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1.1

1.2

Report Summary

Report Modification Record

Alterations and additions to this report will be issued to the holders of each copy in the form of a

complete document.

Issue Description of Change

Date of Issue

1 First Issue

01 October 2019

Introduction

Applicant

Manufacturer

Model Number(s)

Serial Number(s)

Hardware Version(s)
Software Version(s)

Number of Samples Tested
Test Specification/Issue/Date

Order Number
Date

Date of Receipt of EUT
Start of Test

Finish of Test

Name of Engineer(s)
FCC Accreditation

Class of Emission (Manufacturer
Declared)

COMMERCIAL-IN-CONFIDENCE

Table 1

Ocean Signal Limited
Ocean Signal Limited
ATA100

1234567Q (TA007)
Issue 01.00

00.1.00 (Apr 5 2019)
1

IEC 61993-2: 2012

3123-00
31-October-2016

31-January-2018
25-April-2019
03-June-2019
Neil Rousell

90987 Octagon House, Fareham Test Laboratory

16KOGXW

Page 2 of 81




Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

1.3

Brief Summary of Results

A brief summary of the tests carried out in accordance with IEC 61993-2 is shown below (with an FCC 47 CFR part 80 cross reference).

Section Specification Clause Test Description Result Comments/Base Standard
IEC61993-2 FCC Part 80 Reference
Configuration and Mode: DC Powered - TDMA Transmitter
2.17 15.1.1 80.209 Frequency Error Pass
2.18 15.1.2 80.215 Carrier Power Pass
2.19 15.1.3 80.205 Slotted Transmission Spectrum Pass
80.211
2.20 15.1.4 80.213 Modulation Accuracy Pass
2.21 15.1.5 - Transmitter Output Power Characteristics Pass
2.22 15.3.1 80.211 Spurious Emissions from the Transmitter Pass
Configuration and Mode: DC Powered - TDMA Receiver
2.8 15.2.1 - Sensitivity Pass
2.9 15.2.2 - Error Behaviour at High Input Levels Pass
2.10 15.2.3 - Co-channel Rejection Pass
2.11 15.2.4 - Adjacent Channel Selectivity Pass
2.12 15.2.5 - Spurious Response Rejection Pass
2.13 15.2.6 - Intermodulation Response Rejection and Blocking Pass
2.14 15.3.2 80.217 Spurious Emissions from the Receiver Pass
2.15 15.2.7 - Transmit to Receive Switching Time Pass
2.16 15.2.8 - Immunity to Out-of-Band Energy Pass

COMMERCIAL-IN-CONFIDENCE
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Section Specification Clause Test Description Result Comments/Base Standard
IEC61993-2 FCC Part 80 Reference

Configuration and Mode: DC Powered - DSC Receiver

2.1 c.21 - DSC Sensitivity Pass

2.2 Cc.2.2 - DSC Error Behaviour at High Input Levels Pass

2.3 C.2.3 - DSC Co-channel Rejection Pass

2.4 Cc.24 - DSC Adjacent Channel Selectivity Pass

25 C.25 - DSC Spurious Response Rejection Pass

2.6 C.2.6 - DSC Intermodulation Response Rejection Pass

2.7 Cc.2.7 - DSC Blocking or Desensitisation Pass

- Cc.2.8 - DSC Spurious Emissions from the Receiver N/T EUT had no dedicated DSC receiver

antenna connector.

COMMERCIAL-IN-CONFIDENCE
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1.4

Application Form

MAIN EUT

MANUFACTURING DESCRIPTION

Class A AlS transponder

MANUFACTURER QOcean Signal Ltd.
MODEL NAME/NUMBER ATA100

PART NUMBER 760S-02697
SERIAL NUMBER N/A
HARDWARE VERSION TBD
SOFTWARE VERSION TBD

PSU VOLTAGE/FREQUENCY/CURRENT

10.8-31.2Volts DSC, 6 amps

HIGHEST INTERNALLY GENERATED /
USED FREQUENCY

207.025MHz

FCC ID (if applicable)

N/A

INDUSTRY CANADA ID (if applicable)

N/A

TECHNICAL DESCRIPTION
(a brief description of the intended use and
operation)

Class A AlS transponder

COUNTRY OF ORIGIN

United Kingdom

RF CHAR

ACTERISTICS (if applicable)

TRANSMITTER FREQUENCY
OPERATING RANGE (MHz)

156.025 - 162.025 MHz

RECEIVER FREQUENCY OPERATING
RANGE (MHz)

156.025 - 162.025 MHz

INTERMEDIATE FREQUENCIES

38.85/30.875/21.4MHz, 455kHz

EMISSION DESIGNATOR(S):
(i.e. G1D, GXW)

16KOGXW

MODULATION TYPES:
(i.e. GMSK, QPSK)

GMSK

OUTPUT POWER (W or dBm)

12.5W

SEPARATE BATTERY/POWER SUPPLY (if applicable)

MANUFACTURING DESCRIPTION

MANUFACTURER

TYPE

PART NUMBER

PSU VOLTAGE/FREQUENCY/CURRENT

COUNTRY OF ORIGIN

MODULES (if applicable)

MANUFACTURING DESCRIPTION

MANUFACTURER

TYPE

POWER

FCCID

INDUSTRY CANADA ID

EMISSION DESIGNATOR

DHSS/FHSS/COMBINED OR OTHER

COUNTRY OF ORIGIN

ANCILLARIES (if applicable)

MANUFACTURING DESCRIPTION

MANUFACTURER

TYPE

PART NUMBER

SERIAL NUMBER

COUNTRY OF ORIGIN

| hereby declare that the information supplied is correct and complete.

Name: David Sheekey
Date: 05/04/18

Position held:  Type Approval Manager
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1.5 Product Information

1.5.1 Technical Description

Class A AIS transponder
1.6 Deviations from the Standard

No deviations from the applicable test standard were made during testing.
17 EUT Modification Record

The table below details modifications made to the EUT during the test programme.
The modifications incorporated during each test are recorded on the appropriate test pages.

Modification State | Description of Modification still fitted to EUT Modification Fitted By Ei?tt: dModmcatlon
Serial Number: TAOO7
0 As supplied by the customer Not Applicable Not Applicable

Table 3
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1.8 Test Location

TUV SUD conducted the following tests at our Fareham Test Laboratory.

Test Name Name of Engineer(s) Accreditation

Configuration and Mode: DC Powered - TDMA Transmitter

Frequency Error Neil Rousell UKAS
Carrier Power Neil Rousell UKAS
Slotted Transmission Spectrum Neil Rousell UKAS
Modulation Accuracy Neil Rousell UKAS
Transmitter Output Power Characteristics Neil Rousell UKAS
Spurious Emissions from the Transmitter Neil Rousell UKAS

Configuration and Mode: DC Powered - TDMA Receiver

Sensitivity Neil Rousell UKAS
Error Behaviour at High Input Levels Neil Rousell UKAS
Co-channel Rejection Neil Rousell UKAS
Adjacent Channel Selectivity Neil Rousell UKAS
Spurious Response Rejection Neil Rousell UKAS
Intermodulation Response Rejection and Blocking Neil Rousell UKAS
Spurious Emissions from the Receiver Neil Rousell UKAS
Transmit to Receive Switching Time Neil Rousell UKAS
Immunity to Out-of-Band Energy Neil Rousell UKAS

Configuration and Mode: DC Powered - DSC Receiver

DSC Sensitivity Neil Rousell UKAS
DSC Error Behaviour at High Input Levels Neil Rousell UKAS
DSC Co-channel Rejection Neil Rousell UKAS
DSC Adjacent Channel Selectivity Neil Rousell UKAS
DSC Spurious Response Rejection Neil Rousell UKAS
DSC Intermodulation Response Rejection Neil Rousell UKAS
DSC Blocking or Desensitisation Neil Rousell UKAS
DSC Spurious Emissions from the Receiver N/A UKAS
Table 4
Office Address:

Octagon House

Concorde Way
Segensworth North
Fareham, Hampshire

PO15 5RL, United Kingdom
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2 Test Details

21 DSC Sensitivity

2141 Specification Reference

IEC 61993-2, Clause C.2.1

2.1.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TAO007 - Modification State 0

21.3 Date of Test

15-May-2019

21.4 Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.1.2.

21.5 Environmental Conditions

Ambient Temperature 23.9°C
Relative Humidity 30.1%

2.1.6 Test Results

DC Powered - DSC Receiver

Frequency Offset (kHz) Bit Error Rate
156.525 MHz

-1500 0.00

0 0.00

1500 0.00

Table 5 - DSC Sensitivity Results at 23.9 °C, 12V DC

Temperature Voltage Bit Error Rate
156.525 MHz

-15.0 °C 10.8 Vv DC 0.00

+55.0 °C 31.2vDC 0.00

Table 6 - DSC Sensitivity Results at Extreme Test Conditions

IEC 61993-2, Limit Clause C.2.1.3

The BER shall not exceed 102,

COMMERCIAL-IN-CONFIDENCE Page 8 of 81
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21.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digita’ Temperature Fluke 51 1385 |12 17-Jan-2020
tscﬂrghf)e”erator (250kHz | A gilent Technologies E4433B 2893 |12 04-Sep-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 7
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2.2

2.21

2.2.2

223

224

225

2.2.6

DSC Error Behaviour at High Input Levels

Specification Reference

IEC 61993-2, Clause C.2.2

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

15-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.2.2.

Environmental Conditions

Ambient Temperature 23.9°C
Relative Humidity 30.1%

Test Results

DC Powered - DSC Receiver

Input Signal Level (dBm) Bit Error Rate
156.525 MHz
-7 0.00

Table 8 - DSC Error Behaviour at High Input Level Results

IEC 61993-2, Limit Clause C.2.2.3

The BER shall not exceed 102.
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227 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 TU
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 9
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2.3

2.31

2.3.2

233

234

235

2.3.6

DSC Co-channel Rejection

Specification Reference

IEC 61993-2, Clause C.2.3

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

15-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.3.2.

Environmental Conditions

Ambient Temperature 23.9°C
Relative Humidity 30.1%

Test Results

DC Powered - DSC Receiver

Frequency Offset (kHz)

Bit Error Rate

156.525 MHz
-3000 0.00
0 0.00
+3000 0.00

Table 10 - DSC Co-channel Rejection Results

IEC 61993-2, Limit Clause C.2.3.3

The BER shall not exceed 102,

COMMERCIAL-IN-CONFIDENCE
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2.3.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
ggﬂg' Generator, 5kHz - | oo e g Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 11

Page 13 of 81




Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

2.4

2.41

2.4.2

243

244

245

2.4.6

DSC Adjacent Channel Selectivity

Specification Reference

IEC 61993-2, Clause C.2.4

Equipment Under Test and Modification State

Class A, S/N: UNIT TA0O07 - Modification State 0

Date of Test

16-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.4.2.

Environmental Conditions

Ambient Temperature 20.7 °C
Relative Humidity 33.9%

Test Results

DC Powered - DSC Receiver

Temperature Voltage Bit Error Rate
Lower Adjacent Channel Upper Adjacent Channel
+20.7 °C 12v DC 0.00 0.00
-15.0°C 10.8 Vv DC 0.00 0.00
+55.0 °C 31.2vDC 0.00 0.00

Table 12 - DSC Adjacent Channel Selectivity Results

IEC 61993-2, Limit Clause C.2.4.3

The BER shall not exceed 102,

COMMERCIAL-IN-CONFIDENCE
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247 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digita’ Temperature Fluke 51 1385 |12 17-Jan-2020
tscﬂrghf)e”erator (250kHz | A gilent Technologies E4433B 2893 |12 04-Sep-2019
Sgﬂ‘;" Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjg;?gg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 13
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2.5

2.51

2.5.2

253

254

255

2.5.6

DSC Spurious Response Rejection

Specification Reference

IEC 61993-2, Clause C.2.5

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

31-May-2019 to 03-June-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.5.4.

Environmental Conditions

Ambient Temperature 21.1°C
Relative Humidity 42.9 %

Test Results

DC Powered - DSC Receiver

Test Parameter Value

List of Intermediate Frequencies IF1 = 38.85 MHz, IF2 = 0.455 MHz
Switching Range of the Receiver N/A

Frequency of the Local Oscillator at 156.525 MHz 117.675 MHz

Calculated Limited Frequency Range 78.37 MHz to 156.98 MHz

Table 14 - Test Parameters for DSC Spurious Response Rejection

Frequency (MHz) BER (%)

*

Table 15 - DSC Spurious Responses

*No responses were identified during the Limited Frequency Range Sweep.
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K Calculated Frequency BER (%)
(MHz) for SFI1 156,505 MHz
-2 196.5 0.00
2 274.2 0.00
-3 314.175 0.00
3 391.875 0.00
-4 431.85 0.00
4 509.55 0.00

Table 16 - Identified Frequencies DSC Spurious Responses

IEC 61993-2 Limit Clause C.2.5.5

At any frequency separated from the nominal frequency of the receiver by two or more, the BER

shall not exceed 10-2.

COMMERCIAL-IN-CONFIDENCE
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2.5.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
Tunable Notch Filter Wainwright \(;\,IOR5(/:5D().153£|§£170'0- 3412 - TU
Sgﬂ‘;" Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjg;?gg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 17
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2.6 DSC Intermodulation Response Rejection

2.6.1 Specification Reference

IEC 61993-2, Clause C.2.6

2.6.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

2.6.3 Date of Test

16-May-2019

2.6.4 Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.6.2.

2.6.5 Environmental Conditions

20.7 °C
33.9%

Ambient Temperature
Relative Humidity

2.6.6 Test Results

DC Powered - DSC Receiver

Test
Number

Generator A
(Test Signal #1)

Generator B
(Unmodulated +50

Generator C
(Modulated +100

Bit Error Rate

kHz) kHz) 156.525 MHz
1 156.525 156.475 156.425 0
2 156.525 156.575 156.625 0

Table 18 - DSC Intermodulation Results

IEC 61993-2 Limit clause C.2.6.3

The BER shall not exceed 102,

COMMERCIAL-IN-CONFIDENCE
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2.6.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Signal Generator Rohde & Schwarz SMY 01 49 12 01-Nov-2019
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Attenuator (10dB) Weinschel 47-10-34 481 12 18-Jul-2019
Power Splitter Weinschel 1506A 607 12 23-Apr-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
Signal Generator, kHz - | Ronde & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-754 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjggrggg:[] ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 19
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2.7

2.71

2.7.2

2.7.3

274

275

2.7.6

DSC Blocking or Desensitisation

Specification Reference

IEC 61993-2, Clause C.2.7

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

16-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause C.2.7.2.

Environmental Conditions

Ambient Temperature 20.7 °C
Relative Humidity 33.9%

Test Results

DC Powered - DSC Receiver

Unwanted Signal Frequency Offset (MHz)

Bit Error Rate

156.525 MHz
-10 0.00
1 0.00
+1 0.00
+10 0.00

Table 20 - DSC Blocking Results

IEC 61993-2, Limit Clause C.2.7.3

The BER shall not exceed 102,
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2.7.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Digital Time Analyser Marconi 2850-BS 80 - TU
DSC Decoder/Encoder TUV SUD DSC TPOO1 81 - TU
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
ggﬂg' Generator, 5kHz - | oo e g Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
DSC Pre-empahsis Unit TUV SUD n/a 4369 12 10-Aug-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 21
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2.8 Sensitivity

2.81 Specification Reference

IEC 61993-2, Clause 15.2.1

2.8.2 Equipment Under Test and Modification State
Class A, S/N: UNIT TAOO7 - Modification State 0
2.8.3 Date of Test
01-May-2019
284 Test Method
This test was performed in accordance with IEC 61993-2, clause 15.2.1.2.
2.8.5 Environmental Conditions
Ambient Temperature 21.1-215°C
Relative Humidity 37.8-43.9%
2.8.6 Test Results

DC Powered - TDMA Receiver

Frequency Offset (Hz) Packet Error Rate (%)
156.025 MHz 162.025 MHz
Rx1 Rx2 Rx1 Rx2
-500 0.0 0.0 0.0 0.5
0 25 1.5 1.5 0.5
500 0.0 0.5 1.0 0.5

Table 22 - Sensitivity Results at 21.5 °C, 12.0V DC

Test Conditions Packet Error Rate (%)
156.025 MHz 162.025 MHz
Temperature Voltage
Rx1 Rx2 Rx1 Rx2
-15.0 °C 10.8V DC 0 0.5 0 0
+55.0 °C 31.2vDC 0 0 0 0

Table 23 - Sensitivity Results at Extreme Test Conditions

COMMERCIAL-IN-CONFIDENCE
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IEC 61993-2, Limit Clause 15.2.1.3

The PER shall not exceed 20%.

2.8.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
:?]igiiggfmperat“re Fluke 51 1385 |12 17-Jan-2020
tSOigilrgL%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
\F,)\;Zg;?é?maebﬁgfgfoﬂlaﬂon Sine Qua Non PMG1 3291 - O/P Mon
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
DC to TTL Converter TUV SUD - 3599 - TU
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-754 4368 12 22-Oct-2019
Frequency Standard Spectracom gjggfggg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 24

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment
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2.9 Error Behaviour at High Input Levels

291 Specification Reference

IEC 61993-2, Clause 15.2.2

29.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

29.3 Date of Test

01-May-2019

294 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.2.2.

2.9.5 Environmental Conditions

Ambient Temperature 21.5°C
Relative Humidity 43.9 %

2.9.6 Test Results

DC Powered - TDMA Receiver

Input Signal Level Packet Error Rate (%)
(dBm)
156.025 MHz 162.025 MHz
Rx1 Rx2 Rx1 Rx2
=77 0 0.5 0 0
-7 0.5 0.5 0.5 0.5

Table 25 - Error Behaviour at High Input Level Results

IEC 61993-2, Limit Clause 15.2.2.3

The PER shall not exceed 1%.
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29.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digita’ Temperature Fluke 51 1385 |12 17-Jan-2020
tscﬂrghf)e”erator (250kHZ | A gilent Technologies E4433B 2803 |12 04-Sep-2019
wggé?g?maé’;gfgg“r'aﬁon Sine Qua Non PMG1 3201 |- O/P Mon
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
DC to TTL Converter TUV SUD - 3599 - TU
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gfggrgesgf ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 26

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment
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2.10 Co-channel Rejection

2.10.1  Specification Reference

IEC 61993-2, Clause 15.2.3

2.10.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TAO0O07 - Modification State 0

2.10.3 Date of Test

07-May-2019

2.10.4 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.3.2.

2.10.5 Environmental Conditions

Ambient Temperature 245 °C
Relative Humidity 33.8%

2.10.6 Test Results

DC Powered - TDMA Receiver

Unwanted Signal Packet Error Rate (%)
Frequency Offset (Hz)
156.025 MHz 162.025 MHz
Rx1 Rx2 Rx1 Rx2
-1000 17.6 8.5 16.6 8.5
0 9.5 13.1 12.6 13.1
+1000 9.0 18.6 8.5 19.6

Table 27 - Co-channel Rejection Results

IEC 61993-2, Limit Clause 15.2.3.3

The PER shall not exceed 20%.
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210.7

This test was carried out in RF Laboratory 2.

Test Location and Test Equipment Used

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Signal Generator (250kHz | ) ot Technologies E4433B 2893 |12 04-Sep-2019
to 4GHz)
Programmable Modulation | ..
Waveform Generator Sine Qua Non PMG1 3291 - O/P Mon
Sgﬂ‘;" Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
DC to TTL Converter TUV SUD - 3599 - TU
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
Thermocouple Data . hnol
Logger Pico Technology Ltd USB TC-08 3911 12 26-0Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 28

Page 28 of 81




Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

2.11 Adjacent Channel Selectivity

2111 Specification Reference

IEC 61993-2, Clause 15.2.4

2.11.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

2.11.3 Date of Test

07-May-2019

2.11.4 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.4.2.

2.11.5 Environmental Conditions

Ambient Temperature 245 °C
Relative Humidity 33.8%

2.11.6 Test Results

DC Powered - TDMA Receiver

Test Conditions Unwanted Signal Packet Error Rate (%)
Frequency Offset
(kHz) 156.025 MHz 162.025 MHz
Temperature Voltage Rx1 Rx2 Rx1 Rx2
245°C 12.0Vv DC -25 2.5 0 7.5 5.0
25 15 0 4.0 6.0
-25 0 0.5 0.5 0
-15.0°C 10.8 v DC
25 0 0 0 0
-25 0 0 0 0
+55.0 °C 31.2vDC
25 0 0 0 0

Table 29 - Adjacent Channel Selectivity Results

IEC 61993-2, Limit Clause 15.2.4.3

The PER shall not exceed 20%.
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211.7

This test was carried out in RF Laboratory 2.

Test Location and Test Equipment Used

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Signal Generator (250kHz | ) ot Technologies E4433B 2893 |12 04-Sep-2019
to 4GHz)
Programmable Modulation | ..
Waveform Generator Sine Qua Non PMG1 3291 - O/P Mon
Sgﬂ‘;" Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
DC to TTL Converter TUV SUD - 3599 - TU
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
Thermocouple Data . hnol
Logger Pico Technology Ltd USB TC-08 3911 12 26-0Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Table 30
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2.12

2121

212.2

2123

2124

2125

2.12.6

Spurious Response Rejection

Specification Reference

IEC 61993-2, Clause 15.2.5

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

13-May-2019 to 14-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.5.4 and 15.2.5.5.

Environmental Conditions

26.5°C
33.4%

Ambient Temperature
Relative Humidity

Test Results

DC Powered - TDMA Receiver

Test Parameter

Value

List of Intermediate Frequencies

RX1 IF1 =21.4 MHz, RX2 IF1 = 30.875 MHz, RX1 IF2 =
0.455 MHz, RX2 IF2 = 0.455 MHz

Switching Range of the Receiver

6 MHz

Frequency of the Local Oscillator at 162.025 MHz (AlS2)

RX1 140.625 MHz, RX2 125.150 MHz

Frequency of the Local Oscillator at 156.025 MHz

RX1 134.625 MHz, RX2 131.150 MHz

Calculated Limited Frequency Range

RX1 109.77 MHz to 165.48 MHz, RX2 96.82 MHz to
159.48 MHz

Table 31 - Test Parameters for Spurious Response Rejection

Frequency (MHz)

PER (%)

*

Table 32 - Spurious Responses - 156.025 MHz

*No responses were identified during the Limited Frequency Range Sweep.
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Frequency (MHz)

PER (%)

Table 33 - Spurious Responses - 162.025 MHz

*No responses were identified during the Limited Frequency Range Sweep.

Calculated Frequency
(MHz) for SFI1

PER (%) - Rx1

156.025 MHz

162.025 MHz

259.85

302.65

400.475

443.275

541.1

AlA|lW|O|IN|N

583.9

oOo|lo|o|o|o

Table 34 - Identified Frequencies Spurious Responses (SFl1) for Rx1

Calculated Frequency
(MHz) for SFI1

PER (%) - Rx1

156.025 MHz

162.025 MHz

247.85

0

290.65

382.475

425.275

5171

2
2
-3
3
4
4

559.9

0
0
0
0
0

Table 35 - Identified Frequencies Spurious Responses (SFl,) for Rx1
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K Calculated Frequency PER (%) - Rx2

(MHz) for SFI1
156.025 MHz 162.025 MHz

219.425 0

281.175

344.575

406.325

469.725

o|o|o|o|o

531.475

AlA|lW|HL|ININ

Table 36 - Identified Frequencies Spurious Responses (SFl1) for Rx2

K Calculated Frequency PER (%) - Rx2

(MHz) for SFI2
156.025 MHz 162.025 MHz

231.425 0

293.175

362.575

493.725

o|o|o|oOo|oOo

2
2
-3
3 424.325
4
4

555.475

Table 37 - - Identified Frequencies Spurious Responses (SFl,) for Rx2

IEC 61993-2 Limit Clause 15.2.5.8

At any frequency separated from the nominal frequency of the receiver by two channels or more,
the spurious responses shall not result in a PER of greater than 20%.
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2.12.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Audio Analyser Hewlett Packard 8903B 576 12 17-Jan-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
wgg;?g?r?ag’éigfggﬁ'aﬁon Sine Qua Non PMG1 3201 |- O/P Mon
Tunable Notch Filter Wainwright \(;\_/(%(/:5DOEL53£'E?£17O'O- 3412 - TU
Sgﬂ‘;" Generator, 5kHz - | oo e g Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
DC to TTL Converter TUV SUD - 3599 - TU
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
Iggggr‘m“p'e Data Pico Technology Ltd USB TC-08 3911 |12 26-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-754 4368 12 22-Oct-2019
Frequency Standard Spectracom gjggrggg:[] ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 38
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2.13

2131

2.13.2

2133

2134

2135

2.13.6

Intermodulation Response Rejection and Blocking

Specification Reference

IEC 61993-2, Clause 15.2.6

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

08-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.6.2.

Environmental Conditions

259°C
36.2 %

Ambient Temperature
Relative Humidity

Test Results

DC Powered - TDMA Receiver

Test Generator A Generator B Generator C Generator D Packet Error Rate (%)
Number (Wanted (Unmodulated (Modulated (Unmodulated

Signal) +500 kHz) +1000 kHz) +5.725 MHz) Rx1 Rx2
1 156.025 156.525 157.025 161.750 15 0
2 162.025 161.525 161.025 156.300 4.0 15

IEC 61993-2 Limit clause 15.2.6.3

The PER shall not exceed 20%.

COMMERCIAL-IN-CONFIDENCE

Table 39 - Intermodulation and Blocking Results
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2.13.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Signal Generator Rohde & Schwarz SMY 01 49 12 01-Nov-2019
Signal Generator Rohde & Schwarz SMY 01 118 12 11-Dec-2019
Attenuator 10dB 75W Bird 8308-100 386 12 17-Jul-2019
Attenuator (10dB) Weinschel 47-10-34 481 12 18-Jul-2019
Power Divider Weinschel 1506A 603 12 23-Apr-2020
Power Splitter Weinschel 1506A 607 12 23-Apr-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
tSoigilrgl_'%enerator (250kHz Agilent Technologies E4433B 2893 12 04-Sep-2019
\F,)\;Zg;?é?maebﬁgfgf;laﬂon Sine Qua Non PMG1 3291 - O/P Mon
Tunable Notch Filter Wainwright \(;\,IOR5(/:5D().153£|§£170'0- 3412 TU
Sgﬂi' Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjg;?gg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 40
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2.14 Spurious Emissions from the Receiver

2.141 Specification Reference

IEC 61993-2, Clause 15.3.2

2.14.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

2.14.3 Date of Test

30-April-2019

2.14.4 Test Method
This test was performed in accordance with IEC 61993-2, clause 15.3.2.2.
Note that Channel A was tuned to 156.025 MHz and channel B 162.025 MHz for the duration of the
test.

2.14.5 Environmental Conditions

Ambient Temperature 23.3°C
Relative Humidity 34.9%

2.14.6 Test Results

DC Powered - TDMA Receiver

Frequency (MHz) Level (dBm)

*

Table 41 - Receiver Emissions Results

*No emissions were detected within 10 dB of the limit.
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| = Keysight Spectrum Analyzer - Swept 54 li"i/@
RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 02:02:25 PM Apr30, 2019
Marker 1 A 9.000000 kHz | ) Avg Type: Log-Pwr TRACE1[2345 6
NFE PNO: Close —+—  Trig: FreeRun Avg|Hold: 1000/1000 TYPE| M i

IFGain:Low #Atten: 10 dB DET|P NMNNNN

Mkr1 9.000 kHz

Ref Offset 9.8 dB
fo gsmw Ref -25.20 dBm -88.620 dBm

352
452
552 D=57-6tEm,
652
752
852 '1
. Mwwmwmw WM/L’\J\J*"\M
-105
15
Start 9.00 kHz Stop 150.00 kHz
#Res BW 1.0 kHz #VBW 3.0 kHz Sweep 2.867 ms (1001 pts)
MSG STATUS
Figure 1 - 9 kHz to 150 kHz
J= Keysight Spectrum Analyzer - Swept S& @lﬁ/@
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 02:06:18 PM Apr30, 2019
Marker 1 A 5.224500000 MHz ] Avg Type: Log-Pwr TRACE1 2345 6
NFE PNO: Wide —=— Trig: FreeRun Avg|Hold: 1000/1000 TYPE| M ¥R
IFGain:Low #Atten: 10 dB DET|P NNNNN
Mkr1 5.225 MHz
Ref Offset 9.8 dB
1L%gBldiv Ref -25.20 dBm -82.059 dBm
-35.2
452
552 DE=57-00Em,
652
752 01
5.2 Pt Mu\.;. Liengt et Lo ..*.mm‘mlu Bon Pl .‘h. Lo Ao gl S Aol ETH L Ok 1IN . b AN gt
852
-105
115
Start 150 kHz Stop 30.00 MHz
#Res BW 10 kHz #VBW 30 kHz Sweep 6.333 ms (1001 pts)
MSG STATUS

Figure 2 - 150 kHz to 30 MHz
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J= Keysight Spectrum Analyzer - Swept S& @@@
RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 02:09:56 PM Apr30, 2019
Marker 1 A 339.430000000 MHz | i Avg Type: Log-Pwr TRACE(1 2345 6
NFE PNO: Fast —»—  1rig: FreeRun Avg|Hold: 1000/1000 TYPE| M ¥Aadnt
IFGain:Low #Atten: 6 dB DET|P NNNNN
Mkr1 339.43 MHz
Ref Offset 10 dB
{ggaidiv__Ref -25.00 dBm -73.466 dBm
350
450
550 DT =570t
65.0
,1
=0 [TCITUS P A TP Y. SR A PRV PN R NPT M [ s i [Ees I
850
860
-108
-115
Start 0.0300 GHz Stop 1.0000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 3.200 ms (1001 pts)
MSG STATUS

Figure 3 - 30 MHz to 1 GHz

—

[ Keysight Spectrum Analyzer - swept 54 =
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 02:15:10 PM Apr30, 2019
Marker 1 A 3.583000000000 GHz | . Avg Type: Log-Pwr TRACE[12345 6
NFE PNO: Fast —»— Trig: FreeRun Avg|Hold: 200/200 TYPE| M AR

PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 3.583 GHz

Ref Offset 11.6 dB
1L%gBldiv Ref -27.40 dBm -72.697 dBm

374
474 DL1 -47.00 tbrn|
574
£7.4 1

s gt b b, T e i A g EPPPRPIEN. FUENETWIIPm AR} ER L S SN S e

77 4 bl prnrr

-107

-7

Start 1.000 GHz Stop 4.000 GHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 5.000 ms (1001 pts)

STATUS

MSG

Figure 4 -1 GHz to 4 GHz
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IEC 61993-2, Limit Clause 15.3.2.3

The power of any spurious emission in the specified range at the antenna terminal shall not exceed
—57 dBm (2 nW) in the frequency range 9 kHz to 1 GHz and —47 dBm (20 nW) in the frequency
range 1 GHz to 4 GHz.

FCC 47 CFR Part 80, Limit Clause 80.217(b)

The EUT shall deliver not more than the following amounts of power, to an artificial antenna having
electrical characteristics equivalent to those of the average receiving antenna(s) use on shipboard:

Frequency of interfering emissions Power to artificial antenna in pW Power to artificial antenna (dBm)
Below 30 MHz 400 -4.0

30 to 100 MHz 4,000 6.0

100 to 300 MHz 40,000 16.0

Over 300 MHz 400,000 26.0

Note: IEC 62287-2 limits are more stringent than those specified in Part 80.217 therefore the results recorded
above demonstrate compliance with the FCC Part 80 requirements.

2.14.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjg;?gg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 42

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE Page 40 of 81



Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

2.15

2151

2.15.2

2153

2154

2.15.5

2.15.6

Transmit to Receive Switching Time

Specification Reference

IEC 61993-2, Clause 15.2.7

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

09-May-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.7.2.

The RX trigger was derived from TX transmission every 2s. PER was derived from total number of
packets received after 400s (200 PKTS).

Environmental Conditions

Ambient Temperature 20.1 °C
Relative Humidity 53.6 %

Test Results

DC Powered - TDMA Receiver

156.025 MHz

162.025 MHz

PER (%) - Rx 1 PER (%) — Rx 2

PER (%) - Rx 1

PER (%) — Rx 2

4.5

6.5

12.0

15.0

Table 43 — Transmit to Receive Switching Time
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2.15.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
g%{gh%eneramr (250kHZ 1 A gilent Technologies E4433B 2893 |12 04-Sep-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3877 12 12-Apr-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 44
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2.16 Immunity to Out-of-Band Energy

2.16.1  Specification Reference

IEC 61993-2, Clause 15.2.8

2.16.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

2.16.3 Date of Test

09-May-2019

2.16.4 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.2.8.2.

2.16.5 Environmental Conditions

Ambient Temperature 20.1 °C
Relative Humidity 53.6 %

2.16.6 Test Results

DC Powered - TDMA Receiver

Packet Error Rate (%)

156.025 MHz 162.025 MHz

Rx1 Rx2 Rx1 Rx2

Table 45 - Immunity to Out-of-Band Energy

IEC 61993-2, Limit Clause 15.2.8.3

The PER shall not exceed 20%.
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2.16.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
g%{gh%eneramr (250kHZ 1 A gilent Technologies E4433B 2893 |12 04-Sep-2019
wggé?g?maé’;gfggur'aﬁon Sine Qua Non PMG1 3201 |- O/P Mon
Sgﬂ‘;" Generator, 9kHz - | o e & Schwarz SMA 100A 3504 |12 22-Aug-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
Combiner/Splitter Weinschel 1506A 3878 12 23-Apr-2020
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjg;?gg? ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Attenuator (10dB, 100W) | Weinschel 48-10-43 4867 12 06-Nov-2019
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon

Table 46
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2.17

2171

217.2

2173

2174

217.5

2.17.6

Frequency Error

Specification Reference

IEC 61993-2, Clause 15.1.1

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

25-April-2019 to 26-April-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.1.1.2.

Environmental Conditions

Ambient Temperature 25.7 °C
Relative Humidity 38.3%

Test Results

DC Powered - TDMA Transmitter

Test Conditions Frequency Error (Hz)

Temperature Voltage 156.025 MHz 162.025 MHz
+25.7°C 12 v DC 134 134
-15.0°C 10.8 v DC 22 15
+55.0 °C 31.2vDC 455 441

Table 47 - Frequency Error Results

IEC 61993-2, Limit Clause 15.1.1.3

The frequency error shall not exceed +0.5 kHz under normal and + 1 kHz under extreme test
conditions.

FCC 47 CFR Part 80, Limit Clause 80.209

+ 10 ppm.
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2.17.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digita’ Temperature Fluke 51 1385 |12 17-Jan-2020
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjggrggg; ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 48
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2.18

2181

2.18.2

2.18.3

2184

2.18.5

2.18.6

COMMERCIAL-IN-CONFIDENCE

Carrier Power

Specification Reference

IEC 61993-2, Clause 15.1.2

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

25-April-2019 to 26-April-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.1.2.2.

Environmental Conditions

Ambient Temperature
Relative Humidity

Test Results

25.7°C
38.3 %

DC Powered - TDMA Transmitter

Test Conditions Carrier Power (dBm)

Temperature Voltage 156.025 MHz 162.025 MHz
+25.7 °C 12 v DC 40.93 40.94
-15.0°C 10.8 v DC 41.12 41.19
+55.0 °C 31.2vDC 40.82 40.68

Table 49 - Carrier Power Results - High Power
Test Conditions Carrier Power (dBm)

Temperature Voltage 156.025 MHz 162.025 MHz
+25.7 °C 12V DC 29.97 29.91
-15.0°C 10.8 VvV DC 30.06 30.05
+55.0 °C 31.2vDC 29.90 29.21

Table 50 - Carrier Power Results — Low Power
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IEC 61993-2, Limit Clause 15.1.2.3

At all test frequencies, the carrier power shall be within = 1.5 dBm of its nominal power levels under
normal test conditions.

At all test frequencies, the carrier power shall be within = 3.0 dBm of its nominal power levels under
extreme test conditions.

FCC 47 CER Part 80, Limit Clause 80.215 (e)

Ship station frequencies above 27500 kHz. The maximum power must not exceed the values listed
below:

e Ships Stations: 156 to 162 MHz - 25 W

2.18.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

COMMERCIAL-IN-CONFIDENCE

O/P Mon — Output Monitored using calibrated equipment

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digital Temperature Fluke 51 1385 |12 17-Jan-2020
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjggfggg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 51
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2.19

2191

2.19.2

2193

2194

2195

2.19.6

Slotted Transmission Spectrum

Specification Reference

IEC 61993-2, Clause 15.1.3

Equipment Under Test and Modification State

Class A, S/N: UNIT TA007 - Modification State 0

Date of Test

25-April-2019 to 26-April-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.1.3.2.

Environmental Conditions

Ambient Temperature 25.7 °C
Relative Humidity 38.3%

Test Results

DC Powered - TDMA Transmitter

| = Keysight Spectrum Analyzer - Swept 54 li"i/@
F‘ RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:08:04 PM Apr25, 2019
Center Freq 156.025000 MHz i Avg Type: Log-Pwr TRACE[12345 6
PNO: Close —+—  1rig: FreeRun Avg|Hold: 1000/1000 TYPE| M wiadian

PASS ‘ IFGain:Low Atten: 6 dB DET|P NNNNN

Ref Offset 49.4 dB
1LO dBidiv  Ref 40.81 dBm
]

Trace 1 Pgss

Wﬂ

kR

[

R

FA

-39.2 A

7 =

492 fi J‘M/

WWWW M

Mt

Center 156.02500 MHz
Res BW 300 Hz

VBW 3.0 kHz

w\x’\'\,,ﬁ
Span 125.0 kHz

Sweep 28.20 ms (1001 pts)

IMSG

STATUS
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Figure 5 - 156.025 MHz
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[ Keysight Spectrum Anatyzer - swept s4 = & ]
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:19:06 PM Apr25, 2019
Center Freq 162.025000 MHz Avg Type: Log-Pwr TRACE[112345 6
PNO: Close —+— Trig: FreeRun Avg|Hold: 1000/1000 TYPE| M WA
PASS ‘ IFGain:Low Atten: 6 dB DET|P NNNNN

Ref Offset 49.4 dB
1LO dBidiv  Ref 40.82 dBm
]

Trace 1 Pgss

208 I, w-’\

ik
T
R
P

-19.2

~
- 5

it L e,

-39.2

[Center 162.02500 MHz Span 125.0 kHz
Res BW 300 Hz VBW 3.0 kHz Sweep 28.20 ms (1001 pts)
IMSG STATUS

Figure 6 - 162.025 MHz
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IEC 61993-2, Limit Clause 15.1.3.3

The spectrum for slotted transmission shall be within the emission mask as follows:

+ in the region between the carrier and £+10 kHz removed from the carrier, the modulation and
transient sidebands shall be below 0 dBc;

+ at 10 kHz removed from the carrier, the modulation and transient sidebands shall be below —25
dBc;

* at +25 kHz to 62,5 kHz removed from the carrier, the modulation and transient sidebands shall
be below the lower value of —70 dBc;

* in the region between £10 kHz and +25 kHz removed from the carrier, the modulation and
transient sidebands shall be below a line specified between these two points.

The reference level for the measurement shall be the carrier power (conducted) recorded for the
appropriate test frequency in clause 15.1.2 of the test specification.

For information the emission mask specified above is shown below.

dBc

62,5 0 62,5

F, (kHz)

IEC 552/13
Figure 7 - Transmission Spectrum Mask Limit

ECC 47 CER Part 80, Limit Clause 80.211

Within 250% of the Authorised Bandwidth:

¢ On any frequency removed from the assigned frequency by more than 50 percent up to and
including 100 percent of the authorized bandwidth: At least 25 dB;

e On any frequency removed from the assigned frequency by more than 100 percent up to and
including 250 percent of the authorized bandwidth: At least 35 dB

Note: The results above show that at +10kHz to +20kHz the level is below -25dBc, and from +20kHz to
+62.5kHz the level is below 70dBc.
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2.19.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjgg_rggg{] ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 52

O/P Mon — Output Monitored using calibrated equipment
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2.20 Modulation Accuracy

2.20.1 Specification Reference

IEC 61993-2, Clause 15.1.4

2.20.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA0O07 - Modification State O

2.20.3 Date of Test

25-April-2019 to 26-April-2019

2.20.4 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.1.4.2.

2.20.5 Environmental Conditions

Ambient Temperature 25.7 °C
Relative Humidity 38.3%
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2.20.6 Test Results

DC Powered - TDMA Transmitter

|_ Keysight Analog Demod - FM SIS )
,g RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO [ 04:00:55 PM Apr25, 2019
[Center Freq 156.024850 MHz ‘ Center: 156.025 MHz Channel BW: 25.000 kHz LPF: Off
#DemodTime _ 10.0ms (,0 11g:RFB HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off
FM Demod Waveform
500 Ha/die RefoHiz
Lin
LLLLL
TR [ g S W W W WY S W O

|

|

I
|
|
|
|
|

|
|
|
|
|
i

|

]'Uvﬁv‘uvv\f\fu'u‘u"v“v‘vvdv

Limit 4§

0.0000s

Info BW 16.0000 MHz

5.0000 ms

Trig Delay: 0.000 s 3125 samples @3.20 us

Figure 8 - 156.025 MHz, Test Signal #2, +25.7 °C, 12V DC

e Keysight Analog Demod - FM @l@/@_
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF [ ALIGN AUTO [ 04:16:20 PM Apr 25, 2019
[Center Freq 156.024900 MHz ‘ Center: 156.025 MHz Channel BW: 25.000 kHz LPF: Off
FDemodTime 72.0 m (] Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off
FM Demod Waveform
750 Ha/dis RefOhz
Lin
Lirmit 1|
Y S S o o S T e Y S Y T Y S 6 S S o Y O Y Y N N
TS0 Hz }
0 Hz|
L PO T L
~ Uy UMUUUULJLJULJULJULUHM
00000 s 20.0000 ms
Info BW 500.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us
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Figure 9 - 156.025 MHz, Test Signal #3, +25.7 °C, 12 V DC

Page 54 of 81



Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

J= Keysight Analog Demod - FM

RL | RF [soe bC | SENSE:EXT| SOURCE OFF [ ALIGN AUTO | 04:02:47 PM A
Center Freq 162.024850 MHz ‘ Center: 162.026 MHz Channel BW: 25.000 kHz LPF: Off
####### ime Oms GO Irig:RFBurst HPF: Off
#A :10dB De-emphasis: Off BPF: Off
FM Demod Waveform
500 Haz/iis: Ref O Hz
Lin
LLLLL
ORI | N N I N N T N YO W Y N (O 1

LLLLL

00000s
Info BW 16.0000 MHz

5.0000 ms

Trig Delay: 0.000 s 3125 samples @320 us

Figure 10 - 162.025 MHz, Test Signal #2, +25.7 °C, 12V DC

J= Keysight Anzlog Demod - FM

T o s

Pl RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:15:18 PM Apr25, 2019
Center Freq 162.024900 MHz \ Center: 162.026 MHz Channel BW: 25.000 kHz LPF: Off
####### ime 20ms G Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off
FM Demod Waveform
750 Hz/iie: Ref 0 Hz
Lin
LLLLL
| ~ = | S . & AT

T

miminiinninEninin

infit
= S = AT B SIS RS S S S| LV RS N BT B T S N A
nnnnn
0.0000 s 20.0000 ms
Info BW 500.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us

Figure 11 - 162.025 MHz, Test Signal #3, +25.7 °C, 12V DC
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J= Keysight Analog Demod - FM @@@
rg RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF [ ALIGN AUTO | 12:08:57 PM Apr 26, 2019
Center Freq 156.025000 MHz \ Center: 156.025 MHz Channel BW: 25.000 kHz LPF: Off
####### ime T20ms GO Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off

FM Demod Waveform
R|ef OHz

500 Hz/div:
Lin

Limit 3

il

L
il
i
i
| A
| il
LU L]
RN AERRINARRARNER

000005 5.0000 ms
Info BW 500.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us

Figure 12 - 156.025 MHz, Test Signal #2, -15.0 °C, 10.8 V DC

-
| = Keysight Anclog Demod -7 S

,g RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 12:16:34 PM Apr26, 2019
Center Freq 156.025000 MHz \ Center: 166.026 MHz Channel BW: 25.000 kHz LPF: Off
####### ime T20ms GO Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off

FM Demod Waveform
R|ef OHz

750 Hz/idiv:
Lin

fﬂﬂﬂwlﬂ\\\ﬂ\ ﬂﬂ\mw

L g na g
|
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I
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. 3 "
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3 z E:

‘ unln 9
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]
[
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000005 20.0000 ms
Info BW £00.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us

Figure 13 - 156.025 MHz, Test Signal #3, -15.0 °C, 10.8 V DC
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J= Keysight Analog Demod - FM @@@
rg RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF [ ALIGN AUTO | 12:10:50 PM Apr 26, 2019
Center Freq 162.025000 MHz \ Center: 162.025 MHz Channel BW: 25.000 kHz LPF: Off
#DemodTime 72 o Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off

FM Demod Waveform
500 Haz/iis: Ref 0 Hz
Lin

Limit 3

000005 5.0000 ms
Info BW 500.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us

Figure 14 - 162.025 MHz, Test Signal #2, -15.0 °C, 10.8 V DC

| = ¥eysight Anclog Demod - Fiv =R
Pl RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 12:15:38 PM Apr26, 2019
iCenter Freq 162.025000 MHz ‘ Center: 162.026 MHz Channel BW: 25.000 kHz LPF: Off
#DemodTime 72 o Trig: RF Burst HPF: Off
#Atten: 10 dB De-emphasis: Off BPF: Off
FM Demod Waveform
750 Hz/iie: Ref 0 Hz
Lin
sl A A A A A A A
Lirmi
e JF¢L¢L T T
L] | il P T ] | L
L e e e e e e e L L
JowuUuUTy Y U U uUju U yuyUruy [N Y]
0.0000 s 20.0000 ms
Info BW 500.5000 kHz Trig Delay: 0.000 s 22522 samples @320 us

Figure 15 - 162.025 MHz, Test Signal #3, -15.0 °C, 10.8 V DC
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N AU 01:48:.

Channel BW: 25.000 kHz LPF: Off
HPF: Off
BPF: Off

De-emphasis: Off

enter: 156,025 MHz

enter Freq 156.024600 MHz
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Trig Delay: 0.000 s

Info BW 500.5000 kHz

Figure 16 - 156.025 MHz, Test Signal #2, +55.0 °C, 31.2 V DC

B
3 PM APr26, 2019
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EPF: Off
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Figure 17 - 156.025 MHz, Test Signal #3, +55.0 °C, 31.2 V DC
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HPF: Off

N AU 01:49:.
Channel BW: 25.000 kHz LPF: Off

enter: 162.025 MHz

=
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e

enter Freq 162.024600 MHz
#DemodTime
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Figure 18 - 162.025 MHz, Test Signal #2, +55.0°C, 31.2 V DC
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Figure 19 - 162.025 MHz, Test Signal #3, +55.0 °C, 31.2 V DC
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2.20.7

COMMERCIAL-IN-CONFIDENCE

IEC 61993-2, Limit Clause 15.1.4.3

Test Signal 2

Test Signal 3

Normal

Extreme

Normal

Extreme

1740 +£ 175 Hz

1740 + 350 Hz

2400 + 240 Hz

2400 + 480 Hz

FCC 47 CFR Part 80, Limit Clause 80.213(d)

Table 53 - Peak Frequency Deviation versus Time Limit

Radiotelephone transmitters using A3E, F3E and G3E emission must have a modulation limiter to
prevent any modulation over 100 percent.

Note: There are no other specific requirements for GMSK in part 80, but modulation is within the limits
specified in ITU-R M371-5 and IEC62287-2. The results above show that the signals modulation is limited

within £3400 Hz.

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Climatic Chamber Votsch VT4002 161 - O/P Mon
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Digital Temperature Fluke 51 1385 |12 17-Jan-2020
Indicator
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjg;?gg{l ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019
Table 54
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2.21 Transmitter Output Power Characteristics

2.21.1 Specification Reference

IEC 61993-2, Clause 15.1.5

2.21.2 Equipment Under Test and Modification State

Class A, S/N: UNIT TA0O07 - Modification State O

2.21.3 Date of Test

26-April-2019

2.21.4 Test Method

This test was performed in accordance with IEC 61993-2, clause 15.1.5.2

2.21.5 Environmental Conditions

Ambient Temperature 21.6 °C
Relative Humidity 38.8%
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2.21.6 Test Results

DC Powered - TDMA Transmitter

J= Keysight Spectrum Analyzer - Swept S& @@@_
RL | RF [s0e bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:08:23 AM Apr 26, 2019
Trigger Delay -2.000 ms Trig Delay-2.000 ms Avg Type: Log-Pwr TRACE[123456
NFE PNO: Wide —=— Trig: Externall TYPE | WA
IFGain:Low Atten: 20 dB DET|S NNNNN
Ref Offset 49.8 dB
10 dBidiv  Ref 59.80 dBm
Log
= TRIG
4938
M
388 /J \
238
19.8
9.80
0.20
102
202 {
302
Center 156.025000 MHz Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 30.00 ms (10001 pts;
IMSG STATUS
Figure 20 - 156.025 MHz - - Complete Burst
—
s Keysight Spectrum Analyzer - Swept SA (==
RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:17:53 AM Apr 26, 2019
[Center Freq 162.025000 MHz J Trig Delay-2.000 ms. Avg Type: Log-Pwr TRACE|] 23456
FE PNO: Wide -»—  Trig: Externall TYPE| WA
IFGain:Low Atten: 20 dB DET|S NNNNN
Ref Offset 49.6 dB
10 dBidiv  Ref 59.80 dBm
Log
= TRIG
498
[l
398 1 ‘\
298
19.8
9.30
0.20
102
202 '
302
[Center 162.025000 MHz Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 30.00 ms {10001 pts
IMSG STATUS

Figure 21 - 162.025 MHz - - Complete Burst

COMMERCIAL-IN-CONFIDENCE Page 62 of 81



Document Number: 75936860-02 | Issue: 01
COMMERCIAL-IN-CONFIDENCE

J= Keysight Spectrum Analyzer - Swept S& ]
riﬂ RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:11:45 AM Apr26, 2019
[Sweep Time 5.000 ms J Trig Delay-2.000 ms Avg Type: Log-Pwr TRACE|1 23456
NFE PNO: Wide —»—  Trig: Externall TYPE | WA
IFGain:Low Atten: 20 dB DETIS NNNAN
Ref Offset 49.8 dB
10 dBidiv ~ Ref 59.80 dBm
Log
TRIG
498
1
308

[Center 156.025000 MHz Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 5.000 ms (10001 pts;

IMSG STATUS

Figure 22 - 156.025 MHz - - Ramp Up Zoomed

—
J= Keysight Spectrum Analyzer - Swept S& ==
rg RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:18:56 AM Apr26, 2019
Sweep Time 5.000 ms Trig Delay-2.000 ms Avg Type: Log-Pwr TRACE|] 23456
Wi Trig: External1 TYPE(W!
NFE PNO: Wide -+
IFGain:Low Atten: 20 dB DET|S NNNNN
Ref Offset 49.8 dB

1Ltfl"r‘isldiv Ref 59.80 dBm

TRIG

49.8

LR R )

Udusd

Center 162.025000 MHz

Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 5.000 ms (10001 pts;

IMS.G STATUS

Figure 23 - 162.025 MHz - - Ramp Up Zoomed
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J= Keysight Spectrum Analyzer - Swept S& == @
p RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:15:16 AM Apr26, 2019
[Sweep Time 5.000 ms J Trig Delay22.00 ms Avg Type: Log-Pwr TRACE|1 23456
Wi Trig: External1 TYPE|W
NFE PNO: Wide -+
FGain:Low Asten: 20 dB peT|s NNNNN
Ref Offset 49.8 dB
10 dBidiv ~ Ref 59.80 dBm
Log
*
.
498
308
298 \
19.8 \
9.80 \
0.20
-102 \
20,2 1 } Fi I Il Il
302
[Center 156.025000 MHz Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 5.000 ms (10001 pts;
IMSG STATUS
Figure 24 - 156.025 MHz - - Ramp Down Zoomed
J= Keysight Spectrum Analyzer - Swept S& == \@_
’g RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 09:20:20 AM Apr26, 2019
Sweep Time 5.000 ms Trig Delay22.00 ms Avg Type: Log-Pwr TRACEI1123456
Wi Trig: External1 TYPE[W
NFE PNO: Wide -+
IFGain:Low Atten: 20 dB DETIS NNNNN
Ref Offset 49.8 dB
10 dBidiv ~ Ref 59.80 dBm
Log
*
.
488
398
298 \
19.8 \
9.80 I
0.20
-102 L
202 h | P i I {
302
[Center 162.025000 MHz Span 0 Hz
Res BW 1.0 MHz VBW 1.0 MHz Sweep 5.000 ms (10001 pts;
IMSG STATUS

Figure 25 - 162.025 MHz - - Ramp Down Zoomed
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IEC 61993-2, Limit Clause 15.1.5.3

HEB |om / /
PV
SAdB T T
L R
|
|
|
|
|
|
|
|
|
|
|
|
50 dB fo-------- Fommmsscsssomsommsmeomssoooe - e
: : 1 1
! : | |
To,  Tat /Tm2 43 T Tg
1| ! | o
! : I | |
! 1 | |
| ..
| ' Training End | |
— sequence CRC. : ‘
IEC 55013
Figure 26 - Power Versus Time Mask
Reference Bits Time (ms) Definitions
To 0 0 Start of transmission slot. Power shall NOT exceed -50 dB of Pss
before Ty
Ta 0to6 0to 0.625 Power exceeds -50 dB of Pss
Te Te1 6 0.625 Power shall be within £1.5 or -3 dB of Pss
Ts2 8 0.833 Power shall be within +1.5 or -1 dB of Pss during the period Tg; to
Te (start of training sequence)
Te (includes 1 233 24.271 Power shall remain within +1.5 or -1 dB of Pss during the period
stuffing bit) Teato Te
Tk (includes 1 241 25.104 Power shall be -50 dB of Pss and stay below this
stuffing bit)
Te 256 26.667 Start of next transmission time period

Table 55 - Definitions of Timing for Power Versus Time Mask
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2.21.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjgg_rggg{] ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 56
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2.22

2.221

2.22.2

2223

2.22.4

2.22,5

2.22.6

Spurious Emissions from the Transmitter

Specification Reference

IEC 61993-2, Clause 15.3.1

Equipment Under Test and Modification State

Class A, S/N: UNIT TA0O07 - Modification State O

Date of Test

29-April-2019

Test Method

This test was performed in accordance with IEC 61993-2, clause 15.3.1.2.

Environmental Conditions

Ambient Temperature 23.8°C
Relative Humidity 35.6 %

Test Results

DC Powered - TDMA Transmitter

Frequency (MHz) Level (dBm)

*

Table 57 - Transmitter Emissions Results - 156.025 MHz

*No emissions were detected within 6 dB of the limit.
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| = Keysight Spectrum Analyzer - Swept 54 li"i/@
RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:04:24 PM Apr29, 2019
Marker 1 128.709000 kHz | ) Avg Type: Log-Pwr TRACE1[2345 6
NFE PNO: Close —+—  1rig: FreeRun Avg|Hold: 2000/2000 TYPE[M
IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 128.709 kHz

Ref Offset 49.6 dB
1ngBldiv Ref -0.40 dBm -51.358 dBm

-10.4

204

-30.4
DL1 -35.00 cBm|

704

-804

204

Start 9.00 kHz Stop 150.00 kHz
#Res BW 1.0 kHz #VBW 3.0 kHz Sweep 2.867 ms (1001 pts)

STATUS

MSG

Figure 27 - 156.025 MHz - 9 kHz to 150 kHz

J= Keysight Spectrum Analyzer - Swept S& Iilli/@
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:54:35 PM Apr29, 2019
Marker 1 1.194750000 MHz Avg Type: Log-Pwr TRACEIL 234 5 6
NFE PNO: Wide —=— Trig: FreeRun Avg|Hold: 3000/3000 TYPE(M
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 1.195 MHz

Ref Offset49.6 dB
1L%gBldiv Ref -0.40 dBm -49.853 dBm

-10.4

-30.4
DL1 -35.00 cfim|

-40.4

-504\.‘/
M Lt e Jul Lrhatry F SN PR | A g Mt astebongits tbpe fuh i byl iaas

-804

-S04

Start 150 kHz Stop 30.00 MHz
#Res BW 10 kHz #VBW 30 kHz Sweep 6.333 ms (1001 pts)

STATUS

MSG

Figure 28 - 156.025 MHz - 150 kHz to 30 MHz
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J= Keysight Spectrum Analyzer - Swept S& @ @
RL | RF [soe bc | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:47:51 PM Apr29, 2019
Marker 1 72.790000000 MHz | ) Avg Type: Log-Pwr TRACE1[2345 6
NFE PNO: Fast —»—  1rig: FreeRun Avg|Hold: 2000/2000 TYPE| M it
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN
Ref Offset 49.6 dB Mkr1 72.79 MHz
Jodaidiv__Ref -0.40 dBm -43.822 dBm
og
104
204
304
DL1 -36 .00 dBim|
A0.4 ’1
B O T e e L 1] "J‘*'wﬂ.h oot gL ettt IS oot Mottt St o
£0.4
704
-804
0.4
Start 30.00 MHz Stop 140.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
MSG STATUS

Figure 29 - 156.025 MHz - 30 MHz to 140 MHz

J= Keysight Spectrum Analyzer - Swept S& == @
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:11:41 PM Apr29, 2019
Marker 1 144.790000000 MHz ] Avg Type: Log-Pwr TRACE1 2345 6
NFE PNO: Wide —=— Trig: FreeRun Avg|Hold: 1000/1000 TYPE(M
PREAMP IFGain:Low #Atten: 6 dB DeT/P NNNNN
Ref Offset 49.6 dB Mkr1 144.79 MHz
jodsidy__Ref -0.40 dBm -47.535 dBm
og
104
204
304
DL1 -36 00 cibim|
404
31
N A L st W LI LA TAE N e e LUV S
0.4
704
-804
0.4
Start 140.000 MHz Stop 150.000 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts)
MSG STATUS

Figure 30 - 156.025 MHz - 140 MHz to 150 MHz
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J= Keysight Spectrum Analyzer - Swept S& @@@
RL | RF [soe bc | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:59:25 PM Apr29, 2019
Marker 1 155.950575000 MHz ] i Avg Type: Log-Pwr TRACE(1 2345 6
NFE PNO: Wide —=— Trig: FreeRun Avg|Hold: 100/100 TYPE(M
IFGain:Low #Atten: 6 dB DET|P NNNNN
Mkr1 155.951 MHz
Ref Offset 49.6 dB
1ngBldiv Ref -0.40 dBm -47.834 dBm
-10.4
204
304
DL1 -36 .00 dBim|
404 1
504 3
£0.4 "
ot st e Ut bbbt ety b s e e b i o Lyt
704
B0.4
804
Start 150.000 MHz Stop 155.963 MHz
#Res BW 300 Hz #VBW 910 Hz Sweep 1.343 s (1001 pts)
MSG STATUS
Figure 31 - 156.025 MHz - 150 MHz to 155.9625 MHz
J= Keysight Spectrum Analyzer - Swept S& @lﬁ/@
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 05:02:53 PM Apr29, 2019
Marker 1 156.095325000 MHz ] Avg Type: Log-Pwr TRACE1 2345 6
NFE PNO: Wide —=— Trig: FreeRun Avg|Hold: 100/100 TYPE| M ¥R
IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 156.095 MHz

Ref Offset49.6 dB
1L%gBldiv Ref -0.40 dBm -46.207 dBm

-10.4

-30.4
DL1 -35.00 cfim|

-40.4

50.4

0.4 "
G T FRSTN W P P PN PR Y PP M I -

-804

-S04

Start 156.088 MHz Stop 160.000 MHz
#Res BW 300 Hz #VBW 910 Hz Sweep 881.5 ms (1001 pts)

MSG STATUS

Figure 32 - 156.025 MHz - 156.0875 MHz to 160 MHz
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J= Keysight Spectrum Analyzer - Swept S& @lﬁ/@
RL | RF [soe bc | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:26:52 PM Apr29, 2019
Marker 1 161.850000000 MHz Avg Type: Log-Pwr TRACEI1 2345 6
NFE PNO: Wide -»— Trig: FreeRun Avg|Hold: 1000/1000 TYPE(M
PREAMP IFGain:Low #Atten: 6 dB DET/P NNNNN
Ref Offset 49.6 dB Mkr1 161.85 MHz
{ggsiciv_Ref 0.40 dBm -46.049 dBm
104
204
304
DL1 -36 00 cibim|
404 i1
504 «Mﬁbﬁ“—w st TSNP PRSPPI VY SEPPED. ST VY W PIEE SV [ FPRNNST WL S SO
604
704
804
0.4
Start 160.000 MHz Stop 170.000 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts)
MSG STATUS

Figure 33 - 156.025 MHz - 160 MHz to 170 MHz

|_ Keysight Spectrum Analyzer - Swept SA

oo =)

RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:28:42 PM Apr 29, 2019
Marker 1 294.020000000 MHz | Avg Type: Log-Pwr TRACE[12345 6
NEE PNO: Fast —»—  Trig: FreeRun Avg|Hold: 2000/2000 TYPE(M
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN
Ref Offset 49.6 dB Mkr1 294.02 MHz
Jodaidiv__Ref -0.40 dBm -47.988 dBm
og
0.4
204
304
DL1 -36 .00 ciBin|
404
1
504 |aetntandi syl 8 plt A o ot A S, AL, et Wi o b e K e ey LN LA PR S WP
B0.4
704
804
504
Start 170.00 MHz Stop 300.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
MSG STATUS

Figure 34 - 156.025 MHz - 170 MHz to 300 MHz
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J= Keysight Spectrum Analyzer - Swept S& =18 e @
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF ALIGN AUTO 10:28:09 AM Apr30, 2019
Marker 1 A 311.900000000 MHz | Avg Type: Log-Pwr TRACE[1 2345 6
NFE PNO: Fast —»— Trig: FreeRun Avg|Hold: 2000/2000 TYPEIM
PREAMP IFGain:High #Atten: 2 dB DET|P NNNNN
Ref Offset 505 dB Mkr1 311.9 MHz
10 dBidiv ~ Ref 12.50 dBm -42.613 dBm
Log
250
750
75
275
| DL1 -36 00 cibim|
375 —01
A7 5
g mewmmu pproy) RPN WLN PR PAERR VYR PRER IO PRPERS, FERRI PN RS L S SR TE T e M
£75
£75
775

Start 0.3000 GHz
#Res BW 100 kHz

MSG

#VBW 300 kHz Sweep 2.333 ms (1001 pts)

STATUS

Stop 1.0000 GHz

Figure 35 - 156.025 MHz - 300 MHz to 1 GHz

—
|_ Keysight Spectrum Analyzer - Swept SA = =
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 11:38:21 AM Apr 30, 2019
Marker 1 A 3.616000000000 GHz Avg Type: Log-Pwr TRAGE[12345 6
NFE PNO: Fast —#— 1rig: FreeRun Avg|Hold: 200/200 TYPE] V;I e
DET|

PREAMP

IFGain:Low #Atten: 10 dB

Mkr1 3.616 GHz

Ref Offset 22.4 dB
10 daidiv Ref -12.60 dBm -56.760 dBm
og
-226
DL1 -30.00 cBm|
-328
-426
526 al

der sl gttt s hobdinssiguh R b

525 i PPTIRPY

728

826

926

-103

Start 1.000 GHz
#Res BW 1.0 MHz

MSG

#VBW 3.0 MHz Sweep 5.000 ms (1001 pts)

STATUS

Stop 4.000 GHz
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Frequency (MHz)

Level (dBm)

*

Table 58 - Transmitter Emissions Results - 162.025 MHz

*No emissions were detected within 6 dB of the limit.

|_ Keysight Spectrum Analyzer - Swept SA _— @_
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:02:23 PM Apr 29, 2019
Marker 1 125.184000 kHz | Avg Type: Log-Pwr TRACE[12345 6
NEE PNO: Close —»—  Trig: FreeRun Avg|Hold: 2000/2000 TYPE| M WA

IFGain:Low #Atten: 6 dB peT|P NNNNN

Ref Offset 49.6 dB
10dBidiv  Ref -0.40 dBm
Log

Mkr1 125.184 kHz
-51.199 dBm

-10.4

204

-30.4

DL1 -35.00 |

-40.4

Start 9.00 kHz
#Res BW 1.0 kHz

MSG

#VBW 3.0 kHz

Stop 150.00 kHz
Sweep 2.867 ms (1001 pts)

STATUS

Figure 37 - 162.025 MHz - 9 kHz to 150 kHz
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| = eysight Spectrum Analyzer - Swept 54 B
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:55:38 PM Apr29, 2019
Marker 1 1.194750000 MHz ] Avg Type: Log-Pwr TRACE[12345 6
NFE PNO: Wide -»— Trig: FreeRun Avg|Hold: 3000/3000 TYPE| M i

PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 1.195 MHz

Ref Offset49.6 dB
1L%gdBldiv Ref -0.40 dBm -49.274 dBm

S04

204

DL1 -36.00 cfim|

75D4L‘%f[
04 SRRV T IR TV VI SUUTTL P | e it Mt bt [ R

204

Start 150 kHz Stop 30.00 MHz
#Res BW 10 kHz #VBW 30 kHz Sweep 6.333 ms (1001 pts)

STATUS

MSG

Figure 38 - 162.025 MHz - 150 kHz to 30 MHz

J= Keysight Spectrum Analyzer - Swept SA @@@
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 03:49:19 PM Apr 29, 2019
Marker 1 69.710000000 MHz | Avg Type: Log-Pwr TRACE[123456
NEE PNO: Fast —»—  Trig: FreeRun Avg|Hold: 2000/2000 TYPE|M WA

PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 69.71 MHz

Ref Offset 49.6 dB
1L%gBldiv Ref -0.40 dBm -47.460 dBm

-10.4

204

-30.4
DL1 -36.00 cBrm|

404
1

Al ﬂnmuanuJ\-ullr\uLlIﬂ;m Pttt LA LA oW sl el “-«JI‘”“ J[“.\..l‘:myn Aphlby .

0.4 Pplars e L IEN PRI U IR RAETY VR

e rdur e

£0.4

704

-80.4

Start 30.00 MHz Stop 140.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)

MSG STATUS

Figure 39 - 162.025 MHz - 30 MHz to 140 MHz
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[="eysight Spectrum Anayzer - swept sa T ]
RL | RF [soe bc | | SENSE:EXT] SOURCE OFF | ALIGN AUTO | 04:32:09 PM Apr29, 2019
Marker 1 146.840000000 MHz ] Avg Type: Log-Pwr TRACE[12345 6
FE PNO: Wide -»— Trig: FreeRun Avg|Hold: 2000/2000 TYRE| M it
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN
Ref Offset 49.6 dB Mkr1 146.840 MHz
1L%gdBldiv Ref -0.40 dBm -47.503 dBm
104
204
304
DL1 -36 00 cibim|
404
21
504 ety M1 P T | S N L S N
604
704
804
0.4
Start 140.000 MHz Stop 155.000 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
MSG STATUS

Figure 40 - 162.025 MHz - 140 MHz to 155 MHz

J= Keysight Spectrum Analyzer - Swept SA @@@
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:53:16 PM Apr 29, 2019
Marker 1 161.962500000 MHz J Avg Type: Log-Pwr TRACE[] 23456
NFE PNO-Wide —»— Trig: FreeRun Avg|Hold: 1001100 R
IFGain:Low #Atten: 6 dB DET|P NNNNN
Mkr1 161.963 MHz
Ref Offset 49.6 dB
19 daidly Ref -0.40 dBm -48.163 dBm
0.4
204
304
DL1 -36 .00 ciBin|
404 .
A
504
e I o
T TN VRTINS SIS ST P WV P T TR
704
804
504
Start 155.000 MHz Stop 161.963 MHz
#Res BW 300 Hz #VBW 910 Hz Sweep 1.569 s (1001 pts)
MSG STATUS
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Figure 41 - 162.025 MHz - 155 MHz to 161.9625 MHz
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J= Keysight Spectrum Analyzer - Swept S& @lﬁ/@
RL | RF [soe bc | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 04:55:45 PM Apr29, 2019
Marker 1 162.087500000 MHz ] Avg Type: Log-Pwr TRACEI1 2345 6
NFE PNO: Wide -»— Trig: FreeRun Avg|Hold: 100/100 TYPE(M
IFGain:Low #Atten: 6 dB DET|P NNNNN
Ref Offsct 49.6 dB Mkr1 162.087 5 MHz
{ggsiciv_Ref 0.40 dBm -48.157 dBm
104
204
304
DL1 -36 00 cibim|
404 ]
A
504
0.4 |l"y.. ! | |
wh‘l‘m? i.u"1‘r”-l---1-!-|v YR | BT nl.lmw. lnlw; WSRPYTR CURIR EANpRT I [ RS YL D
704
804
0.4
Start 162.088 MHz Stop 165.000 MHz
#Res BW 300 Hz #VBW 910 Hz Sweep 656.3 ms (1001 pts)
MSG STATUS
Figure 42 - 162.025 MHz - 162.0875 MHz to 165 MHz
J= Keysight Spectrum Analyzer - Swept SA @@@
RL | RF [soe bC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 05:05:27 PM Apr 29, 2019
Marker 1 165.010000000 MHz J Avg Type: Log-Pwr TRACE[] 23456
NFE PNO-Wide —»— Trig: FreeRun Avg|Hold: 1000/1000 TYPE| M RRAAT
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN

Mkr1 165.01 MHz

Ref Offset 49.6 dB
1L%gBldiv Ref -0.40 dBm -44.819 dBm

-10.4

204

-30.4

04 L1

e W L ey LT WR T L 0 VSO L3 00 B S Y TP IO VU WO PR AT SPRTHY Tl o
b W e I L i iy L R g T Al e L i

DL1 -36.00 cBrm|

£0.4

704

-80.4

Start 165.000 MHz Stop 175.000 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts)

MSG STATUS

Figure 43 - 162.025 MHz - 165 MHz to 175 MHz
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| = eysight Spectrum Analyzer - Swept 54 B
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO 05:07:59 PM Apr29, 2019
Marker 1 276.375000000 MHz Avg Type: Log-Pwr TRACE[1 2345 6
NFE PNO: Fast —»— Trig: FreeRun Avg|Hold: 2000/2000 TYPEIM
PREAMP IFGain:Low #Atten: 6 dB DET|P NNNNN
Ref Offset 49.6 dB Mkr1 276.3756 MHz
1L%gdBldiv Ref -0.40 dBm -47.478 dBm
104
204
304
DL1 -36 00 cibim|
404
.1
504 ol b AU b g U 1A Mg s b goe Aoy e ol g e At s el b bt el L e o4 e e gl e,
604
704
804
804
Start 175.00 MHz Stop 300.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
MSG STATUS

Figure 44 - 162.025 MHz - 175 MHz to 300 MHz

|_ Keysight Spectrum Analyzer - Swept SA

oo )

RL | RF

| s0¢

pC | [ | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 10:29:24 AM Apr 30, 2019

-

Marker 1 A 323.800000000 MHz

TRACE|]1 23456

‘ Avg Type: Log-Pwr
TYPE|M

PNO: Fast —#— 1rig: FreeRun Avg|Hold: 200072000

PREAMP N IFGain:High #Atten: 2 dB DET|P NNNNN
Mkr1 323.8 MHz
Ref Offset 50.5 dB

19 daidly Ref 12.50 dBm -44.900 dBm
250

750

175

275

DL1 -36.00 ¢Bm)|
375
01
45—
.M.Ln k. Mk tualtal s, gy ! Ak AL L oottt Tt gttt e

575

B85

75

Start 0.3000 GHz Stop 1.0000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.333 ms (1001 pts)
MSG STATUS
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Figure 45 - 162.025 MHz - 300 MHz to 1 GHz
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—

| = Keysight Spectrum Analyzer - Swept 54 =
RL | RF [soe bc | | | SENSE:EXT| SOURCE OFF | ALIGN AUTO | 11:39:34 AM Apr30, 2019
Marker 1 A 3.712000000000 GHz | ) Avg Type: Log-Pwr TRACE[1 2345 6

NFE PNO: Fast —»— Trig: FreeRun Avg|Hold: 200/200 T;F; :Im

PREAMP IFGain:Low #Atten: 10 dB

Mkr1 3.712 GHz

Ref Offset 22.4 dB
1L%gdBldiv Ref -12.60 dBm -56.538 dBm

226

DL1 -30.00 cBm|

326

528 1
coctleanpalebed WMMMWMWWMHMM

526 priedity ol ot A g ot

-103

Start 1.000 GHz Stop 4.000 GHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 5.000 ms (1001 pts)

MSG STATUS

Figure 46 - 162.025 MHz - 1 GHz to 4 GHz

IEC 61993-2, Limit Clause 15.3.1.3

The power of any spurious emission on any discrete frequency shall not exceed 0,25 pW (-36
dBm) in the frequency range 9 kHz to 1 GHz and 1 pW (=30 dBm) in the frequency range 1 GHz to
4 GHz.

ECC 47 CER Part 80, Limit Clause 80.211

Within 250% of the Authorised Bandwidth:

On any frequency removed from the assigned frequency by more than 50 percent up to and
including 100 percent of the authorized bandwidth: At least 25 dB;

On any frequency removed from the assigned frequency by more than 100 percent up to and
including 250 percent of the authorized bandwidth: At least 35 dB

More than 250% of the Authorised Bandwidth:

On any frequency removed from the assigned frequency by more than 250 percent of the
authorized bandwidth: At least 43 plus 10logio (mean power in watts) dB.

Note: The IEC 62287-2, requirements, (<-36 dBm <1 GHz / <-30 dBm > 1 GHz ), are more

stringent than those in Part 80 therefore compliance with the Part 80 requirements, (<-13 dBm),
have been demonstrated from the results recorded above.
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2.22.7 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 2.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Rubidium Standard Rohde & Schwarz XSRM 1316 6 15-Oct-2019
High Pass Filter Mini-Circuits NHP-300 1640 12 23-Oct-2019
Network Analyser Rohde & Schwarz ZVA 40 3548 12 17-Oct-2019
True RMS Multimeter Fluke 179 4006 12 22-Jan-2020
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 22-Oct-2019
Frequency Standard Spectracom gjgg_rggg{] ¢ 1200- 4393 6 15-Oct-2019
PXA Signal Analyser Keysight Technologies N9030A 4653 12 06-Feb-2020
4 Channel PSU Rohde & Schwarz HMP4040 4736 - O/P Mon
Hygrometer Rotronic HP21 4740 12 17-Jan-2020
Quad Power Supply Rohde & Schwarz HMP4040 4954 - O/P Mon
Attenuator 20dB 100W Weinschel 48-20-43-LIM 5133 12 07-Nov-2019
Attenuator 30dB 100W Weinschel 48-30-43-LIM 5135 12 07-Nov-2019

Table 59
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3 Photographs

3.1 Equipment Under Test (EUT)

Equipment Under Test — Rear View
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4

Measurement Uncertainty

For a 95% confidence level, the measurement uncertainties for defined systems are:

Test Name Measurement Uncertainty
Spurious Emissions from the Transmitter +3.45dB
Transmitter Output Power Characteristics +2.0dB
Modulation Accuracy +2.0dB
Slotted Transmission Spectrum +2.0dB
Carrier Power +0.45dB
Frequency Error +11 Hz
Immunity to Out-of-Band Energy +2.6dB
Transmit to Receive Switching Time +2.6 dB
Spurious Emissions from the Receiver +3.45dB
Intermodulation Response Rejection and Blocking +2.6dB
Spurious Response Rejection +2.6dB
Adjacent Channel Selectivity +2.6dB
Co-channel Rejection +2.6dB
Error Behaviour at High Input Levels +1.8dB
Sensitivity +1.8dB
DSC Spurious Emissions from the Receiver +3.45dB
DSC Blocking or Desensitisation +2.6dB
DSC Intermodulation Response Rejection +2.6dB
DSC Spurious Response Rejection +2.6dB
DSC Adjacent Channel Selectivity +2.6dB
DSC Co-channel Rejection +2.6dB
DSC Error Behaviour at High Input Levels +18dB
DSC Sensitivity +1.8dB
Table 60
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