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REPORT NO: R12931061-E2 DATE: 2019-09-17

FCC ID: 2ATXJ-RACO01 IC: 25253-RAC01
1. ATTESTATION OF TEST RESULTS
COMPANY NAME: Danfoss A/S
Bldg E14-S1A
Nordborgvej 81
Nordborg, 6430
Denmark
EUT DESCRIPTION: BLE Display
MODEL.: AK-UI55 Bluetooth
SERIAL NUMBER: P0882, P1059
DATE TESTED: 2019-07-15 to 2019-08-28
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies
ISED RSS-247 Issue 2 Complies
ISED RSS-GEN Issue 5 Complies

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. The test results show that the equipment tested is capable of demonstrating
compliance with the requirements as documented in this report.

The results documented in this report apply only to the tested sample, under the conditions and
modes of operation as described herein. It is the manufacturer's responsibility to assure that
additional production units of this model are manufactured with identical electrical and
mechanical components. All samples tested were in good operating condition throughout the
entire test program. Measurement Uncertainties are published for informational purposes only
and were not taken into account unless noted otherwise.

This document may not be altered or revised in any way unless done so by UL LLC and all
revisions are duly noted in the revisions section. Any alteration of this document not carried out
by UL LLC will constitute fraud and shall nullify the document. This report must not be used by
the client to claim product certification, approval, or endorsement by NVLAP, NIST, or any
agency of the U.S. government.
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, ANSI C63.10-2013, KDB 558074 D01 15.247 Meas Guidance v05r02,
RSS-GEN Issue 5, and RSS-247 Issue 2.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 12 Laboratory
Drive, Research Triangle Park, North Carolina, USA and 2800 Perimeter Park Dr., Suite B,
Morrisville, North Carolina, USA. The following table identifies which facilities were utilized for
radiated emission measurements documented in this report. Specific facilities are also
identified in the test results sections.

12 Laboratory Dr. 2800 Perimeter Park Dr., Suite B

ISED Site Code: 2180C

[ ] chamber ARTP X North Chamber
|:| Chamber C RTP |:| South Chamber

The above test sites and facilities are covered under FCC Test Firm Registration # 703469.
Chambers above are covered under Industry Canada company address and respective code.

UL LLC (RTP) is accredited by NVLAP, Laboratory Code 200246-0
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

4. CALIBRATION AND UNCERTAINTY

41. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

RADIATED EMISSIONS

Where relevant, the following sample calculation is provided:

Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) + Cable
Loss (dB) — Preamp Gain (dB)

36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

MAINS CONDUCTED EMISSIONS

Where relevant, the following sample calculation is provided:

Final Voltage (dBuV) = Measured Voltage (dBuV) + Cable Loss (dB) + Limiter Factor (dB) +
LISN Insertion Loss.

36.5dBuV + 0dB +10.1 dB+ 0 dB =46.6 dBuV

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Radio Frequency (Spectrum Analyzer) 141.2 Hz
Occupied Channel Bandwidth 2.00%
1.3 dB (PK)
RF output power, conducted 0.45 dB (AV)
Power Spectral Density, conducted 2.47 dB
Unwanted Emissions, conducted 2.50 dB
All emissions, radiated 4.88 dB
Temperature 2.26°C
Humidity 6.79%
DC Supply voltages 1.70%
Time 3.39%

Uncertainty figures are valid to a confidence level of 95%.
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

5. EQUIPMENT UNDER TEST
5.1. EUT DESCRIPTION

The EUT is a BLE display.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (mW)
(MHz)

2402 - 2480 BLE -0.71 0.85

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an PCB trace antenna, with a maximum gain of 5.3 dBi.

5.4. SOFTWARE AND FIRMWARE

The EUT firmware installed during testing was 3.2.

5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emissions below 1GHz, above 18GHz, and power line conducted emission were
performed with the EUT set to transmit at the channel with highest output power as worst-case
scenario.

Band edge and radiated emissions between 1GHz and 18 GHz were performed with the EUT set
to transmit at the highest power on low, middle and high channels.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was

determined that Z orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in Z orientation.

Page 9 of 42

UL LLC
12 Laboratory Dr., RTP, NC 27709; USA TEL:(919)549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Support Equipment List
Description Manufacturer Model Serial Number FCC ID
Controller Danfoss AK-CC55 Single cail NA NA
Laptop Lenovo L470 PF0ZV674 NA
JLink Adaptor Danfoss Prototype NA NA
Dev Kit Texas Instruments CC2640R2 NA NA
1/0 CABLES
I/O Cable List
Cable # of Identical Cable Cable
No. Port Ports Connector Type Type Length (m) Remarks
1 Display 1 Hardwired RJ14 <3m Other lengths available
9 Mains 1 Terminal Mains <3m Provides AC power to
Connector support controller
TEST SETUP

The EUT is connected to a test laptop during the tests. Test software exercised the radio card.

SETUP DIAGRAMS

Please refer to R12931061-EP2 for setup diagrams
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

6. MEASUREMENT METHOD

On Time and Duty Cycle: ANSI C63.10 Section 11.6

6 dB BW: ANSI C63.10 Subclause 11.8.1

Occupied BW (99%): ANSI C63.10-2013 Section 6.9.3

Output Power: ANSI C63.10 Subclause 11.9.1.3 (PKPM1)
PSD: ANSI C63.10 Subclause 11.10.2 (Peak PSD)

Qut-of-band emissions in non-restricted bands: ANSI C63.10-2013 Section 11.11 & 6.10.4

Out-of-band emissions in restricted bands: ANSI C63.10-2013 Section 11.12.1, 6.10.5 and
KDB 558074 D01 15.247 Section 11. FAQ 3c

General Radiated Emissions: ANSI C63.10:2013 Sections 6.3 — 6.6
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

7. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this
report:

Test Equipment Used - Radiated Disturbance Emissions Test Equipment (Morrisville - South Chamber)

Equip.
ID Description Manufacturer | Model Number| Last Cal. | Next Cal.
0.009-30MHz (Loop Ant.)
ATO0079
Active Loop Antenna ETS-Lindgren 6502 2019-08-082020-08-08
30-1000 MHz
Hybrid Broadband Sunol Sciences
AT0066 Antenna Corp. JB1 2018-12-11]2019-12-11
1-18 GHz
Double-Ridged
Waveguide Horn
AT0072 Antenna, 1 to 18 GHz ETS Lindgren 3117 2019-04-22|2020-04-22
18-40 GHz
Horn Antenna, 18-
AT0076 26.5GHz ARA MWH-1826/B |2018-11-08|2019-11-08
Gain-Loss Chains
Gain-loss string: 0.009-
S-SACO01 30MHz Various Various 2019-05-02 | 2020-05-02
Gain-loss string: 25-
S-SACO02 1000MHz Various Various 2019-05-02 ] 2020-05-02
Gain-loss string: 1-
S-SACO03 18GHz Various Various 2019-03-13]2020-03-13
Gain-loss string: 18-
S-SAC04 40GHz Various Various 2018-09-30|2019-09-30
Receiver & Software
SA0025 Spectrum Analyzer Agilent N9030A 2019-02-282020-02-28
SA0027
(18-40GHz RSE) | Spectrum Analyzer Agilent N9030A 2019-05-15]2020-05-15
SOFTEMI EMI Software UL Version 9.5 NA NA
Additional Equipment
used
s/n 181474409 | Environmental Meter Fisher Scientific 15-077-963 | 2018-07-27|2020-07-27
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

Test Equipment Used — Line Conducted Emissions Voltage (Morrisville — Conducted 1)

Equipment
ID Description Manufacturer Model Number Last Cal. | Next Cal.
Coax cable, RG223, N-male
CBL087 to BNC-male, 20-t. Pasternack PE3W06143-240 |2019-05-29|2020-05-29
s/n 161016511 | Environmental Meter Fisher Scientific 14-650-118 2018-09-04|2020-09-04
LISN, 50-ohm/50-uH, 2- Fischer Custom| FCC-LISN-50-25-2-
LISNOO3 conductor, 25A Com. 01-550V 2018-08-21|2019-08-21
75141 EMI Test Receiver 9kHz- Rohde &
(PRE0101521)| 7GHz Schwarz ESCI 7 2018-08-22|2019-08-22
Transient Limiter, 0.009-
TLOO1 30MHz Com-Power LIT-930A 2019-05-29|2020-05-29
CW2501M
PS215 AC Power Source Elgar (s/n 1523A02397) NA NA
SOFTEMI EMI Software UL Version 9.5 NA NA
Test Equipment Used - Wireless Conducted Measurement Equipment (Morrisville Conducted 2)
Equipment
ID Description Manufacturer [Model Number| Last Cal. | Next Cal.
Conducted Room 2
72822 Agilent
(PRE0100902) Spectrum Analyzer Technologies E4446A 2018-11-19|2019-11-19
PWMO004 Keysight 7. 7.
(MY55116003) RF Power Meter Technologies N1911A 2018-07-30|2019-07-30
PWS005 Peak and Avg Power Sensor, Keysight e e
(MY55090030) 50MHz to 6GHz Technologies | N1921A  2019-05-06]2020-05-06
SN 161024885 Environmental Meter Fisher Scientific| 15-077-963 (2019-06-17|2019-06-17

NOTES:

1. For equipment listed above that was calibrated during the testing period, please note the
equipment was used for testing after calibration.
2. For equipment listed above that has a calibration due date during the testing period, the testing
was completed before the equipment expiration date.
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

8. ANTENNA PORT TEST RESULTS

8.1. ON TIME AND DUTY CYCLE

LIMITS

None; for reporting purposes only.
PROCEDURE
KDB 558074 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

Mode ON Time| Period [ Duty Cycle Duty Duty Cycle 1/B
B X Cycle Correction Factor | Minimum VBW
(msec) | (msec) (linear) (%) (dB) (kHz)
2.4GHz Band
BLE 98.70 98.70 1.000 100.00% 0.00 0.010

DUTY CYCLE PLOTS

3 Agilent 16:24:41 Jul 15, 2019 L | Measure |
APv9.9(A6@5193,24293 /44389, a Mkr3 987 ms
Ref 28 dBm #Atten 30 dB -0.829 4B Meas Off
#Peak |
Log  3m 3
10 B Channel Power
dB/

‘ Occupied BH

ACP

#PAva ‘

Center 2.440 G068 GHz Span B Hz . .
Res BH 8 MHz WEH GO MMz Sweep 100 ms (1001 prsy || UMY cﬁ;:}:ﬁ
Markar Trace Type K Axig Amplitude
iR il Time 1.3 ne -0.86 dBm
1 1 Ti 98.7 -B.83 dB ‘
3; 48] T:EE 1.3 ﬂi -B.86 dBm PowercSCtDaFt
Ja 1l Time 948.7 me -6.83 dB
More
1of?2

DUTY CYCLE BLE
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

8.2, 99% BANDWIDTH
LIMITS
None; for reporting purposes only.
RESULTS

8.2.1. BLE (1Mbps)

HIGH CHANNEL
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Channel Frequency 99% Bandwidth
(MHz) (MHz)
Low 2402 1.049
Middle 2440 1.052
High 2480 1.057
% Agilent 16:42:28 Jul 15, 2019 L Measure 4 Agilent 16:27:88 Jul 15, 2019 L Measure
| |
Ch Freq 2.402 GHz Trig Free Meas Off Ch Freq 2.44 GHz Trig Free Meas Off
Occupied Bandwidth Averages: 20 I Occupied Bandwidth Averages: 20 I
Channel Power| Channel Power
APv9.9(868519),24293 /44389, APw9.9(A60519),24293 /44389,
Ref 28 dBm #Atten 30 dB Ref 20 dBm #Atten 38 dB
¥Samp — \ Occupied BH #Sainp \ \ I Occupied BH
Log | | I Log I } |
10 I — 10 ! '
e TR AL, e TTVTLNTE i TR RT 7P Y
o > - ace| | |52, S0 %l ACP
0.29 o [ | v T B.29 gl (N
& | I I +— & 1 I
t ] ] ] Multi Carrier, t } ] } Multi Carrier
Center 2.482 080 GHz Span 2 MHz Power Center 2.448 008 GHz Span 2 MHz Power
#Res BH 18 kHz #UBH 56 kHz #Sween 100 ms (1001 prs) #Res BH 18 kHz #\JBH 56 kHz #Sweep 100 ms (1001 prs)
Power Stat Power Stat
Occupied Bandwidth Occ BW % Pur  99.00 % CCDF| Occupied Bandwidth Occ BN 7 Pwr  99.00 7 CCDF
1.9488 MHz ® dB -26.00 dB 1.8516 MHz * dB -26.00 dB
Transmit Freq Error 2@.451 kHz 1”°{§ Transmit Freq Error 19.264 kHz ll‘lofrg
% dB Bandwidth 1.268 MHzx E % dB Bandwidth 1.269 MHz* o
| |
% Agilent 17:18:43 Jul 15, 2019 L Heasure
|
Ch Freq 2.48 GHz Trig Free Meas Off
Occupied Bandwidth Averages: 20 I
Channel Power
APvw9.9(A6R519),24293/44389,
Ref 28 dBm #Atten 30 dB
#Samp T T Dccupied BH
Log | |
19 I I
dB/ L l <
Offst > [T < ACP
029 T -
dB I Y
I I I Multi Carrier
Center 2.430 808 GHz Span 2 MHz Power
#Res BH 18 kHz #UBH 56 kHz #5weep 100 ms (10081 pts)
= = Power Stat
Occupied Bandwidth Occ BH Z PWr  99.00 7 CCDF
1.0574 MHz % dB  -26.00 dB
Transmit Freq Error 18833 kHz 1M°fr§
® dB Bandwidth 1.272 MHz* v
|




REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

8.3.

LIMITS

6 dB BANDWIDTH

FCC §15.247 (a) (2)
RSS-247 5.2 (a)

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS

8.3.1. BLE (1Mbps)

#Res BH 100 kHz

#UBH 3080 kHz

Sweep 1 ms (1001 pts)

HIGH CHANNEL
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Channel Frequency 6 dB Bandwidth Minimum Limit
(MHz) (MHz) (MHz)
Low 2402 0.7110 0.5
Middle 2440 0.7740 0.5
High 2480 0.7560 0.5
# Agilent 16:41:47 Jul 15, 2019 L Measure & Agilent 16:26:26  Jul 15, 2019 L Measure
APw9.3(B6AS19),24293 /44389, a Mkrl 711 kHZ| APv9.9(A60B519),24293/ 44389, a Mkrl 774 kHz|
Ref 38 dBm #Atten 40 dB -B.677 dB Meas Off| Ref 38 dBm #ftten 49 dB 0.054 dB Meas Off|
#Peak #Peak
Log Lag
L Channel Power| Lo Channel Power
B/ dB/
Offst Offst
0.29 B.23
dB . . Occupied BH dB iR 1 Occupied BH
ol 2 1] ¢ &
-7.6 -8.1
dBm dBm
WPeivg ACP v ACP
28 28
ML 52 Multi Carrier ML 52 Multi Carrier,
53 F Power| $3 FS Power|
AR AA
ECE: Power Stat £ Power Stat
50k CCDF 00k CCDF
Swp Swp
Center 2.402 000 GHz Span 3 Mz 1”‘0’{3 Center 2.499 000 Gz Snan 3 Wiz 1"‘;{2
#Res BH 180 kHz #BH 300 kHz Sweep 1 ms (1001 pts) #Res BH 108 kHz #UBH 300 kHz Sweep 1 ms (1891 pts)
| |
3% Agilent 17:18:09 Jul 15, 2019 L Heasure
APw9.9(068519),24293/ 44389, a Mkrl 756 kHz|
Ref 3@ dBm #Atten 40 dB -0.326 dB Meas Off|
#Peak
Log
10 Channel P
ey annel Power,
Dffst
.29
4B ix . Occupied BH
D‘ O res
-7.9
dBm
PR ACP
28
ML 52 Multi Carrier
S3F Power,
AA
£l Power Stat
550k CCDF
Swp
Center 2.450 000 GHz Span 3 Mz 1”‘;{3




REPORT NO: R12931061-E2

FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

8.4. OUTPUT POWER

LIMITS

FCC §15.247 (b) (3)
RSS-247 5.4 (d)

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 0.29 dB was entered as an offset in the power meter to
allow for a peak reading of power.

RESULTS

8.4.1. BLE (1Mbps)

Tested By: 24293/44389
Date: 2019-07-15
Channel Frequency Peak Power Limit Margin
Reading
(MHz) (dBm) (dBm) (dB)
Low 2402 -1.07 30 -31.07
Middle 2440 -0.71 30 -30.71
High 2480 -0.86 30 -30.86
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

8.5. AVERAGE POWE

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

R

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 0.29dB was entered as an offset in the power meter to
allow for a gated average reading of power.

RESULTS

8.5.1. BLE (1Mbps)

Tested By: 24293/44389
Date: 2019-07-15
Channel Frequency AV power
(MHz) (dBm)
Low 2402 -1.12
Middle 2440 -0.79
High 2480 -0.86
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

8.6. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)
RSS-247 (5.2) (b)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS

8.6.1. BLE (1Mbps)

Channel | Frequency PSD Limit Margin
(MHz) (dBm/3kHz) | (dBm/3kHz) (dB)
Low 2402 -9.10 8 -17.10
Middle 2440 -10.21 8 -18.21
High 2480 -13.85 8 -21.85
% Agilent 16:43:35 Jul 15, 2019 L Measure 3 Agilent 16:28:81 Jul 15, 2919 L Measure
APv9.9(860519),24293 /44389, Merl 2.4082 820 GHz APv9.9(068519),24293 /44389, Mkrl 2.440 018 GHz
Ref 2@ dBm #Atten 30 dB -9.162 dBm Meas Off| Ref 20 dBm #Rtten 39 dB —18.206 dBm Meas Off
#Peak #Peak
Log Log
18 18
A8/ Channel Power| dB/ Channel Power
OFfst N Offst
0.29 0.29 :
dB Occupied BW dB Occupied BH
] ul}
; 3-@
m m
WPivg ACP “Pvs ACP
108 188
ML §2 Multi Carrier| ML 52 Multi Carrier
$3 F Power $3 F35) Power
AR AA
£ £fx
50K Powercsct[';lrg 550k PowercSctDaFt
Swp Swp
Center 2.402 000 GHz Span 2 Mz 1”‘;{3 Center 2.046 060 GHz Span 2 Wz 1"‘0’{‘2’
#Res BH 3 kHz #WBH 9.1 kHz  Sweep 212.3 ms (1681 pts) #Res BH 3 kHz #YBH 9.1 kHz  Sweep 212.3 ms (1001 pts)
| |
LOW CHANNEL MID CHANNEL
% Agilent 17:19:36 Jul 15, 2019 L Measure
APw9.9(AER519),24293/44389, Mkrl 2.488 624 GHz
Ref 28 dBm #Atten 30 dB -13.845 dBm Meas Off
#Peak
Lag
ég/ Channel Power
Offst
6.29 ,
dB y Occupied B
ul}
:
i
. ACP
168
ML 52 Multi Carrier
53 F Power
AA
g%k Power Stat
Sop CCDF|
Center 2.4%8 860 GHz Span 2 Mz hore
#Res BH 3 kHz #UBH 9.1 kHz  Sweep 212.3 ms (1081 pts)
|
HIGH CHANNEL
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

8.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
RSS-247 5.5

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

RESULTS
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

8.7.1. BLE (1Mbps)

% Agilent 16:44:14  Jul 15, 2019 L Measure 4 Agilent 16:45:24  Jul 15, 2019 L Measure
APv9.9(860519),24293 /44389, Mkrl 2482 27 GHz| APv9.9(068519),24293 /44389, Mkrd 24.776 GHz|
Ref 20 dBm #Atten 30 dB ~1.10 dBm Meas Off Ref 38 dBm #fitten 40 dB ~35.899 dBm Meas Off
#Peak #Peak [
Log T Log ‘
1 Channel Power| 10 1 Channel Power
dB/ dB/
Offst Offst
8.29 0.29
dB Occupied BW dB Occupied BH
ol ol 3
—211 —21.1 =
dBm dBm (. /. ey L
e i s e
Center 2400 08 GHz Span 18 MHz . " Start 30 MHz Stop 26.800 GHz " "
#Res BH 108 kHz SUBH 300 khz Sweep 1 ms 1001 prs) || MUIUCAPIOTY 1 Tops 6 100 iz WIEW 300 itz Sweep 2.482 s (8132 prs) || 1M CATTIET
Marker  Trace Type R Axis Auplitude Marker  Trace Type N fxis Amplitude
[¢5) Freq 2.482 27 GHz -1.18 dBn 1 (&b} Freq 2.482 GHz -1.68 dBm
2 1y Fi 2.488 8@ GH. -5£1.19 dEi 2 (&5 F 4.884 GH. -51.97 dBi
3 1y F:zg 2.468 6@ EHE -G1.19 dB: Powerc%tnal‘s 3 1 F:E 7.288 EH; -47.97 dE'n: PowercsctDaFt
4 (5] Freq 24,776 BHz -39.98 dBm
More More
1of 2 1of2
| |

LOW CHANNEL BANDEDGE

OUT-OF-BAND LOW CHANNEL

# Agilent 16:29:18  Jul 15, 2619 L Measure 5 Agilent 16:38:59 Jul 15, 2019 L Measure
APw9.3(B6AS19),24293 /44389, Mkrl 2.448 28 GHz] APv9.9(A60B519),24293/ 44389, Mkrd  24.888 GHz|
Ref 28 dBm #Atten 30 dB —0.76 dBm Meas Off| Ref 38 dBm #ftten 40 dB -39.467 dBm Meas Off
#Peak #Peak ‘
Log Log |
10 Channel Power| 10 : Channel Power
dB/ L dB/
Offst Offst
0.29 B.23
dB Occupied BH dB Occupied BH
ol ol 4
-28.8 -20.8 z 3
dBm dBm ol e L
| P T
ML 52 : : Start 30 MHz Stop 26.088 GHz : :
g Hulti c:g:}:ﬁ #Res BH 100 kHz WEH 300 K4z Sweep 24825 (8192 proy || TN c:;::::
Jard Marker  Trace Type ¥ fixis finplitude

£ — TR | i & —
58k ower Stat : b Freu 4880 st oo dEm ower Stat
Snp CCOF 4 s Freq 24388 BHs 239,47 do CCOF
Center 2,440 08 GHz Span 18 1z hore Jtore
#Res BH 100 kHz #BH 300 kHz Sweep 1 ms (1001 pts)

| |

IN-BAND REFERENCE LEVEL

OUT-OF-BAND MID CHANNEL

# Agilent 17:20:05 Jul 15, 2019 L Measure Agilent 17:21:85 Jul 15, 2919 L Measure
APwA.8(BEAS1S),24293 /44389, Mkrl 2.430 @1 GHz] APw3.9(060519),24293/ 44389, Mkrd  24.732 GHz|
Ref 28 dBm #Htten 30 dB —1.84 dBm Meas Off| Ref 36 dBm #Atten 40 dB —39.489 dBm Meas Off|
#Peak #Peak ‘
Log 1 Log ‘
18 14 ;
ey Channel Power| Y i Channel Power
Offst Dffst
8.29 0.29
dB Occupied BW dB Occupied BH
] o} 3
218 2 218 F—
dBm dBm s VN = f
ACP ACP
| | o T
Center 2.483 50 GHz Span 10 MHz . . Center 13.015 GHz Span 25.97 GHz . .
wRes BH 100 kHz #UBH 308 kHz Sweep 1 s (1801 prs) || U cpaguzif #Res BM 100 kHz WEN 300 Kz Sweep 2487 5 (5197 prop || TN c;;:::ﬁ
Marker  Trace Type ¥ Axis Auplitude Marker  Trace Type ¥ Axis Anplitude
1 1y Fi 2.488 81 GH. -1.84 dB: 1 (&5 F 2.488 GH. -3.23 dBi
2 [¢5) F:zg 2.484 63 EHz -58.79 dB: Power Stat 2 (&5} F:E 4.968 EH; -51.47 dE:: Power Stat
3 1) Fi 2.483 58 GH: -68.85 dB 3 1y F 7.446 GH: -48.99 dB
el : " CCDF] 4 (&8} F:ZS 24.732 EH; -39.49 dEm CCDF
More| More
lof2 1of2
| |
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REPORT NO: R12931061-E2

FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205 and §15.209

RSS-GEN, Section 8.9 and 8.10.

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/m) at 3 m (dBuV/m) at 3 m
0.009-0.490 2400/F(kHz) @ 300 m -
0.490-1.705 24000/F(kHz) @ 30 m -
1.705 - 30 30 @ 30m -
30 -88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for measurement

below 1GHz; 1.5 m above the ground plane for measurement above 1GHz. The antenna to EUT
distance is 3 meters. The EUT is configured in accordance with ANSI C63.10. The EUT is set to
transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used
unless otherwise noted as quasi-peak.

For pre-scans above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set
to 30 KHz for peak measurements.

For final measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video
bandwidth is set to 3 MHz for peak measurements and as applicable for average

measurements.

The spectrum from 1 GHz to 18 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band. Below 1GHz and above 18 GHz
emissions, the channel with the highest output power was tested.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The
EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned
from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.

3D antenna use - For below 30MHz testing, investigation was done on three antenna
orientations (parallel, perpendicular, and ground-parallel).
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RAC01
KDB 414788 Open Field Site(OFS) and Chamber Correlation Justification

Base on FCC 15.31 (f) (2): measurements may be performed at a distance closer than that
specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field.

OFS and chamber correlation testing had been performed and chamber measured test result is
the worst case test result.
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

9.2. TRANSMITTER ABOVE 1 GHz

DATE: 2019-09-17
IC: 25253-RACO01

9.2.1. BLE (1Mbps)

Antenna 1
1ZETeit Facility: UL Morrisville 2818 Aug 27 17:28:19
Restricted Bondedge
= Project Numker: 12931861
(= Client: Denfoss (AL-UIS5)
Test Location: S-SAC
Mode: BLE, 2482MHz
195 Tested by: 1785
ElS
85 il
N Peck Limiz (dBul/m) //\
> 7=
3 u /
w
o
S /
55 Averoge Limiz CdBuly/m) J[
45 c . l// \
32 3 ,/
2.31 18.5MH=z/ 2.415
Fregquency (GHz)
Rarge (6 REM/UB Fof/fitin  Det/Avg Tope Sueep Pio  Foupa/iode Lobol Ronge (1) REW/VB Ref/Atin  DetfAvg Tope Sweep Pio Bowpo/fode  Lobel
1:2.31-2.415 NGB/ 17/10 PERK/Fur AvglRYS)  Zhnsecthuto) 880 HAXH Horizemtal { 2:2.31-2.415 M-8/ 187/18  AVER/Far Fug(RNS) 2fnsecthto) GBBB JBETAVG  Horizontal - A
Low CH Bandedge - H.TST Rev 9.5 "2 Jun 2019

Marker|Frequency| Meter | Det | AT0072 |[Amp/Cbl/Fltr/Pad|Corrected| Average |Margin |Peak Limitl PK |Azimuth|Height|Polarity
(GHz) |Reading (dB/m) (dB) Reading | Limit (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuV/m)|(dBuv/m) (dB)
1 *2.39 34.07 Pk 31.9 -24 41.97 - - 74 -32.03 353 153 H
2 *2.37079| 374 Pk 31.8 -24 45.2 - - 74 -28.8 353 153 H
3 *2.39 25.12 |RMS | 319 -24 33.02 54 -20.98 - - 353 153 H
4 *2.38335| 25.37 |RMS | 319 -23.9 33.37 54 -20.63 - - 353 153 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

VERTICAL RESULT

125Test Facility: UL Morrisville 2819 Aug 27 17:31:28

Restricted Bondedge

- Project Numker: 12031061
e Client: Donfoss (AL-UI55)
Test Losation: 5-SAC
Mode: BLE, 24B2MHz

185 Tested hy: 1785

Peak Limiz CdBul/m)

CdBulU/m3
~
C

Average Limiw CdBuly/m)

AN}

2.3 ‘ T8, 5z, ‘ 2415
FFEqueﬂc\j (GHZ)

Range (G REWUBH Fef/fttn  Det/Avg Tope Sueep Fts foups/liode Lcbel Ronge (6H2) REW/UB Ref/Attn Det/Avg Tupe Suesp Fis  Fwps/fode  Lobel

Low CH Bondedge - V.TST Rev 9.5 "2 Jun 2819

Marker|Frequency| Meter | Det | AT0072 |[Amp/Cbl/Fltr/Pad|Corrected| Average |Margin |Peak Limitl PK |Azimuth|Height|Polarity
(GHz) |Reading (dB/m) (dB) Reading | Limit (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuV/m)|(dBuV/m) (dB)

1 *2.39 34.38 Pk 31.9 -24 42.28 - - 74 -31.72 22 127 Vv

2 *2.35237| 37.34 Pk 31.7 -23.8 45.24 - - 74 -28.76 22 127 Vv

3 *2.39 24.86 | RMS 31.9 -24 32.76 54 -21.24 - - 22 127 Vv

4 *2.37829| 26.01 | RMS 31.8 -24 33.81 54 -20.19 - - 22 127 Vv
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

Test Faocility: UL Morrisville 2818 Aug 27 17:46:51
Restricted Bondedge

= Project Numker: 12931861
e Client: Danfoss (AL-UISS)
Test Locotion: 5-SAC
Mode: BLE, 2480MHz

195 Tested by: 1785

128

Peak Limit (cBul/im

CdBul/m2
~J [eg)
Sl o
—

Averoge Limit CdBul/m)

=]

HEN

32 /

2.46 18. 3MH=z/ 2.563
Fregquency (GHz)

Range (G REWAUBH Fef/ftin  Det/Avg Tope Sueep Pts  foupa/liode Lohel Ronge (6Ho) REW/UBW Ref/Rttn  Det/Avg Tupe Sucsp Flo  Fowpo/fods  Lbel
1:2.46-2.563 1MC-6oB) /31 147/18 PERK/Pur Avg(RMS)  2Zmsec(futo) 6688 MAXH Horizental 2:2.46-2.563 1M(-6dB) /34 187/18 AVER/Pur Fyg(RM3)  26nsecChuta) EBEA  3BATAVG Horizontal - A

H gh CH Bondedge - H.TST Rev 3.5 "2 Jun 2819

Marker|Frequency| Meter | Det | AT0072 |[Amp/Cbl/Fltr/Pad|Corrected| Average |Margin|Peak Limitl PK |Azimuth|Height|Polarity
(GHz) |Reading (dB/m) (dB) Reading | Limit (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuV/m)|(dBuV/m) (dB)

1 *2.4835 | 34.87 Pk 32.3 -24.5 42.67 - - 74 -31.33 66 150 H

2 *2.49566 | 38.4 Pk 32.3 -24.6 46.1 - - 74 -27.9 66 150 H

3 *2.4835 25.6 | RMS 32.3 -24.5 33.4 54 -20.6 - - 66 150 H

4 *2.48354| 26.03 | RMS 32.3 -24.5 33.83 54 -20.17 - - 66 150 H
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

VERTICAL RESULT

1EETest Facility: UL Morrisville 2819 Aug 27 17:57:47
Restricted Bondedge

i Project Numker: 12931061
e Client: Donfoss (AL-UI55)
Test Location: S-SAC
Mode: BLE, 2488MHz

185 Tested hy: 1785

=[S

85
~
3
~ Peak Limit C(eBul/m)
> 78
= =
i)
T
o

62

Average Limit C(dBuU/m]
55
45 £
o,
= 3 4
35 2 4
2.46 18. 3MH=z/ 2.563
Frequency (GHz)
Ronge (Gi) REW/VB Fef/Attn  Del/Aug Type Sueep Pts #oupaffiode Lobel Ronge (G12) REU/IEU Ref/Aitn  Detifug Tupe Sieep Ple  Foups/fads Lobel
H gh Cd Bondedge - U.TST Rev 9.5 "2 Jun 2819

Marker|Frequency| Meter | Det | AT0072 |[Amp/Cbl/Fltr/Pad|Corrected| Average |Margin |Peak Limitl PK |Azimuth|Height|Polarity
(GHz) |Reading (dB/m) (dB) Reading | Limit (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuV/m)|(dBuv/m) (dB)

1 *2.4835 35.5 Pk 32.3 -24.5 43.3 - - 74 -30.7 3 106 Vv

2 *2.48382| 37.81 Pk 32.3 -24.5 45.61 - - 74 -28.39 3 106 Vv

3 *2.4835 | 26.31 | RMS 32.3 -24.5 34.11 54 -19.89 - - 3 106 Vv

4 2.50392 | 26.68 | RMS 32.4 -24.6 34.48 54 -19.52 - - 3 106 Vv
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

11,Tasz Facility: UL Morrisvi le 2081S Aug 27 1e:36:44
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2482MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
3 [s]
)
Gl
~ Avg Limit (cBul/m)
55
Ly ™ 3
o z e
o3
1 13 18
Frequercy (GFz)
Range (GF2) ] Ref/fttr Detifvg Tpe Saep Fts  oupaMode  Lobal Ronge (G20 RVR Ref/fitn  Det/fg Tope Sucer Fto Wopoilade  Lbel
1173 1P(-60B)/ 30k 18716 PERK/Pur Avg(RHS)  Tinsec(huto) BBD  HAKH Horizontal | 3:3-18 1H(-6B)/30k 87/ PEAK/Fur AugiRYS)  STdnsec(iute) "Bk YRCH Hor zonta

FCC PartiEC 2.4GHz RSE.TST

HORIZONTAL

Rev 9.5 12 Jun z8'9

11,Tasz Facility: UL Morrisvi le 2081S Aug 27 1e:36:44
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2482MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
3 [s]
)
Gl
~ Avg Limit (cBul/m)
55
4514 6
o) 5 5
0
35 W
o3
1 13 18
Frequercy (GFz)
Range (GF2) ] Ref/fttr Det/fvg Tpe Saep Frs oupaode  Lobal Ronge (G2 RVR Ref/fitn  Det/fg Tope Sucer Fto Wopoilade  Lebel

FCC PartiEC 2.4GHz RSE.TST

Rev 9.5 12 Jun z6°9

VERTICAL
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

RADIATED EMISSIONS

Marker |Frequency| Meter Det AT0072 |Amp/Cbl/Fitr/Pad|Corrected| Avg Limit | Margin |Peak Limit PK Azimuth | Height | Polarity
(GHz) |Reading (dB/m) (dB) Reading |(dBuV/m)| (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuVv/m) (dB)
1 *1.05375| 46.6 PK2 27 -24.5 49.1 - - 74 -24.9 82 101 H
*1.05391| 43.11 | MAvl 27 -24.5 45.61 54 -8.39 - - 82 101 H
2 *1.2741 | 42.45 PK2 29.2 -23.3 48.35 - - 74 -25.65 278 154 H
*1.27408 | 36.84 | MAvl 29.2 -23.3 42.74 54 -11.26 - - 278 154 H
4 *1.03412 | 44.98 PK2 27.1 -24.6 47.48 - - 74 -26.52 319 206 \Y
*1.0341 | 39.96 | MAvl 27.1 -24.6 42.46 54 -11.54 - - 319 206 \Y
5 *1.2699 | 39.59 PK2 29.2 -23.2 45.59 - - 74 -28.41 245 193 \Y
*1.26993 | 32.66 | MAvl 29.2 -23.2 38.66 54 -15.34 - - 245 193 \Y
3 *4.80423 | 41.87 PK2 34.2 -31 45.07 - - 74 -28.93 352 101 H
*4.80439 | 32.26 | MAvl 34.2 -31 35.46 54 -18.54 - - 352 101 H
6 *4.80361 | 45.32 PK2 34.2 -31 48.52 - - 74 -25.48 108 232 \Y
*4.80373 | 37.91 | MAvl 34.2 -31 41.11 54 -12.89 - - 108 232 \Y

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - Maximum Peak
MAv1 - Maximum RMS Average
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

MID CHANNEL RESULTS

11,Tasz Facility: UL Morrisvi le 2081S Aug 27 Ze:18:43
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2448MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
35 [s]
)
Gl
~ Avg Limit CeBul/m)
55

o3
1 13 18
Frequercy (GFz)
Range (62 FEWED Ref/Attr  Det/Avg Tupe Suep Pts  ToupsMode  Lobal Ronge (61 /RN Ref/Attn  Det/Avg Tope Sueep Fto Bwpsifode Lobel
1173 1P(-60B)/ 30k 18716 PERK/Pur Avg(RHS)  Tinsec(huto) BBD  HAKH Horizontal | 3:3-18 1H(-6B)/30k 87/ PEAK/Fur AugiRYS)  STdnsec(iute) "Bk YRCH Hor zonta

FCC PartiEC 2.4GHz RSE.TST

HORIZONTAL

Rev 9.5 12 Jun z8'9

11,Tasz Facility: UL Morrisvi le 2081S Aug 27 Ze:18:43
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2448MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
3 [s]
)
Gl
~ Avg Limit (cBul/m)
55
4514 S}
5 o
D,
35 .
o3
1 13 18
Frequercy (GFz)
Range (GF2) ] Ref/fttr Det/fvg Tpe Saep Frs oupaode  Lobal Ronge (G2 RVR Ref/fitn  Det/fg Tope Sucer Fto Wopoilade  Lebel

FCC PartiEC 2.4GHz RSE.TST

VERTICAL

Rev 9.5 12 Jun z8'9
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

RADIATED EMISSIONS

Marker |Frequency| Meter Det AT0072 |Amp/Cbl/Fitr/Pad|Corrected| Avg Limit | Margin |Peak Limit PK Azimuth | Height | Polarity
(GHz) |Reading (dB/m) (dB) Reading |(dBuV/m)| (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuVv/m) (dB)
1 *1.05388 | 46.94 PK2 27 -24.5 49.44 - - 74 -24.56 78 107 H
*1.05391| 43.12 | MAvl 27 -24.5 45.62 54 -8.38 - - 78 107 H
2 *1.27848 | 42.03 PK2 29.2 -23.2 48.03 - - 74 -25.97 294 155 H
*1.2783 | 35.83 | MAvl 29.2 -23.2 41.83 54 -12.17 - - 294 155 H
4 *1.03388 | 45.06 PK2 27.1 -24.6 47.56 - - 74 -26.44 312 209 \Y
*1.0341 39.8 MAv1 27.1 -24.6 42.3 54 -11.7 - - 312 209 \Y
5 *1.27389 | 40.3 PK2 29.2 -23.3 46.2 - - 74 -27.8 251 193 \Y
*1.27407 | 32.9 MAv1 29.2 -23.3 38.8 54 -15.2 - - 251 193 \Y
3 *4.8794 | 41.11 PK2 34 -30.6 44,51 - - 74 -29.49 26 105 H
*4.87975| 30.18 | MAvl 34 -30.6 33.58 54 -20.42 - - 26 105 H
6 *4.88041 | 44.95 PK2 34 -30.6 48.35 - - 74 -25.65 342 247 \Y
*4.87967 | 37.99 | MAvl 34 -30.6 41.39 54 -12.61 - - 342 247 \Y

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - Maximum Peak
MAv1 - Maximum RMS Average
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

HIGH CHANNEL RESULTS

11,Tasz Facility: UL Morrisvi le 2081S Aug 27 Z1:83:26
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2488MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
35 [s]
)
Gl
~ Avg Limit CeBul/m)
55
R )

o3
1 13 18
Frequercy (GFz)
Range (62 FEWED Ref/Attr  Det/Avg Tupe Suep Pts  ToupsMode  Lobal Ronge (61 /RN Ref/Attn  Det/Avg Tope Sueep Fto Bwpsifode Lobel
1173 1P(-60B)/ 30k 18716 PERK/Pur Avg(RHS)  Tinsec(huto) BBD  HAKH Horizontal | 3:3-18 1H(-6B)/30k 87/ PEAK/Fur AugiRYS)  STdnsec(iute) "Bk YRCH Hor zonta
FCC PartiEC 2.4GHz RSE.TST Rev 9.5 12 Jun z8'9
11,Tasz Facility: UL Morrisvi le 2081S Aug 27 Z1:83:26
Radiated Emissions 3-Meters
— Fraject Number: 12931861
18 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, 2488MHz
95 Teswed hy: 11533
85
B Peak Limit (eBulU/md
7
E
S
3 [s]
)
Gl
~ Avg Limit (cBul/m)
o
4314 -
_ o
o
o
35 -
o3
1 13 18
Frequercy (GFz)
Range (62 FEWED Ref/Attr  Det/fvg Tupe Suep Pts  HoupsMode  Lobal Ronge (61 /RN Ref/Attn  Det/Avg Tpe Sueep Fto  Bwpsifode Lobel

FCC PartiEC 2.4GHz RSE.TST

VERTICAL
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

RADIATED EMISSIONS

Marker |Frequency| Meter Det AT0072 |Amp/Cbl/Fitr/Pad|Corrected| Avg Limit | Margin |Peak Limit PK Azimuth | Height | Polarity
(GHz) |Reading (dB/m) (dB) Reading |(dBuV/m)| (dB) |(dBuV/m)| Margin | (Degs) | (cm)
(dBuv) (dBuVv/m) (dB)
1 *1.05371 | 47.09 PK2 27 -24.5 49.59 - - 74 -24.41 81 104 H
*1.05392 | 42.97 | MAvl 27 -24.5 45.47 54 -8.53 - - 81 104 H
2 *1.27412 | 42.07 PK2 29.2 -23.3 47.97 - - 74 -26.03 273 146 H
*1.27404 | 36.61 | MAvl 29.2 -23.3 42.51 54 -11.49 - - 273 146 H
4 *1.03834 | 44.63 PK2 27 -24.6 47.03 - - 74 -26.97 305 195 \Y
*1.03826 | 39.03 | MAvl 27.1 -24.6 41.53 54 -12.47 - - 305 195 \Y
5 *1.27407 | 39.55 PK2 29.2 -23.3 45.45 - - 74 -28.55 245 184 \Y
*1.27407 | 32.77 | MAvl 29.2 -23.3 38.67 54 -15.33 - - 245 184 \Y
3 *4.96045 | 40.53 PK2 34.1 -31.1 43.53 - - 74 -30.47 0 358 H
*4.96039 | 31.27 | MAvl 34.1 -31.1 34.27 54 -19.73 - - 0 358 H
6 *4.95949 | 45.8 PK2 34.1 -31 48.9 - - 74 -25.1 326 235 \Y
*4.9597 | 38.54 | MAvl 34.1 -31 41.64 54 -12.36 - - 326 235 \Y

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - Maximum Peak
MAv1 - Maximum RMS Average
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

9.3. WORST CASE BELOW 30MHZ

SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)

Note: All measurements were made at a test distance of 3 m. The measured data was
extrapolated from the test distance (3m) to the specification distance (300 m from 9-490 kHz
and 30 m from 490 kHz — 30 MHz) to clearly show the relative levels of fundamental and
spurious emissions and demonstrate compliance with the requirement that the level of any
spurious emissions be below the level of the intentionally transmitted signal. The extrapolation
factor for the limits were 40*Log (test distance / specification distance).

7BTe5t Foacility: UL Morrisville 2019 Aug 27 22:38:37
RF Emissions
Project Number: 12931861
58 Client: Danfoss
Test Location: S-SAC
Mode: 1Tx, BLE, Worst-Case
467 Tested by: 11993
34 B
- FCCT57209 Uimi t E J
T — T
- \/
(V)
H 22
= \\
N
5 1B
3 et Mgl D
5 Wiy 2
> -2 e
o :
5 WW Sl
~14 WM J 8
ﬁwﬂ 7 2
. e g ‘ By, %
MM " 4 "
W “"Mwe,
-38 -
. BEE B 1 8 30
Freguency (MHz)
Range (Hz) REN/UBI Ref/Attn Dst/fvg Tupe Sueep Pts 3Sups/Mode  Lobel Ronge (FHz) RBU/UB Ref/Attn  Det/Avg Type Suezp Pte  #oups/tode Lobel
1: 803-.15 OB/ 1BT/1B PEKAaliBva  2neec(huto) 2082 MG 8 degress
2:.15-.49 Sk(-6cB)/108k  97/10 PEAK/Volt Avg 2ns tto) 2082 MAXH 8 degrees 7:.889-.15 200C-6dB)/ 3k 187/18 PEAK/Uolt Avg 28mse Flat
3:.43-38 Ok(-6cB)/108k  97/10 PERK/Uolt Avg 16m: wuto) 14k MAxH B degrees 8:.15-.49 9k(-6dB)/ 188k 97/18 PEAK/Uolt Avg 2ns Flat
9:.49-30 Ohe(-68)/ 188k  97/18 PEAK/Vol+ fAvg 16use Flat
FCC 15.289 Below 38MHz.TST Rev 9.5 12 Jun 2819

ANTENNA- THREE ORIENTATIONS

Below 30MHz Data

Marker | Frequency | Meter |Det| AT0079 | Cbl |Dist. Corr. Corrected FCC 15.209 Avg |[FCC 15.209 Avg Worst-Case |Azimuth |Antenna
(MHz) |Reading AF (dB) Factor Reading and QP Limit | and QP Limit Margin (Degs) | Face
(dBuv) (dB/m) (dB) |dB(uVolts/meter)| (dBuV/m) (dBuVv/m) (dB)

7 .02251 44.69 | Pk 13.8 1 -80 -21.41 40.56 60.56 -61.97 0-360 Flat
1 .06367 38.67 | Pk 113 1 -80 -29.93 31.53 51.53 -61.46 0-360 On
4 .0832 36.59 | Pk 11.2 1 -80 -32.11 29.2 49.2 -61.31 0-360 Off
2 .16012 47.16 | Pk 11 1 -80 -21.74 23.52 43.52 -45.26 0-360 On
8 24027 42.37 | Pk 11 1 -80 -26.53 19.99 39.99 -46.52 0-360 Flat
5 1.2025 29.55 | Pk 111 2 -40 .85 26 - -25.15 0-360 Off
3 13.5596 19 Pk 10 .6 -40 -10.4 29.54 - -39.94 0-360 On
6 13.5596 15.27 | Pk 10 .6 -40 -14.13 29.54 - -43.67 0-360 Off
9 13.5596 19.53 | Pk 10 .6 -40 -9.87 29.54 - -39.41 0-360 Flat

Pk - Peak detector

Page 34 of 42
UL LLC
12 Laboratory Dr., RTP, NC 27709; USA TEL:(919)549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

9.4.

WORST CASE BELOW 1 GHZ

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

g,Tasz Facility: UL Morrisvi le 201¢ Aug 27 Zz: 1612
Radiated Emissions - 3 Meters
— Fraject Number: 12931861
8 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, Warsi-Case
73 Teswed hy: 11533
65
55
> 43 h o
3 HERTTATT T legulysms I
)
Gl
35
55 A\ ]
15 ey, [T Y W RETN 1. -
w MW it LT
R TRe T Y B
Wil VTR e
34 1868 ‘0ee
Frequercy (Mhz2
Range (9F2) FELVRM Ref/fttr Det/fvg Tope Samp Frs oupaMode  Lobal Fonge (W) RVR Ref/fitn  Det/fg Tope Sucer Fto Wopsilade  Lbel
1:38-200 1Ek(-BoB)/IN 978 PEME/Logur-Video  Insac(Autc)  4BD  HAKH Horizontal | 3:282-1802 1Zk-6)/IN 9B PEAK/LogPur-Uiceo  dneeciduto)  BEBD YAGH Hor zontal
FCC Part 15C 3¢-1@@@MHz with RBs for [TS.TST Rev 9.5 12 Jun z6°9
g,Tasz Facility: UL Morrisvi le 2081S Aug 27 Zz:16:12
Radiated Emissions - 3 Meters
— Fraject Number: 12931861
8 Client: Donfoss
Test Location: 5-3AC
Vode: 1Tx, BLE, Warsi-Case
73 Teswed hy: 11533
65
55
E
A ’7
> 43 h
3 HERTTATT T legulysms I
)
Gl
35
= 6
2 T
@
15
34 1868 ‘0ee
Frequercy (Mhz2
Range (9F2) FELVRM Ref/fittr Det/fvg Tpe Saep Fts oupaMode  Lobal Fonge (H2) RVR Ref/fitn  Det/fg Tope Sucer Fto  Wopoilade  Lbel
FCC Part 15C 3¢-1@@@MHz with RBs for [TS.TST Rev 9.5 12 Jun z6°9

VERTICAL
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

Below 1GHz Data

Marker | Frequency Meter Det AT0066 AF Cbl/Amp | Corrected QPk Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
6 *120.5484 37.8 Pk 17.7 -30.8 24.7 43.52 -18.82 0-360 101 Vv
1 *406.4268 36.54 Pk 20.4 -29.2 27.74 46.02 -18.28 0-360 298 H
4 *962.0991 40.45 Pk 27.4 -26.3 41.55 53.97 -12.42 0-360 199 H
5 *986.1022 42.76 Pk 27.6 -25.9 44.46 53.97 -9.51 0-360 199 H
7 *260.3078 34.51 Pk 16.8 -29.8 21.51 46.02 -24.51 0-360 198 Vv
10 *962.0991 39.01 Pk 27.4 -26.3 40.11 53.97 -13.86 0-360 102 Vv
11 *986.1022 40.56 Pk 27.6 -25.9 42.26 53.97 -11.71 0-360 102 Vv
2 953.698 39.09 Pk 27.5 -26.5 40.09 46.02 -5.93 0-360 101 H
8 953.798 37.16 Pk 27.5 -26.5 38.16 46.02 -7.86 0-360 102 Vv
3 957.8985 39.74 Pk 27.5 -26.3 40.94 46.02 -5.08 0-360 199 H
9 957.8985 37.94 Pk 27.5 -26.3 39.14 46.02 -6.88 0-360 102 Vv
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
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REPORT NO: R12931061-E2
FCC ID: 2ATXJ-RACO01

DATE: 2019-09-17
IC: 25253-RACO01

9.5.

WORST CASE 18-26 GHZ

SPURIOUS EMISSIONS 18-26 GHz (WORST-CASE CONFIGURATION)

H,Tasz facility: UL Morrisvi le 201¢ Aug 28 14:685: 48
Rodioted Emissions 3-Meters
_ Froject Number: 12931061
18 Client: Donfoss (AL-UISS)
Test Location: 3-SAC
Vode: Worst-coss ELE
g5 Teszed hy: 17€51
a5
75 Peok. Limit. LdELL/m]
‘e
S
3 =]
[aa}
o
55 Avsroge Limit (cBulU/md
o5
13 26.5
Freguercy (CFz)
Range 16F2) FE/UEN Ref/Attr  Det/fvg Tupe ) Pts  Houpsiliode  Lobal Range o) FEUUBN Ref/fin  Det/vg Tupe S Fie  Foupoifode  Labs
1118-26.5 IWCEBIHN 992 PER/Par AGIRIS)  IonsecCiuto) 18k HAKH Hori zonta

FCC RSE 1€ to _z6-56Hz DTS.TST

Rev 9.5 12 Jun z6°9

HORIZONTAL

11,Tasz facility: UL Morrisvi le 2081S Aug 28 14:85:49
Rodioted Emissions 3-Meters
_ Froject Number: 12931061
18 Client: Donfoss (AL-UTS5)
Tesz Location: 3-SAC
Vode: Worst-cecss ELE
g5 Teszed hy: 17€51
a5
75 Peok. Limit. LdELL/m]
‘e
S
3 B
[aa}
o
55 Avsroge Limit (cBulU/md

Freguercy (CFz)

26.5

Range (6F2) FEM/UE Ref/Attr  Det/Avg Tipe Suzep

Pta  45ups/Mode Lobz| Ronge (6Hz)
28265

[
THO-6cB) /34

Label

Ref/fttn  Det/fvg Tupe Pis PoupsTode
MACH Vertical

Sucer
9972 PEAK/Fur RvgiRMS)  1BmsecChuta) 8k

FCC RSE 1€ to _z6-56Hz DTS.TST

Rev 9.5 12 Jun z6°9

VERTICAL
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

18 — 26GHz DATA

Marker | Frequency | Meter | Det | ATO076 AF| Cbl/Amp |Corrected| Average |Margin | Peak Limit | Margin |Azimuth| Height | Polarity
(GHz) |Reading (dB/m) (dB) Reading Limit (dB) | (dBuv/m) | (dB) | (Degs) | (cm)
(dBuv) (dBuV/m)| (dBuV/m)

1 *18.74096| 44.14 Pk 32.5 -38.8 37.84 54 -16.16 74 -36.16 | 0-360 148 H

3 *23.00866| 42.97 Pk 33.7 -37.7 38.97 54 -15.03 74 -35.03 | 0-360 248 H

4 *19.52678| 44.25 Pk 32.8 -38.8 38.25 54 -15.75 74 -35.75 | 0-360 252 Vv

5 *19.87483| 44.48 Pk 32.7 -38.5 38.68 54 -15.32 74 -35.32 | 0-360 298 Vv

2 21.7846 4431 Pk 33.4 -37.9 39.81 54 -14.19 74 -34.19 | 0-360 198 H

6 25.64145 | 42.75 Pk 343 -36.2 40.85 54 -13.15 74 -33.15 | 0-360 298 Vv
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
Cuasi-peak Average
0.15-0.5 6t 56 560 to 46
0.5-5 56 46
5-30 Gl S0
" Decreases with the logarithm of the frequency.
RESULTS
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

10.1.1. AC Power Line Norm

LINE 1 RESULTS

1QETEit Facility: UL-Morrisville 17 Jul 2819 12:16:47
Conducted RFI Uoltage
Project Number:12331861_AL-UIZ3
el Client Danfoss
“est Locotion:COND!
Mode:1Tx BLE lWorst Case
] Tested by:24293/48882
74
—
5 6 : 0T TR T
I
£ 3 it
- 5@ il il AYEREGE TR TE T TIBGU
> i ! y
ER W{V W Nt
o
au A Vg { ]( Ll A
W |
36 | \{V M
2
elv} v\ /\v) \ N\U UN v/\' M’\ﬁ(\ﬂvﬁwﬁr % ‘m "
] ™
. g™
15 1 18 368
Frequency (MHz)
Range MHz) FBU/UBU  Ref/Attn  Det/fvg Mode Susea Pts #Sups/Mode Lobel Renge (Hiz) REU/UBW  Ref/Atin  Det/Aug Mode Susep Pt #5ups/Miode Label
1:.15-38 9(-5dB) /- /18 Ph/fv Je/ddz 950 1ARIT Linell
R Rev 9.5 20 Aug 2815

Range 1: Line-L1 .15 - 30MHz
Marker | Frequency | Meter Det | LISN VCF (dB) | Cbl/Limiter | Corrected QP Limit Margin | Average Limit | Margin
(MHz) Reading (dB) Reading (dBuV) (dB) (dBuVv) (dB)
(dBuV) dBuV

1 .198 32.8 Pk .1 10 42.9 63.69 -20.79 - -
2 .201 12 Av .1 10 22.1 - - 53.57 -31.47
3 .564 39.72 Pk 0 10 49.72 56 -6.28 - -
4 .567 26.41 Av 0 10 36.41 - - 46 -9.59
5 1.0942 38.87 Qp 0 10 48.87 56 -7.13 - -
6 1.098 20.24 Av 0 10 30.24 - - 46 -15.76
7 6.009 17.39 Pk .1 10.2 27.69 60 -32.31 - -
8 6.03 -2.05 Av .1 10.2 8.25 - - 50 -41.75
9 13.56 20.42 Pk .1 10.4 30.92 60 -29.08 - -
10 13.56 8.72 Av .1 10.4 19.22 - - 50 -30.78
11 24.465 25.79 Pk 2 10.7 36.69 60 -23.31 - -
12 24.447 9.38 Av 2 10.7 20.28 - - 50 -29.72

Pk - Peak detector
Av — Average detector
Qp — Quasi-peak detector
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

LINE 2 RESULTS

1@E{Tnsst Facility: UL-Morrisville 17 Jul 2819 12:16:47
Conducted RFI Uoltage
Project Number:12331861_AL-UI33
el Client:Donfoss
“est Locotion:COND!
Mode:1Tx BLE Worst Case
ad “ested by:24233/48882
7@
—
1
5 b = 5 07 i L (4800
[ [ Q
< \
- Su Avercage Lim Tt TaELUI
>
% 103 16
44 o
3
\ 18 Q
30 ) il adLh Aﬁnﬂ i el
i U i \(V i vu w
14 ff s 2P
elv) }B\ A f i YIIM i (g K 24
Aoy | ok
1@ I o ; o
e 28 N
15 1 1a 38
Frequency (MHz>
Range “MHz) FBl/ VB Tef/Attn  Det/Avg Mode Sweea Pts  #Sups/Mode Lcbel Renge (MHz) RBU/VBW Ref/Attn  Det/Avg Mode Sueep Pts  #Sups/Mode Label
w TST Rev 9.5 28 Aug 2015

Range 2: Line-L2 .15 - 30MHz
Marker | Frequency | Meter Det | LISN VCF (dB) | Cbl/Limiter | Corrected QP Limit Margin | Average Limit | Margin
(MHz) Reading (dB) Reading (dBuV) (dB) (dBuV) (dB)
(dBuV) dBuV

13 .24 31.38 Pk .1 10 41.48 62.1 -20.62 - -
14 237 13.47 Av .1 10 23.57 - - 52.2 -28.63
15 .56865 35.37 Qp 0 10 45.37 56 -10.63 - -
16 .567 31.05 Av 0 10 41.05 - - 46 -4.95
17 1.092 38.6 Qp 0 10 48.6 56 -7.4 - -
18 1.098 24.47 Av 0 10 34.47 - - 46 -11.53
19 9.114 6.2 Pk .1 10.3 16.6 60 -43.4 - -
20 9.132 -4.6 Av .1 10.3 5.8 - - 50 -44.2
21 13.56 20.07 Pk .1 10.4 30.57 60 -29.43 - -
22 13.56 11.36 Av .1 10.4 21.86 - - 50 -28.14
23 24.915 25.87 Pk 2 10.7 36.77 60 -23.23 - -
24 24.948 8.31 Av 2 10.7 19.21 - - 50 -30.79

Pk - Peak detector
Av — Average detector
Qp — Quasi-peak detector
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REPORT NO: R12931061-E2 DATE: 2019-09-17
FCC ID: 2ATXJ-RACO01 IC: 25253-RACO01

11. SETUP PHOTOS

Please refer to R12931061-EP2 for setup photos.

END OF TEST REPORT
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