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TEST SUMMARY

The equipment complies with the requirements according to the following standards.
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ECC Spec. 1C Spec. Test Parameters Status
15.247b2 RSS-247 5.4 Maximum Peak Conducted Output power Pass
15.247ali RSS-247 5.1 Carrier Freq Separation for hopping channels Pass
15.247ali RSS-247 5.1 Number of hopping Channels. Pass
15.247ali RSS-247 5.1 Average Time of Occupancy of Hopping Frequency Pass
15247ali | RSS-2475.1 20 dB Bandwidth Pass
RSS-Gen 67 99% bandwidth. Pass
15.247d RSS-247 5.5 100KHz RBW at band edges and Conducted Spurious Pass
emissions.
15.247d RSS-247 5.5 Radiated Emissions within restricted bands Pass
15.209a
15.209 RSS-Gen 6.13 | Unintentional Radiated Emissions Pass
15.207a RSS-Gen 8.8 Conducted Emissions on the mains Pass
RSS 247-2

RSS Gen Issue5

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE

WRITTEN APPROVAL OF COMPLIANCE ENGINEERING IRELAND LTD
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1.0 EUT Description
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Model: NUR-OW1
Type: RFID Module
Test Standards: 47 CFR, Part 15.247
Type of radio: Stand-alone
Transmitter Type: RFID FHSS
Operating Frequency 902-928 MHz
Range(s):

Number of Channels: 50

Channel Separation: 500KHz
Antenna: External
Power configuration: 4.5V .

Ports: None
Classification: DSS, JBP

Test Methodology:

Measurements performed according to the procedures
in ANSI C63.10-2013

The NUR-OW1 was an RFID module using frequency hopping in the 902-928MHz

frequency band.

The EUT had 2 alternative external antennas.

b) Antenna #1 = Nordic ID Sampo SO max gain 6dBi
a) Antenna #2 = Nordic ID SA0408 max gain -4dBi

Ref to the following data sheets which are included in the application doc pack
Nordic ID Sampo SO_Datasheet_ AM_V1006.pdf
Nordic ID SA0408 Antenna_Datasheet V1008.pdf




Report Ref: 18E7583-1b
Page 5 of 41

1.1 EUT Operation

Operating Conditions during Test:

The EUT (RFID module) was fitted to a host pcb to allow powering and control of the
module. Conducted measurements were carried out with the analyser connected to the
SMA connector fitted on the host pcb.

The EUT was operated in test mode where the channel and modulation were set via USB
connection from the host pcb to a laptop.

The EUT was powered from a bench PSU Type Hewlett Packard E3620A

set to 4.5Vdc. for all tests

Radiated measurements (Cabinet spurious emission) were carried out on this sample
with the SMA connector terminated.

Further Radiated tests were carried out on the EUT where the Antenna port was
connected to the 2 alternative antennas.

Environmental conditions

Temperature Relative Humidity
Test °C %
Conducted Emissions 19 47
Radiated Emissions <1GHz 18 42
Radiated Emissions >1GHz 19 47

1.2  Modifications
No modifications were required in order to pass the test specifications.

1.3 Date of Test
The tests were carried out on 15t 16" and 17t Oct 2018 .

1.4  Description of Test modes

Channel List
Channel Freq MHz
Low ChO 902.75
Mid  Ch24 914.75
High Ch 49 927.25

1.5 Description of Test methods
Tests were performed manually and no special test software was used.



Report Ref: 18E7583-1b
Page 6 of 41

2 Emissions Measurements
2.1 Conducted Emissions Measurements
Radio Conducted measurements were carried out on the EUT as per section 1.1 above.

All results were measured as conducted on the antenna except radiated spurious
emissions.

2.2 Radiated Emissions Measurements

The EUT was centred on a motorized turntable, which allows 360-degree rotation.
Emissions below 1GHz were measured using an antenna positioned at a distance of 3
metres from the EUT (as measured from the closest point of the EUT). The radiated
emissions were maximised by configuring the EUT, by rotating the EUT, and by raising
and lowering the antenna from 1 to 4 metres. In this case the resolution bandwidth was
100kHz. A bi-conical antenna was used for frequencies below 300MHz and a log periodic
antenna was used for the 300MHz to 1GHz frequency range

Emissions in the 1GHz-3.6GHz range were measured using a horn antenna located at 3
metres distance from the EUT in a fully anechoic chamber. The radiated emissions were
maximised by configuring the EUT and by rotating the EUT and by raising and lowering
the antenna from 1 to 4 metres. In this case the resolution bandwidth was 1MHz and
video bandwidth was 1MHz. for peak measurements. The Video bandwidth was changed
to 10Hz for Average measurements (as per ANSI 63.10 2013 Section 4.1.4.2.3)
Emissions above 3.6GHz were measured using a horn antenna located at 1 metre
distance from the EUT in a fully anechoic chamber. The radiated emissions were
maximised by configuring the EUT and by rotating the EUT. In this case the resolution
bandwidth was 1MHz and video bandwidth was 1MHz. for peak measurements. The
Video bandwidth was changed to 10Hz for Average measurements (as per ANSI 63.10
2013 Section 4.1.4.2.3)
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3.0 Results for Conducted emissions on the mains

Conducted Emissions on the mains test was performed with the EUT connected to a
LISN through PSU as per section 1.1

Detector Frequency Reading Margin Phase
QP/ Ave MHz dBuV dB L/N
Average 12.7523 21.56 -28.44 Live
Quasi-Peak 12.7815 26.29 -33.71 Live
Average 12.9300 21.58 -28.42 Live
Detector Frequency Reading Margin Phase
QP/ Ave MHz dBuV dB L/N
Quasi-Peak 12.6758 25.35 -34.65 Neutral
Average 12.8378 20.60 -29.4 Neutral

Ref Appendix G for Scans

Test Result : Pass



Report Ref: 18E7583-1b

Page 8 of 41
4. Conducted Measurements on the Antenna port
4.1 Bandwidth
4.1.1 20dB bandwidth
As per Ansi63.10 Section 11.8.2
Spectrum I':%:
Ref Level 29.00 dBm  Offset 10.00 dB @ RBW 3 kHz
Att 35de SWT 632.1ps @ VBW 10 kHz Mode 4uto FFT  Input 1 AC
O 1Pk Max
M1[1] 18.40 dBm
50 dBm M1 902.750430 MHz
ndB 20.00 dB
Bw 65.120000000 kHz
10 d&m Q factor 13862.2
T T2
0 dBm 7 V
-10 dBm
-20 dBm
-30 dBm
-40.dBm
-50 dBm
-60 dBm
CF 902.75 MHz 691 pts Span 300.0 kHz
Marker
Type | Ref | Trc X-value Y-value Function Function Result
M1 1 902.75043 MHz 18.40 dBm ndB down £5.12 kHz
Ti 1 002.71831 MHz -1.38 dBm ndB 20.00 dB
T2 1 902.78343 MHz -1.73 dBm Q factor 13862
1 Jil Fig 1 20dB Bandwidiiring... ERERNLLLD 6 Eﬁfﬁ'ﬂg
Date: 15.0CT.2018 11:18:40
20dB
Channel | Freq Bandwidth
MHz KHz
Low 902.75 65.12
Mid 914.75 62.52
High 927.25 62.08
Limit

The maximum allowed 20 dB bandwidth of the hopping channel is 500 kHz.




4.1.2 99% bandwidth
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Spectrum

Att

Ref Level 29.00 dBm

35dB SWT

=

Offset 10.00 dB & RBW

3 kHz

632.1 ps @ YBW 10 kHz

Mode Auto FFT

Input 1 AC

O 1Pk Max

Mi[1]

20 dBm

10 dBm

Occ Bw

18.22 dBm
ap2.750257 MHz
63.820549928 kHz

0 dBm

_|
<Ilra

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF 902.750257 MHz

99%

andwesktiring...

Span 300.0 kHz

15.10.201%
11:11:00

Fig 2
Date: 15.0CT.2018 11:11:00
Bandwidth
99%
Channel | Freq Bandwidth

MHz KHz

Low 902.75 63.82

Mid 914.75 70.67

High 927.25 81.86

Result :- Pass




4.2

Output power Conducted
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Spectrum

Att

Ref Level 29.00 dBm

35 dB

(=]

Offset 10.00 dB @ RBW 1 MHz

SWT

1.9 ps & ¥YBW 3 MHz

Mode Auto FFT

Input 1 AC

O 1Pk Max

M1[1]

18.14 dBm
gn2.7500 MHz

20 dBm

10 dBm

0 dBm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF 902.75 MHz

Fig 3 Conducted Outputrpasetiggeak SRRCECCED e

Span 10.0 MHz

15.10.201%
11:23:34

Date: 15.0CT.2018 11:23:35
Output
Power
Channel | Freq Peak Limit Margin
MHz dBm dBm dB
Low 902.75 18.14 30 11.86
Mid 914.75 18.27 30 11.73
High 927.25 18.09 30 11.91
Limit

For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at least
50 hopping channels

Test Result: Pass
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4.3 Frequency Hopping Characteristics

Limit

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

4.3.1 Frequency hopping range number of hopping Channels

) ]

Ref Level 29.00 dém Offset 10.00 dBé @ RBW 100 kHz
Att 35 de SWT 56.9 ps @ VYBW 300 kHz Mode Auto FFT Input 1 AC
O 1Pk Yiew

M2[1] 17.87 dBm
M1 M2 927.2380 MHz
AllL.dEmn 4 M1[1] v 18.45 dBm

902.7790 MHz
10 dBm

0 dBm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF 915.0 MHz Span 50.0 MHz

15.10.2018
........' “ 11:50:13

Fig 4 Frequency hoppireg siafige..

Date: 15.0CT.2018 11:50:14

Lowest channel 902.75MHz
Highest channel 927.25MHz

Number of hopping channels =50-
Limit: Min 50 hopping channels if the bandwidth is less than 250KHz

Test Result: Pass



4.3.2 Frequency hopping channel separation
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Spectrum

Att

Offset 10.00 dB & RBW
37.9 ps @ VBW 300 kHz

Ref Level 29.00 dBm

35 dB

SWT

=

50 kHz

Mode Auto FFT

Input 1 AC

O 1Pk Yiew

[l

D2[1]

20 dBm

M1[1]

0.01 dB
500.00 kHz
17.73 dBm

w
LA

914.24680 MHz
10 dBm

0 dBm

-10 dBm

-20 dBm

-30 diém

-40 dBm

-50 dBm

-60 dBm

CF 915.0 MHz

1001 pts
Fig 5 Channel

Span 2.0 MHz

15.10.201%
11:54:28

eparaisoning...
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4.3.3 Frequency hopping average time of channel occupancy

spearum  [sRepsiusn()) %]

Ref Level 30.00 dBm Offset 10.00 dB & RBW 100 kHz

Att 40 dB @ SWT 200 ms @ VBW 200 kHz Input 1 AC
SGL TRG:VID
O 1AP Clrw
M1[1] -47.20 dBm
-290 ps
20 dem D2[1] 1.61 dB
65.507 ms
10 dBm——-
0 dBm——o-
-10 dBm—-— +~
TRG -20.000 dBm
-30 dBm
-40 dBm
M1 Oz
¥ &
CF 902.75 MHz 691 pts 20.0 ms/
B i i - y 16.10.2018
Fig 6 Single pulse on ready UEREERERY e S
-
Spectrum lnvI}

Ref Level 27.00 dBm

Offset 10.00 dB & RBW 100 kHz

Att 35 dB & SWT 40 = YBW 100 kHz Input 1 AC
SGL TRG:YID
O 1Pk Max
D2[1] 0.73 dB
20 d 2 2 2 =Y
@ - - — - K 1 79 dA
M1[1] -47.43 dBm
0 dBm -63.8 ms
FTRG -19.000 dBm
-40 [dam
¥ D&
Fy
-60 dBm
CF 902.75 MHz 691 pts 4.0s/
Marker Peak List
No X-value ¥-value Mo ¥-value ¥-value ‘T‘
1 -28.985E507 ms 17.979 dBm 7 20,144928 = 17.969 dBm | [
2 3.797101 = 18.023 dBm a 25.652174 = 17.978 dBm _i8
2 2.086957 = 17.975 dBm Q 28.086957 = 18,008 dBm ||~
4 12.086957 5 17.9286 dBm 10 31.681159 = 17.975 dBm
5 13.826087 s 18.009 dBm 14 34.869565 ¢ 18.005 dBm
&} 19.275362 5 18.008 dBm 12 -—= -—=
- L

J1

Fig 7 Max Number of pulses

in 2@eads window =600 i

26.10.2018
15:20:17

Date: 26.0CT.2018 15:20:17
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Calculation

Single pulse on time =65.5mS

Max Num of pulses in 20sec window =6

Max on time in 20secs window =6*0.065.5 =0.393 secs < 0.4 secs limit

Test result Pass
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5. Spurious Emissions EUT

5.1 Conducted Spurious Emissions

5.1.1 Conducted Spurious Emissions

Note Low, Mid and High Channels tested ...
Results similar for all three

Ref Appendix A for Scans

Test Result Pass

5.1.2 Conducted Emissions Band Edge

Ref Appendix B for Scans

Test Result Pass
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5.2. Radiated Spurious Emissions

5.2.1 Radiated Spurious Emissions with Antenna port Terminated
Note Low, Mid and High Channels tested ...
Results similar for all three

Ref Appendix C for Scans

5.2.2 Radiated Spurious Emissions Restricted Bands with Antenna #1

Final
Field
Quasi Strength
peak Antenna | Preamp Cable Antenna Quasi Average
Frequency Level Factor Gain Loss Polarity Peak Limit Margin
MHz dBuV/m dB dB dB V/H dBuV/m | dBuV/m dB
192.06 16.7 8.6 0 0.2 Vertical 25.5 43.5 18.0
192.02 15.2 8.6 0 0.2 Horizontal 24.0 43.5 19.5
Final
Average | Antenna | Preamp Cable Antenna | Average | Average
Frequency Level Factor Gain Loss Polarity Level Limit Margin
GHz dBuV/m dB dB dB V/H dBuV/m | dBuV/m dB
3.591 49.5 30.6 37.8 4.5 Horizontal 46.8 54.0 27.2
3.597 48.8 30.6 37.8 4.5 Vertical 46.1 54.0 27.9
5.647 45.9 34.2 37.6 6.4 Vertical 48.9 54.0 25.1
5.419 48.4 34 37.5 5.6 Vertical 50.5 54.0 23.4

Average measurements not performed as peak results were below average limit

Peak measurement performed with Resolution Bandwidth set to 1MHz as per ANSI C63.10-2013 Section
4.1.4.2.2

Ref Appendix D for Scans

Test Result Pass
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5.2.3 Radiated Spurious Emissions Restricted Bands with Antenna #2

Final
Field
Quasi Strength
peak Antenna | Preamp Cable Antenna Quasi Average
Frequency Level Factor Gain Loss Polarity Peak Limit Margin
MHz dBuV/m dB dB dB V/H dBuV/m | dBuV/m dB
192.06 16.7 8.6 0 0.2 Vertical 25.5 43.5 18.0
192.02 15.2 8.6 0 0.2 Horizontal 24.0 43.5 19.5
Final
Average | Antenna | Preamp Cable Antenna | Average | Average
Frequency Level Factor Gain Loss Polarity Level Limit Margin
GHz dBuV/m dB dB dB V/H dBuV/m | dBuV/m dB
5.342 50.4 34 37.7 5.4 Vertical 52.1 54.0 21.8
5.416 49.3 34 375 5.6 Horizontal 51.4 54.0 22.6

Average measurements not performed as peak results were below average limit
Peak measurement performed with Resolution Bandwidth set to 1MHz as per ANSI C63.10-2013 Section
4.1.4.2.2

Ref Appendix E for Scans

Test Result Pass
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5.2.4 Radiated Spurious Emissions Band Edge with Antenna #1

Ref Appendix F for Scans

Test Result Pass

5.2.5 Radiated Spurious Emissions Band Edge with Antenna #2

Ref Appendix G for Scans

Test Result Pass



6 List of Test EqQuipment
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Cal
Cal Due Interval
Instrument Manufacturer Model Serial Num CEl Ref Date Months
Microwave Preamplifier Hewlett Packard 83017A 3123A00175 805 29-Sep-19 12
Spectrum Analyser 30Hz-40GHz Rohde& Schwarz FSP40 100053 850 09-Nov-18 36
1316.3003k03-

Test Receiver 3.6GHz Rohde& Schwarz ESR 101625-s 869 07-Jun-20 36
Antenna Biconical Schwarzbeck VHBB 9124 9124 667 871 03-Sep-21 36
Anechoic Chamber CEl SAR 10M 845 845 16-Mar-19 36

Antenna Horn EMCO 3115 9905-5809 655 06-Nov-19 24
Fully Anechoic Chamber CEl FAR 3M 906 906 22-Mar-21 36
Antenna Log Periodic Chase UPA6108 1072 609 03-Sep-21 36
LISN Rohde& Schwarz ESH3-Z5 825460/003 604 15-Sep-19 12
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Measurement Uncertainties

Measurement Uncertainty
Radio Frequency +/- 5x107
Maximum Frequency Deviation +- 1.7 %
Conducted Emissions +/- 1 dB
Radiated Emission 30MHz-100MHz +/- 5.3 dB
Radiated Emission 100MHz-300MHz +/- 4.7 dB
Radiated Emission 300MHz-1GHz +/- 3.9 dB
Radiated Emission 1GHz-40GHz +/- 3.8 dB

The measurement uncertainties stated were calculated with a k=2 for a confidence level of
over 95% as per ETS TR100 028.
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Appendix A
Additional Test Results
For
Conducted Measurements Spurious Emissions
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Receiver @]

(=]

RBW (CISPR) 120 kHz MT 100 ms 1 10dB_att
Input 1 AC Att 30 d&  Preamp OFF Step TD Scan
Level dBm Frequency 3.5989900 GHz
1 1 1 1 ' il 1 I 1 i 1 Ll
-85 = -70 |
1l 1 Ll 1l I 1 1l I | Ll Ll | ;
Scan O1Pk Clrw
30 dem————+ 100 MHz : 3 g Bepl) -73.00dB
! . ; : ! 0.000s 1.914310000 GHz
50 dBf——— : ? L m1[1] s 17.62 dBm
i A ; } ; 0.000 s 902.760000 MHz
10 dBm—————— : : : T E——— : :
S S S SN N
-10 dBm————————— Z ] : ———— 7 Z :
20 dBm————————— : : : _ : :
S S S SN S
-40 dBm—————————— I 1 : —— I :
-50 dBm———————— f 3 5 BRI 5 D2
: mEr™ ; : ; T 5 A
&0 dBm —— —- : . e o :
70 dBm—— : : : — : :
-80 dBm—————+—— ! : 1 ! TTH
Start 30.0 MHz Stop 3.6 GHz
—
11 Fig AL Low Channel Conducted Spyrious &missions §OMHZIS:GC i

&

SFUEM

Ref -10 dBm

Marker 1

[Tl 1
-695.07 dEBEm

7.446100000 GHz

F-20

Offo

et 10

F-30

F-40

- 350

F-60

Lt

F-100

Start 3.6 GHz 400 MHz/ Stop 7.% GHz
Start stop RBW Freq Pwrabs ALimit
[Hz] [Hz] [Hz] [Hz] [dBm] [dB]
3.600 G 4.000 ¢ 100.00 k 3.932500 & -&7.23 -200.00
4.000 G 4.800 G 100.00 k 4.418500 & -66.95 -200.00
4.800 G 5.200 &G 100.00 k 5.052650 G -67.81 -200.00
5.200 G 5.600 G 100.00 k 5.292000 & -&e7.72 -200.00
5.600 G 6.000 & 100.00 k 5.867450 & -67.75 -200.00
6.000 = 6.400 & 100.00 k 6.051z00 & -&3.43 -200.00
6.400 G 6.300 & 100.00 k 6.513000 & -68.17 -200.00
6.800 G 7.200 G 1l00.00 k 7.144700 G -67.99 -200.00
T.200 G F.600 G 100.00 k 7.554850 & -&6.70 -200.00

Fig A1 Low Channel Conducted Spurious Emissions 3.6GHz-7.6GHz

Date

: 15.0CT.2018

13:28:15
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RBef -10 dBEm

Marker 1

[T1 ]
-64.57 dBm

$.262650000 GHz

offget 10 d
20

F-320

F-40

1

x| B

L c0 1

-850

- %0
SPUEM

F-100

Start 7.6 GHz

start
[Hz]

7.600
2.000
8.400
8.800
S9.200
S.600

0y Gy Gy GGl

stop REW
[Hz] [Hz]
2.000 G 1lo0.00
2.400 & 100.00
8.800 & 100.00
9.200 G 1lo0.00
9.000 = 100.00
0.000 G 100.00

WO A

240 MHz/

o owog 00l

Freq
[Hz]

.865100
.341850
.540750
039050
262650
.653300

0y Gy Gy GGl

PwrAbs

[dBm]
-65.24
-65.64
-65.44
-66.79
-6d4 .57
-66.32

ALimit
[dB]

-200.
-200.
-200.
-200.
-200.
-200.

]
oo
0o
]
oo
0o

Stop 10 GHz

Fig A3 Low Channel Conducted Spurious Emissions 7.6GHz -10GHz

Date: 15.0CT.2018

13:22:53
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Receiver @]

(=]

RBW (CISPR) 120 kHz MT 100 ms 1 10dB_att
Input 1 AC Att 30 d&  Preamp OFF Step TD Scan
Level dBm Frequency 3.5996500 GHz
1 1 1 1 ' il 1 I 1 i 1 Ll
-85 -0
1l 1 Ll 1l I 1 1l I | Ll Ll | ;
Scan O1Pk Clrw
30 dem————+ 100 MHz : 3 g Bepl) -72.19 dB
: . ; : ! 0.000s 1.754710000 GHz
50 dBM— o+ : : L M1[1] B 17.33 dBm
i A ; } ; 0.000 s 914.760000 MHz
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Radiated Spurious Emissions
with antenna port terminated
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Appendix D
Radiated Spurious Emissions Restricted Bands
with antenna #1
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Note see additional report “18E7583-1b additional appendices” for the following
appendices

Appendix E
Radiated Emissions
Restricted Bands with antenna #2
Appendix F
Radiated Emissions
Band Edge with antenna #1
Appendix G
Radiated Emissions
Band Edge with antenna #2
Appendix H

Conducted Emissions on the mains
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