 20 of 65



Section 8 Testing data
N em ko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.4.2 Test summary

Verdict Pass

Tested by Mark Libbrecht Test date October 9, 2020
8.4.3 Observations, settings and special notes

Carrier frequency separation was tested per ANSI C63.10 subclause 7.8.2. Spectrum analyser settings:

Resolution bandwidth Start with the RBW set to approximately 30% of the channel spacing; adjust as necessary to best identify the center of each
individual channel.

Video bandwidth > RBW

Frequency span Wide enough to capture the peaks of two adjacent channels

Detector mode Peak

Trace mode Max Hold

Number of hopping frequencies was tested per ANSI C63.10 subclause 7.8.3. Spectrum analyser settings:

Resolution bandwidth To identify clearly the individual channels, set the RBW to less than 30% of the channel spacing or the 20 dB bandwidth,
whichever is smaller.

Video bandwidth > RBW

Frequency span The frequency band of operation. Depending on the number of channels the device supports, it may be necessary to divide

the frequency range of operation across multiple spans, to allow the individual channels to be clearly seen.
Detector mode Peak
Trace mode Max Hold

Time of occupancy (dwell time) was tested per ANSI C63.10 subclause 7.8.4. Spectrum analyser settings:

Resolution bandwidth shall be < channel spacing and where possible RBW should be set >>1 /T, where T is the expected dwell time per channel.
Video bandwidth > RBW

Frequency span Zero span, centered on a hopping channel.

Detector mode Peak

Trace mode Max Hold

20 dB bandwidth was tested per ANSI C63.10 subclause 6.9.2. Spectrum analyser settings:

Resolution bandwidth > 1-5% of the 20 dB bandwidth

Video bandwidth > RBW

Frequency span approximately 2 to 5 times the 20 dB bandwidth, centered on a hopping channel
Detector mode Peak

Trace mode Max Hold
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.4.4 Test data, 50 kbps

Table 8.4-2: 20 dB bandwidth results, 50 kbps

Frequency, MHz 20 dB bandwidth, kHz Max 20 dB bandwidth limit, kHz Margin, kHz
902.2 102.5 500 397.5
915.2 101.9 500 398.1
927.8 102.6 500 397.4
[ [ES - PR [ " - oo Eoew B e - |

Att 1948 SWIT 2.1 ms(~23ms)  VBW 10kHz Mode Auto FFT At 1948 SWI_ 2.1ms(~23ms]  VBW 10kHz Mode Auto FFT

-0 derm . Y 20 dbem .

Yy L N ¥
-30 dem - B -3 . AL
[ AN S il
0 = - (I — 40 dem = [
CF 902.2 MHz 10001 pts 30,0 kHz, Span 300.0 kHz CF 915.2 MHz 10001 pts 30,0 kHz, Span 300.0 kHz
2 Marker Table 2 Marker Table
] 1 902.225767 MHz 4.67 dBm ] 1 915.176452 MHz 5.94 dBm
D2 M1 1 -76.152 kHz -19.98 dB D2 M1 1 -26.607 kHz -19.95 dB
D3 D2 1 102.54 kHz 0.02 dB D3 D2 1 101.93 kHz 0.05 dB
T T
14:26:49 08012021 14:29:54 0012021
Figure 8.4-1: 20 dB bandwidth on low channel, 50 kbps Figure 8.4-2: 20 dB bandwidth on mid channel, 50 kbps
H - TR - [T [ - |
Ref Level 3000 d8m  Offset 203d8 ® RBW 2kHz

1948 SWIT 2.1 ms(~23ms)  VBW 10kHz Mode Auto FFT
ween

10 o

20 dore
-3 A
'f\l“ -

—40 dem — = S
-50 dem ]
e
CF 927.8 MHz 10001 pts. 30.0 kHz, Span 300.0 kHz
> Marker Table

il i 927.825797 MHz 5.25 dBm

oz oM 1 -76.282 kHz -19.95 dB

RN R 102.62 kHz -0.02 4B

08.01.2021
Messuring . IREENEEER [ T

14:31:49 08.01.2021

Figure 8.4-3: 20 dB bandwidth on high channel, 50 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 50 kbps

Table 8.4-3: 99% occupied bandwidth results, 50 kbps

Frequency, MHz 99% occupied bandwidth, kHz
902.2 86.3
915.2 88.0
927.8 86.0

Note: there is no 99% occupied bandwidth limit in the standard’s requirements, the measurement results provided for information purposes only.

H o B B- [ - | R I | H. @A A [ - ]
Ref Level 3000 d8m  Offset 20305 * RBW 2 kHz Ref Lewel 2000 d5m  Offset 20348 = RBW 2 kHZ
1048 SWT  21ms(~23ms)  VBW 10kHz Mode Auto FFT VBW 10 kHz Mode Auto FFT

1 i o
he Noow
7 { o T =T
’ WV SN .
1 68 b Y “ T T
i AT} &
20 66 iy -
. m | )
0 J My
-0 = - —
40 dem I W
) o /
e RRATY)
A Ve, e
F 915.2 MHz 10001 pts. 30.0 kHz,
CF 902.2 MHz 10001 pts. 30.0 kHz, Span 300.0 kHz [2 Marker Table
9 Occ Bw
902.225767 MH 4.66 dB Cec B 86.327617805 kH: s ! OL5 1552524 Mz Oce Bw Centroid
i i 5021 55608 M 17,69 cem B Centroia 02 19505375 Vi he] ! 015 2a3276 iz O Euw b Offeet
T2 1 902 2472736 MHZ -14.92 cBm Coc Bw Freg Offsat 040 21 6 Measuring.
oo WM ee oo Le9mtt 08012021
TP ——
Figure 8.4-4: 99% OBW on low channel, 50 kbps Figure 8.4-5: 99% OBW on mid channel, 50 kbps
B A H.- BA-.-- A [ - |

Ref Level 3000 dom  Offsat 20.348 = RBW 2 khz
2 VBW 10 kHz Mode Auts FET

F 027.8 MHz 10001 pis. 30,0 kHz, Span 300.0 kHz
[ZMarker Tabic

Oce Bwv 85.969866849 kHz

-16.21 dBm Oce Bw Centroid 927, 800496575 MHz
1472 dBim Oce Bw Frog Dffset 436,575196743 Hz

Seasuring... ININEENER -

1453108

14:31:09 08.01.2021

Figure 8.4-6: 99% OBW bandwidth on high channel, 50 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 50 kbps

Table 8.4-4: Carrier frequency separation results, 50 kbps

Carrier frequency separation, kHz Minimum limit, kHz Margin, kHz

198.1 102.6 95.5

Note: Minimum limit = 25 kHz or the 20 dB BW whichever is greater

Ref Level 30.00 dBm  Offset 20.3 dB ® RBW 10 kHz

Att 19dB SWT 10.1ms VBW S50kHz Mode Sweep
1 Frequency Sweep @ 1Pk Max
20 dem

[ A )

-30 dBm

-40 dam ¥ J{j

| L

-50 dBm
-60 dBm
CF 915.2 MHz 10001 pts 50.0 kHz/ Span 500.0 kHz
M1 1 915.19855 MHz 8.99 dBm Count 915.1981443 MHz
02 M1 1 198.06 kHz -0.64 dB
A 11.01.2021
veasuring...  [NNREEREN wa

13:11:50 11.01.2021

Figure 8.4-7: Carrier frequency separation
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 50 kbps

Table 8.4-5: Average time of occupancy results, 50 kbps

Dwell time of each pulse, ms Number of pulses within period Total dwell time within period, ms

Limit, ms Margin, ms

63 6 378

400 22

Note: 20 dB bandwidth < 250 kHz, therefore Measurement Period is 20 s

Ref Level 30.00 dBm Offset 20.3 dB ® RBW 100 kHz SGL
Att 19dB & SWT 20 VBW 300 kHz
TRG:VID
1 Zero Span @ 1Pk Max
20 dem- -
i % M?;Z " LB
TRG 7.000 dBm
0 dBm

-20 dBff

_40 dBth “ | |I

) .hLuMJM. POV oI LT MMLWMW " memmdu

i bt M\ML‘

-60 dBm

CF 915.2 MHz 10001 pts 2.0s/
M1 1 . 11.00 dBm
o2 M1 1 62
M3 1
D4 M3 1
M5 1
o6 M5 1 .

M7 1 .

o8 M7 1 .

M9 1 16.681 s 10.99 dBm
oio M9 1 632.0 ms -0.03 dB
M11 1 17.818 s 10.99 dBm
012 M1 1 1 62.0 ms -0.03 dB

Ready

13:17:40 11.01.2021

Figure 8.4-8: Dwell time

_ 7 11.01.2021
12:17:40
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements

Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 50 kbps

Table 8.4-6: Number of hopping frequencies results, 50 kbps

Number of hopping frequencies Minimum limit Margin

128 50 78

Note: 20 dB bandwidth < 250 kHz, Minimum limit = 50 hopping frequencies

Ref Level 30.00 dBm  Offset 20.3 dB ® RBW 30 kHz
ALt 19dB SWT 334 ms ® VBW 300 kHz Mode Sweep

1 Frequency Sweep

20 dBm

B Ry i B R i W i N R i R i R R R T R e

i

10 dBm L ELY TR I TR I NI SR LY.

LELELEA S A A R T R Lk R ] !|'|R'H

=
—

0 dem

-10 dBm | ‘ 1

-20 dBm

-30 dBm

-40 dBm / \'\
-50 dBm

A hy

L

sz

S1
900.0 MH=z 1001 pts 3.0 MHz/ 930.0 MH=z
q 11.01.2021
measuring...  [|HNNNEEER [* e

13:07:33 11.01.2021

Figure 8.4-9: Number of hopping frequencies = 128
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 50 kbps

1 a0z, L 73000 MHz 10.705 dBm 1] 915,21 0000 MHz 11.010 dBm
A 02, 413000 MHz 10.722 dBm a7 915, 360000 MHz 11,025 dBm
3 902, 362000 MHz 10.717 dBm i 915629000 MHz 11.011 dém
4 902, 832000 MHz 10.724 dBm e Q15779000 MHz 11.036 dBm
5 a0z, 982000 MHz 10.726 dBm 70 916019000 MHz 11.008 dBm
5] 03, 222000 MHz 10.719 dBm 71 916, 169000 MHz 11.045 dBm
7 903, 372000 MHz 10,736 dBm iz 916, 379000 MHz 11.013 dém
8 903. 611000 MHz 10.718 dBm i 916.618000 MHz 11.04% dBm
=] Q03. 761000 MHz 10.744 dBm 74 916. TEEOOO MHz 11.029 dBm
10 04, 031000 MHz 10.720 dBém 5 917003000 MHz 11.033 dBém
11 904, 211000 MHz 10.752 dBm 76 917.158000 MHz 10.988 <Bm
12 a04. 361000 MHz 10.720 dBm 7 917428000 MHz 11.004 dBm
1= 90d. 630000 MHz 10.766 dBm TE O17 577000 MHz 10.991 dBm
14 04, FRO000 MHz 10,730 dBm 79 917,81 7000 MHz 11.010 dBém
15 9035, 020000 MHz 10.785 dBm ao 917.967000 MHz 10.992 dBm
16 905.1 70000 MHz 10.768 dBm al 918 200000 MHz 11.012 dBm
17 Q03. 410000 MHz 10.792 dBm az 018 357000 MHz 11.013 dBm
12 905, 559000 MHz 10.795 dBm a3 91& 626000 MHz 11.014 dBm
19 9035, 829000 MHz 10.80& dBm 44 012, 77000 MHz 11.025 <dBm
20 an5. 9749000 MHz 10.810 dBm a5 919016000 MHz 11.017 dBm
£l 906, 219000 MHz 10.81% dBm g 919166000 MHz 11.037 dBm
ZZ 906, 369000 MHz 10,832 dBm &7 919406000 MHz 11.020 dém
Z3 906, 605000 MHz 10,822 dBm Fated a1, 555000 MHz 11.042 dBm
24 06, 758000 MHz 10.842 dBm ag 919825000 MHz 11.023 dBm

2] 907, 028000 MHz 10.823 dBm 0 919, 973000 MHz 11.064 dBm
sl 07, 208000 MHz L0.867 dBm a1 Q20,1 35000 MHz 11.034 dém
27 907, 355000 MHz 10.832 dBm 92 920, 425000 MHz 11.083 <dBm
28 07, 627000 MHz 10.877 dBm a3 920, 574000 MHz 11.061 dBm
£9 o7, 777000 MHz 10.830 dBém 94 020,51 4000 MHz 11.098 dBém
k4] 905017000 MHz 10.892 dBm 95 220, 264000 MHz 11.090 dBm
31 408, 167000 MHz 10.8581 dBm 96 921, 204000 MHz 11.114 dBm
32 Q08. 407000 MHZ 10.894 dBm arF 921. 384000 MHz 11.113 dBm
33 08, 326000 MHz 10,838 dBm 9z 921. 623000 MHz 11.127 dBém
24 9085, 526000 MHz 10.892 dBm 95 921. 773000 MHz 11.138 dBm
35 908, 976000 MHz 10.90& dBm 100 922003000 MHz 11.133 dBm
25 Q09 216000 MHz 10.900 dBm 101 022 163000 MHz 11.153 dBm
=rd 03, 366000 MHz 10,913 dBm 102 922403000 MHz 11.137 dBm
=l 909, 605000 MHz 10.894 dBm 103 022 582000 MHz 11.168 <dBm
4 a9, 755000 MHz 10.915 dBm 104 Q22 822000 MHz 11.137 dBm
40 910.025000 MHz 10.89% dBm 105 923032000 MHz 11.178 dBm
41 910.203000 MHz 10,920 dBm 106 923.182000 MHz 11.148 dBm
42 910, 385000 MHz 10.839 dBm 107 023422000 MHz 11.189 <dBm
43 91 0.624000 MHz 10.922 dBm 108 Q923 571000 MHz 11.173 dBm
44 910, 774000 MHz 10,900 dBm 109 923811000 MHz 11.195 dBm
45 911, 014000 MHz 10,924 dBm 110 923961000 MHz 11.185 dBm
45 911. 164000 MHz 10.907 dBm 111 924, 231000 MHz 11.200 <Bm
47 911, 404000 MHz 10.926 dBm 112 0924, 381000 MHz 11.196 dBm
42 911, 383000 MHz 10.919 dBm 113 924, 620000 MHz 11.198 dBm
42 911823000 MHz 10.922 dBm 114 924, 770000 MHz 11.205 <Bm
50 911973000 MHz 10.933 dBm 115 925010000 MHz 11.190 dBm
51 912213000 MHz 10.930 dBm 116 925160000 MHz 11.202 dBm
32 912, 303000 MHz 10,944 dBm 17 925430000 MHz 11.193 dBm

3 912602000 MHz 10.922 dBm 11z 925. 579000 MHz 11.214 <lBm
54 91 2. 782000 MHz 10.9558 dBm 119 925819000 MHz 11.179 dBm

] 913 022000 hMHz 10.928 dBm 12 025 969000 MHz 11.220 dBm
5 913, 232000 MHz 10,962 dBm 121 026, 179000 MHz 11.18¢ dBm
57 913.382000 MHz 10.937 dBm 122 926, 359000 MHz 11.229 <dBm
55 913621000 MHz 10.984 dBm 123 926, 568000 MHz 11.212 dBm
39 913771000 MHz 10,957 dBm 124 26, 808000 MHz 11,239 dBm
a0 914011000 MHz 10,996 dBm 125 926, 955000 MHz 11.222 dBm
Gl 914.161000 MHz 10.935 dBm 126 027, 228000 MHz 11.246 <dBm
G2 a1 4. 431000 MHz 11.007 dBm 127 Q27 378000 MHz 11.247 dBm
&3 914, 380000 MHz 11.00Z dBm 12 Q27617000 MHz 11,250 dBm
&4 914 20000 MHz 11.00& dBm 129 Q27 T67000 MHz 11.236 dBm
(=] 914, 970000 MHz 11.0165 dBm

Figure 8.4-10: List of hopping frequencies
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.4.5 Test data, 150 kbps

Table 8.4-7: 20 dB bandwidth results, 150 kbps

Frequency, MHz 20 dB bandwidth, kHz Max 20 dB bandwidth limit, kHz Margin, kHz
902.4 354.9 500 145.1
914.8 353.3 500 146.7
927.6 349.7 500 150.3
[ [CSERR < RETTR - [ [ x| B - [ x] [ (R ~ [ [ x| [ - |
Ref Level 2000 d2m  Offset 203 dE » RBW 5 kHz Ref Level 2000 d2m  Offset 203 dE = RBW 5 kHz

1948 SWT 637 s (~18 ms)  VBW 20 bz Mode Auto FFT
ween

1948 SWT 637 s (~18 ms)  WBW 20 bz Mode Auto FFT
cep

A,
o . o
T
"
10 gl vj 10 de
20 g \f 20 g
an - \ -0
/ n
i ERN
0 der ~ 0 der
h
50 g -~ 50 g

~ A
s
CF 002.4 MHz 10001 pis 100.0 kHz, Span 1.0 MHz CF 014.8 MHz 10001 pis 100.0 kHz, Span 1.0 MHz
My 1 902.31911 MHz 3.52 dBm My 1 914.89119 MHz 3.81 dBm
Dz M1 1 -93.98 kHz -20.50 dB Dz M1 1 -265.47 kHz -20.20 dB
D3 D2 1 354.86 kHz 0.05 dB D3 D2 1 353.26 kHz -0.03 dB

OB 7071 OB 7021
secsuring. . IREREERNR [ e secsuring. . NEREERER [ e
14:34:30 08.01.2021 14:36:30 08.01.2021

Figure 8.4-11: 20 dB bandwidth on low channel, 150 kbps Figure 8.4-12: 20 dB bandwidth on mid channel, 150 kbps

[ - |

Al | ke

F 027.6 MHz
[ZMarker Tabic

10001 pis. 100.0 kHz, Span 1,0 Mz

ML 1 927.68699 MHz 3.94 dBm
Dz M1 -262.77 kHz -20.04 dB
D3 0.22 dB

D21 349.67 kHz

T
14:38:24 08.01.2021

Figure 8.4-13: 20 dB bandwidth on high channel, 150 kbps
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Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 150 kbps

Table 8.4-8: 99% occupied bandwidth results, 150 kbps

Frequency, MHz 99% occupied bandwidth, kHz
902.4 316.1
914.8 314.1
927.6 317.2

Note: there is no 99% occupied bandwidth limit in the standard’s requirements, the measurement results provided for information purposes only.

(> TR [RORS . [P a - - [« [T  [RRS . [ [ - |

Ref Level 30.00d8m  Offset 203 dE ® RBW 10 kHz Ref Level 30.00d8m  Offset 203 dE ® RBW 10 kHz
1948 SWIT  4194s (~30 ms)  VBW 30 kHz  Mode Auto FET ALt 1948 SWIT 4194z (~30 ms)  VBW 30 kHz  Mode Auto FET
1 Occupied Bandwidth Pk Ma: 1 Occupied Bandwidth
= =
AR A, -~ f'\
0 “ - - - o A - T
~ "W o ¥\ \ aY
10 gt 1 L e 10 gt / b ¥
Sl J N ",
20 daes Ty 20 daes Apealsd v
A ! 1
b Al
0 . - -
N -
-40 dem L -40 dem ! -
-5 dorm iy —— e -850 dorm
Pp— N - 4
CF 902. 4 MHz 10001 pts. 100.0 kHz, Span 1.0 MHz CF 914.8 MHz 10001 pts. 100.0 kHz, Span 1.0 MHz
(7 Marker Table

902.49289 MHz 5.40 dBm 914.89069 MHz <
902241536 Mz “10.24 com w Centroid 914.645706 Mz 00k B Cenroid
902 556078 iz 016 cBm e B Fre Offeet 72 013 G50622 iz - 02t B, Freg Offeat
T eewrs NN e

14:34:54 08.01.2021 14:35:49 08.01.2021

Figure 8.4-14: 99% OBW on low channel, 150 kbps Figure 8.4-15: 99% OBW on mid channel, 150 kbps

H - B H-- [ - |
Ref Level 3000 d8m  Offset 203 dB ® RBW 10 kHz
ALt 10dE  SWT 410 ps (~30 ms)  WBW 30 kHz  Mode Auto FFET

width

10 g =

20 oo T

a0 derm

-0 derm - - =

"0

CF 027.6 MHz 10001 pis 100.0 kHz, Span 1.0 MHz
7 Marker |able

927.50901 MHz
52744209 MHZ
027.750267 bHz

¥ Ce
c Biw Freq Offat

sesuring . REEEENR (O

14:37:39

14:37:40 08.01.2021

Figure 8.4-16: 99% OBW bandwidth on high channel, 150 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 150 kbps

Table 8.4-9: Carrier frequency separation results, 150 kbps

Carrier frequency separation, kHz Minimum limit, kHz Margin, kHz

402.9 354.9 48.0

Note: Minimum limit = 25 kHz or the 20 dB BW whichever is greater

Ref Level 30.00 dBm  Offset 20.3 dB ® RBW 20 kHz

ALt 19dB SWT 10.1ms VBW 100kHz Mode Sweep
1 Frequency Sweep @ 1Pk Max
20 dem

10 dBm

g oA LA ﬂw\

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF914.8 MHz 10001 pts 150.0 kHz/ Span 1.5 MHz

M1 1 914.8 MHz 1.65 dBm Count 914.7996958 MHz
02 M1 1 402.93 kHz 3.40 dB

q 11.01.2021
measuring...  [[HNNNEEER [* EyiEaT

12:48:30 11.01.2021

Figure 8.4-17: Carrier frequency separation
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 150 kbps

Table 8.4-10: Number of hopping frequencies results, 150 kbps

Number of hopping frequencies Minimum limit Margin

64 25 39

Note: 20 dB bandwidth > 250 kHz, Minimum limit = 25 hopping frequencies

MultiView Occupancy m Seperation u Channels u -
Ref Level 30.00 dBm  Offset 20.3 dB ® RBW 50 kHz

Att 19dE  SWT  1.2ms ® VBW 300kHz Mode Sweep
1 Frequency Sweep

g
oy Ll L (RN
J FTrTTT I L

To
52
51

900.0 MHz 1001 pts 3.0 MHz, 930.0 MHz
Measuring... N wa 11.01.2021

12:43:58 11.01.2021

Figure 8.4-18: Number of hopping frequencies = 64
MultiView Occupancy Ed seperation E3 channels E2 -

Ref Level 30.00 dBm  Offset 203 dB » RBW 50 kHz
19dE SWT 1.2 - VBW 3 Hz Mode Sweep

1 902 293000 MHz 10.607 dBm 915300000 MHz 10.913 dBm
2 902.892000 MHz 10.572 dBm 3 915.680000 MHz 10.926 dBm
3 10.608 dBm 916,079000 MHz 10.925 dBm
4 10,593 dBm 916499000 MHz 10.921 dBm
5 904,091000 MHz 10.600 dBm 916.888000 MHz 10.952 dBm
6 904,481000 MHz 9 000 MHz 10.900 dBm
7 904,900000 MHz 1 657000 MiHz 10.896 dBm
8 905, 290000 MHz 10.673 dBm 918 087000 MHz 10.903 dBm
9 905,679000 MHz 10.695 dBm 1 918,506000 MHz 10.891 dBm
10 906,099000 MHz 10,692 dBm 918,896000 MHz 10.902 dBm
11 906489000 MHz 10.703 dBm 919286000 MHz

12 906878000 MHz 10,733 dBm 919, 705000 MHz

13 907,298000 MHz 10.742 dBm 920,095000 MHz

14 907 687000 MHz 10.750 dBm 920485000 MHz 10.966 d8m
15 908,077000 MHz 10.779 dBm 7 920,904000 MHz 10.984 dBm
16 908,497000 MHz 10.777 dBm 921 10.997 dBm
17 908 886000 MHz 10.791 dBm 683 11.015 d8m
18 909, 306000 MHz 10.785 dBm 9. d 11.031 dBm
19 909,486000 MHz 10.787 dBm 1 11.055 dBm
20 910085000 MHz 10.792 dBm 11.063 dBm
21 910,504000 MHz 10.796 dBm 3 9. 11.071 dBm
22 910,894000 MHz 10.812 dBm 54 923,691000 MHz 11.076 dBm

23 911284000 MHz 55 924 081000 MHz 11.065 dBm
24 911703000 MHz 56 924, 500000 MHz 11.086 dBm
25 912.093000 MHz X 57 924890000 MHz 11.097 dBm
26 912,483000 MHz 58 925, 280000 MHz 11.083 dBm
27 9 59 925 699000 MHz 11.101 d8m
23 60 926,080000 MHz 11.091 dBm
29 913,501000 MHz 1 61 926,479000 MHz 11.115 dBm
30 914101000 MHz 62 926688000 MHz 11.036 d8m
e 914,491000 MHz 10,901 dBm 63 927288000 MHz 11.122 dBm
32 914,880000 MHz 10.893 dBm 64 927677000 MHz 11.127 dBm

measuring... INENNENER wa 1L01202L

12:44:14 11.01.2021

Figure 8.4-19: List of hopping frequencies
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 150 kbps

Table 8.4-11: Average time of occupancy results, 150 kbps

Dwell time of each pulse, ms Number of pulses within period Total dwell time within period, ms Limit, ms

Margin, ms

63 5 315 400

85

Note: 20 dB bandwidth > 250 kHz, therefore Measurement Period is 10 s

Ref Level 20.00 dBm Offset 20.3 dB ® RBW 300 kHz SGL
Att 19dB @ SWT 10s  VBW 1MHz
TRG:VID
1 Zero Span
20 dBm
(10 dBm: T ' £
TRG 7.000 dBm
dBm o
10 dBm
20 dBm
30 dBm
40 dBrn + L W L i
I I | \
Kl NMWMWBW Lo ]w i‘WWWWl}‘Ww o uwmwm —~
-60 dBm
CF 914.8 MHz 10001 pts 1.0s/
2 Marker Table
M1 1 0.0s 11.03 dBm
o2 M1 1 62.0 ms -0.09 dB
M3 1 2.716 s 11.03 dBm
D4 M3 1 62.0 ms -0.09 dB
M5 1 3.158 s 11.02 dBm
D6 M5 1 632.0 ms -0.08 dB
M7 1 4,926 s 11.02 dBm
08 M7 1 63.0 ms -0.09 dB
M9 1 B8.969 s 11.02 dBm
D10 e 1 632.0 ms -0.09 dB

ready [N
13:04:37 11.01.2021

Figure 8.4-20: Dwell time
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Section 8
N e m ko Test name
Specification

8.4.1 Test data, 250 kbps

Testing data
FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
FCC Part 15 Subpart C and RSS-247, Issue 2

Table 8.4-12: 20 dB bandwidth results, 250 kbps

Frequency, MHz 20 dB bandwidth, kHz Max 20 dB bandwidth limit, kHz Margin, kHz
902.5 409.3 500 90.7
915.0 408.5 500 91.5
927.5 406.2 500 93.8

[ [ [ [
Ref Level 3000 d8m  Offset 203dB ® RBW 5 kHz
B SWT 837 us(~18 ms)  WBW 20 kHz  Mode Auto FFT

[ [

902.60099 MHz
-304.37 kHz
o2 1 409.26 kHz

4.30 dBm
-20.05 dB
-0.01 dB

¢ -50 dom
eV - |l YLl
i L oV \f S
v e
F 902.5 MHz 10001 pts. 100.0 kHz, Span 1.0 MHz
[2 Marker Table CF 915.0 MHz 10001 pts 100.0 kHz, Span 1.0 MHz

2 Marker Table

14:40:41 08.01.2021

Figure 8.4-21: 20 dB bandwidth on low channel, 250 kbps

] 1 915.10089 MHz 4.53 dBm
D2 M1 1 -303.57 kHz -19.47 dB
seasuion.. IRENERNNN D3 2 1 408.46 kHz -0.50 dB

08.01.2021
Measuring . IREENEEER [ ol vy

14:42:48 08.01.2021

Figure 8.4-22: 20 dB bandwidth on mid channel, 250 kbps
]

W ""A.‘"qr-‘ Al

S
e |V
h
A
=
= s
v
- \/
. S
; V[ A
e 1 A
F 927.5 MHz 10001 pts. 100.0 kHz, Span 1.0 MHz

[2 Marker Table

ML 1 927.40111 MHz 4.46 dBm
Dz ML i -101.19 kHz -20.06 dB
Dz D2 i 406.16 kHz 0.09 dB

14:44:39 08.01.2021

Figure 8.4-23: 20 dB bandwidth on high channel, 250 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 250 kbps

Table 8.4-13: 99% occupied bandwidth results, 250 kbps

Frequency, MHz 99% occupied bandwidth, kHz

902.5 383.2
915.0 378.3
927.5 386.7

Note: there is no 99% occupied bandwidth limit in the standard’s requirements, the measurement results provided for information purposes only.

Ref Level 3000 d5m  Offsat 20345 ® RBW 10 ki
198 SWT 4194 (~30 ms)  VBW 30 ks Mode Aulo FFIT.
newidth

Ref Level 30.00 d8m  Offset

[ ISR >

20,3 B = RBW 10 kHz

[ [

Moda Auto FET

198 SWT 419 ys (~30 ms)  WBW 30k

902.60049 MHz
902.307240 MHz
902.690407 MHz

6.61 dBm
-11.44 dBm
-16.57 dBim

Oce Bwv
Oce Bw Centroid
Oce Bw Frog Dffset

20 w
w0 B
0 e L / \
- T .
- f WAy
'adlid A, rr W -
-1 = [ \
T V 10 gges
= ! YA
- 20 opes

= L

[ -3
o

|~ -0 derm ~ VEAT
-0 i A
o~ - -5 derm . 4
&0 60 Y -\
Jen

F 002.5 MHz 10001 pts 100.0 kHz, Span 1.0WHz
[Z¥iarker Tabie CF 915.0 WiHz 0001 pts 100.0 kHz, Span 1.0 MHz

14:39:38 08.01.2021

Measuring.

Ref Level 3000 dom  Offsat

SWT 413 s (~30

Figure 8.4-24: 99% OBW on low channel, 250 kbps

38 = RBW 10 kriz

915.10089 MHz
914, 808785 MHz
015.187053 bHz

5.71 dBm 200 B
-14,08 cBm Goc Bw Centroid
-13.08 cBim Coc Bw Freq Offset

378.267705793 kHz
914997919047 MHz
0052508 kHz

OB.01 7021
8 isaian

Messuring

14:41:40 08.01.2021

Figure 8.4-25: 99% OBW on mid channel, 250 kbps

VBW 30 iz Mode futo FFT

927.40171 MHz

20
w0
I /

- / . et

-1 <

o ya

4%
= y \
= v

F 027.5 MHz 10001 pts 100.0 kHz, Span 1.0WHz

[Z¥iarker Tabie

927, 303878 MHz
927.696612 MHz

Occ
Oce Bw Centroid
Oce Bw Frog Dffset

14:43:59 08.01.2021

Measuring.

Figure 8.4-26: 99% OBW bandwidth on high channel, 250 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 250 kbps

Table 8.4-14: Carrier frequency separation results, 250 kbps

Carrier frequency separation, kHz Minimum limit, kHz Margin, kHz
493.9 409.3 84.6
Note: Minimum limit = 25 kHz or the 20 dB BW whichever is greater
Ref Level 29.60 dBm  Offset 20.3 dB ® RBW 20 kHz
ALt 19dB SWT 10.1ms VBW 100kHz Mode Sweep
1 Frequency Sweep @ 1Pk Max
20 dBm
10 dBm 1 m - M(\(
¥
0 de Mm MWM\M mn/\m X 1 iy
m T 0 »llf W v ”I' UM I I W Wb\“n LN | U\‘V Ilﬂ(\\ﬂ/’\
_ o nﬂu)\ﬂ (LW A 1
dem A"nl |H J]u “n
il i
-30 dBém
-40 dBm
-E0 dBrn
-60 dBm
CF 915.0 MHz 10001 pts 150.0 kHz/ Span 1.5 MHz
M1 1 915.0 MHz 4.45 dBm Count 914.9994542 MHz
07 M1 1 493.9 kHz 2.61 dB

12:31:26 11.01.2021

Figure 8.4-27: Carrier frequency separation

Measuring...
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 250 kbps

Table 8.4-15: Number of hopping frequencies results, 250 kbps

Number of hopping frequencies Minimum limit Margin

51 25 26

Note: 20 dB bandwidth > 250 kHz, Minimum limit = 25 hopping frequencies

MultiView Occupancy m Seperation u Channels u -
Ref Level 29.60 dBm  Offset 20.3 dB ® RBW 50 kHz

Att 19dE  SWT  1.2ms ® VBW 300kHz Mode Sweep
1 Frequency Sweep

_on d

|
|
o]
|
|

s2

51

900.0 MHz 1001 pts 3.0 MHz 930.0 MHz
11.01.2021
e 12:30:14

Measuring...

12:30:15 11.01.2021

Figure 8.4-28: Number of hopping frequencies = 51

MultiView Occupancy Ed seperation E3 channels E2 -

Ref Level 2060 dBm  Offset 203 dB » RBW 50 kHz
Att 19dE SWT 1.2 ms ® VBW 300 kHz Mode Sw

902, 383000 MHz 10.608 dBm 915390000 MHz 10.964 dBm
902.892000 MHz 10.668 dBm 2 915.890000 MHz 10.964 dBm

402000 MHz 10.67% dBm 916,379000 MHz 10.979 dBm
903, 881000 MHz 10,695 dBm 916. 00 MHz 10.935 dBm
904, 301000 MHz 10.718 dBm 1 917.3098000 MHz 10.883 dBm
904,200000 MHz 10.704 dBm 917.877000 MHz 10.960 dBm
905, 380000 MHz 10.755 dBm 3 918387000 MHz 10.975 dBm
905889000 MHz 10.777 dBm 918896000 MHz 10.981 dBm

E 6, 390000 MHz 10,779 dBm 919.406000 MHz 11.010 dBm
10 906,878000 MHz 10, o 3 919,885000 MHz 10.954 dBm
11 907388000 MHz 920395000 MHz 11.037 dBm
12 907897000 MHz X 920,904000 MHz 062 dBm
13 908,407000 MHz 5 094 dBm
14 908 886000 MHz 10 921893000 MHz 066 dBm
15 909,396000 MHz 10.747 dBm 1 922.403000 MHz 130 dBm

16 909,205000 MHz 10.867 dBm 922,882000 MHz 127 dBm
17 910385000 MHz 10.851 dBm 923 601000 MHz 041 dBm
18 910.894000 MHz 10.885 dBm 923,901000 MHz 164 dBm
19 911,404000 MHz 10.774 dBm 924,381000 MHz 150 dBm
20 911883000 MHz 10.872 dBm 925.100000 MHz 048 dBm
21 912,393000 MHz 10,902 dBm 925,400000 MHz 11.084 dB8m
22 § 00 MHz N C 48 925,879000 MHz 10.905 dBm
23 913382000 MHz > 49 926, 389000 MHz 11.168 dBm
24 913.891000 MHz 9 50 926.898000 MHz 11.132 dBm
25 914,401000 MHz 5 St 927.378000 MHz 11.219 dBm
26 914,580000 MHz

measuring... INENNENER wa 11012021

12:30:35 11.01.2021

Figure 8.4-29: List of hopping frequencies
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(1) and RSS-247 5.1 Frequency Hopping Systems requirements

Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data continued, 250 kbps

Table 8.4-16: Average time of occupancy results, 250 kbps

Dwell time of each pulse, ms Number of pulses within period Total dwell time within period, ms Limit, ms Margin, ms
63 2 126 400 274
Note: 20 dB bandwidth > 250 kHz, therefore Measurement Period is 10 s
SGL

Ref Level 29.60 dBm  Offset 20.3 dB ® RBW 300 kHz

ALL 19dB & SWT 10 s VBWY 1 MHz
TRG:VID
1 Zero Span
20 dém
1 M3
F= ¥
b0 dim TRG 2.600 dBm
dBm
10 dem n
20 dem
30 dem
40 dBm |
W
L, % | H Hw
-60 dBm
CF915.0 MHz 10001 pts 1.0s/
2 Marker Table
M1 1 0.0s 11.02 dBm
o2 M1 1 62.0 ms -0.12 dB
M3 1 8.903 s 11.02 dBm
D4 M3 1 63.0 ms -0.12 dB

Ready

12:32:33 11.01.2021

Figure 8.4-30: Dwell time

_ 11.01.2021
- 12:32:32
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Section 8 Testing data
N em ko Test name FCC 15.247(b) and RSS-247 5.4(a) Transmitter output power and e.i.r.p. requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.5 FCC 15.247(b) and RSS-247 5.4(a) Transmitter output power and e.i.r.p. requirements for FHSS 900 MHz

8.5.1 References, definitions and limits

FCC:
(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(2) For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at least 50 hopping channels; and, 0.25 watts
for systems employing less than 50 hopping channels, but at least 25 hopping channels, as permitted under paragraph (a)(1)(i) of this section.

(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 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.

ISED:

For FHSs operating in the band 902-928 MHz, the maximum peak conducted output power shall not exceed 1.0 W, and the e.i.r.p. shall not exceed 4 W if
the hopset uses 50 or more hopping channels; the maximum peak conducted output power shall not exceed 0.25 W and the e.i.r.p. shall not exceed 1 W if
the hopset uses less than 50 hopping channels.

8.5.2 Test summary

Verdict Pass
Tested by Mark Libbrecht Test date November 30, 2020

8.5.3 Observations, settings and special notes

Conducted output power was tested per ANSI C63.10 subclause 7.8.5. The hopping shall be disabled for this test. Spectrum analyser settings:
EUT utilizes > 50 hopping frequencies for all modulations

Resolution bandwidth > 20 dB bandwidth of the emission being measured

Video bandwidth > RBW

Frequency span approximately 5 times the 20 dB bandwidth, centered on a hopping channel
Detector mode Peak

Trace mode Max Hold
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Section 8 Testing data
Nem ko Test name FCC 15.247(b) and RSS-247 5.4(a) Transmitter output power and e.i.r.p. requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.5.4 Test data, 50 kbps

Table 8.5-1: Output power and EIRP results, 50 kbps

Frequency, Output power, Output power
MHz dBm limit, dBm Margin, dB Antenna gain, dBi EIRP, dBm EIRP limit, dBm  EIRP margin, dB
902.2 10.9 30.0 19.1 -1.0 9.9 36.0 26.1
915.2 11.1 30.0 18.9 -1.0 10.1 36.0 25.9
927.8 11.3 30.0 18.7 -1.0 10.3 36.0 25.7

EIRP = Output power + Antenna gain

[ x| [ [ - RS [ B - - B [ S U . [ [ - |
Ref Level 2000 d2m  Offset 20.3d8 = RBW 500 kHz Ref Level 2000 d2m  Offset 20.3d8 ® RBW 500 kHz
10 dbim: — S S e — 10 dbim: [ = —_—
- - B -
. .
. .
- -
CF 902.2 MHz 10001 pts. 100.0kHz, Span 1.0 MHz CF 915.2 MHz 10001 pts. 100.0kHz, Span 1.0 MHz

T T T
142829 08012021 1430112 08012021

Figure 8.5-1: Output power on low channel, 50 kbps Figure 8.5-2: Output power on mid channel, 50 kbps

[x] B Eeoe B e [ - |
Ref Level 2000 d2m  Offset 45 ® RBW 500 kHz
ALt 1048 SWT 831 us (~ Mzl VBW 2 MHz  Mode Auto FET

9278251000 MH|
20
S [ N S—

10 dbm e —— B —

,. -
-1

-20 derm

-30 dben

0 dim

-5

-5
CF 627.8 MHz 10001 pts 100.0 KHz, Span 1.0 MHz

OB.0Lz021
secsuring. . NEREERNR [ v
14:30:41 08.01.2021

Figure 8.5-3: Output power on high channel, 50 kbps
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Section 8
Test name
Specification

Testing data

FCC 15.247(b) and RSS-247 5.4(a) Transmitter output power and e.i.r.p. requirements
FCC Part 15 Subpart C and RSS-247, Issue 2

8.5.1 Test data, 150 kbps
Table 8.5-2: Output power and EIRP results, 150 kbps
Frequency, Output power, Output power
MHz dBm limit, dBm Margin, dB Antenna gain, dBi EIRP, dBm EIRP limit, dBm  EIRP margin, dB
902.4 10.9 30.0 19.1 -1.0 9.9 36.0 26.1
914.8 11.1 30.0 18.9 -1.0 10.1 36.0 25.9
927.6 11.4 30.0 18.6 -1.0 10.4 36.0 25.6
EIRP = Output power + Antenna gain
a [ < JESEEI < RET [P [ - | a [ < JESEI < RETV [P [ - |
Ref Level 2000 d2m  Offset 20.3d8 = RBW 500 kHz Ref Level 2000 d2m  Offset 20.3d8 ® RBW 500 kHz
i 10,56 dom i 11,10 d6m
CF 9024 MHz 10001 pts. 100.0kHz, Span 1.0 MHz CF 914.8 MHz 10001 pts. 100.0kHz, Span 1.0 MHz

14:35:09 08.01.2021

sesuring . REEEENR

Figure 8.5-4: Output power on low channel, 150 kbps

OB.01 7021
Lt

14:36:46 08.01.2021

secsuring . ENEENERNR

Figure 8.5-5: Output power on mid channel, 150 kbps

[x] B EHo- B [ - |

Ref Level 2000 d2m  Offset 20.3d8 ® RBW 500 kHz
19d8 SWT 831us(~69ms) VBW 2MHz Mode Auto FFT
|

etn S |
.
I
o
e
CF 927.6 MHz 10001 pts. 100.0kHz, Span 1.0 MHz

14:38:51 08.01.2021

seosuring . ENEEEERR

OB.01z021
¥ iasesa

Figure 8.5-6: Output power on high channel, 150 kbps
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Section 8 Testing data
Test name FCC 15.247(b) and RSS-247 5.4(a) Transmitter output power and e.i.r.p. requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.5.1 Test data, 250 kbps
Table 8.5-3: Output power and EIRP results, 250 kbps
Frequency, Output power, Output power
MHz dBm limit, dBm Margin, dB Antenna gain, dBi EIRP, dBm EIRP limit, dBm  EIRP margin, dB
902.5 10.9 30.0 19.1 -1.0 9.9 36.0 26.1
915.0 11.1 30.0 18.9 -1.0 10.1 36.0 25.9
927.5 11.3 30.0 18.7 -1.0 10.3 36.0 25.7
EIRP = Output power + Antenna gain
a [ < JESEEI < RET [P [ - | a < JEREI - RET R [ - |
Ref Level 2000 d2m  Offset 20.3d8 = RBW 500 kHz Ref Level 2000 d2m  Offset 20.3d8 ® RBW 500 kHz
i 11,17 dom
CF 902.5 MHz 10001 pts. 100.0kHz, Span 1.0 MHz CF 915.0 MHz 10001 pts. 100.0kHz, Span 1.0 MHz

secsuring . ENEENERNR

14:40:57 08.01.2021

oB.01z021
Lt

sesuring . REEEENR

oB.01z021
Ll

Figure 8.5-7: Output power on low channel, 250 kbps

14:43:02 08.01.2021

Figure 8.5-8: Output power on mid channel, 250 kbps

[ x ]

[« [ o [ e
Ref Level 22,40 dBm  Offset 20.3 B ® RBW 500 kHz
B e G e

CF 527.5 MHz 10001 pts

100.0 kHz, Span 1.0 MHz

12:32:30 12012021

wa 12012021

Figure 8.5-9: Output power on high channel, 250 kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(a)(2) and RSS-247 5.2(a) Minimum 6 dB bandwidth for DTS systems
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.6 FCC15.247(a)(2) and RSS-247 5.2(a) Minimum 6 dB bandwidth for DTS systems

8.6.1 References, definitions and limits

FCC:
Systems using digital modulation techniques may operate in the 902—-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands. The minimum 6 dB
bandwidth shall be at least 500 kHz.

ISED:

The minimum 6 dB bandwidth shall be 500 kHz.

RSS-GEN, Section 6.7:

6 dB bandwidth is defined as the frequency range between two points, one at the lowest frequency below and one at the highest frequency above the
carrier frequency, at which the maximum power level of the transmitted emission is attenuated 6 dB below the maximum in-band power level of the
modulated signal, where the two points are on the outskirts of the in-band emission.

For the 99% emission bandwidth, the trace data points are recovered and directly summed in linear power level 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, and that frequency recorded. The process is
repeated for the highest frequency data points (starting at the highest frequency, at the right side of the span, and going down in frequency). This
frequency is then recorded. The difference between the two recorded frequencies is the occupied bandwidth (or the 99% emission bandwidth).

8.6.2 Test summary
Verdict Pass
Tested by Alvin Liu Test date November 11, 2020

8.6.3 Observations, settings and special notes

The test was performed as per KDB 558074, section 8.2 with reference to ANSI C63.10 subclause 11.8.
Spectrum analyser settings:

Resolution bandwidth 6 dB BW: 100 kHz; 99% OBW: 1-5% of OBW
Video bandwidth >3 x RBW

Frequency span 1-5x0BW

Detector mode Peak

Trace mode Max Hold
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Section 8 Testing data
N e m ko Test name
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.6.4 Test data
Table 8.6-1: 6 dB bandwidth results, Z-Wave Long Range
Modulation Frequency, MHz 6 dB bandwidth, kHz Minimum limit, kHz Margin, kHz
DSSS-0QPSK 912.0 639.7 500 139.7
DSSS-0QPSK 920.0 640.5 500 140.5
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Figure 8.6-1: 6 dB bandwidth on 912 MHz channel, Z-Wave Long Range

09:27:41 21.10.2020

Figure 8.6-2: 6 dB bandwidth on 920 MHz channel, Z-Wave Long Range

Table 8.6-2: 99% occupied bandwidth results, Z-Wave Long Range

Frequency, MHz

99% occupied bandwidth, kHz

912.0
920.0

933.5
933.3

Note: there is no 99% occupied bandwidth limit in the standard’s requirements, the measurement results provided for information purposes only.
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Figure 8.6-3: 99% OBW on 912 MHz channel, Z-Wave Long Range
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Figure 8.6-4: 99% OBW on 920 MHz channel, Z-Wave Long Range
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Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.7 FCC15.247(b) and RSS-247 5.4(d) Transmitter output power and e.i.r.p. requirements for DTS in 900 MHz

8.7.1 References, definitions and limits

FCC:
(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(3) For systems using digital modulation in the 902-928 MHz band: 1 W (30 dBm). 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.

(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 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.

(c) Operation with directional antenna gains greater than 6 dBi.
(1) Fixed point-to-point operation:

(iii) Fixed, point-to-point operation, as used in paragraphs (c)(1)(i) and (c)(1)(ii) of this section, excludes the use of point-to-multipoint systems,
omnidirectional applications, and multiple co-located intentional radiators transmitting the same information. The operator of the spread spectrum or
digitally modulated intentional radiator or, if the equipment is professionally installed, the installer is responsible for ensuring that the system is used
exclusively for fixed, point-to-point operations. The instruction manual furnished with the intentional radiator shall contain language in the installation
instructions informing the operator and the installer of this responsibility.

ISED:
d. For DTSs employing digital modulation techniques operating in the 902-928 MHz band, the maximum peak conducted output power shall not exceed 1
W. The e.i.r.p. shall not exceed 4 W, except as provided in section 5.4(e).

As an alternative to a peak power measurement, compliance can be based on a measurement of the maximum conducted output power. The maximum
conducted output power is the total transmit power delivered to all antennas and antenna elements, averaged across all symbols in the signalling 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 transmitting at a reduced power level. If multiple modes of operation are
implemented, the maximum conducted output power is the highest total transmit power occurring in any mode.

8.7.2 Test summary

Verdict Pass
Tested by Alvin Liu Test date November 11, 2020
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Nem ko Test name FCC 15.247(b) and RSS-247 5.4(d) Transmitter output power and e.i.r.p. requirements
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.7.3 Observations, settings and special notes

The test was performed as per KDB 558074, section 8.3 with reference to ANSI C63.10 subclause 11.9.1 (peak power) using method RBW=>DTS bandwidth

(Maximum peak conducted output power).
Spectrum analyser settings:

Resolution bandwidth > OBW
Video bandwidth >3 x RBW
Frequency span 2-5x0BW
Detector mode Peak

Trace mode Max Hold

8.7.4 Test data

Table 8.7-1: Output power and EIRP results (antenna port measurement)

Conducted
Frequency, output Output power Output power  Antenna gain, EIRP, EIRP limit, EIRP margin,
MHz power, dBm limit, dBm margin, dB dBi dBm dBm dB
912 10.9 30.0 19.1 -1.0 9.9 36.0 26.1
920 11.0 30.0 19.0 -1.0 10.0 36.0 26.0

Note: EIRP [dBm] = Conducted output power [dBm] + Antenna gain [dBi]

x| a ] = S | = [ - | ~ A A B x| a a [ - |
Ref Level 2000 d2m  Offset 19.9d5 » RBW 1 MHz RefLevel 3000 dBm  Offset 15545 & iz
2008 SWI 101 ms VBW 31e Mde Suces Py o swr oims
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0 e e B - - 0 by - —

. T ~
s e i

0 de -

50 den -

o 170wtz 0001 s SonOKTE S 3.1z CFO0.0 TO00T pis 000 Spon 3.0 M|
13:24:49 20.10.2020 13:45:04 20.10.2020

Figure 8.7-1: Output power on 912 MHz channel Figure 8.7-2: Output power on 920 MHz channel
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Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.8 FCC15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions

8.8.1 References, definitions and limits

FCC:

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(c)).

ISED:

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated device is operating, the RF power that is
produced 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 that the transmitter demonstrates compliance with the peak conducted power limits. If the
transmitter complies with the conducted power limits based on the use of root-mean-square averaging over a time interval, as permitted under section
5.4(d), the attenuation required shall be 30 dB instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not required.

Table 8.8-1: FCC §15.209 and RSS-Gen — Radiated emission limits

Frequency, Field strength of emissions Measurement distance, m
MHz uv/m dBuv/m

0.009-0.490 2400/F 67.6 — 20 x log1o(F) 300

0.490-1.705 24000/F 87.6 — 20 x log1o(F) 30

1.705-30.0 30 29.5 30
30-88 100 40.0 3
88-216 150 435 3
216-960 200 46.0 3
above 960 500 54.0 3

Notes: In the emission table above, the tighter limit applies at the band edges.

For frequencies above 1 GHz the limit on peak RF emissions is 20 dB above the maximum permitted average emission limit applicable to the
equipment under test
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Table 8.8-2: ISED restricted frequency bands

MHz MHz MHz GHz
0.090-0.110 12.57675-12.57725 399.9-410 7.25-7.75
0.495-0.505 13.36-13.41 608-614 8.025-8.5

2.1735-2.1905 16.42-16.423 960-1427 9.0-9.2
3.020-3.026 16.69475-16.69525 1435-1626.5 9.3-9.5
4.125-4.128 16.80425-16.80475 1645.5-1646.5 10.6-12.7
4.17725-4.17775 25.5-25.67 1660-1710 13.25-13.4
4.20725-4.20775 37.5-38.25 1718.8-1722.2 14.47-14.5
5.677-5.683 73-74.6 2200-2300 15.35-16.2
6.215-6.218 74.8-75.2 2310-2390 17.7-21.4
6.26775-6.26825 108-138 2483.5-2500 22.01-23.12
6.31175-6.31225 149.9-150.05 2655-2900 23.6-24.0
8.291-8.294 156.52475-156.52525 3260-3267 31.2-31.8
8.362-8.366 156.7-156.9 3332-3339 36.43-36.5
8.37625-8.38675 162.0125-167.17 3345.8-3358
8.41425-8.41475 167.72-173.2 3500-4400
12.29-12.293 240-285 4500-5150 Above 38.6
12.51975-12.52025 322-335.4 5350-5460

Note: Certain frequency bands listed in Table 8.8-2 and above 38.6 GHz are designated for licence-exempt applications. These frequency bands and the

requirements that apply to related devices are set out in the 200 and 300 series of RSSs.

Table 8.8-3: FCC restricted frequency bands

MHz MHz MHz GHz
0.090-0.110 16.42-16.423 399.9-410 4.5-5.15
0.495-0.505 16.69475-16.69525 608-614 5.35-5.46

2.1735-2.1905 16.80425-16.80475 960-1240 7.25-7.75
4.125-4.128 25.5-25.67 1300-1427 8.025-8.5
4.17725-4.17775 37.5-38.25 1435-1626.5 9.0-9.2
4.20725-4.20775 73-74.6 1645.5-1646.5 9.3-9.5
6.215-6.218 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225 123-138 2200-2300 14.47-14.5
8.291-8.294 149.9-150.05 2310-2390 15.35-16.2
8.362-8.366 156.52475-156.52525 2483.5-2500 17.7-21.4
8.37625-8.38675 156.7-156.9 2690-2900 22.01-23.12
8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025 240-285 3345.8-3358 36.43-36.5
12.57675-12.57725 322-335.4 3600-4400 Above 38.6
13.36-13.41
8.8.2 Test summary
Verdict Pass
Tested by Mark Libbrecht Test date October 20, 2020
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Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.8.3 Observations, settings and special notes

As part of the current assessment, the test range of 9 kHz to 10t harmonic has been fully considered and compared to the actual frequencies utilized within
the EUT. Since the EUT contains a transmitter in the GHz range, the EUT has been deemed compliant without formal testing in the 9 kHz to 30 MHz test
range, therefore formal test results (tabular data and/or plots) are not provided within this test report.

EUT was set to transmit with 100 % duty cycle.

Radiated measurements were performed at a distance of 3 m.

DTS emissions in non-restricted frequency bands test was performed as per KDB 558074, section 8.5 with reference to ANSI C63.10 subclause 11.11.

Since fundamental power was tested using the maximum peak conducted output power procedure to demonstrate compliance, the spurious emissions limit
is —20 dBc/100 kHz.

DTS emissions in restricted frequency bands test was performed as per KDB 558074, section 8.6 with reference to ANSI C63.10 subclause 11.12.

DTS band-edge emission measurements test was performed as per KDB 558074, section 8.7 with reference to ANSI C63.10 subclause 11.13.

Spectrum analyser settings for radiated measurements within restricted bands below 1 GHz:

Resolution bandwidth: 100 kHz
Video bandwidth: 300 kHz
Detector mode: Peak
Trace mode: Max Hold

Spectrum analyser settings for peak radiated measurements within restricted bands above 1 GHz:

Resolution bandwidth: 1 MHz
Video bandwidth: 3 MHz
Detector mode: Peak
Trace mode: Max Hold

Spectrum analyser settings for conducted spurious emissions measurements:

Resolution bandwidth: 100 kHz
Video bandwidth: 300 kHz
Detector mode: Peak
Trace mode: Max Hold
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8.8.4 Test data
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Figure 8.8-3: Conducted Low Band-edge on hopping, FSK 50kbps Figure 8.8-4: Conducted High Band-edge on hopping, FSK 50kbps
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Test data, continued
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Figure 8.8-5: Conducted spurious emissions on low channel, FSK 50kbps Figure 8.8-6: Conducted spurious emissions on mid channel, FSK 50kbps
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Figure 8.8-7: Conducted spurious emissions on high channel, FSK 50kbps Figure 8.8-8: Conducted spurious emissions on Hopping, FSK 50kbps
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Test data, continued
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Figure 8.8-9: Radiated spurious emissions 30 MHz — 1 GHz on low channel, FSK 50kbps
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Figure 8.8-10: Radiated spurious emissions 30 MHz — 1 GHz on mid channel, FSK 50kbps
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Figure 8.8-11: Radiated spurious emissions 30 MHz — 1 GHz on high channel, FSK 50kbps
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Figure 8.8-12: Radiated spurious emissions 1 — 10 GHz on low channel, FSK 50kbps
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Figure 8.8-13: Radiated spurious emissions 1 — 10 GHz on mid channel, FSK 50kbps
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Figure 8.8-14: Radiated spurious emissions 1 — 10 GHz on high channel, FSK 50kbps
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Test data, continued
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Figure 8.8-15: Conducted Band-edge on low channel, FSK 150kbps Figure 8.8-16: Conducted Band-edge on high channel, FSK 150kbps
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Figure 8.8-17: Conducted Low Band-edge on Hopping, FSK 150kbps Figure 8.8-18: Conducted High Band-edge on Hopping, FSK 150kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions

Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-19: Conducted spurious emissions on low channel, FSK 150kbps Figure 8.8-20: Conducted spurious emissions on mid channel, FSK 150kbps
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Figure 8.8-21: Conducted spurious emissions on high channel, FSK 150kbps Figure 8.8-22: Conducted spurious emissions on Hopping, FSK 150kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-23: Radiated spurious emissions 30 MHz — 1 GHz on low channel, FSK 150kbps
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Figure 8.8-24: Radiated spurious emissions 30 MHz — 1 GHz on mid channel, FSK 150kbps
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Figure 8.8-25: Radiated spurious emissions 30 MHz — 1 GHz on high channel, FSK 150kbps
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Section 8 Testing data
Nem ko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-26: Radiated spurious emissions 1 — 10 GHz on low channel, FSK 150kbps
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Figure 8.8-27: Radiated spurious emissions 1 — 10 GHz on mid channel, FSK 150kbps
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Figure 8.8-28: Radiated spurious emissions 1 — 10 GHz on high channel, FSK 150kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-29: Conducted Band-edge on low channel, FSK 250kbps Figure 8.8-30: Conducted Band-edge on high channel, FSK 250kbps

Ref Level 3000 d8m  Offset ® RBW 100 kHz Ref Level 3000 d8m  Offset 20.3 dB * REW 100 kHz
At 1948 SWT 4176 us mz) & VBW 300 kHz  Mode Auto FFT

Att 1948 SWT 4184y (7.1 ms) @ VBW 300 bz Mode Auto FFT

ML 10.80 dim|
A€ PERK TNBAND 902.401460 Mz
" b2y | secads " a1}
101,460 ki
10 dim A i =
/ N/
/ VS
0 7
/ V
| !
f
= / = |
! !
a0 / -a0 A
/ |
<0t i <0t 4
1 \
- FE—
= — = —
e e AT M AP SR SRV S
0 -
CF 902.0 MHz 10001 pts 500.0 kHz, Span 5.0 MHz CF 928.0 MHz 1001 pts 500.0 kHz, Span 5.0 MHz
o801 2021 oe01 2021
o EEMENE e 01 secuna . BNMEN we 0N
16:14:48 08.01.2021

16:12:58 08.01.2021

Figure 8.8-31: Conducted Low Band-edge on hopping, FSK 250kbps Figure 8.8-32: Conducted High Band-edge on hopping, FSK 250kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-33: Conducted spurious emissions on low channel, FSK 250kbps Figure 8.8-34: Conducted spurious emissions on mid channel, FSK 250kbps
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Figure 8.8-35: Conducted spurious emissions on high channel, FSK 250kbps Figure 8.8-36: Conducted spurious emissions on hopping, FSK 250kbps
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-37: Radiated spurious emissions 30 MHz — 1 GHz on low channel, FSK 250kbps
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Figure 8.8-38: Radiated spurious emissions 30 MHz — 1 GHz on mid channel, FSK 250kbps
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Figure 8.8-39: Radiated spurious emissions 30 MHz — 1 GHz on high channel, FSK 250kbps
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Section 8 Testing data
Nem ko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-40: Radiated spurious emissions 1 — 10 GHz on low channel, FSK 250kbps
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Figure 8.8-41: Radiated spurious emissions 1 — 10 GHz on mid channel, FSK 250kbps
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Figure 8.8-42: Radiated spurious emissions 1 — 10 GHz on high channel, FSK 250kbps
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FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions

Section 8 Testing data
Ne m ko Test name
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-43: Conducted Band-edge on 912 MHz channel, Z-Wave Long
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Figure 8.8-44: Conducted Band-edge on 920 MHz channel, Z-Wave Long
Range
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Figure 8.8-45: Conducted spurious emissions on 912 MHz channel, Z-Wave
Long Range
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Figure 8.8-46: Conducted spurious emissions on 920 MHz channel, Z-Wave
Long Range
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Section 8 Testing data
Nemko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions

Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-47: Radiated spurious emissions 30 MHz — 1 GHz, on 912 MHz channel, Z-Wave Long Range
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Figure 8.8-48: Radiated spurious emissions 30 MHz — 1 GHz, on 920 MHz channel, Z-Wave Long Range
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Section 8 Testing data
Nem ko Test name FCC 15.247(d) and RSS-247 5.5 Spurious (out-of-band) unwanted emissions
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

Test data, continued
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Figure 8.8-49: Radiated spurious emissions 1 - 10 GHz, on 912 MHz channel, Z-Wave Long Range
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Figure 8.8-50: Radiated spurious emissions 1 - 10 GHz, on 920 MHz channel, Z-Wave Long Range
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Section 8 Testing data
N em ko Test name FCC Clause 15.247(e) and RSS-247 5.2(b) Power spectral density for digitally modulated devices
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.9 FCC15.247(e) and RSS-247 5.2(b) Power spectral density for digitally modulated devices

8.9.1 References, definitions and limits

FCC:

For digitally modulated systems, the power spectral density conducted from the intentional radiator to the antenna shall not be greater than 8 dBm in any
3 kHz 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.

(f) For the purposes of this section, hybrid systems are those that employ a combination of both frequency hopping and digital modulation techniques. The
frequency hopping operation of the hybrid system, with the direct sequence or digital modulation operation turned-off, shall have an average time of
occupancy on any frequency not to exceed 0.4 seconds within a time period in seconds equal to the number of hopping frequencies employed multiplied
by 0.4. The power spectral density conducted from the intentional radiator to the antenna due to the digital modulation operation of the hybrid system,
with the frequency hopping operation turned off, shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

ISED:

The transmitter power spectral density conducted from the transmitter to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time
interval of continuous transmission. This power spectral density shall be determined in accordance with the provisions of section 5.4(d), (i.e. the power
spectral density shall be determined using the same method as is used to determine the conducted output power).

5.3 Hybrid systems

Hybrid systems employ a combination of both frequency hopping and digital transmission techniques and shall comply with the following:

With the frequency hopping turned off, the digital transmission operation shall comply with the power spectral density requirements for digital modulation
systems set out in of section 5.2(b) or section 6.2.4 for hybrid devices operating in the band 5725-5850 MHz.

8.9.2 Test summary
Verdict Pass
Tested by Alvin Liu Test date October 20, 2020

8.9.3 Observations, settings and special notes

Power spectral density test was performed as per KDB 558074, section 8.4 with reference to ANSI C63.10 subclause 11.10.
The test was performed using method PKPSD (peak PSD).
Spectrum analyser settings:

Resolution bandwidth: 3 kHz

Video bandwidth: >3 x RBW

Frequency span: 1.5 times the DTS BW (Peak)
Detector mode: Peak

Trace mode: Max Hold
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Section 8 Testing data
Nem ko Test name FCC Clause 15.247(e) and RSS-247 5.2(b) Power spectral density for digitally modulated devices
Specification FCC Part 15 Subpart C and RSS-247, Issue 2

8.9.4 Test data

Table 8.9-1: PSD results (antenna port measurement)

Frequency, MHz PSD, dBm/3 kHz PSD limit, dBm/3 kHz Margin, dB
912 -1.2 8.0 9.2
920 -1.1 8.0 9.1
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Figure 8.9-1: PSD on 912 MHz channel, Z-Wave Long Range Figure 8.9-2: PSD on 920 MHz channel, Z-Wave Long Range

End of Test Report
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