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1 Summary of Test Results

Test Description Test Specification Test Result
. . RSS-247 5.1(a) .
Occupied Bandwidth 15.247(a)(1) RSS-GEN 6.7 Compliant
Peak Output Power 15.247(a)(1), (b)(1) RSS-247 5.4(b), 5.1(b) Compliant
Conducted Spurious Emissions / 15.247(d) RSS-247 5.5 Compliant
Band Edge
Field Strength of Spurious 15.247(d), 15.35(b) RSS-247 5.5 Compliant
Radiation 15.205, 15.209 RSS-GEN 8.9, 8.10 P

Radiated Emissions at Band Edge

/ Restricted Bands 15.205, 15.209 RSS-GEN 8.9, 8.10 Compliant

Pseudo-Random Hop Sequence 15.247(a)(1) RSS-247 5.1(a) Compliant

Channel Separation 15.247(a)(1) RSS-247 5.1(b) Compliant

Number of Hopping Channels 15.247(a)(1)(iii) RSS-247 5.1(d) Compliant

Dwell Time 15.247(a)(1)(iii) RSS-247 5.1(d) Compliant

AC Powerline Conducted 15.207 RSS-GEN 8.8 Compliant
Emissions

Antenna Requirement 15.203 RSS-GEN 6.8 Compliant @

(1) The device uses a PCB trace PIFA antenna which cannot be replaced by the end user.

1.1 Modifications Required for Compliance
None

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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2 General Information

2.1 Client Information

Company Name:
Address:
City, State, Zip, Country:

2.2 Test Laboratory

Name:
Address:
City, State, Zip, Country:

Accrediting Body:
Type of lab:
Certificate Number:
CAB ID:

UTEC, Inc.
111 E. Wayne St., Suite 800
Fort Wayne, Indiana 46802, USA

SGS North America, Inc.
620 Old Peachtree Road NW, Suite 100
Suwanee, GA 30024, USA

A2LA

Testing Laboratory
3212.01

Us0186

2.3 General Information of EUT

Equipment Under Test:
Product Name:

Model:

Serial Numbers:

FCC ID:
IC:

Frequency Range:
Data Modes:
Antenna:

Rated Voltage:

Test Voltage:

Sample Received Date:
Dates of testing:

Refrigerated Shipping Container Controller
Micro-Link 5 Controller
MICROLINK5B

4120W008381 (Conducted Sample)
3821W039479 (Radiated Sample)

2AK6N-MICROLINKS5B
703A-MICROLINKSB

2402 — 2480 MHz
Bluetooth Classic — GFSK, 11/4-DQPSK, 8DPSK
PCB Trace PIFA (4.54dBi gain)

5Vbc to Micro Board USB port or
Dual phase 18Vac to 10 Board

5Vbc to Micro Board USB port (for Conducted Measurements)
Dual phase 18Vac to 10 Board (for Radiated Measurements)

03 February 2023
15 March to 17 April 2023

2.4 Operating Modes and Conditions

The EUT was running test mode firmware with Tl tools which allowed the following:
1) selecting low, middle and high BLE channels;
2) selecting the modulation scheme as used in normal operation, but with 100% duty cycle;
3) setting the power level. [The maximum power setting of 7 was used for all tests.]

SGS North America Inc.

Connectivity & Products

620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

Member of the SGS Group (SGS SA)
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25 EUT Connection Block Diagram — Conducted Measurements
Measurement coax A (EUT 1 AC
System ( ) B Mains

2.6 EUT Connection Block Diagram — Radiated Measurements

Inside Chamber
(not connected
during testing) 1 , AC
A(EUT) f-mmmmmmmme e e ] B Mains
2
AC
C — Mains

2.7 System Configurations

Device

Manufacturer Description Model Number Serial Number
Reference
Micro-Link 5 Controller 4120W008381
A UTEC, Inc. (EUT) MICROLINK5B 3821W039479
B Lenovo Laptop Computer T420 R8-X9XFV
C UTEC, Inc. Transformer Box (none) (none)

2.8 Cable List

Cable Port Name Cable Length _ Ferrite Shielded?
reference (m) installed?

1 USB EUT Laptop Computer 1.0 N N
2 A.C Power EUT Transformer Box 0.7 N N
(5-wire harness)

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
\ Member of the SGS Group (SGS SA)
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3 Occupied Bandwidth

3.1 Test Result

Test Description Basic Standards Test Result
ANSI C63.10:2013
99% Bandwidth 15.247(a)(1) Compliant
20dB Bandwidth RSS-247 5.1(a)
RSS-GEN 6.7

3.2 Test Method

Occupied bandwidth measurements were taken using the methods defined an ANSI C63.10, Clause 6.9.
Measurements were recorded using the 99% OBW function of the measurement receiver.

3.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

3.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024
SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

\ Member of the SGS Group (SGS SA)



Test Report Number: 5028090EMCO01 Rev: 1
SGS UTEC, Inc. / Micro-Link 5 Controller

Page: 8 of 39
3.5 Test Data—20dB Bandwidth / 99% Bandwidth
Frequency 20dB Bandwidth .
Test Mode (MH2) TX Type | ANT No. Test Result (MHz) Verdict
2402 SISO 1 0.864 PASS
GFSK 2441 SISO 1 0.866 PASS
2480 SISO 1 0.864 PASS
2402 SISO 1 1.278 PASS
Pi/ADQPSK 2441 SISO 1 1.278 PASS
2480 SISO 1 1.278 PASS
2402 SISO 1 1.281 PASS
8DPSK 2441 SISO 1 1.281 PASS
2480 SISO 1 1.280 PASS
Frequency 99% Occupied Bandwidth
Test Mode (MH2) TX Type | ANT No. Test Result (MH2)
2402 SISO 1 0.838 Only for Report Use
GFSK 2441 SISO 1 0.838 Only for Report Use
2480 SISO 1 0.837 Only for Report Use
2402 SISO 1 1.181 Only for Report Use
Pi/ADQPSK 2441 SISO 1 1.179 Only for Report Use
2480 SISO 1 1.178 Only for Report Use
2402 SISO 1 1.179 Only for Report Use
8DPSK 2441 SISO 1 1.178 Only for Report Use
2480 SISO 1 1.177 Only for Report Use
Representative Plot
0 Bandwidth NTNV_GFSK_SISO_DH5_2402MHz_ANT1
ANT,:;;SISO)
3 REWSa0Hz
10 4 L 4 i VBW=100kHz
01 Swesg T\?r‘]ljet:gigsg
N )\/ﬂ v A
—_ =20 - M/ 20dB: 0.864MHz
g Marker:
2 4 f e
2 (A e
& o] MJ T -

—— Trace

-80 T T T T T T T T
2401.0 2403.0

Frequency (MHz) 2023-03-15 21:49
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Bandwidth NTNV_GFSK_SISO_DH5_2402MHz_ANT1

2 T ANT=1 (SISO)
| ATT=25
Offset=1.6
10 4 | RBW=30kHz
i VBIW=100kHz
Detector=Peak
| Trace=MAX Hold
0 Sweep Point=1001
i Sweep Time=63us
-10 A
— —20 A !
£ 5 99%0BW: 0.838MHz
m 1
' Marker:
Z 30 i 1: 2401564 MHz
E | -12.80dBm
5 | 2:2402.401 MHz
1 -12.72dBm
— -0 ;
-50 -
-60 -
_70 - E
! | | | | | | ! — Trace
-80 t T T : T T T t
2401.0 2403.0
Frequency (MHz) 2023-03-15 21:49
SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

\ Member of the SGS Group (SGS SA)



| Test Report Number: 5028090EMCO1 Rev: 1
S! ; S UTEC, Inc. / Micro-Link 5 Controller
Page: 10 of 39

4 Peak Output Power

4.1 Test Result

Test Description Test Specification Test Result
ANSI C63.10:2013
Peak Output Power 15.247(a)(1), (b)(1) Compliant

RSS-247 5.4(b), 5.1(b)

4.2 Test Method
Output power measurements were taken using the methods defined an ANSI C63.10, Clause 7.8.5.

Limit

815.247(b)(1): For frequency hopping systems operating in the 2400-2483.5 MHz band employing at
least 75 non-overlapping hopping channels...: 1 watt (30 dBm).

815.247(a)(1): Frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping
channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the
hopping channel, whichever is greater, provided the systems operate with an output power no greater
than 125 mW (21 dBm).

43 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

4.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 | 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024

45 Test Data

Frequency Measured Peak . _

Test Mode Tx Type Output Power (dBm)(Limits (dBm) Verdict
(MH2) Ant 1

2402 SISO 8.67 30 PASS

GFSK 2441 SISO 9.46 30 PASS

2480 SISO 9.51 30 PASS

2402 SISO 6.02 21 PASS

Pi/ADQPSK 2441 SISO 6.64 21 PASS

2480 SISO 6.86 21 PASS

2402 SISO 6.28 21 PASS

8DPSK 2441 SISO 7.21 21 PASS

2480 SISO 7.30 21 PASS

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

[ Member of the SGS Group (SGS SA)
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Representative Plot

Maximum Conducted Output Power NTNV_GFSK_SISO_DHS5_2441MHz_ANT1
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5 Conducted Spurious Emissions / Band Edge

51 Test Result

Test Description Test Specification Test Result
. ANSI| C63.10:2013
e e 1524700
RSS-247 5.5

52 Test Method

Conducted spurious emissions measurements were taken using the methods defined an ANSI C63.10,
Clauses 5.5, 5.6, & 6.7. Authorized band edge measurements were recorded using the methods in
clause 6.10.4. Basic Rate, EDR-2, & EDR-3 with a DH1, DH3, & DH5 packet types were used for
spurious measurements. Band edge measurements were also recorded using each modulation (Basic
Rate, EDR-2, and EDR-3).

The limit is 20 dB below the measured peak power.

53 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

5.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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NTNV_GFSK_SISO_DH5_2480MHz_ANT1
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5,5 Test Data - Band Edge - Conducted Spurious Emissions

Unwanted Emissions in Non-restricted Frequency Bands
NTNV_GFSK_SISO_DH5_2402MHz_ANT1
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Unwanted Emissions in Non-restricted Frequency Bands
NTNV_GFSK_SISO_DH5_2441MHz_ANT1
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6 Field Strength of Spurious Radiation

6.1 Test Result

Test Description Test Specification Test Result
15.247(d), 15.35(b) RSS-247 5.5
15.205, 15.209 RSS-GEN 8.9, 8.10

Radiated Spurious Emissions Compliant

6.2 Test Method
The measurement methods defined in ANSI C63.10: 2013 were used.

Lowest, middle, and highest channels were investigated — the device was commanded to continuously
transmit on low, middle, and high channels.

Test distance:
9k to 30 MHz — Near field prescan to determine if there were any emissions
30 to 1000 MHz - The EUT to measurement antenna distance was 3 meters
1to 18 GHz - The EUT to measurement antenna distance was 3 meters
18 to 26 GHz - The EUT to measurement antenna distance was 3 meters

Limits within restricted bands of operation:

Frequency $ Peak Limits
____ Microvoltsfm _______dBuV/m _________dBuV/m
30 - 88 MHz 100 40 @ -
88 - 216 MHz 150 43.5 @ -
216 - 960 MHz 200 46 @ -
960 - 1000 MHz 500 54 @ -
1-40GHz 500 54 ©® 74

(1) These limits are applicable to emissions outside of the intentional transmit frequency band.
(2) Quasi-peak limit
(3) Average limit

6.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions  30-1000MHz 1-18GHz
Temperature: 25.3 °C 22.8°C
Relative Humidity: 44.9 % 37.9%
Atmospheric Pressure: 98.05 kPa 97.85 kPa

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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6.4 Test Equipment
30-1000 MHz

Test Report Number: 5028090EMCO01 Rev: 1
UTEC, Inc. / Micro-Link 5 Controller
Page: 18 of 39

Test End Date: 5-Apr-2023 Tester: ZH
Equipment Model Manufacturer Asset Cal Date Cal Due Date
ANTENNA, BILOG JB6 SUNOL B079689| 26-May-2022| 26-May-2024
N to N RF Cable TR-48-25P Echelon 23007 | 31-Mar-2023 | 31-Mar-2024
RF CABLE NM TO NM, 0.01-12GHZ 90-078-079 | TELEDYNE STORM MICROWAVE | 20115 | 15-Mar-2023 | 15-Mar-2024
RF CABLE NM TO NM, 0.01-18GHZ 90-195-079 | TELEDYNE STORM MICROWAVE | 20123 | 9-Feb-2023 | 9-Feb-2024
RF CABLE RIGHT ?g’;\l ;_I|.§ NM TO NM, 0.01- 90-076-020 | TELEDYNE STORM MICROWAVE | 20131 |13-Mar-2023 | 13-Mar-2024
LOW NOISE AMPLIFIER ZKL-2+ MINI-CIRCUITS B079817| 25-Aug-2022 | 25-Aug-2023
EMI TEST RECEIVER ESW44 ROHDE & SCHWARZ 22027 | 13-Sep-2022 | 13-Sep-2023
Above 1GHz
Test End Date: 6-Apr-2023 Tester: EW
Equipment Model Manufacturer Asset Cal Date  Cal Due Date
ANTENNA, DRG HORN (MEDIUM) 3117 ETS LINDGREN B079691| 15-Aug-2022 | 15-Aug-2024
RF CABLE NM TO NF, 0.01-18GHZ TR-48-25P TELEDYNE STORM MICROWAVE | 20118 | 13-Mar-2023 | 13-Mar-2024
RF CABLE, NM TO NM. 90-195-157 | TELEDYNE STORM MICROWAVE | 21019 | 14-Mar-2023 | 14-Mar-2024
RF CABLE RIGHT ANGLE NM TO NM, 0.01- 90-076-020 | TELEDYNE STORM MICROWAVE | 20132 | 13-Mar-2023 | 13-Mar-2024
LOW NOISE AMPLIFIER TS-PR18 ROHDE & SCHWARZ B094463| 13-Jul-2022 | 13-Jul-2023
EMI TEST RECEIVER ESW44 ROHDE & SCHWARZ 22032 | 24-Nov-2022 | 24-Now-2023
FILTER, HIGH PASS, >2800MHZ HPM50111 MICRO-TRONICS 22017 [16-Jun-2022 | 16-Jun-2023

SGS North America Inc. | Connectivity & Products

620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024
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6.5 Test Data
No emissions were detected in the 9kHz to 30MHz frequency range.

6.5.1 30-1000 MHz
There was little deviation based on axis or channel in the 30-1000MHz range (worst case shown).

— Limit
Radiated Spurious Emissions — Vertical Peak Emissions
Vertical X Vertical Final QP measurement
80.0T === RB Avg Limit :
700+
60.01

Amplitude dBuV/m
N
o
o

30.0
20.04
100+
ol 1
30.00M 100.00M 1.00G
Frequency
— Limit
Radiated Spurious Emissions — Horizontal Peak Emissiot
Horizontal X Horizontal Final QP meas
80.0T — RI? Avg Limit
700+
60.01 3
500+ ; |-

400

Amplitude dBuV/m

3004

20.04

100+

0l :
30.00M 100.00M 1.00G
Frequency

All emissions above were either not in restricted bands or were verified to be non-radio emissions.
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6.5.2 1-3 GHz

All channels had similar plots (worst case shown).
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i

700+

60.0+

Amplitude dBuV/m

50.01
40.0+

30.0+

20.01~
1.00G

3.00G

Frequency
Average
Frequency Raw Avg Polarity Azimuth  Height AF Loss Amp Final Avg Limit Margin
MHz dBuVv (V/IH) (degrees) (cm)  (dB/m) (dB) dBuV/m  (dBuV/m) (dB)
1019.76 24.9 \ 0.0 249.0 27.2 15 | 33.6 20.1 54.0 -33.9
1139.92 27.3 \ 234.0 247.0 27.6 15 | 33.6 22.9 54.0 -31.1
1200.36 23.4 \ 276.0 105.0 28.5 17 | 335 19.9 54.0 -34.0
Final Avg = Raw Avg + AF + Loss - Amp
Margin = Final Avg - Limit |
Peak
Frequency Raw Pk Polarity Azimuth  Height AF Loss Final Pk Limit Margin
MHz dBuVv (V/IH) (degrees) (cm)  (dB/m) (dB) dBuV/m dBuV/m dB
1019.76 35.3 \ 0.0 249.0 27.2 15 | 33.6 30.5 74.0 -43.5
1139.92 35.8 \ 234.0 247.0 27.6 15 | 33.6 31.4 74.0 -42.6
1200.36 35.3 \ 276.0 105.0 28.5 1.7 | 335 31.9 74.0 -42.1

Final Pk = Raw Pk + AF + Loss - Amp

Margin = Final Pk - Limit

SGS North America Inc.
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Radiated Spurious Emissions

é
Horizontal E E%ﬁ%%g&lg
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Amplitude dBuV/m

50.0+

|
400 W | M‘WWWW‘ , WMMWMMMWWMW“W*‘WMWMWW WNMWMWWWM

i

i.00G6 3.00G
Frequency
Average
Frequency Raw Avg Polarity Azimuth  Height AF Loss Amp Avg Value Limit Margin
MHz dBuVv (V/IH) (degrees) (cm)  (dB/m) (dB) dBuV/m  (dBuV/m) (dB)
1019.90 22.3 H 12.0 109.0 27.2 15 | 33.6 17.4 54.0 -36.5
1140.08 24.9 H 286.0 218.0 27.6 15 | 33.6 20.5 54.0 -33.5
1199.76 22.8 H 257.0 210.0 28.5 17 | 33.6 19.4 54.0 -34.6

Final Avg = Raw Avg + AF + Loss - Amp
Margin = Final Avg - Limit |

Peak
Frequency Raw Pk Polarity Azimuth  Height AF Loss Final Pk Limit Margin
Y74 dBuVv (V/IH) (degrees) (cm)  (dB/m) (dB) dBuV/m dBuV/m dB
1019.90 34.5 H 12.0 109.0 27.2 15 | 33.6 29.7 74.0 -44.3
1140.08 35.4 H 286.0 218.0 27.6 15 | 33.6 31.0 74.0 -43.0
1199.76 35.5 H 257.0 210.0 28.5 1.7 | 33.6 32.1 74.0 -41.9

Final Pk = Raw Pk + AF + Loss - Amp
Margin = Final Pk - Limit
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6.5.3 3-18 GHz
All channels had similar plots (worst case shown).

Amplitude dBuV/m

SGS North America Inc.

120.0T
1100+

100.0 1

90.0+

80.0+

Radiated Spurious Emissions

Vertical

Test Report Number: 5028090EMCO01 Rev: 1

UTEC, Inc. / Micro-Link 5 Controller

Page: 22 of 39

Peak Emissio
vg ISsion
[ easurement
Av t

L

[T =]

700+

60.0F

50.01
40.0+

30.0+

20.0L1
3.00G

Polarity
(V/H)

Frequency Raw Avg
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Average
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10.00G

Amp

Final Avg
dBuV/m

18.00G

Limit
(dBuV/m)

Margin
(dB)

Frequency Raw Pk Polarity

MHz dBuv (VIH)

(CELIEES))

Azimuth  Height

(cm)

AF
(dB/m)

4803.56 35.8 \Y 349.0 240.0 33.9 39 | 337 54.0 -14.2
Final Avg = Raw Avg + AF + Loss - Amp
Margin = Final Avg - Limit |
Peak

Final Pk
dBuV/m dB

Margin

4803.56 42.7 Vv

349.0 240.0

33.9
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33.7
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Margin = Final Pk - Limit | |
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There were no emissions in the 18-26GHz frequency range.

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

[ Member of the SGS Group (SGS SA)



| Test Report Number: 5028090EMCO1 Rev: 1
S! ; S UTEC, Inc. / Micro-Link 5 Controller
Page: 24 of 39

7 Radiated Emissions at Band Edge / Restricted Bands

7.1 Test Result

Test Description Test Specification Test Result
, . ANSI C63.10:2013
Radiated Emissions at Band 15.205, 15.209 Compliant

Edge / Restricted Bands RSS-GEN 8.9, 8.10

7.2 Test Method

Field strength measurements were performed at the restricted band edges of 2390MHz and 2483.5MHz
for each modulation. Measurements were made using the conducted method following the procedures in
ANSI C63.10 section 6.10.5 (see footnote 57 for conducted testing provision).

Offset Calculations:
Offset calculations so that conducted measurements on the spectrum analyzer in dBuV represent field
strength measurements in dBuvV/m.

Offset = -20Log(D) + 104.8 - 107 + CL + DC + AG
Offsetan = -11.7 + CL + DC + AG

D=3m Distance

CL=16dB Cable Loss (This value was accounted for in measurements)

DC =4.9 dB (32.2%) Duty Cycle Correction Factor (DCCF) (Basic Rate, EDR-2, and EDR-3)
(Worst case duty cycle from all data rates used to calculate the DCCF.)

AG =4.54 dB Antenna Gain

Offset =-0.66 dB — CL (1.6) =-2.3 dB (rounded)

7.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 22.4 °C
Relative Humidity: 43.2 %
Atmospheric Pressure: 98.2 kPa

7.4 Test Equipment

Test End Date: 17-Apr-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date  Cal Due Date

SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 | 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024
TSTPASS SWITCHBOX SB2 TSTPASS 23009 CNR CNR

SGS North America Inc. | Connectivity & Products 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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7.5 Test Data — Restricted Band Edge
Basic Rate - DH5, ChO

Spectrum ':%-1
Ref Level 118,60 dBpy  Offset 1.60 d& & RBW 1 MHz
o Att 20 d8 @ SWT 8.2ms @ VBW 3MHz Mode Auto Sweep
SGL Count 100041000
@ 1Pk Max@25Sa Avglog
M1[1] 54.73 dBpV
2.390000 GHz,
110 dey mM2[2] 38.75 dBjy
2.390000 dH
100 dep! (
90 dBpy l/{\\
80 day!
D1 74,000 dBpv- ][/
70 day!
60 déy " ] /‘\ M M
A - . r
; D2 54000 iy e | bt K L AP
I T YT PR T e v bt
M2 /J
40 dBp
- |msrcncpmsnn
30 dey
Fl
-
CF 2,352 GHz 1001 pts Span 104.0 MHz
Jl [ Ready T UMNRNANY WOV

Peak Distance Antenna Gain Cable Loss Offset 3m Value Limit Margin

(C=MY%) Factor (G:) (dB) (dBuV/m)  (dBuV/m) (dB)

2352.00 62.0 -11.7 4.9 4.5 1.6 -2.3 59.7 74.0 -14.3
[ 237700 [ 670 | 117 | 49 | 45 [ 16 [ 23 [ 647 | 740 | 93 |

Offsetam =-2.3 dB =-11.7 + 4.9 + 4.54 (Cable Loss is accounted for in plot)
Value = Peak + Offsetsm
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Spectrum [@]

Ref Level 118,60 dBpy Offset 1.60 d& & RBW 1 MHz

|& Att 20 dB & SWT B.2ms & VBW 3 MHz Mode Auto Sweep
SGL Count 1000/1000

@ 1Pk Max@2Sa avglog

mM2[2] 45.63 dBpVY)
o 2,4835000 GHz
110 oo M1[1] 62.57 dBpV|
2.4835000 GHz
100 dey / \
a0 de v / \ \
80 day 1
01 74,000 dev \ \
70 dBy . ]{‘
[ 11
Lk / \ i S
4}
J,; D2 sauuuuau‘-l\ eio, o ‘“.,,-‘_:"Jl‘ ST EE ORI SFRSRNS T |
50 day e
MW\
i e S—
30 day
F1
-
Start 2.475 GHz 1001 pts Stap 2.5 GHz
H J i LLLL] o 09:47:22
Date: 17.APR.2023

Frequency Peak Distance DCCF  Antenna Gain Cable Loss Offset 3m Value Limit Margin

MHz (dBuv) Factor (dB) (dBi) (dB) (dB) (dBuV/m)  (dBuV/m) (dB)
2491.00 62.6 -11.7 4.9 4.5 1.6 -2.3 60.3 74.0 -13.7

Offsetam = -2.3 dB =-11.7 + 4.9 + 4.54 (Cable Loss is accounted for in plot)
Value = Peak + Offsetsm
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EDR-2 - DH5, ChO
Spectrum [@

Ref Level 118.60 dBpy Offset 1.60 d& @ RBW 1 MHz

|= Att 20 de @ SWT 8.2 ms @ VBW 3 MHz Mode Auto Sweep
SGL Count 1000/1000

@ 1Pk Max@25a Avglog

M1[1] 54.72 dBpY|
2.390000 GH2
110 dBpv m2[2] 38.28 dB
2.390000 cfﬂ%
100 dBpv {
op depy i

D1 74,000 depv

80 dapv )/\
L

70 dBpv
L j
60 dBv m T ,/W"“' f
D2 S4.000 dip | i 24
i Iy KRR ARV NP YT Sy |
R e T T e L T
Mz
40 depv
b
30 dBpn,
i
I
CF 2.352 GHz 1001 pts Span 104.0 MHz
H ] Ready N g 8 TaTT18
Date: 17.APR.2023 09:44:17
Frequency Peak Distance DCCF Antenna Gain Cable Loss Offset 3m Value Limit Margin
Y374 (dBuv) Factor (dB) (dBi) (dB) (dB) (dBuV/m)  (dBuV/m) (dB)
2352.00 56.0 -11.7 4.9 4.5 1.6 -2.3 53.7 74.0 -20.3
[ 237700 [ e20 [ 17 [ a0 [ a5 | 16 | 23 | s7 | 70 -14.3

Offsetam =-2.3 dB =-11.7 + 4.9 + 4.54 (Cable Loss is accounted for in plot)
Value = Peak + Offsetsm

EDR-2 - DH5, Ch78
Spectrum [@

Ref Level 118,60 dBpy Offset 1.60 d2 @ RBW 1 MHz

j& Att 20 dB & SWT B.2ms & VBW 3 MHz Mode Auto Sweep
SGL Count 1000/1000

@ 1Pk Max@2Sa avglog

M2[2] 44.64 dBpV|
2.4835000 GHz

110 dByr M1[1] 66.12 dBpV|
/ \ 2.4835000 GHz

100 dBy!
/1Y

a0 depv

TN

D1,74.000 depv

SR ERYA .

/

) T

D2 54.000 dBp\ \L

|
e e e e
50 day N3
40 dey e
—
30 dBy
F1
:
Start 2.475 GHz 1001 pts Stop 2.5 GHz

e ——
H | Ready ERNERNEND WO 09:48:22

Date: 17

Frequency Peak Distance DCCF  Antenna Gain Cable Loss Offset 3m Value Limit Margin

MHz (dBuV) Factor (dB) (dBi) (dB) (dB) (dBuv/m)  (dBuV/m) (dB)

2483.50 66.1 -11.7 4.9 45 16 2.3 63.8 74.0 -10.2

Offsetsm =-2.3 dB = -11.7 + 4.9 + 4.54 (Cable Loss is accounted for in plot)
Value = Peak + Offsetsm
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EDR-3 - DH5, ChO

Spectrum u%,-:'
Ref Level 118.60 depy Offset 1.60 d&2 & RBW 1 MHz
|& Att 20 dB @ SWT B.2ms & VBW 3 MHz Mode Auto Sweep
SGL Count 1000/1000
@ 1Pk Max@25Sa Avglog
M1[1] 58.77 dBpV|
0 dB; 2.390000 GHz|
110 dByf M2[2] 38.96 dBy
2.390000 gH
100 dBt /
90 dayv -
80 dey \l
D1 74.000 deyt 1 {
70 dep
ML }"/
60 dap! o] 4 ’
D2 54.000 dBp
il Il LY [
ErE ey e T s ea i
M2 /
40 dpy
30 dey
F1
}
CF 2.352 GHz 1001 pts Span 104.0 MHz
H J Ready [LTITTTLT = 09:43:08
Date: 17.APR.2023 09:43:09
Frequency Peak Distance DCCF Antenna Gain Cable Loss Offset 3m Value Limit Margin
MHz (dBuVv) Factor (dB) (dBi) (dB) (dB) (dBuV/m)  (dBuV/m) (dB)
2352.00 55.0 -11.7 4.9 4.5 1.6 -2.3 52.7 74.0 -21.3
[ 230000 | s88 | 117 | 49 [ a5 | 16 | 23 [ s5 | 740 -17.5

Offsetsm =-2.3 dB = -11.7 + 4.9 + 4.54 (Cable Loss is accounted for in plot)
Value = Peak + Offsetsm

EDR-3 - DH5, Ch78
Spectrum [@

Ref Level 11860 depy Offset 1.60 d2 & RBW 1 MHz

f= Att 20 de & SWT 8.2ms @ VBW 3 MHz Mode Auto Sweep
SGL Count 1000/1000

@ 1Pk Max@25Sa Avglog

M2[2] 44.65 dBpV|
2.4835000 GHz
110 dByr M1[1] 62.62 dBpV|
/ \ 2.4835000 GHz|
100 dBt / \
a0 dBpv

VAN
7 \

D1 74,000 dg \
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70 dBy / \ \L\u‘])m

I i g ik R "
dey ; \ = - S L L LI
D2 54,000 dB ]‘

50 d3u Vg

v )

PR I

40 dBy
30 dey

F1

-
Start 2.475 GHz 1001 pts Stop 2.5 GHz

H J Ready [LTITTTLT = 09:49:25

Date: 17.A

2023 09

Frequency Peak Distance DCCF Antenna Gain Cable Loss = Offset 3m Value Limit Margin

MHz (dBuv) Factor (dB) (dBi) (dB) (dB) (dBuVv/m)  (dBuV/m) (dB)

2484.00 63.0 -11.7 4.9 4.5 1.6 -

Offsetsm =-2.3 dB = -11.7 + 4.9 + 4.54 (Cable Loss is accou
Value = Peak + Offsetsm

2.3 60.7 74.0 -13.3
nted for in plot)
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8 Pseudo-Random Hop Sequence

8.1 Test Result

Test Description Test Specification Test Result
ANSI| C63.10:2013
Pseudo-Random Hop Sequence 15.247(a)(1) Compliant®

RSS-247 5.1(a)
Note (1): The theory of operation states that the device is Bluetooth and operates using a pseudo-
random hopping technique.

8.2 Test Method
Compliance is demonstrated by Manufacturer’s declaration or is stated in the Theory of Operation.

Requirement
The hopset shall be such that the near-term distribution of frequencies appears random, with sequential

hops randomly distributed in both direction and magnitude of change in the hopset, while the long-term
distribution appears evenly distributed.
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9 Channel Separation

9.1 Test Result

Test Description Test Specification Test Result
ANSI C63.10:2013
Channel Separation 15.247(a)(1) Compliant

RSS-247 5.1(b)

9.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.2. The test data was
measured using a spectrum analyzer with Peak detector (max hold) and a resolution bandwidth of 100
kHz. The trace was allowed to stabilize until all channels were displayed.

Requirement
Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of

25 kHz or the -20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the band 2400-2483.5 MHz may have hopping channel carrier frequencies
that are separated by 25 kHz or two-thirds of the -20 dB bandwidth of the hopping channel, whichever is
greater, provided that the systems operate with an output power no greater than 0.125 W.

9.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

9.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024
9.5 Test Data
Channel 20dB
Test Mode TX Type ANT No. Separation Bandwidth | Limits (MHz) Verdict
(MH2z) (MH2)
GFSK SISO 1 1.005 0.866 =>0.866 PASS
Pi/ADQPSK SISO 1 1.000 1.278 =>0.852 PASS
8DPSK SISO 1 0.997 1.281 =0.854 PASS
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10 Number of Hopping Channels

10.1 Test Result

Test Description Test Specification Test Result
ANSI C63.10:2013
Number of Hopping Channels 15.247(a)(2)(iii) Compliant

RSS-247 5.1(d)

10.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.3. The test data was
measured using a spectrum analyzer with Peak detector (max hold) and a resolution bandwidth of 30
kHz. The trace was allowed to stabilize until all channels were displayed.

Requirement
Frequency hopping systems operating in the band 2400-2483.5 MHz shall use at least 15 hopping

channels.

10.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

10.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date  Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 | 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024

10.5 Test Data

Test Mode| TX Type |ANT No.| Num of Hopping Frequencies Limits Verdict
GFSK SISO 1 79 215 PASS
Pi/ADQPSK| SISO 1 79 215 PASS
8DPSK SISO 1 79 215 PASS
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Sample Plot
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11 Dwell Time

11.1 Test Result

Test Description Test Specification Test Result
ANSI C63.10:2013
Dwell Time 15.247(a)(2)(iii) Compliant

RSS-247 5.1(d)

11.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.4. For each packet
type and data rate, the pulse width of the packet was measured, and the pulses were counted over the
total observation period.

Requirement
The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of

0.4 seconds, multiplied by the number of hopping channels employed (0.4*79=31.6s).

11.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 19.17 °C
Relative Humidity: 52.1 %
Atmospheric Pressure: 98.2 kPa

11.4 Test Equipment

Test End Date: 15-Mar-2023 Tester: DA
Equipment Model Manufacturer Asset Cal Date  Cal Due Date
SIGNAL ANALYZER (TS8997) FSV30 ROHDE & SCHWARZ B085749 7-Dec-2022 | 7-Dec-2023
RF CABLE SMA TO SMA, 0.01-40GHZ 084-0505-059 TELEDYNE STORM MICROWAVE 20108 13-Mar-2023 | 13-Mar-2024
11.5 Test Data
Duration . |Num of Pulse| Dwell | . .
Test Mode P.? Ck:t TTXe '?‘\II\(IJT of Single ngfie;r(\j/a(ﬂ)o Nin Observation Time L(lm;t)s Verdict
yp yp " |Pulse (ms) Period (ms)
DH1 |SISO| 1 0.405 31.6 320 129.600| <400 | PASS
GFSK DH3 |SISO| 1 1.660 31.6 154 255.640|<400 | PASS
DH5 |SISO| 1 2.908 31.6 105 305.340|<400 | PASS
2DH1 |SISO| 1 0.409 31.6 320 130.880|<400| PASS
Pi/ADQPSK| 2DH3 |SISO| 1 1.661 31.6 156 259.116|<400| PASS
2DH5 |SISO| 1 2.909 31.6 108 314.172|<400| PASS
3DH1 |SISO| 1 0.409 31.6 319 130.471|<400| PASS
8DPSK |3DH3 |SISO| 1 1.660 31.6 152 252.320|<400 | PASS
3DH5 [SISO| 1 2.911 31.6 120 349.320|<400 | PASS
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Sample Plot
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12 AC Powerline Conducted Emissions

12.1 Test Result

Test Description Test Specification Test Result
AC Powerline Conducted 15.207 RSS-GEN 8.8 Compliant
Emissions

12.2 Test Method

With the receiver’s resolution bandwidth was set to 9 kHz, exploratory scans were performed over the
measuring frequency range (0.15 MHz to 30 MHz) using a max hold mode incorporating a Peak detector
and Average detector and using the TILE! software. The final test data was measured using a Quasi-
Peak detector and Average detector and compared against the limits indicated in the table below.

Frequency Range Limits (dBuV)
0.15 to 0.5 MHz g"g g’g o ég
0.5 to 5 MHz APV|5’5466
5 to 30 MHz APVEGSOO

12.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions:
Temperature: 22.7 °C
Relative Humidity: 38.8 %
Atmospheric Pressure 97.8 kPa

12.4 Test Equipment

Test End Date:  13-Apr-2023 Tester: EW
Equipment Model Manufacturer Asset Cal Date  Cal Due Date

LINE IMPEDANCE STABILIZATION NETWORK NNB 51 TESEQ B085882 | 15-Apr-2022 | 15-Apr-2023
RF CABLE UC-N-MM-78 |MAURY MICROWAVE| 17017 | 25-Aug-2022 | 25-Aug-2023
EMI TEST RECEIVER ESW44 ROHDE & SCHWARZ | 22032 | 24-Nov-2022 | 24-Nov-2023

Software: Conducted Emissions 230206.til
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— QP Limit
FCC Class B —  Avg Limit
Conducted Emissions 150kHz-30MHz —— Peak Emissions
Line 1 X Final QP Data
<& Final Avg Data
100.0
90.01
80.01
70.0+
T
60.0+ —
< ——
3 50.0F T
= r
€ 400+
2
o 1 M
£ 30.0 rr’z
< ’(\lﬂ
20.0tf i” \‘
* I
10.0+ ! ol
S D O B I d
of
: \ \ | |
2 L |
-10.0¢ | | | 1 i
r | | | | | |
20,01 1 1 I | 1
150.00K 1.00M 10.00M 30.00M
Frequency

Frequency QP Value @ QP Limit QP Margin Avg Value AvgLimit Avg Margin
MHz dBuv dBuVv dB dBuv dBuVv dB
0.257 26.5 61.5 -35.0 7.3 51.5 -44.2
0.586 17.9 56.0 -38.1 4.8 46.0 -41.2
15.918 9.5 60.0 -50.5 3.7 50.0 -46.3
16.230 19.5 60.0 -40.5 14.6 50.0 -35.4
16.616 13.6 60.0 -46.4 9.8 50.0 -40.2
19.708 27.7 60.0 -32.3 23.5 50.0 -26.5
20.257 31.7 60.0 -28.3 25.5 50.0 -24.5
20.808 31.1 60.0 -28.9 25.7 50.0 -24.3
21.113 28.5 60.0 -31.5 25.9 50.0 -24.1
21.663 30.6 60.0 -29.4 27.6 50.0 -22.4
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QP Limit
Avg Limit

—— Peak Emissions

Final QP Data
Final Avg Data

-20.0L
150.00K

1.00M
Frequency

10.00M 30.00M

Frequency QP Value QP Limit QP Margin Avg Value AvgLimit Avg Margin
MHz dBuv dBuv dB dBuv dBuv dB

0.159 29.6 65.5 -35.9 9.6 55.5 -45.9

0.490 20.6 56.2 -35.6 6.1 46.2 -40.1
20.259 28.7 60.0 -31.3 21.9 50.0 -28.1
20.809 27.6 60.0 -32.4 21.3 50.0 -28.7
21.662 26.2 60.0 -33.8 22.2 50.0 -27.8
24.001 17.3 60.0 -42.7 14.1 50.0 -35.9
24.706 10.7 60.0 -49.3 5.4 50.0 -44.6
25.224 11.1 60.0 -48.9 5.5 50.0 -44.5
25.692 135 60.0 -46.5 8.9 50.0 -41.1
26.484 12.3 60.0 -47.7 7.3 50.0 -42.7
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13 Measurement Uncertainty

The measurement uncertainty figures are be calculated in accordance with TR 100 028-1 [2] and
correspond to an expansion factor (coverage factor) k = 2 (which provide confidence levels of 95,45 % in
the case where the distributions characterizing the actual measurement uncertainties are normal
(Gaussian)).

Expanded Uncertainty for Normal k factor equal to 2
Parameter Required Laboratory Actual
Radio Frequency +1 x 10-5 +9.8 x 10-8
total RF power, conducted +1.5dB +1.2 dB
RF power density, conducted +3 dB +0.7 dB
spurious emissions, conducted +3dB +2.1dB
all emissions, radiated +6 dB +4.8 dB
temperature +1°C +0.5°C
humidity 5 % +3.5%
DC and low frequency voltages +3 % +0.4%
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14 Revision History

RS Description of changes Revision Date
Level
0 Initial release 31 May 2023

- Updated RSS-247 reference to latest issue on title page
- Clarified antenna type in sections 1 & 2.3

1 - Corrected dates of testing in section 2.3 17 November 2023
- Added notes on prescan testing <30MHz in sections 6.2 & 6.5
- Corrected ANSI C63.10 section reference in section 7.2
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