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Informacion (Information)

Tipo de equipo
(Equipment type)

Portable Digital Transceiver

Marca (Brand)

Sarmin

Modelo (Model)

A04024

Tecnologia o modulacién
(Technology or modulation)

GFSK for ANT/ GFSK for BLE / CW for 24 GHz

Frecuencias
(Frequencies)

2402-2480 MHz /2402-2480 MHz / 24039.2-24208.2 MHz

Ganancia de antena (dBi)
(Antenna gain (dBi)

ANT -1.90 dBi /BLE -1.90 dBi / 24 GHz 10.55 dBm

P.i.re.(E.IRP)

2.16 dBm, 1.64 mW /-1.85dBm, 0.65 mW/-55.78 dBm, 0.00 mW

Médulos (Modules)

ANT, BLE, 24 GHz

Declaration of Conformity Statement: the equipment previously identified complies with the
provisions established in the Technical Standard for Small Range Equipment, approved by Exempt
Resolution No.1,985 of 2017, of the Undersecretary of Telecommunications.

Declaracion de conformidad: El equipo anteriormente identificado cumple con las disposiciones

establecidas en la Norma Técnica para Equipos de Corto Alcance, aprobada mediante la

Resolucion Exenta N° 1.985 de 2017, de la Subsecretaria de Telecomunicaciones.
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1.0 SUMMARY OF TEST RESULTS

The EUT has been tested according to the following specifications:

(1) US Code of Federal Regulations, Title 47, Part 15.249

(2) ISED RSS-Gen, Issue 5
(3) ISED RSS-210, Issue 10

SUMMARY
Requirement Test Type and Limit Result Remark
FCC 15.203 Unique Antenna Requirement Pass PCB Antenna
FCC 15.35 . .
RSS-Gen, 6.10 Duty cycle of pulsed emissions N/A Not required
NA Maximum Peak Output Power N/A Informational Purpose Only
NA Minimum Bandwidth N/A Informational Purpose Only
FCC 15.209 . . . Meets the requirement of
RSS-Gen, 7.1 Receiver Radiated Emissions Pass the limit.
FCC 15.209
RSS-Gen, 8.9 . : . Meets the requirement of
RSS-210 Al 2 Transmitter Radiated Emissions Pass the limit.
FCC 15.249(a)
FCC 15.209, 15.205, Meets the requirement of
15.249(d) Band Edge Measurement Pass the qumit
RSS-Gen, 8.9 '
RSS-210, 5.5
FCC 15.207 - Meets the requirement of
RSS-Gen. 8.8 Conducted AC Emissions Pass the limit.

4740 Discovery Drive
Lincoln, NE 68521

The Nebraska Center for Excellence in Electronics
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2.0 EUT DESCRIPTION

2.1 EQUIPMENT UNDER TEST

Summary

The Equipment Under Test (EUT) was a battery powered GFSK and GMSK transceiver manufactured by
GARMIN Inc.

EUT A04024

EUT Received 14 January 2020

EUT Tested 17 February 2020- 24 February 2020

3321088777 (conducted antenna port measurements);
3321088851 (conducted antenna port measurements);
3321088804 (radiated measurements);
3321088807 (radiated measurements);

Operating Band 2400 — 2483.5 MHz

Serial No.

Device Type GFSK, GMSK

Internal Battery/ Charger: Garmin (Phi Hong) MN: PSAF10R-050Q

Power Supply (Representative Power Supply)

NOTE: For more detailed features description, please refer to the manufacturer's specifications or user's
manual.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 5 of 54
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2.2 DESCRIPTION OF TEST MODES

The EUT operates on, and was tested at the frequencies below:

Channel | Frequency
Low 2402 MHz
Mid 2440 MHz
High 2480 MHz

These are the only three representative channels tested in the frequency range according to FCC Part
15.31 and RSS-Gen Table Al. See the operational description for a list of all channel frequency and
designations.

This EUT was set to transmit in a worse-case scenario with modulation on. The manufacturer modified the
unit to transmit continuously on the lowest, middle and highest frequency channels.

The EUT was tested for spurious emissions while running off of battery power.

2.3 DESCRIPTION OF SUPPORT UNITS

None

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 6 of 54
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3.0 LABORATORY DESCRIPTION

3.1 LABORATORY DESCRIPTION
All testing was performed at the following Facility:
The Nebraska Center for Excellence in Electronics (NCEE Labs)

4740 Discovery Drive
Lincoln, NE 68521

A2LA Certificate Number: 1953.01
FCC Accredited Test Site Designation No: US1060
Industry Canada Test Site Registration No: 4294A-1
NCC CAB Identification No: uSsSo0177

Environmental conditions varied slightly throughout the tests:
Relative humidity of 35 + 4%
Temperature of 22 + 3° Celsius

3.2 TEST PERSONNEL

No. | PERSONNEL TITLE ROLE
1 | Nic Johnson Technical Manager Review/editing
2 | Karthik Vepuri Test Engineer Testing and report
3 | Caleb Farrington Test Technician Testing and report
Notes:

All personnel are permanent staff members of NCEE Labs. No testing or review was sub-contracted or
performed by sub-contracted personnel.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 7 of 54




ncee Report Number: | R20191119-20-E2 Rev B
—labs Prepared for: | Garmin
‘3.3 TEST EQUIPMENT
LAST CALIBRATION
DESCRIPTION AND
MANUEACTURER MODEL NO. SERIAL NO. CALIBRATION DUE DATE
DATE
Keysight MXE Signal Analyzer N9038A MY59050109 | 23 Apr 2019 23 Apr 2021
Keysight EXA Signal Analyzer N9010A MY56070862 14 Dec 2018 14 Dec 2020
SunAR RF Motion JB1 A082918-1 15 Oct 2018 15 Oct 2020
EMCO Horn Antenna 3115 6416 26 Jan 2018 26 Mar 2020**
EMCO Horn Antenna 3116 2576 31 Jan 2018 31 Mar 2020**
*
Rohde & Schwarz Preamplifier TS-PR18 3545700803 | 09 Mar 2018+ | 09 Mar 2020
*
Trilithic High Pass Filter 6HC330 23042 09 Mar 2018+ | 09 Mar 2020
Rohde & Schwarz LISN ESH3-Z5 836679/010 25 Jul 2019 25 Jul 2020
TDK Emissions Lab Software V11.25 700307 NA NA
*
RF Cable (preamplifier to antenna) | MFR-57500 | 01-07-002 09 Mar 2018+ | 09 Mar 2020
RF Cable (antenna to 10m ESCM 64639 | 01E3872 09 Mar 2018* 09 Mar 2020*
chamber bulkhead)
RF Cable (10m chamber bulkhead ESCM 64639 | 01E3874 09 Mar 2018* 09 Mar 2020*
to control room bulkhead)
RF Cable_ (Control room bulkhead ESCM 64639 | 01E3871 09 Mar 2018* 09 Mar 2020*
to RF switch)
RF C;able (RF switch to test ESCM 64639 | 01F1206 09 Mar 2018* 09 Mar 2020*
receiver)
RF switch — Rohde and Schwarz TS-RSP 1113.5503.14 09 Mar 2018~ 09 Mar 2020*
N connector bulkhead (10m PE9128 NCEEBH1 09 Mar 2018* | 09 Mar 2020*
chamber)
:\égg]r)‘”ecmr bulkhead (control PE9128 NCEEBH2 09 Mar 2018* | 09 Mar 2020*

*Internal Characterization

Notes:

**Extended calibration

All equipment is owned by NCEE Labs and stored permanently at NCEE Labs facilities.

The Nebraska Center for Excellence in Electronics

4740 Discovery Drive
Lincoln, NE 68521
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4.0 DETAILED RESULTS

4.1 DUTY CYCLE

Test Method: NA

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521
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4.2

PEAK OUTPUT POWER
Test Method: N/A
For Informational Purposes only

Test procedures:
1. The EUT was connected to the spectrum analyzer directly with a low-loss shielded coaxial cable

2. The resolution bandwidth was set to 10 MHz and the video bandwidth was set to 10 MHz to
capture the signal. The analyzer used a peak detector in max hold mode.

Deviations from test standard:
No deviation.

Test setup:
The field strength was measured by connecting the EUT directly to the spectrum analyzer.
See Section 4.2.

EUT operating conditions:

The EUT was powered by 5 VDC power unless specified and set to transmit continuously on the
lowest frequency channel, highest frequency channel and one in the middle of its operating range.
EUT was set to transmit in GMSK and GFSK.

Test results:

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521

Page 10 of 54
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Peak Output Power
PEAK PEAK
CHANNEL .
OUTPUT OUTPUT Method Transmitter
CHANNEL FRE(%:E;\ICY POWER POWER
(dBm) (mWw)
1 2402 -0.365 0.919 | Conducted GFSK
2 2440 -0.263 0.941 | Conducted GFSK
3 2480 -0.765 0.838 Conducted GFSK
1 2402 0.050 1.01 Conducted GMSK
2 2440 0.008 1.00 Conducted GMSK
3 2480 -0.297 0.934 Conducted GMSK
ww Keysight Spectrum Analyzer - Swept SA =N F=N
X [ RF [500 ac | [ [ SENSE:INT] [ [ 10:44:30 AMFeb 17,2020
’R_Bw 3.0 MHz Avg Type: Log-Pwr TRACE[1 (2345 6
PNO: Fast (30 Trig: Free Run Avg|Heold:>100/100 THPE| M
IFGain:Low Atten: 20 dB DET|F
Mkr1 2.402 00 GHz
10gBiaiv_Ref 10.00 dBm -0.365 dBm
0.00
-10.0
-20.0
-30.0
-40.0
-50.0
-60.0
-70.0
-80.0
Center 2.402000 GHz Span 10.00 MHz

#Res BW 3.0 MHz

VBW 50 MHz

Sweep 1.000 ms (1001 pts)

MSG‘

‘5TATU5|

Figure 1 - Output Power, Low Channel, GMSK

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521
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Output power = -0.365 dBm

Cable loss was less than 0.1 dB and not included

w Keysight Spectrum Analyzer - Swept SA [r= & e
X [ RF [500 ac | [ [ SENSE:INT] [ [ 01:49:34 PMFeb 17,2020
Marker 1 2.440130000000 GHz | _ Avg Type: Log-Pwr TRACE[T 3755 6
PNO: Fast (o 1rig: FreeRun Avg|Hold:>100/100 TYPE| Maaarinin
IFGain:Low Atten: 20 dB DET|T = HEE D
Mkr1 2.440 13 GHz
10 dBidiv  Ref 10.00 dBm -0.263 dBm
ILog .
0.00
-10.0
-20.0
30,0 m
-40.0
£0.0
500
70.0
-80.0
Center 2.440000 GHz Span 10.00 MHz
Res BW 3.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
[MKRIMODE[TRC[SC X | Y ] __FUNCTION | FUNCTIONWDTH FUNCTION VALUE A
N f 2.44013 GHz -0.263 dBm
2
3
4
5
6
7
8
9
10
11 v
< >
MSG ‘smrus|

Figure 2 - Output Power, Mid Channel, GMSK
Output power = -0.263 dBm

Cable loss was less than 0.1 dB and not included

The Nebraska Center for Excellence in Electronics
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o Keysight Spectrum Analyzer - Swept SA o[ ]
Ixi [ RF [500 ac | [ [ SENSE:INT] [ [ 03:55:28 PMFeb 17,2020
Marker 1 2.479920000000 GHz | _ Avg Type: Log-Pwr TRACE[1[23 45 6
PNO: Fast (50 Trig: Free Run Avg|Heold:>100/100 TYPE M‘w“w‘w“n“w‘
IFGain:Low Atten: 20 dB DET|E = BT
Mkr1 2.479 92 GHz
10 dBidiv Ref 10.00 dBm -0.765 dBm
ILog .
0.00
-100
200
300
-400
500
600
700
800
Center 2.480000 GHz Span 10.00 MHz
Res BW 3.0 MHz VBW 350 MHz Sweep 1.000 ms (1001 pts)
[MAMODETRC[SC] X | Y ]| FUNCTION | FUNCTIONWDTH FUNCTION VALUE A
N f 2.47992 GHz -0.765 dBm
2
3
4
5
6
7
8
9
10
11 v
£ >
MSG ‘STATUS|

Figure 3 - Output Power, High Channel, GMSK
Output power = -0.765 dBm

Cable loss was less than 0.1 dB and not included

The Nebraska Center for Excellence in Electronics
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....... PE—— Analyzer - Swept SA ==
Ixi [ RF [500 ac | [ [ SENSE:INT] [ [ 04:54:17 PMFeb 19, 2020
Marker 1 2.402025000000 GHz | _ Avg Type: Log-Pwr s R
PNO: Fast (50 Trig: Free Run Avg|Hold:>100/100 TYPE| M

IFGain:Low #Atten: 20 dB DET|P NNNN N

Mkr1 2.402 025 GHz

E%SB““’ Ref 10.00 dBm 0.050 dBm

31
0.00
/I M

) 7 .

-80.0

Center 2.40200 GHz Span 25.00 MHz
Res BW 3.0 VIHz VBW 350 MHz Sweep 1.000 ms (1001 pts)

MSG ‘STATUS |

Figure 4 - Output Power, Low Channel, GFSK
Output power = 0.050 dBm

Cable loss was less than 0.1 dB and not included

The Nebraska Center for Excellence in Electronics
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ww Keysight Spectrum Analyzer - Swept SA |- || (eS|

[ RF [500 ac | [ [ SENSE:INT] [

08:54:17 AM Feb 20, 2020

(2]
Marker 1 2.439975000000 GHz |

PNO: Fast 50 Trig: Free Run
IFGain:Low #Atten: 20 dB

10 dBidiv.~ Ref 10.00 dBm
Log

|
Avg Type: Log-Pwr
Avg|Hold:>100/100

Mkr1 2

.439 975 GHz
0.008 dBm

0.00

-10.0

-20.0

-40.0

-80.0

Center 244000 GHz

#Res BW 3.0 MHz VBW 50 MHz

Span 25.00 MHz

Sweep 1.000 ms (1001 pts)

‘M SG ‘ ‘STATUS |

Figure 5 - Output Power, Mid Channel, GFSK
Output power = 0.008 dBm

Cable loss was less than 0.1 dB and not included

The Nebraska Center for Excellence in Electronics
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— Keysight Spectrum Analyzer - Swept SA ==
Ixi [ RF [500 ac | [ SENSE:INT] 00:14:02 AM Feb 20, 2020
Marker 1 2.479925000000 GHz | _ Avg Type: Log-Pwr TRACE[T3 55 6
PNO: Fast (50 Trig: Free Run Avg|Heold:>100/100 TYPE le‘w“w‘w“n“w‘
IFGain:Low #Atten: 20 dB DET|P NNNN N
Mkr1 2.479 925 GHz
10gB/giv__Ref 10.00 dBm -0.279 dBm
0.00
-10.0
200
300 v
T n SRR Tl | e T P
-50.0 L
-B0.0
700
0.0
Center 2.48000 GHz Span 25.00 MHz

#Res BW 3.0 MHz

VBW 50 MHz

Sweep 1.000 ms (1001 pts)

‘MSG‘

‘STATUS |

Output power = -0.297 dBm

Cable loss was less than 0.1 dB and not included

Figure 6 - Output Power, High Channel, GFSK
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4.3 BANDWIDTH
Test Method: ANSI C63.10-2013, Section(s) 11.9.1.1
Limits of bandwidth measurements:
For Informational Purposes only

Test procedures:
1. The EUT was connected to the spectrum analyzer directly with a low-loss shielded coaxial cable

2. The resolution bandwidth was set to 100 kHz and the video bandwidth was set to 300 kHz to
capture the signal. The analyzer used a peak detector in max hold mode.

3. The Occupied Bandwidth is defined as the bandwidth of which is higher than peak power minus
20dB.

Test setup:
The field strength was measured by connecting the EUT directly to the spectrum analyzer.

Deviations from test standard:

No deviation.
Test setup:
EUT SPECTRUM
ANALYZER

Figure 7 - Bandwidth Measurements Test Setup

EUT operating conditions:

The EUT was powered by 5 VDC power unless specified and set to transmit continuously on the
lowest frequency channel, highest frequency channel and one in the middle of its operating range.
EUT was set to transmit in GMSK and GFSK.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 17 of 54
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Test results:

Occupied Bandwidth

CHANNEL
CHANNEL Mode FREQUENCY | OBW (KHz)
(MHz)

Low GMSK 2402 1072.8
Mid GMSK 2440 1077.7
High GMSK 2480 1078.1
Low GFSK 2402 989.48
Mid GFSK 2440 983.13
High GFSK 2480 986.52

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521
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m Keysight Spectrum Analyzer - Occupied BW Ii“il[é]
Ixi [ RF [500 ac | [ [ SENSE:INT] [ [ 11:05:37 AMFeb 17,2020
|ﬁef Value 10.00 dBm | Center Freq: 2.402000000 GHz Radio Std: None
) Trig: Free Run Avg|Hold:>10/10
#FGain:Low #Atten: 20 dB Radio Device: BTS
15 dBidiv Ref 10.00 dBm
JLog
-A.00
20,0
380
500
B5.0
-80.0
-95.0
-110
125
Center 2,402 GHz Span 3 MHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power 6.41 dBm
1.0728 MHz
Transmit Freq Error 5.515 kHz % of OBW Power 99.00 %
x dB Bandwidth 703.9 kHz x dB -6.00 dB
MSG ‘smru5|

Figure 8 — Occupied Bandwidth, Low Channel, GMSK
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m Keysight Spectrum Analyzer - Occupied BW Ii“il[é]
Ixi [ RF [500 ac | [ [ SENSE:INT] [ [ 01:46:01 PMFeb 17,2020
Eenter Freq 2.440000000 GHz | Center Freq: 2.440000000 GHz Radio Std: None
) Trig: Free Run Avg|Hold:>10/10
#FGain:Low #Atten: 20 dB Radio Device: BTS
15 dBidiv Ref 10.00 dBm
JLog
-A.00
20,0
380
500
B5.0
-80.0
-95.0
-110
125
Center 2.44 GHz Span 3 MHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power 6.65 dBm
1.0777 MHz
Transmit Freq Error 7.803 kHz % of OBW Power 99.00 %
x dB Bandwidth 712.4 kHz x dB -6.00 dB
MSG ‘smru5|

Figure 9 - Occupied Bandwidth, Mid Channel, GMSK
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m Keysight Spectrum Analyzer - Occupied BW

o @ [

Ixi [ RF [500 ac | [ [ SENSE:INT] [ 03:59:36 PMFeb 17, 2020
Eenter Freq 2.480000000 GHz | Center Freq: 2.480000000 GHz Radio Std: None
Trig: Free Run Avg|Hold:>10/10
#FGain:Low #Atten: 20 dB Radio Device: BTS
15 dBlidiv Ref 10.00 dBm
JLog
-A.00
200
3E0
-50.0
-BE0
0.0
950
110
-125
Center 2.48 GHz Span 3 MHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power 5.98 dBm
1.0781 MHz
Transmit Freq Error 3.726 kHz % of OBW Power 99.00 %
x dB Bandwidth 717.7 kHz x dB -6.00 dB
MSG ‘STATUS|

Figure 10 — Occupied Bandwidth, High Channel, GMSK
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m Keysight Spectrum Analyzer - Occupied BW Ii“il[é]
Ixi [ RF [500 ac | [ [ SENSE:INT] [ 04:47:29 PMFeb 19, 2020
|§pan 3.0000 MHz | Center Freq: 2.402000000 GHz Radio Std: None
Trig: Free Run Avg|Hold:>10/10
#FGain:Low #Atten: 20 dB Radio Device: BTS
15 dBidiv Ref 5.00 dBm
JLog
-10.0
280
-40.0
£5.0
70.0
-85.0
-100
115
-130
Center 2,402 GHz Span 3 MHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power 6.18 dBm
989.48 kHz
Transmit Freq Error 12.328 kHz % of OBW Power 99.00 %
x dB Bandwidth 499.7 kHz x dB -6.00 dB
MSG ‘smru5|

Figure 11 - Occupied Bandwidth, Low Channel, GFSK
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4.4

RADIATED EMISSIONS

Test Method: ANSI C63.10-2013, Section 6.5, 6.6
Limits for radiated emissions measurements:

Emissions radiated outside of the specified bands shall be applied to the limits in 15.209 as

followed:
FREQUENCIES STFFQIIIEEIL_gTH MEASUREMENT
(MHz) (wv/m) DISTANCE (m)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 3
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3
NOTE:

1. The lower limit shall apply at the transition frequencies.
2. Emission level (dBuV/m) = 20 * log * Emission level (uV/m).

3. As shown in 15.35(b), for frequencies above 1000MHz, the field strength limits are based on
average detector, however, the peak field strength of any emission shall not exceed the maximum

permitted average limits by more than 20dB under any condition of modulation.

4. The EUT was tested for spurious emissions while running off of battery power and external USB
power. The worse-case emissions were produced while running off of USB power, so results from
this mode are presented.
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Test procedures:

a. The EUT was placed on the top of a rotating table above the ground plane in a 10 meter semi-
anechoic chamber. The table was rotated 360 degrees to determine the position of the highest
radiation. The table was 0.8m high for measurements from 30MHz-1Ghz and 1.5m for
measurements from 1GHz and higher.

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

c. The antenna was a broadband antenna, and its height is varied from one meter to four meters
above the ground to determine the maximum value of the field strength. Both horizontal and vertical
polarizations of the antenna are used to make the measurement.

d. For each suspected emission, the EUT was arranged to maximize its emissions and then the
antenna height was varied from 1 meter to 4 meters and the rotating table was turned from 0
degrees to 360 degrees to find the maximum emission reading.

e. The test-receiver system was set to use a peak detector with a specified resolution bandwidth.
For spectrum analyzer measurements, the composite maximum of several analyzer sweeps was
used for final measurements.

f. If the emission level of the EUT in peak mode was 10dB lower than the limit specified, then
testing could be stopped and the peak values of the EUT would be reported. Otherwise the
emissions that did not have 10 dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

g. The EUT was maximized in all 3 orthogonal positions. The results are presented for the axis that
had the highest emissions.

h. Average measurements were performed with a linear average detector which meets the
specifications in CISPR 16-1-1:2010.
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Test setup:

AHTEHHA

H 3 METERS

1 - 4 METERS
ANTEHHA MAST

EUT

80 CENTIMETERS
TURHTABLE
GROUHD PLAHE

EMI RECEIVER/SPECTRUM AHALYZER

Figure 14 - Radiated Emissions Test Setup

NOTE:
1. The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 120kHz for
Peak detection (PK) and Quasi-peak detection (QP) at frequencies below 1GHz.

2. The resolution bandwidth 1 MHz for all measurements and at frequencies above 1GHz, A peak
detector was used for all measurements above 1GHz. Measurements were made with an EMI
Receiver.

Deviations from test standard:

No deviation.

EUT operating conditions

The EUT was powered by 5 VDC power unless specified and set to transmit continuously on the

lowest frequency channel, highest frequency channel and one in the middle of its operating range.
EUT was set to transmit in GMSK and GFSK.
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Test results:
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Figure 15 - Radiated Emissions Plot, Receive, GMSK

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value

Table 1 - Radiated Emissions Quasi-peak Measurements, Receive
Frequency | Level Limit Margin | Height | Angle | Pol

MHz dBuV/m | dBuV/m | dB cm. deg.
76.26 31.14 40.00 8.86 250.00 110.00 \%

The EUT was maximized in all 3 orthogonal axis. The worst-case is shown in the plot and table above.
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Figure 16 - Radiated Emissions Plot, Low Channel, GMSK
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Figure 17 - Radiated Emissions Plot, Mid Channel, GMSK
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Figure 18 - Radiated Emissions Plot, High Channel, GMSK

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value

Table 2 - Radiated Emissions Quasi-peak Measurements, High Channel, GMSK

Frequency | Level Limit Margin | Height | Angle | Pol

MHz dBuV/m | dBuV/m | dB cm. deg.
76.26 31.14 40.00 8.86 250.00 110.00 \%

The EUT was maximized in all 3 orthogonal axis. The worst-case is shown in the plot and table above.
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Table 3 - Radiated Emissions Peak Measurements, Low Channel, GMSK

Frequency Level Limit Margin | Angle Pol
MHz dBuvV/m | dBuvV/im | dB deg.
2402.00 97.75 114.00 16.25 269.00 H
8416.00 50.49 54.00 3.49 116.00 H
4803.50 48.80 54.00 5.18 140.00 Y
7205.00 52.32 54.00 1.66 256.00 \Y

Table 4 - Radiated Emissions Average Measurements, Low Channel, GMSK

Frequency Level Limit Margin | Angle Pol
MHz dBuv/m | dBuvV/im | dB deg.
2402.00 89.11 94.00 4.89 | 269.00 H

Table 5 - Radiated Emissions Peak Measurements, Mid Channel, GMSK

Frequency Level Limit Margin | Angle Pol
MHz dBuv/im | dBuv/im | dB deg.
2440.00 99.37 114.00 14.63 269.00 H
7320.50 18.42 54.00 35.58 121.00 \Y
10377.50 24.39 54.00 29.61 82.00 \Y

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.

Table 6 - Radiated Emissions Average Measurements, Mid Channel, GMSK

Frequency Level Limit Margin | Angle Pol
MHz dBuv/m | dBuV/im | dB deg.
2440.00 91.00 94.00 3.00 269.00 H

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.

Table 7 - Radiated Emissions Peak Measurements, High Channel, GMSK

Frequency Level Limit Margin | Angle Pol
MHz dBuv/m | dBuvV/im | dB deg.
2480.00 100.14 114.00 13.86 0 H

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.

Table 8 - Radiated Emissions Average Measurements, High Channel, GMSK

Frequency Level Limit Margin | Angle | Pol
MHz dBuv/im | dBuv/im | dB deg.
2480.00 90.89 94.00 3.11 0 H

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.
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Figure 19 - Radiated Emissions Plot, Receive, GFSK
REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value
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Figure 20 — Radiated Emission Plot, Low Channel GFSK

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value
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Figure 21 — Radiated Emission Plot, Mid Channel GFSK

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value
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Figure 22 — Radiated Emission Plot, High Channel GFSK

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value

Table 9 - Radiated Emissions Quasi-peak Measurements, High Channel, GFSK

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBpV/m | dBpuV/m | dB cm. deg.
54.30 19.24 40.00 20.76 120.00 256.00 \%
649.32 33.38 46.02 12.64 230.00 293.00 \%

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer. All the other measurements were found to have margins higher than
6dB from the limit.
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Table 10 - Radiated Emissions Peak Measurements Vs Average Limits, Low Channel, GFSK

Frequency Level Limit Margin | Height | Angle Pol
MHz dBuv/im | dBpv/im | dB cm. deg.
2402.00 92.29 94.00* 1.71 190.00 | 225.00 H
4804.00 45.28 54.00* 8.72 99.00 354.00 Y
7205.50 51.24 54.00* 2.76 200.00 | 253.00 Y

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.
*Peak Measurements were compared with average limits and found to be below the limits.

Table 11 - Radiated Emissions Peak Measurements Vs Average Limits, Mid Channel, GFSK

Frequency Level Limit Margin | Height | Angle Pol
MHz dBpv/im | dBpv/im | dB cm. deg.
2440.00 91.95 94.00* 2.05 160.00 53.00 H
7319.00 51.76 54.00* 2.24 200.00 | 257.00 \Y

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.
*Peak Measurements were compared with average limits and found to be below the limits.

Table 12 - Radiated Emissions Peak Measurements Vs Average Limits, High Channel, GFSK

Frequency Level Limit Margin | Height | Angle Pol
MHz dBuv/im | dBuv/im | dB cm. deg.
2480.00 92.76 94.00* 1.24 132.00 40.00 H
7440.50 51.99 54.00* 2.01 199.00 | 233.00 Y

The EUT was tested in Z axis only (EUT vertically placed with aperture facing out) as this would be the typical configuration of the EUT in the
final installation according to the user manual provided by the manufacturer.
*Peak Measurements were compared with average limits and found to be below the limits.
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4.5

BAND EDGES
Test Method: ANSI C63.10-2013, Section(s) 6.10.5

Limits of band-edge measurements:

For emissions outside of the allowed band of operation, the emission level needs to be 50dB under
the maximum fundamental field strength. However, if the emissions fall within one of the restricted
bands from 15.205 the field strength levels need to be under that of the limits in 15.209.

Test procedures:

Measurements were performed by connecting the output of the transmitter directly into a spectrum
analyzer using an impedance matched cable and connector soldered to the EUT in place of the
antenna. The resolution bandwidth was set to 100 kHz and the EMI receiver was used to scan from
the band-edge to the fundamental frequency with a peak detector. The highest emissions level
beyond the band-edge was measured and recorded. All band edge measurements were evaluated
to the general limits in Part 15.209.

To calculate the level at the band-edge frequencies, the difference between the peak and the band
edge level was subtracted from the peak radiated value at the fundamental. This value was
compared to the 15.209 radiated limits for compliance.

Deviations from test standard:
No deviation.

Test setup:
The field strength was measured by connecting the EUT directly to the spectrum analyzer.

EUT operating conditions:

The EUT was powered by 5 VDC unless specified and set to transmit continuously on the lowest
frequency channel, highest frequency channel and one in the middle of its operating range. EUT
was set to transmit in GMSK and GFSK.
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Test results:

Band edge Relative Relative Min
CHANNEL Mode /Measurement | Highest out | Fundamental Delta Delta Result
Frequency of band dBm (dB) (dB)
(MHz) level dBm
Low,
Continuous, GFSK 2390 -54.880 -0.045 54.835 38.29 PASS
Restricted
Low,
Continuous, GMSK 2390 -65.531 -0.508 65.023 43.75 PASS
Restricted
High,
Continuous, GFSK 2483.5 -53.494 -0.359 53.135 38.76 PASS
Restricted
High,
Continuous, GMSK 2483.5 -55.238 -0.891 54.347 46.14 PASS
Restricted

*Minimum delta = [highest fundamental peak field strength from Section 4.2] — [ Part 15.209 radiated emissions
limit.]

From Section 4.2

Fundamental peak field strength at Low Channel GFSK= 92.29 dBuV/m
Fundamental peak field strength at High Channel GFSK= 92.76 dBuV/m
Fundamental peak field strength at Low Channel GMSK = 97.75 dBuV/m
Fundamental peak field strength at High Channel GMSK = 100.14 dBuV/m

Low Channel minimum delta GFSK= 92.29 — 54.0 dBuV/m = 38.29 dBc
High Channel minimum delta GFSK= 92.76— 54.0 dBuV/m = 38.76 dBc
Low Channel minimum delta GMSK = 97.75 — 54.0 dBuV/m = 43.75 dBc
High Channel minimum delta GMSK = 100.14 — 54.0 dBuV/m = 46.14 dBc

FCC Part 15.249 requires the attenuation of all emissions outside of the specified band to be at least 50 dB or
below the 15.209 limits, whichever is the lesser. In this case, the 15.209 limits were the lesser and used to show
compliance.
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Figure 23 - Band Edge, Low Channel, Unrestricted, GFSK
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Figure 24 -Band Edge Measurement, High Channel, Unrestricted, GFSK
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Figure 25 -Band Edge, Low Channel, Unrestricted, GMSK
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Figure 26 — Band Edge Measurement, Low Channel, restricted, GMSK
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Figure 27 - Band Edge, Low Channel, Restricted, GFSK
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Figure 28 —Band Edge Measurement, High Channel, Restricted, GFSK

The Nebraska Center for Excellence in Electronics

4740 Discovery Drive
Lincoln, NE 68521

Page 45 of 54




ncee Report Number: | R20191119-20-E2 Rev B

—labs Prepared for: | Garmin
i Keysight Spectrum Analyzer - Swept SA BEER
] [ RF [s0e ac | [ [ SENSE:INT] [ [ 11:36:30 AM Feb 17, 2020
Marker 1 2.381140000000 GHz _ Avg Type: Log-Pwr TRACE[ 355 6
PNO: Wide 0 Irig: FreeRun Avg|Hold:>100/100 TYPE|Mwvnas
IFGain:High #Atten: 0 dB DET|P S NNMNN
Mkr1 2.381 14 GHz
10 dBrdiv  Ref -20.00 dBm -63.531 dBm
ILog
-30.0
-40.0
-50.0
-60.0 .
700 - == e — e e
-80.0
-90.0
-100
-110
Start 2.380000 GHz Stop 2.390000 GHz
Res BW 100 kHz VBW 1.0 MHz Sweep 1.000 ms (1001 pts)|
Y TI0 FUNCTION VALUE ~
2.381 14 GHz -63.531 dBm
2
3
4
5
6
7
8
9
10
11 v
£ >
MSG ‘STATUS‘

Figure 29 -Band Edge, Low Channel, Restricted, GMSK
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Figure 30 — Band Edge Measurement, High Channel, Restricted, GMSK
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4.6 CONDUCTED AC MAINS EMISSIONS

Test Method: ANSI C63.10-2013, Section(s) 6.2

Limits for conducted emissions measurements:

FREQUENCY OF EMISSION

CONDUCTED LIMIT

(MHz) (dBuv)
Quasi-peak Average
0.15-0.5 66 to 56 56 to 46
0.5-5 56 46
5-30 60 50
Notes:
1. The lower limit shall apply at the transition frequencies.

2. The limit decreases in line with the logarithm of the frequency in the range of 0.15 to 0.50 MHz
3. All emanations from a class A/B digital device or system, including any network of conductors
and apparatus connected thereto, shall not exceed the level of field strengths specified above.

Test Procedures:

a. The EUT was placed 0.8m above a ground reference plane and 0.4 meters from the
conducting wall of a shielded room with EUT being connected to the power mains through a
line impedance stabilization network (LISN). The LISN provides 50 ohm/ 50uH of coupling

impedance for the measuring instrument

b. Both lines of the power mains connected to the EUT were checked for maximum conducted

interference as well as the ground.

c. The frequency range from 150 kHz to 30 MHz was searched. Emission levels over 10dB

under the prescribed limits are not reported.
d. Results were compared to the 15.207 limits.

Deviation from the test standard:
No deviation

EUT operating conditions:

The EUT was powered by 5 VDC unless specified and set to transmit continuously on the middle

channel.
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Test Results:

m Keysight EMI Receiver - Frequency Scan |
| RFPRESEL [500 DC [ CORREC | [ SENSE:INT] SOURCE OFF | ALTGN AUTD | 09:50:20 AM Feb 24, 2020
|_req (Meters) 626.952 kHz | FREQUENCY SCAN Scan METERS
CISPR NFE Smooth M RBW: 9 kHz G
PREAMP Scan-Search-Meas Atten: 0 dB Free Run Atten: 10 dB
Mkr1 30 MHz Frequency 627 kHz
Ay
{10dBiciy___Ref 66.99 dBuV 24.185 dBuV 16.11
og F——]
h‘-‘_‘_\_‘_""‘--—‘
57.0 | B
|
470 M
370 §
7.0 j
17.0 A AR Lol VAR _'
£.99 -+ - — — !
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Start 150 kHz Stop 30 MHz 13.64
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1 0O 177.00 kHz 16.479dBuV  6.9479 dBuV -48.146 dB -47 678 dB 10.180 dB
2 O 21299 kHz 16.873dByV  7.6369 dBpV - -46.215dB  -45451dB - 10.180 dB
3 0O 311.98 kHz 25.195dBuV 22324 dBpV =~ - -34.722dB  -27.593dB - 10.202 dB
4 [ 31198 kHz 25.050dBupV 22321 dBpV =~ --- -34.868dB -27.596 dB - 10.202 dB
BENO 62695 kHz 25.796dBuV  17.310dBpV =~ --- -30.204 dB  -28.690dB - 10.190 dB
6 O 698.94 kHz 35.503dBuV  23.139dBpV - -20497dB -22.861dB - 10.200 dB v
£ o >
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Figure 31 - Conducted Emissions Plot, Line
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Figure 32 - Conducted Emissions Plot, Neutral
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APPENDIX A: SAMPLE CALCULATION

Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor, and subtracting the Amplifier Gain
(if any) from the measured reading. The basic equation with a sample calculation is as follows:
FS =RA + AF — (-CF + AG) + AV
where FS = Field Strength
RA = Receiver Amplitude
AF = Antenna Factor
CF = Cable Attenuation Factor
AG = Amplifier Gain
AV = Averaging Factor (if applicable)
Assume a receiver reading of 55 dBuV is obtained. The Antenna Factor of 12 and a Cable Factor of 1.1 is added.
The Amplifier Gain of 20 dB is subtracted, giving a field strength of 48.1 dBuV/m.
FS =55+ 12— (-1.1 + 20) + 0 = 48.1 dBuV/m
The 48.1 dBuV/m value can be mathematically converted to its corresponding level in pV/m.

Level in pV/m = Common Antilogarithm [(48.1 dBuV/m)/20]= 254.1 uV/m

AV is calculated by the taking the 20*log(Ton/100) where Ton is the maximum transmission time in any 100ms
window.
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EIRP Calculations

In cases where direct antenna port measurement is not possible or would be inaccurate, output power is measured
in EIRP. The maximum field strength is measured at a specified distance and the EIRP is calculated using the
following equation;

EIRP (Watts) = [Field Strength (V/m) x antenna distance (m)]?/ 30
Power (watts) = 10"[Power (dBm)/10] / 1000

Voltage (dBuV) = Power (dBm) + 107 (for 50Q measurement systems)
Field Strength (V/m) = 107[Field Strength (dBuVv/m) / 20]/ 10"6

Gain = 1 (numeric gain for isotropic radiator)

Conversion from 3m field strength to EIRP (d=3):

EIRP = [FS(V/m) x d*2]/30 = FS[0.3]  ford =3

EIRP(dBm) = FS(dBuV/m) — 10(log 10"9)+ 10log[0.3] = FS(dBuV/m) - 95.23

10log( 10"9) is the conversion from micro to milli
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APPENDIX B — MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been for tests performed in this test report:

Test Frequency Range Uncertainty Value (dB)
Radiated Emissions, 3m 30MHz - 1GHz 3.82
Radiated Emissions, 3m 1GHz - 18GHz 4.44
Emissions limits, conducted 30MHz — 18GHz +3.30 dB

Expanded uncertainty values are calculated to a confidence level of 95%.
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1 Summary of Test Results

1.1Emissions Test Results
The EUT has been tested according to the following specifications:

(1) US Code of Federal Regulations, Title 47, Part 15
(2) ISED RSS-210, Issue 10

Testing was performance in accordance with the methods published in ANSI C63.10-2013

Table 1 - Emissions Test Results

Emissions Tests Test Method and Limits Result
Fundamental, Harmonics FCC Part 15.249 Complies
and Band Edges RSS-210, Issue 10, Annex B.10

The Nebraska Center for Excellence in Electronics
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2 EUT Description
2.1Equipment under Test (EUT)

Table 2 - Equipment under Test (EUT)
EUT A04024

EUT Received 1/21/2020

EUT Tested 2/17/2020 - 3/17/2020

Serial No. 3321088804 (Used for Radiated emissions measurements)

Operating Band | 24 GHz

Device Type Low power transceiver

Internal Battery/ Charger: Garmin (Phi Hong) MN: PSAF10R-

SATET Sy 050Q (Representative Power Supply)

2.2 Laboratory Description
All testing was performed at the following Facility:

The Nebraska Center for Excellence in Electronics (NCEE Labs)
4740 Discovery Drive
Lincoln, NE 68521

A2LA Certificate Number: 1953.01
FCC Accredited Test Site Designation No: US1060
Industry Canada Test Site Registration No: 4294A-1
NCC CAB ldentification No: uso177

Environmental conditions varied slightly throughout the tests:
Relative humidity of 32 + 4%
Temperature of 22 + 3° Celsius

2.3EUT Setup

The EUT was powered by 5 VDC unless specified and set to transmit continuously on the
selected frequency channel.

The Nebraska Center for Excellence in Electronics
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3 Test Results

3.1 Fundamental Emissions

Test: FCC Part 15.249, RSS-210, Issue 10, Annex B.10
Test Result: Complies
3.1.1 Test Description

Emissions measurements were made using a 26 GHz spectrum analyzer with an external
mixer and horn antenna. Measurements were taken at a distance of 1 meter.
Measurements above 40 GHz were performed at 5 cm test distance. The analyzer was set
to a resolution bandwidth of 10 MHz and a video bandwidth of 10 MHz for the fundamental
measurement. The resolution bandwidth was set to 1 MHz and video bandwidth set to 1
MHz for the harmonic measurement. The results were compared against the limits

published in FCC Part 15.249

3.1.2 Test Results

No radiated emissions measurements were found in excess of the limits. Test result data

can be seen below.

3.1.3

Test Environment

Testing was performed at the NCEE Labs Lincoln facility. Laboratory environmental
conditions varied slightly throughout the test:

Relative humidity of 33 £ 5%
Temperature of 22 +2° C

3.14 Test Setup
See Section 2.3 for further details.

3.15 Test Equipment Used for all the tests
Serial No. Manufacturer Model Description Last Cal. Calibration
due

2576 ETS 3116 Horn Antenna 31 Jan 2018 31 Jan 2021
MY59050111 | Keysight N9038A MXE Signal Analyzer 26 Mar 2019 26 Mar 2020
MY59050109 | Keysight N9010A EXA Signal Analyzer 14 Dec 2018 14 Dec 2020
836679/010 Rohde & Schwarz ESH3-75 Artificial Mains 25 Jul 2019 25 Jul 2020
MY51391050 | Keysight M1970V-002 Mixer 13 Apr 2019 13 Apr 2020
32/2016 Pasternack PE9881-24 Horn Antenna CNR*** CNR***
3903A03916 | Agilent 11970Q Mixer CNR** CNR**
Nceel Pasternack SH122-23 Horn Antenna CNR*** CNR***
181004-2 OML DPL313B Diplexer CNR** CNR**

**Calibration Not Required, internal verification

***Calibration not required,

All mixers and pre-amplifiers were calibrated with associated cables.

standard gain horn antenna.
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3.1.6

Test Pictures and/or Figures

Table 3 - Fundamental and Harmonic Emissions Data, 24 MHz and 48 MHz, Swept Frequency
Measurements made at 1m for fundamental and 0.05m for Harmonics. Limits were extrapolated accordingly.

Channel Freq Fundamental Corrected | Corrected | Peak Average | Peak Average
Level Peak Average Limit Limit Margin | Margin
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m dBmV/m | dB dB
Low (24 MHz) 24.039170 13.363 59.373 48.740 77.50 57.50 18.127 8.760
Mid (24 MHz) 24.130270 | 13.232 59.242 48.609 77.50 57.50 18.258 | 8.891
High (24 MHz) | 24.208170 12.428 58.438 47.805 77.50 57.50 19.062 9.695
Low (48 MHz) 24.064300 13.584 59.594 48.961 77.50 57.50 17.906 8.539
Mid (48 MHz) 24.142400 13.250 59.260 48.627 77.50 57.50 18.240 8.873
High (48 MHz) | 24.167920 13.032 59.042 48.409 77.50 57.50 18.458 9.091
Channel Freq 2nd Corrected | Corrected | Peak Average | Peak Average
Harmonic Peak Average Limit Limit Margin | Margin
Level
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m dBmV/m | dB dB
Low (24 MHz) | 48.066400 | -33.401 29.559 18.926 63.52 43.52 33.961 | 24.594
Mid (24 MHz) 48.263000 | -34.201 28.759 18.126 63.52 43.52 34.761 | 25.394
High (24 MHz) | 48.467600 | -33.082 29.878 19.245 63.52 43.52 33.642 24.275
Low (48 MHz) | 48.022400 | -29.742 33.218 22.585 63.52 43.52 30.302 | 20.935
Mid (48 MHz) 48.183400 | -33.196 29.764 19.131 63.52 43.52 33.756 | 24.389
High (48 MHz) | 48.337800 | -31.857 31.103 20.470 63.52 43.52 32.417 | 23.050
Channel Frequency | 3rd Harmonic | Corrected | Corrected | Peak Average | Peak Average
Level Peak Average Limit Limit Margin | Margin
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m dBmV/m | dB dB
Low (24 MHz) | 72.155600 | -4.063 39.447 28.814 63.52 43.52 24.073 | 14.706
Mid (24 MHz) 72.466000 | -4.678 38.832 28.199 63.52 43.52 24.688 15.321
High (24 MHz) | 72.623200 | -3.332 40.178 29.545 63.52 43.52 23.342 | 13.975
Low (48 MHz) | 72.198230 | -6.389 37.121 26.488 63.52 43.52 26.399 | 17.032
Mid (48 MHz) 72.588190 | -3.106 40.404 29.771 63.52 43.52 23.116 13.749
High (48 MHz) | 72.505140 | -4.145 39.365 28.732 63.52 43.52 24.155 14.788
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Table 4 - Fundamental and Harmonic Emissions Data, Single Frequency

Measurements made at 1m for fundamental and 0.05m for Harmonics. Limits were extrapolated accordingly.

Channel Frequency | Fundamental | Corrected | Corrected | Peak Average Peak Average
Level Peak Average Limit Limit Margin Margin
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m | dBmV/m | dB dB
Low (CW) | 24.039170 12.967 58.977 48.344 77.50 57.50 18.523 9.156
Mid (CW) 24.130270 12.305 58.315 47.682 77.50 57.50 19.185 9.818
High (CW) | 24.208170 11.133 57.143 46.510 77.50 57.50 20.357 10.990
Channel Frequency | 2nd Corrected | Corrected | Peak Average Peak Average
Harmonic Peak Average Limit Limit Margin Margin
Level
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m | dBmV/m dB dB
Low (CW) | 48.049860 -46.560 16.400 5.767 63.52 43.52 47.120 37.753
Mid (CW) | 48.283900 -46.669 16.291 5.658 63.52 43.52 47.229 37.862
High (CW) | 48.441700 -47.396 15.564 4,931 63.52 43.52 47.956 38.589
Channel Frequency | 3rd Harmonic | Corrected | Corrected | Peak Average Peak Average
Level Peak Average Limit Limit Margin Margin
(GHz) dBmV/m dBmV/m dBmV/m dBmV/m | dBmV/m dB dB
Low (CW) | 72.074800 -16.112 27.398 16.765 63.52 43.52 36.122 26.755
Mid (CW) | 72.423000 -22.990 20.520 9.887 63.52 43.52 43.000 33.633
High (CW) | 72.662600 -20.558 22.952 12.319 63.52 43.52 40.568 31.201
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Remarks relating to 5 cm measurements of 2" and 3'¥ harmonics:
Per FCC Part 15.31 (f) the distance is defined as:

To the extent practicable, the device under test shall be measured at the distance specified
in the appropriate rule section. The distance specified corresponds to the horizontal distance
between the measurement antenna and the closest point of the equipment under test,
support equipment or interconnecting cables as determined by the boundary defined by an
imaginary straight line periphery describing a simple geometric configuration enclosing the
system containing the equipment under test. The equipment under test, support equipment
and any interconnecting cables shall be included within this boundary.

Per FCC Part 15.31(f)(1)

(1) At frequencies at or above 30 MHz, measurements may be performed at a distance
other than what is specified provided: measurements are not made in the near field except
where it can be shown that near field measurements are appropriate due to the
characteristics of the device; and it can be demonstrated that the signal levels needed to be
measured at the distance employed can be detected by the measurement equipment.
Measurements shall not be performed at a distance greater than 30 meters unless it can be
further demonstrated that measurements at a distance of 30 meters or less are impractical.
When performing measurements at a distance other than that specified, the results shall be
extrapolated to the specified distance using an extrapolation factor of 20 dB/decade (inverse
linear-distance for field strength measurements; inverse-linear-distance-squared for power
density measurements).

The measurements presented for 2" and 3¢ harmonics in this report meet both of the
criteria for allowing near-field measurements

1. it can be shown that near field measurements are appropriate due to the
characteristics of the device - (better signal to noise ratio when measuring an
extremely narrow beam width.)

2. it can be demonstrated that the signal levels needed to be measured at the
distance employed can be detected by the measurement equipment. (yes it can)

Even if the measurement was made in the near-field, the fact that a 20 dB/decade

fall-off factor was applied represents a more conservative extrapolation of the signal level
out to the specified measurement distance, and that the results represent a worst-case
situation by only applying the 20 dB/decade factor.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin

Fundamental limit: 250 mV/m at 3 meters = 47.96 dBmV/m = 57.50 dBmV/m at 1 meter.
Level Measurement: 13.363 dBmV/m + 46.01 dB corrections = 59.373 dBmV/m.

Margin = 4.14 dB

Corrections:
Cable 0.50 dB
Antenna 4551 dB

Second Harmonic limit: 2.5 mV/m at 3 meters = 7.95 dBmV/m =
43.52 dBmV/m at 0.05 meter.

Harmonic Measurement: -33.401 dBmV/m + 62.96 dB corrections = 29.559 dBmV/m.
Margin = 13.961 dB

Corrections:

Mixer 22.10 dB

Antenna factor 40.86 dB/m (standard gain horn, gain = 23 dBi)
The antenna was 5.6 x 4.4 x 9 cm long

Third Harmonic limit: 2.5 mV/m at 3 meters = 7.95 dBmV/m = 43.52 dBmV/m at 0.05
meter.

Harmonic Measurement: -4.063 dBmV/m + 43.51 dB corrections = 39.447 dBmV/m.
Margin = 4.07 dB

Corrections:

Antenna factor 43.51 dB/m (standard gain horn, gain = 24 dBi)
*Mixer correction was accounted in the values shown in plots.

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation

The antenna was 3.7 x 2.2 x 6.8 cm long
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Report Number: | R20191119-20-E3B

—Ians Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA [T |
[ RF [500 ac ] [ [ SENSE:INT] [ [ 09:05:04 AM Feb 25, 2020
|§weep Time 25.00 ms | Avg Type: Log-Pwr TRACE[1 2345 6
PNO: Wide o  11ig: FreeRun TYPE| Wi A bt
IFGain:Low Atten: 10 dB DET|P P 5
Mkr3 14.88 ms
10 dEiciv__Ref 90.00 dByV 16.19 dBpV|
og
a00
700
B0.0
500
. g e
Eili]
00 ..nm[ i ﬂlII il A||f f Qs ﬁ1n 'Hn oy
Y T UWW T U\M Wl Wl,nuﬂmb\« ] W “MWNWV\
0.00 Y
Center 24.025220000 GHz Span 0 Hz
Res BW 9.1 kHz VBW 9.1 kHz Sweep 25.00 ms (1001 pts)
ukRImMODEfTRC[scL] x| v [ FUNCTION [ FUNCTIONWIDTH FUNCTION VALUE
1 N 1 t 9.975 ms 34.74 dBuV
2 M 1t (A) 4900 ms (A) -18.55 dB
N 1 t 14.88 ms 16.19 dBuV

Figure 1 - On time / pulse width =4.9 ms

s Keysight Spectrum Analyzer - Swept SA [ el
[ RF [s0a AC ] [ [ SENSE:INT] [ [ 09:10:34 AMFeb 25,2020
[Marker 2 A 16.4250 ms | Avg Type: Log-Pwr TRACE[1|2 345 6
PNO: Wide G0 Trig: Free Run TYPE| Wit & it
IFGain:Low Atten: 10 dB DET|P P 5
AMKr2 16.43 ms
10 diciv__Ref 90.00 dBV 0.11 dB
og
80.0
70.0
0.0
w0 T 2A1 Ny
40.0 - i
DJH’WU "]I ‘lv‘n_[l‘ L |“1\| I" 'I‘ul\‘
| 7 ff Jf”“ j X
00 A A o e by, b - bt | el ITHN)
L Ll 'WUI i P! W I Uil
o PP [ A L ) T ! ARk il
0.00
Center 24.025220000 GHz Span 0 Hz
Res BW 9.1 kHz VBW 9.1 kHz Sweep 100.0 ms (1001 pts)
[MRIMODETRCISC] X | Y | FUNCTION | FUNCTION VALU=
1 N 1 t 8.275 ms 38.05 dBuV
A1 1t (A) 16.43 ms (A) 0.11dB
I M 1t (A 32.83ms (A) 0.56 dB

Figure 2 - Period = 16.43 ms

Duty cycle =4.90/16.43 =29.8 %
=-10.51 dB (field strength)

=-5.26 dB (power)
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Report Number:

R20191119-20-E3B

—labs Prepared for: | Garmin
5 K S S e
RF [s0a  AC ] [ [ SENSE:INT] [ [ 05:05:35 PMFeb 24, 2020
[Marker 1 24.039170000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO:Fast (0 1rig: FreeRun Avg|Hold:>100/100 TYPE|M WA
| IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.039 17 GHz
gBidiv__Ref 26.99 dBmV 13.363 dBmV
17.0 ‘
£.99
-3.01
130
-230 - - -
-330
-430
530
-63.0
Start 23.97500 GHz Stop 24.06500 GHz
Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

IMSG|

|5TATUS|

Figure 3 - Analyzer Measurement — Fundamental, Low Channel (24 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
1] S [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:35:22 PMFeb 25, 2020
[Center Freq 48.040000000 GHz | _ Avg Type: Voltage s BN
PNO: Fast (50 Trig: Free Run Avg|Hold:>1/1 TYPE|M WA
PREAMP IFGain:Low e
Mkr1 48.066 4 GHz
[0 g8y Ref -8.01 dBmY -33.401 dBmV
180
280 ’
360 —_
48D_____ __________ Lt - 1LY LSNP N L S
550
a0
780
850
950
Center 48.0400 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

MSG|

|5TATUS|

Figure 4 - Analyzer Measurement — 2" Harmonic, Low Channel (24 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B
._.Iahsl Prepared for: | Garmin

EEn
1] TS [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 09:57:05 AM Feb 25, 2020
[Marker 1 72.115600000000 GHz | Trie: FreeR :-vu;'fvlpcbﬁ: l;ggff;\gr TAGE[[23 45 §
NE ;:Eggn?;:u = ne e valrold:> DET|NNNMNNN
Mkr1 72.115 6 GHz
10 gBidly_Ref 36.99 dBmv -4.063 dBmV
270
17.0
5.99
1
3.0 .
130
230
330 Ll
430 -
530
Center 72.0600 GHz Span 200.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
|MSG | |STATUS|

Figure 5 - Analyzer Measurement — 3" Harmonic, Low Channel (24 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 14 of 58




Report Number:

R20191119-20-E3B

—labs Prepared for: | Garmin
m Keyslgl\tSpedlumAnalyzel Swept SA Ii"i“é‘l
RF [s0a  AC ] [ [ SENSE:INT] [ [ 05:31:45 PMFeb 24, 2020
[Marker 1 24.130270000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO:Fast (0 1rig: FreeRun Avg|Hold:>100/100 TYPE|M WA
| IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.130 27 GHz
dBidiv Ref 26.99 dBmV 13.232 dBmV
17.0 ‘
£.99
-3.01
130
230 k= —— - fu P — 013
-330
-43.0
530
3.0
Center 24.14000 GHz Span 70.00 MHz
Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

IMSG|

|5TATUS|

Figure 6 - Analyzer Measurement — Fundamental, Mid Channel (24 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA ===
X 5 [ EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:29:54 PMFeb 25, 2020
[Marker 1 48.263000000000 GHz | . Avg Type: Voltage TRACE[1/23 45 6
PNO: Fast GO Trig: Free Run Avg|Hold:>1/1 TYPE|MAAARAAY
PREAMP IFGain:Low pETIE REEEE
Mkr1 48.263 0 GHz
10 g8ty Ref -8.01 dBmV -34.201 dBmV
-18.0
280 0
380
_48 D ____________ g e 8 LI c lalgh iy, IR Tt SEEPUR | N N1 ¥ 1 S S SN S N Ty R L 0L Y 3
580
-BE.0
FE0
-88.0
980
Center 48.2500 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG | |smru5|

Figure 7 - Analyzer Measurement — 2" Harmonic, Mid Channel (24 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 16 of 58




ncee Report Number: | R20191119-20-E3B

._.lahsl Prepared for: | Garmin

=
1] TS [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 10:01:17 AMFeb 25, 2020
[Marker 1 72.466000000000 GHz | Trie: FreeR :-vu;'fvlpcbﬁ: l;ggff;\gr TAGE[[23 45 §
NE ;:Eggn?;:u = ne e valrold:> DET|NNNMNNN
Mkr1 72.466 0 GHz
10 gBidly_Ref 36.99 dBmv -4.678 dBmV
270
17.0
5.99
1
3.0 ‘
130
230
330 | |.| ¥
430 .
530
Center 72.4200 GHz Span 200.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
|MSG | |STATUS|

Figure 8 - Analyzer Measurement — 3 Harmonic, Mid Channel (24 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin

m Keysight Spectrum Analyzer - Swept 54

=l lesal)

[ RF [500 ac ] [

SENSE:INT]

05:35:29 PMFeb 24, 2020

[Marker 1 24.208170000000 GHz | . Avg Type: Log-Pwr TRACE[1/23 45 6

PNO: Fast GO Trig: Free Run Avg|Hold:»>100/100 TYPE| Mttt

| IFGain:High #Atten: 0 dB DET|P NNNNMN

Mkr1 24.208 17 GHz

E%gBIdiv Ref 26.99 dBmV 12.428 dBmV

17.0 '.

592
-3.01
130

230 bt R = rda e Sy L | e p e YT e
-330
-430
530
-B3.0

Center 24.22000 GHz Span 70.00 MHz

Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

IMSG |

|STATU5|

Figure 9 - Analyzer Measurement — Fundamental, High Channel (24 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
1] S [ EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:14:45 PMFeb 25, 2020
Ref Level -8.01 dBmV | . Avg Type: Voltage TRACE[I 23456
PNO:Fast (0 1rig: FreeRun Avg|Hold:=1/1 TYPE|M WA
PREAMP IFGain:Low e

Mkr1 48.467 6 GHz

19 dBrdiv Ref -8.01 dBmV -33.082 dBmV
-18.0

-28.0 <.

380

4810 {0 A el ol a . T
-558.0

-65.0

780

-558.0

-95.0

Center 48.4200 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

MSG|

|5TATUS|

Figure 10 - Analyzer Measurement — 2" Harmonic, High Channel (24 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin

1] : s | - MIXER " 5 [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO [ 10:06:12 AM Feb 25, 2020 Peak S h
Marker 1 72.623200000000 GHz | Avg Type: Log-Pwr TRAGE[[S 345 6| onn Seare
NFE #PNO: Fast 50 Trig: Free Run Avg|Hold:>100/100 TYPE| MM
#FGain:Low DETJNNNNNN
Mkr1 72.623 2 GHz NextPeak
10gBidlv_Ref 36.99 dBmv -3.332 dBmV
_— Next Pk Right
17.0
Next Pk Left]
6.99
1
3.01 .
Marker Delta
-13.0
0 Mkr—CF
-330 | |
-43.0 fHEH—W - 1 1 i Mkr—RefLvl
-53.0
More
Center 72.6300 GHz Span 200.0 MHz Tof2
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
|MSG | |STATUS|

Figure 11 - Analyzer Measurement — 3@ Harmonic, High Channel (24 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number:

R20191119-20-E3B

—labs Prepared for:

Garmin

m Keysight Spectrum Analyzer - Swept 54 Ii"i“ﬂ"
[ RF [500 ac ] [ [ SENSE:INT] [ 04:19:38 PM Feb 24, 2020
[Marker 1 24.064300000000 GHz | ) Avg Type: Log-Pwr TRACEIL 23056
PNO: Fast GO Trig: Free Run Avg|Held:>100/100 TYPE Mm—rm-n-r _____
IFGain:High #Atten: 0 dB DET
MKkr1 24.064 3 GHz
10gsidly_Ref 26.99 dBmv 13.584 dBmV
17.0 .
B.95
-3.01
-13.0
23 D Fo—de———+——A-1 — 3l —
-33.0
-43.0
-53.0
63.0
Center 24.03800 GHz Span 100.0 MHz
#Res BWW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG STATUS

Figure 12 - Analyzer Measurement — Fundamental, Low Channel (48 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin

e Keysight Spectrum Analyzer - Swept SA =

X 5 [ EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:36:36 PMFeb 25, 2020
[Center Freq 48.040000000 GHz | . Avg Type: Voltage TRACE[1/23 45 6
PNO: Fast GO Trig: Free Run Avg|Hold:>1/1 TYPE|MAAARAAY

PREAMP IFGain:Low pETIE REEEE

Mkr1 48.022 4 GHz

Ref -8.01 dBmV -29.742 dBmV

10 dB/div
Log

-43.0

70

B5.0

Center 48.0400 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG | |STATU5|

Figure 13 - Analyzer Measurement — 2" Harmonic, Low Channel (48 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
(eysight Spectrum Analyzer - Swept SA EEET=
1] TS [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 10:13:40 AMFeb 25, 2020
[Marker 1 72.198228822882 GHz | Trie: FreeR :-vu;'fvlpcbﬁ: l;ggff;\gr TRAGE[I[23 43 6
NE ;:Eggn?;:u = ne e valrold:> DET|NNNMNNN
Mkr1 72.198 23 GHz
10 gBidly_Ref 36.99 dBmv -6.389 dBmV
2rn
17.0
£.99
-3 1
-130
730 I [T Y M | Iﬁ | |
-330 : :
-43.0
-530
Center 72.0600 GHz Span 700.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.67 ms (10000 pts)
|MSG | |STATUS|

Figure 14 - Analyzer Measurement — 3@ Harmonic, Low Channel (48 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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Report Number:

R20191119-20-E3B

—labs Prepared for: | Garmin
o et Specrm A St 5% (o el
RF [s0a  AC ] [ [ SENSE:INT] [ [ 04:40:40 PMFeb 24, 2020
[Marker 1 24.142400000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO:Fast (0 1rig: FreeRun Avg|Hold:>100/100 TYPE|MAARARAY
| IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.142 40 GHz
gBidiv__Ref 26.99 dBmV 13.250 dBmV
17.0 ‘
599
301
13.0 —
230 e ]
-330
-430
-530
-B3.0
Center 24.12000 GHz Span 70.00 MHz
Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

IMSG|

|5TATUS|

Figure 15 - Analyzer Measurement — Fundamental, Mid Channel (48 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
1] S [ EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:27:01 PMFeb 25, 2020
[Marker 1 48.183400000000 GHz | . Avg Type: Voltage TRACEf1] 2 3 4 5 &
PNO: Fast (50 Trig: Free Run Avg|Hold:>1/1 TYPE|M WA
PREAMP IFGain:Low e
Mkr1 48.183 4 GHz
[0 g8y Ref -8.01 dBmY -33.196 dBmV
-18.0
280 ’
380 bfece
450 - —— -
580
B0
780
88,0
98,0
Center 48.2500 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG | |5mru5|

Figure 16 - Analyzer Measurement — 2" Harmonic, Mid Channel (48 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin

1] TS [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 10:16:10 AMFeb 25, 2020
[Marker 1 72.588191819182 GHz | Trie: FreeR :-vu;'fvlpcbﬁ: l;ggff;\gr TAGE[[23 45 §
NE ;:Eggn?;:u = ne e valrold:> DET|NNNMNNN
Mkr1 72.588 19 GHz
10 gBidly_Ref 36.99 dBmv -3.106 dBmV
270
17.0
5.99
1
3.0 ’
13.0 1 [l (Nl
ol L] ” | |
330 A P A
430
530
Center 72.4200 GHz Span 700.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.67 ms (10000 pts)
|MSG | |STATUS|

Figure 17 - Analyzer Measurement — 3@ Harmonic, Mid Channel (48 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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Report Number:

R20191119-20-E3B

—labs Prepared for: | Garmin
5 K S S e
RF [s0a  AC ] [ [ SENSE:INT] [ [ 04:56:50 PMFeb 24, 2020
[Marker 1 24.167920000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO:Fast (0 1rig: FreeRun Avg|Hold:>100/100 TYPE|M WA
| IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.167 92 GHz
gBidiv__Ref 26.99 dBmV 13.032 dBmV
17.0 '
£.99
-3.01
130
-230 4
-330
-430
530
-63.0
Start 24.16000 GHz Stop 24.25000 GHz
Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

IMSG|

|5TATUS|

Figure 18 - Analyzer Measurement — Fundamental, High Channel (48 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer
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Report Number:

R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
1] S [ EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 03:23:55 PMFeb 25, 2020
[Marker 1 48.337800000000 GHz | . Avg Type: Voltage TRACEf1] 2 3 4 5 &
PNO: Fast (50 Trig: Free Run Avg|Hold:>1/1 TYPE|M WA
PREAMP IFGain:Low e
Mkr1 48.337 8 GHz
[0 g8y Ref -8.01 dBmY -31.857 dBmV
-18.0
280
]
380
-48.0
580
B0
780
88,0
98,0
Center 48.4200 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

MSG|

|5TATUS|

Figure 19 - Analyzer Measurement — 2" Harmonic, High Channel (48 MHz) (swept frequency)

Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
(eysight Spectrum Analyzer - Swept SA B
1] TS [ EXTMIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 10:18:50 AMFeb 25, 2020
[Marker 1 72.505142514251 GHz | Trie: FreeR :-vu;'fvlpcbﬁ: l;ggff;\gr TRAGE[I[23 43 6
NE ;:Eggn?;:u = ne e valrold:> DET|NNNMNNN
Mkr1 72.505 14 GHz
10 gBidly_Ref 36.99 dBmv -4.145 dBmV
2rn
17.0
£.99
1
-3
-130
-230
-330 !
-43.0
-530
Center 72.6300 GHz Span 700.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.67 ms (10000 pts)
|MSG | |STATUS|

Figure 20 - Analyzer Measurement — 3@ Harmonic, High Channel (48 MHz) (swept frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
— Keysight Spectrum Analyzer - Swept SA =N
i T ] RF [s0a  AC ] [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 12:41:01 PMMar 16, 2020
[Marker 1 24.024930000000 GHz | ] Avg Type: Log-Pwr TRACE[IZ5755 6
PNO:Fast (0 1rig: FreeRun Avg|Hold: 981100 TYPE| M WA
IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.024 93 GHz
10gBidlv__Ref 26.99 dBmY 12.967 dBmV
17.0 ‘
.93
a0
4130
230 I —
330
430
530
630
Center 24.024800 GHz Span 10.00 MHz

[#Res BW 1.0 MHz VBW 50 MHz

Sweep 1.000 ms (1001 pts)

|MSG|

|STATUS|

Figure 21 - Analyzer Measurement — Fundamental, Low Channel (Single Frequency)

Uncorrected measurement as recorded on spectrum analyzer
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ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
i | EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 06:38:10 AM Mar 17, 2020
[Center Freq 48.049860000 GHz | . Avg Type: Voltage TRACE[1]2 3 4 5 6
NEE PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|MAAAAY
IFGain:Low DET|Z R
Mkr1 48.048 7 GHz
[0gBidlv__Ref 46.99 dBmY -46.560 dBmV
37.0
270
17.0
599
30
-13n
230
330
430 q
| \ )\ |
Center 48.0499 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
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Figure 22 - Analyzer Measurement — 2"¢ Harmonic, Low Channel (Single Frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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i | EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 06:53:18 AM Mar 17, 2020
[Center Freq 72.074800000 GHz | . Avg Type: Voltage TRACE[1]2 3 4 5 6
NEE PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|MAAAAY
IFGain:Low DET|P NNNNN
Mkr1 72.074 4 GHz
[0gBidlv__Ref 46.99 dBmY -16.377 dBmV
37.0
270
17.0
599
30
130 6
230
330
430
Center 72.0748 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG | |5TATUS|

Figure 23 - Analyzer Measurement — 3 Harmonic, Low Channel (Single Frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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i T ] RF [s0a  AC ] [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 12:51:06 PM Mar 16, 2020
[Marker 1 24.141990000000 GHz | ] Avg Type: Log-Pwr TRACE[IZ5755 6
PNO: Fast (5 Trig: Free Run Avg|Hold: 68/100 TYPE t’l'w“vv“vv“vv“vv‘
IFGain:High #Atten: 0 dB DET|P NNNNN
Mkr1 24.141 99 GHz
10gBidlv__Ref 26.99 dBmY 12.305 dBmV
17.0 ‘
£99
301
130
230 - —
330
430
530
B30
Center 24.142190 GHz Span 10.00 MHz

[#Res BW 1.0 MHz VBW 50 MHz

Sweep 1.000 ms (1001 pts)

|MSG|

|STATUS|

Figure 24 - Analyzer Measurement — Fundamental, Mid Channel (Single Frequency)

Uncorrected measurement as recorded on spectrum analyzer
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m Keysight Spectrum Analyzer - Swept 54

=l S|

[ EXT MIXER | [ [ [

SENSE:INT| SOURCE OFF |

ALIGN AUTO [ 06:35:09 AM Mar17, 2020

X
[Span 200.000000 MHz |

NFE PNO: Fast 1

IFGain:Low

Trig: Free Run

Avg Type: Voltage TRACE 3456
Avg|Hold:>100/100 TYPE| M iiitdtis

Mkr1 48.236 5 GHz
-46.669 dBmV

10 dBidiv.  Ref 46.99 dBmV
Log

17.0

-230

-330

430 ‘

Center 48.2839 GHz

Res BW (CISPR) 1 MHz VBW 50 MHz

Span 200.0 MHz
Sweep 1.000 ms (1001 pts)

MSG |

|STATUS|

Figure 25 - Analyzer Measurement — 2"4 Harmonic, Mid Channel (Single Frequency)

Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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i | EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 06:56:20 AM Mar 17, 2020
[Center Freq 72.423000000 GHz | . Avg Type: Voltage TRACE1]2 3 4 5 6
NEE PNO:Fast (0 1rig: FreeRun TYPE[WWANARAY
IFGain:Low DET|P NNNNN
Mkr1 72.427 2 GHz
[0gBidlv__Ref 46.99 dBmY -22.99 dBmV
37.0
270
17.0
599
301
130
230 0
330 - —— --
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MSG | |5TATU5|

Figure 26 - Analyzer Measurement — 3@ Harmonic, Mid Channel (Single Frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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X T ] RF [500 ac ] [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 01:02:19 PM Mar 16, 2020
[Marker 1 24.220860000000 GHz | ] Avg Type: Log-Pwr TAcE[=335 6
PNO:Fast (o 1rig: FreeRun Avg|Hold: 100/100 TYPE|M AR
IFGain:High #Atten: 0 dB DET|P NNNNMN
Mkr1 24.220 86 GHz
10g8idly_Ref 26.99 dBmv 11.133 dBmV
17.0 0
£.99
50
-13.0
230 e —
330
430
530
530
Center 24.220000 GHz Span 10.00 MHz
[#Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

|MSG|

|STATUS|

Figure 27 - Analyzer Measurement — Fundamental, High Channel (Single Frequency)

Uncorrected measurement as recorded on spectrum analyzer
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i | EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 06:40:27 AM Mar 17, 2020
[Center Freq 48.441700000 GHz | . Avg Type: Voltage TRACE[1]2 3 4 5 6
NEE PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|MAAAAY
IFGain:Low DET|P NNNNN
Mkr1 48.468 9 GHz
[0gBidlv__Ref 46.99 dBmY -47.396 dBmV
37.0
270
17.0
599
30
-13n
230
330
430 ‘
| [ A | |
Center 48.4417 GHz Span 200.0 MHz
Res BW (CISPR) 1 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
MSG | |5TATU5|

Figure 28 - Analyzer Measurement — 2" Harmonic, High Channel (Single Frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.

The Nebraska Center for Excellence in Electronics
4740 Discovery Drive
Lincoln, NE 68521 Page 37 of 58




ncee Report Number: | R20191119-20-E3B

—labs Prepared for: | Garmin
s Keysight Spectrum Analyzer - Swept SA =n E=R=D)
i | EXT MIXER | [ [ [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 06:50:20 AM Mar 17, 2020
[Center Freq 72.662600000 GHz | . Avg Type: Voltage TRACE[1]2 3 4 5 6
NEE PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|MAAAAY
IFGain:Low DET|P NNNNN
Mkr1 72.741 0 GHz
[0gBidlv__Ref 46.99 dBmY -20.558 dBmV
37.0
270
17.0
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30
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330
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MSG | |5TATU5|

Figure 29 - Analyzer Measurement — 3’ Harmonic, High Channel (Single Frequency)
Uncorrected measurement as recorded on spectrum analyzer

Note: the plot may contain some additional mixing products from the use of an RF mixer to
measure at these frequencies.
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Garmin

3.2Band edges and Occupied Bandwidth

Test Method: ANSI C63.10-2013, Section(s) 6.10.5, 6.10.6

3.2.1

Limits of bandedge measurements:

For emissions outside of the allowed band of operation, the emission level
needs to be 50dB under the maximum fundamental field strength. However,
if the emissions fall within one of the restricted bands from 15.205 the field
strength levels need to be under that of the limits in 15.209.

The limit from FCC Part 15.209 for all frequencies above 960 MHz is 500 pvV/m at 3m.

500 pV/m = 20log (500) = 54 dBuV/m = 54 — 60 = -6 dBmV/m at 3m average

Peak limit = average limit + 20 dB = 14 dBmV/m at 3m peak

MHz MHz MHz GHz

0.080-0.110 16.42-16.423 3599.9-410 4.5-5.15
10.495-0.505 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 13001427 8.025-8.5
417725417775 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 B

13.36-13.41
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3.2.2 Test procedures:

The EUT was oriented as to produce the maximum emission levels. The
resolution bandwidth was set to 1MHz. The highest emissions level beyond
the band edge was measured and recorded. All band edge measurements
were evaluated to the general limits in Part 15.209.

Measurements were performed as radiated measurements in the same
manner as Section 3.1 of this report.

The bandwidth of the fundamental frequency was measured by spectrum
analyzer with 100 kHz RBW and 1 MHz VBW. The occupied bandwidth was
measured using the spectrum analyzers 99% occupied bandwidth setting.

3.2.3 Deviations from test standard:
No deviation.

3.24 Test setup:
All the measurements were done at 1m test distance.

3.25 EUT operating conditions:

The EUT was powered by 5 VDC unless specified and set to transmit
continuously on the lowest frequency channel, and the highest frequency
channel.
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Test results:

3.2.6 Band Edges

wm Keysight Spectrum Analyzer - Swept 5A = | S| I
[ RF [s0a  ac | [ | sENSE:INT] [ [ 04:14:59 PM Feb 25, 2020
Marker 1 24.039050000000 GHz | _ Avg Type: Log-Pwr TRACE[T- 555 6
PNO:Fast o 1rig: FreeRun Avg|Hold:>100/100 TYPE| M A AR
IFGain:Low Atten: 10 dB DET

10 dBidiv. ~ Ref 40.00 dBmVY
Log

300 }
200
10.0
0.00
-10.0 %* S 4
=200
-30.0
-40.0
-50.0
Start 24.00000 GHz Stop 24.05000 GHz
#Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

[ wobeTROSC] X | ¥ | _FUNCTIoN ] FUNCTIONWDTH FONCTION VALUE
1 N f 24.039 05 GHz 29.506 dBmV
2 A f (A) -39.05 MHz (A) -42.199 dB
3 N f (A) 24.000 00 GHz (A)-12.693 dBmV
4
5
6
7
8
9
10
11 v
< >
MSG STATUS

Figure 30 — Lower Band Edge (24 MHz) (swept frequency), 24.00 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

Low Band Edge Measurement at 24.25 GHz

Peak level at 24 GHz =-12.693 dBmV

Corrected Restricted Band Peak Level =-12.693 dBmV/m + 46.01 dB (corrections)
=33.317 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log(3/0.05)+14 dBmV/m]

Average Level = peak level — 10.63 (dccf) =
=22.687 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log(3/0.05)+(-4) dBmV/m]

Corrections:
Cable 0.50 dB
Antenna 45.51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation
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ww Keysight Spectrum Analyzer - Swept SA = li“é‘l
[ RF [s0a  AC ] [ SENSE:INT] [ 04:31:39 PMFeb 25,2020
Marker 1 24.208050000000 GHz | _ Avg Type: Log-Pwr TRACE[T=355 6
PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|M WY
IFGain:Low Atten: 10 dB DET)
10 dBidiv. Ref 40.00 dBmVY
Log
300
200
10.0
0.00
0.0 heniief bl -
ety
200
300
-40.0
-50.0
Start 24.20000 GHz Stop 24.25000 GHz
#Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
1 24.208 05 GHz 28. 887 dBmV
2 M f (A) 41.95 MHz (A) -42.740 dB
3 N f (4] 24.250 00 GHz (A)-13.853 dBmV

STATUS

Figure 31 - Higher Band Edge (24 MHz) (swept frequency), 24.00 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

High Band Edge Measurement at 24.25 GHz

Peak level at 24.25 GHz = -13.853 dBmV

Corrected Restricted Band Peak Level =

-13.853 dBmV/m + 46.01 dB (corrections)

= 32.157 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log(3/0.05)+14 dBmV/m]

Average Level = peak level — 10.63 (dccf) =
=21.65 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log(3/0.05) + (-4) dBmV/m]

Corrections:
Cable
Antenna

0.50 dB
45.51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier

saturation
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w Keysight Spectrum Analyzer - Swept SA Ii"i“é‘l
[ RF [s0a  AC ] [ [ SENSE:INT] [ [ 04:18:50 PMFeb 25, 2020
[Marker 1 24.063070000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|MAAAAY
IFGain:Low Atten: 10 dB DET)
Mkr1 24.063 07 GHz
10g8iciy__Ref 40.00 dBmV 29.913 dBmV
30.0
20.0
10.0
0.00
0.0 };..__....._..__ QRN
200
400
-40.0
0.0
Start 24.00000 GHz Stop 24.07000 GHz
Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)
N f 24.063 07 GHz 29.913dBmV
2 M f (4) -63.07 MHz (A}  -44.408 dB
3 N f (4l 24.000 00 GHz (A)-14.495 dBmV
4
5
6
7
8
9
10
11 v
< >
MSG STATUS

Figure 32 — Lower Band Edge (48 MHz) (swept frequency), 24.00 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

Low Band Edge Measurement at 24.00 GHz

Peak level at 24 GHz = -14.495 dBmV

Corrected Restricted Band Peak Level = -14.495 dBmV/m + 46.01 dB (corrections)
=31.515 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log(3/0.05)+14 dBmV/m]

Average Level = peak level — 10.51 (dccf) =
=21.00 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log(3/0.05)+(-4) dBmV/m]

Corrections:
Cable 0.50 dB
Antenna 45,51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation
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ww Keysight Spectrum Analyzer - Swept SA =R |
[ RF [s0a  AC ] [ [ SENSE:INT] [ [ 04:23:11 PMFeb 25,2020
[Marker 1 24.168100000000 GHz | . Avg Type: Log-Pwr TRACE[1]2 3 4 5 6
PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 THPE[ M YA
IFGain:Low Atten: 10 dB DETIT

MKkr1 24.168 10 GHz
10 dBidiy Ref 40.00 dBmV 29.323 dBmV|

g
300 .

200

1.0

0.00

100 e LA )

o
200
-30.0
-40.0
500
Start 24.16000 GHz Stop 24.25000 GHz

Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

N f 24.168 10 GHz 29323 dBmV
2 A1 f (A 81.90 MHz (A) -42.819 dB

N f (4) 24.250 00 GHz (A)-13.496 dBmV

-
S OO~ AL

MSG STATUS

Figure 33 - Higher Band Edge (48 MHz) (swept frequency), 24.25 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

High Band Edge Measurement at 24.25 GHz

Peak level at 24.25 GHz = -13.496 dBmV
Corrected Restricted Band Peak Level = -13.496 dBmV/m + 46.01 dB (corrections)
= 32.514 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log(3/0.05)+14 dBmV/m]

Average Level = peak level — 10.51 (dccf) =
=22.00 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log(3/0.05) + (-4) dBmV/m]

Corrections:
Cable 0.50 dB
Antenna 45.51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation
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Ke_!,rslgl\t Spectrum Analyzer - Swept SA li"i“é‘
[ RF [s0a  AC ] [ [ SENSE:INT] [ [ 10:25:35 AM Mar17, 2020
|Tlput Mech Atten 10 dB | Avg Type: Log-Pwr TRACE[. -3 +58
PNO: Fast (50 Trig: Free Run Avg|Hold:»100/100 TYPE|M AR
IFGain:Low #Atten: 10 dB DET|F
Mkr1 24.024 70 GHz
10 dBidiv  Ref 46.99 dBmV 35.589 dBmV|
iLog 1
370 ‘
270
17.0
5.99
301 _____ ~ o MR ATIRET YN e — E— L e L T R Pl
,130 e amas ol L b el ol sl B
-23.0
330
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Start 24.00000 GHz Stop 24.05000 GHz

Res BW 1.0 MHz VBW 50 MHz Sweep 1.000 ms (1001 pts)

24.024 70 GHz 35. 589 dBmV
2 ,M f (A) -24.70 MHz (A) -48.862 dB
N f 24.000 00 GHz -13.273 dBmV

-
= oW~ &L

MSG STATUS

Figure 34 — Lower Band Edge (Single Frequency), 24.00 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

Low Band Edge Measurement at 24.00 GHz

Peak level at 24 GHz = -13.273 dBmV

Corrected Restricted Band Peak Level = -13.273 dBmV/m + 46.01 dB (corrections)
= 32.737 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log (3/0.05) +14 dBmV/m]

Average Level = peak level — 10.63 (dccf) =
=22.107 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log (3/0.05) +(-4) dBmV/m]

Corrections:
Cable 0.50dB
Antenna 45,51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation
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Figure 35 - Higher Band Edge (Single Frequency), 24.25 GHz
Uncorrected measurement as recorded on spectrum analyzer, 5 cm test distance

High Band Edge Measurement at 24.25 GHz

Peak level at 24.25 GHz = -16.490 dBmV

Corrected Restricted Band Peak Level = -16.490 dBmV/m + 46.01 dB (corrections)
=29.52 dBmV/m < 49.56 dBmV/m [limit at 5cm = 20log(3/0.05)+14 dBmV/m]

Average Level = peak level — 10.63 (dccf) =
=18.89 dBmV/m < 29.56 dBmV/m [limit at 5cm = 20log(3/0.05) + (-4) dBmV/m]

Corrections:
Cable 0.50dB
Antenna 45,51 dB

Measurements were performed at 5 cm to achieve required sensitivity without preamplifier
saturation
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Occupied Bandwidth

wm Keysight Spectrum Analyzer - Occupied BW Ii"i“é‘l
[ RF [s0a  AC ] [ [ SENSE:INT] [ 05:03:33 PMFeb 24, 2020
|I‘7‘Iarker 1 -—--Hz | Center Freq: 24.020000000 GHz Radio Std: None
() Trig: Free Run Avg|Held:=10/10
#FGain:Low #Atten: 0 dB Radio Device: BTS
10 dBidiv Ref 16.99 dBmV
Log
6,99
301 i oL S S =
130
230
330
430
530
30
730
Center 24.02 GHz Span 50 MHz
Res BW 100 kHz VEW 1 MHz Sweep 6ms
Occupied Bandwidth Total Power 22.3 dBmV
26.936 MHz
Transmit Freq Error 6.0441 MHz % of OBW Power 99.00 %
x dB Bandwidth 27.08 MHz x dB -6.00 dB
MSG STATUS

Figure 36 — Occupied Bandwidth, Low channel (24 MHz)

Uncorrected measurement as recorded on spectrum analyzer
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|§pan 100.00 MHz | Center Freq: 24.150000000 GHz Radio Std: None

Avg|Hold:>10110

! Trig: Free Run
‘ #FGain:Low #Atten: 0 dB

Radio Device: BTS

1LO dBidiv Ref 16.99 dBmV

Mkr1 24.13 GHz
0.72969 dBmV
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27.019 MHz
Transmit Freq Error -6.8081 MHz % of OBW Power 99.00 %
x dB Bandwidth 27.13 MHz x dB -6.00 dB
MG STATUS

Figure 37 — Occupied Bandwidth, Mid channel (24 MHz)

Uncorrected measurement as recorded on spectrum analyzer
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1 RF [s0a  AC ] [ [ SENSE:INT] [ [ 05:37:43 PMFeb 24, 2020
Eenter Freq 24225000000 GHz | Center Freq: 24.225000000 GHz Radio Std: None

Avg|Hold:>10110
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| >

#FGain:Low #Atten: 0 dB Radio Device: BTS
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10 dBidiv Ref 16.99 dBmV --- dBmV|
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MG STATUS

Figure 38 — Occupied Bandwidth, High channel (24 MHz)
Uncorrected measurement as recorded on spectrum analyzer
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Figure 39 — Occupied Bandwidth, Low channel (48 MHZz)

Uncorrected measurement as recorded on spectrum analyzer
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Figure 40 — Occupied Bandwidth, Mid channel (48 MHz)
Uncorrected measurement as recorded on spectrum analyzer
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Figure 41 — Occupied Bandwidth, High channel (48 MHz)
Uncorrected measurement as recorded on spectrum analyzer
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3.3Conducted AC Mains Emissions

Test Method: ANSI C63.10-2013, Section(s) 6.2

Limits for conducted emissions measurements:

FREQUENCY OF EMISSION CONDUCTED LIMIT
(MHz) (dBpv)
Quasi-peak | Average
0.15-0.5 66 to 56 56 to 46
0.5-5 56 46
5-30 60 50
Notes:

1. The lower limit shall apply at the transition frequencies.

2. The limit decreases in line with the logarithm of the frequency in the range
of 0.15 to 0.50 MHz

3. All emanations from a class A/B digital device or system, including any
network of conductors and apparatus connected thereto, shall not exceed the
level of field strengths specified above.

Test Procedures:

a. The EUT was placed 0.8m above a ground reference plane and 0.4 meters
from the conducting wall of a shielded room with EUT being connected to the
power mains through a line impedance stabilization network (LISN). The
LISN provides 50 ohm/ 50uH of coupling impedance for the measuring
instrument.

b. Both lines of the power mains connected to the EUT were checked for
maximum conducted interference as well as the ground.

c. The frequency range from 150 kHz to 30 MHz was searched. Emission levels
over 10dB under the prescribed limits are not reported.

d. Results were compared to the 15.207 limits.

Deviation from the test standard:
No deviation

EUT operating conditions:
The EUT was powered by 5 VDC unless specified and set to transmit
continuously on the middle channel.
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Test Results: PASS
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Figure 42 - Conducted Emissions Plot, Line
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Figure 43 - Conducted Emissions Plot, Neutral
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Annex A - Sample Calculations

Field Strength Calculation
The field strength is calculated by adding the Antenna Factor and Cable Factor, and
subtracting the Amplifier Gain (if any) from the measured reading. The basic equation with
a sample calculation is as follows:
FS=RA+ AF - (-CF + AG) + AV
where FS = Field Strength
RA = Receiver Amplitude
AF = Antenna Factor
CF = Cable Attenuation Factor
AG = Amplifier Gain
AV = Averaging Factor (if applicable)
Assume a receiver reading of 55 dBuV is obtained. The Antenna Factor of 12 and a Cable

Factor of 1.1 is added. The Amplifier Gain of 20 dB is subtracted, giving a field strength of
48.1 dBuV/m.

FS=55+12—(-1.1+20) + 0=48.1 dBuV/m
The 48.1 dBuV/m value can be mathematically converted to its corresponding level in pVv/m.
Level in uV/m = Common Antilogarithm [(48.1 dBuV/m)/20]= 254.1 uV/m

AV is calculated by the taking the 20*log(Ton/100) where Ton is the maximum transmission
time in any 100ms window.
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EIRP Calculations

In cases where direct antenna port measurement is not possible or would be inaccurate,
output power is measured in EIRP. The maximum field strength is measured at a specified
distance and the EIRP is calculated using the following equation;

EIRP (Watts) = [Field Strength (V/m) x antenna distance (m)]? / [30 x Gain (numeric)]
Power (watts) = 10°[Power (dBm)/10] x 1000

Field Strength (dBuV/m) = Field Strength (dBm) = 107 (for 50Q measurement systems)
Field Strength (V/m) = 10"[Field Strength (dBuVv/m) / 20] / 10"6

Gain = 1 (numeric gain for isotropic radiator)

Conversion from 3m field strength to EIRP (d=3):
EIRP = (FS x d*2)/30 = FS [(d"2)/30] = FS [0.3}
EIRP(dBm) = FS(dBuV/m) — 10(log 1079)+ 10log[0.3] = -95.23

10log( 10") is the conversion from micro to milli
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Annex B — Measurement Uncertainty

Where relevant, the following measurement uncertainty levels have been for tests

performed in this test report:

Test Frequency Range Uncertainty Value (dB)
Radiated Emissions, 3m 30MHz - 1GHz 3.82
Radiated Emissions, 3m 1GHz - 18GHz 4.44
Emissions limits, conducted 150kHz — 18GHz 3.30

Expanded uncertainty values are calculated to a confidence level of 95%.

CISPR 16-4-2:2011 was used to calculate the above values.
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REPORT END
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RF Exposure

The 1 mW conducted exclusion at 24064 MHz for portable devices was taken from the FCC’s presentation at the TCB
Council Workshop on Nov 13. 2019, Titled “5G NR FR1 NSA EN-DC UE SAR Evaluations”, Page/slide 11, second bullet
point.

Fundamental:

Level Measurement: 13.363 dBmV/m + 46.01 dB corrections = 59.373 dBmV/m at 1 meter

Corrections:
Cable 0.50dB
Antenna 45.51 dB

EIRP = 14.60 dBm peak.
Duty cycle correction = 5.26 dB
EIRP (AV) = 3.97

Conducted power = EIRP — antenna gain.
Antenna gain = 10.55

Power (conducted) =3.97 —5.26 =-1.29 dBm = 0.74 mW

Result = Exempt

Note: the duty-cycle is source-based, i.e. it is factory set and cannot be adjusted by an installer or user.
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RF Exposure

Portable Device MPE Test Excl.

@ Test exclusion justification information for
devices not needing other RF exposure testing
and reporting have been submitted per
KDB Pub. 447498 DO1 v06

@ Test exclusion based on 1 mW may be used
now with the portable device > 6 GHz FCC
MPE power density limits

- Maximum fime-averaged conducted power,
imrespective of distance from body

— Analysis exhibit considered for categorically
excluded [Sec. 2.1093(c); no PAG] and routine

evaluation devices (e.g. Sec. 15.255; KDB inquiry or
PAG)

— Evaluation distance emulating normal use conditions

November 13, 2019 TCB Workshop 11
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FCC RF Exposure Evaluation

2.4 GHz portable radio per KDB 447498 D01

1-g 10-g

Limit 1

Duty Cycle 100 | %

Tune up

Tolerance 10 | %

Antenna

Gain 0 | dBi

Min.

Seperation 5| mm

Frequency | Power Value Limit Exempt?

GHz mw no unit no unit | Yes/No
2.4020 1.010 0.34 3.0 | YES
2.4400 1.000 0.34 3.0 | YES
2.4800 0.934 0.32 3.0 | YES

KDB Link KDB 447498

Portable Part 2.1093

“value” calculated from Section 4.3 of the KDB:

max. power of channel, including tune-up tolerance, mW) [ (min. test separation distance, mm)] -
p g p P
[Vfern] < 3.0 for 1-g SAR, and < 7.5 for 10-g extremity SAR,* where

o fguy is the RF channel transmit frequency in GHz



