EU KONA Micro EN 300-220-2
COMPLIANCE REPORT

Name: EU Kona Micro EN 300-220-2 Compliance Report
Revision: 0.3

Issue Date:  27/04/2018

Status: Draft

Confidential: This document is TEKTELIC Communications Inc. confidential information.
Possession or distribution of this document requires TEKTELIC Communications Inc. consent.

EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.1
Tektelic Communications Inc. Confidential Page 1 of 38



Document Revision

Revision Issue Date Author Comments
0.1 April 3,2018 A. Macpherson Initial Draft, based on Kona Pico v1.0
0.2 April 18, 2018 A. Macpherson Updated figures to show 12V input
D. Blair Added results for 27 dBm RX2 Window
. April 27, 201 ’
03 pril 27,2018 A. Macpherson (869.525 MHz)

EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3
Tektelic Communications Inc. Confidential Page 2 of 38



Table of Contents

1 INErOQUCTION ettt et e e e st e s sbb e e s beeesbbeesbeeesaneeeas 8
O Yoo T o 1 TSP TP PP P P PO PR POPPPPPPPPPPPPPRPRPPPRt 8
A = T Y= (U o JS PP P PP P OO P PPOPPPPPPPPPPPPPRPRPPPRt 9

1.2.1 BT DT T4 = 1 E TSSO P PP P PP PO PP P PPPURPPPRPPPPPRPPPRt 9
1.2.2 TeSE EQUIPMENT ..ttt et teeesetesesebebesesesenennnnnes 10

2 TeSt CONAITIONS c.eveiiiiiiicee et 11
2.1 EnvironmMeNntal Profile .........ooeoiiiieeeee e 11
D A O] o T=T - | ] T = ol f=To [V T=T o Tox Y PPN 11
2.3 TeST WaVefOrM .o e 11
2.4 DeVice UNder TEST (DUT) ..uuuiiiiiiiiiiiiiiieeeeee e eeritreee e e e e e eentrreeeeseeesesnnassseresesesssennssenenes 12

I V=T T VT =T 4 T=T o1 PP PP 13
3.1  TXEffective Radiated POWEN ....c...oiiiiiiiiieeeeee e 13

3.1.1 ST Ao [T ol ] o1 4 o] o TSNPt 13
31,2 RESUIES ettt st ne e 13
3.1.3  CONCIUSIONS ..ttt n e snneeneenaee 14
3.2 Maximum E.R.P SPectral DENSITY .....ccceeeurreriieiie it eesbrrre e e e e e e seanns 14
3.2.1 ST Ao [Ty ol ] o1 4 o] o TSNPt 14
32,2 RESUIES ettt e e s r e 14
3.2.3  CONCIUSIONS 1.ttt s e e e e n e smneenee e 16
I B 0 101 4V Ao\ ol TR RO PP PPPTRRRRRN 16
3.4 Occupied BandWidth ... e e 17
34.1 ST Ao [Ty ol ] o1 4 o] o TSNPt 17
Bi4.2  RESUIES ettt re e 18
3.4.3  CONCIUSIONS ..ttt et sie e e r e e e e e neenaee 19
8 T <Y [0 T=] o VoAV 1 o o] U 19
3.5.1 ST Ao [Ty ol ] o1 4 o] o TSNPt 19
3.6 TX Out Of BaNd EMISSIONS ....eiiiiiiiiiiiieiiie ettt sttt sttt s 20
3.6.1  TeSt deSCriPLION..cciiiie ettt e e s e e s atreeeenae 20
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3

Tektelic Communications Inc. Confidential Page 3 of 38



3.6.2 RESUIES ettt ettt ettt e e ettt et e e e s ee ettt ebaaessseeseteassnaassseessenassnnnnnseeseeres 22

3.6.3  CONCIUSIONS ...ttt r e saneene e 24
3.7 Unwanted Emissions in the Spurious Domain — Radiated Emissions...........ccccceeeeevrennnns 24
3.7.1 B IC=TS] o B L=E T of T 1 o o RSNt 24
3.8 Unwanted Emissions in the Spurious Domain — Conducted Emissions.........cccccccevvennns 24
3.8.1 B IC=TS] o B LT of T 1 o o RSOt 24
3.8.2 RESUIES ettt e r e e e r e 25
3.8.3  CONCIUSIONS ..ttt sttt r e e e e e 30
3.9 TranSient POWEN ....cocciiiiiiiiiiiiiiiiccc e 30
3.9.1 B IC=TS] o B LT of T o o USSRt 30
3.0.2  RESUIES ettt e r e 32
3.9.3  CONCIUSIONS ..ttt ettt ettt e e s it e s bt e e sbae e sneeesaneeeas 33
3.10  AdJacent Channe@l POWET ......ccoiiiiiiiiiiiiiec ettt e e s siae e e s saae e e s s naaae e e s snees 33
3.11 TX Behaviour under Low Voltage ConditionS.........cceevvviieeiiniiieeeiniiiee e 33
3,12 Adaptive POWET CONLIOL.....uiiiiiiiiiie ettt e e s e st e e s aae e e s snaees 33
3,13 FHSS EQUIPMENT . 33
3.14  Short Term BeRaVIOUT ....ccceiiiiiiiiiieeee e 33
3.15  RX SENSITIVITY touetieiiieee ettt ettt st 34
3.15.1  TeSt DeSCHIPLION .. 34
3.15.2  RESUIES ettt 35
3.15.3  CONCIUSIONS ..ttt ettt sb e ettt e s bt e e s bt e e sbaeesneeesaneeeas 36
3.16 Adjacent Channel SEIECIVITY .....ccuuiiiiiiiiieeiieee e s 36
3.17 Receiver Saturation ........ooviiiiiieiire e 36
3.18 Spurious Response ReJeCtiON ......ccoei i 36
3.19 Behaviour at High Wanted Signal LeVel ..........coovuiiiiiiiiieeiiiieec e 36
3 0 B =1 1Yo (] = 20 PRSPPI 37
3.20.1  TeSt DeSCHIPLION ..o 37
3.20.2  RESUIES ettt s s e sre e 37
3.20.3  CONCIUSIONS «..teiiiieieiite ettt ettt eb e e et e e et e e s sabe e s bt e e sbneesneeesaneeens 37
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3

Tektelic Communications Inc. Confidential Page 4 of 38



Y 14101 o 0 = 2ROt 38

EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3
Tektelic Communications Inc. Confidential Page 5 of 38



List of Tables

Table 1-1: Kona Micro ProdUCE SUMMIAIY ......e.iiiiiiiiireeeeeeeeeieiiireeeeeeeessessareeeeeseessesssssssesssesesssnsnns 8
Table 1-2: TeSt EQUIPMENT c.cccviieeeeee ettt e e e e et bre e e e e e e e sesesbabbeeeeeeeessesassrereneseeenns 10
Table 2-1: Environmental Operating Conditions .........uvveeiieiiiiiiiiiiieeeeeeeceecrreee e e 11
Table 2-2: Channels used fOr tESTING .....ccvuiiiiiiiiiie e s 11
Table 2-3: Test Waveform CharacteriStiCS. ...t e e e rrraree e e e e 11
TabIE 2-4: DUT SUMIMAIY c.coiiiiiiiieeeeeeeeeeieiirreeeeeeeeseeseubarereeeeeeesasssraseseeesssessssssresesesesssmsssrrssseseeens 12
Table 2-5: DUT Summary — RX2 WIiNAOW ONIY ...coooviiiiiiiiec et eeirrreee e 12
Table 3-1: Maximum Radiated POWer Limit ........c.coeieiiiieiieiee et 13
Table 3-2: Maximum Radiated Power Limit = RX2 Window ONly .......cccceeeiviiieeiiniieeeeniiee e 13
Table 3-3: Effective Radiated POWEr SUMMAIY .....cooviiiiiiiniiiie it 13
Table 3-4: Effective Radiated Power Summary — RX2 Window Only .......cccecvveeiviiieeeenniieee e, 14
Table 3-3: Maximum Effective Radiated Power Spectral Density .....c..ccccoevevvreeereiceiiiicinreeeneeeenn, 14
Table 3-6: OCCUPIEA BW RESUILS ..ceeviiiiiiiiiriieiiee ettt e e e eesbaree e e e e e e s eeanbraaeneseeeens 19
Table 3-7: Occupied BW Results = RX2 WINAOW .....ccccuiiiiiiiiiieiiiieee et ee s e e 19
Table 3-8: Emission Limits in the Out of Band DOMains..........cccccvviieeiiiiiiecciiiieeee e, 21
Table 3-9: Spurious Domain EMission LIMItS ........ceeiriiiiiiiniiiieiiiiee e 25
Table 3-10: Parameters for TX Spurious MeEasUremMENtS........ccccvurreerieeeeiiiiriireeeeeeeeeeennnrrreeeeeeeens 25
Table 3-11: SUMMArY Of DEtECLEA SPUIS ...uvvieiieiieiietirreeeee e e e eererrere e e e e e s eenbbrreeeeeeeens 29
Table 3-12: Summary of Detected Spurs — RX2 WiNAOW .......ccooviuiiiiiiiiiieiiniieeecieee e 30
Table 3-13: Transmitter Transient POwer LIMits ......ccouvieiieiiiicccceeeee e 30
Table 3-14: Transient Power Measurement Parameters ........cccccvvvveeeeeieeeccciieeeee e eeeeeeee e 31
Table 3-15: Transient POWETr RESUILS .....cccuveeii ettt e et e e e e e 32
Table 3-16: Transient Power Results - RX2 WIiNAOW........cccuiieiiiiiiie e e 33
Table 3-17: Limits for RECEIVEI SENSITIVITY ..vvveiiiiiiiieiiiiieeiie e s e e e 34
Table 3-18: Blocking Level Parameters for RX Category L1.5.....coccuiiiiiiiieeiiniieeeeiieeeeeieee e 37
Table 3-19: BlocKing PerforManCe ... ...ciiiiuiieiiiiiiee ettt e s s e e e e sibae e e e saees 37
Table 4-1: COMPlIANCE SUMMAIY wevviiiiiiiiiiirieieee e eeeccirree e e e e eeeesitrereeeeeeesesesbtrerereeesssesssrrrenereeenns 38
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3

Tektelic Communications Inc. Confidential Page 6 of 38



List of Figures

Figure 1-1: Kona Micro Test Diagram — TX TESTS .euuuuuiieiiiiiiiiiiiciee e e e eeeeetttceee e e e e e e eeraeee e e e e eeeeeannnas 9
Figure 1-2: Kona Micro Test Diagram — RX T@SES c.uvuuuuiiiiiiiieeeeiccee et e e e e e e e e eannaes 9
Figure 3-1: 6dBm Setting, 5.4 dBm Measured OUtpuUt POWET ...........uuvvvrvirirmiiinrererererererersrsnenen. 15
Figure 3-1: RX2 Window 5dBm Setting, 5.4 dBm Measured Output POWer .........ccccceevvvveeeennnnen. 16
Figure 3-2: Occupied BW IMXA OULPUL .....eviiiiiiiiieeieiieeessieee st ee s st e e s saae e s sssaeeesssanaeeessnees 18
Figure 3-4: Out of Band Domain for Operating Channel.........coccvvvveeeieeiiiicciiieeeeee e 20
Figure 3-5: Out of Band Domain for Operational Frequency Band........cccoeevvveeeeeieeiiiicinneeneneeenn, 21
Figure 3-6: Out of Band Emissions - 863.1MHZ Callier .........coucevvurreeeeeeeiiieirieeeeeeeeeeesinreeeeeeeeens 22
Figure 3-7: Out of Band Emissions - 866.5MHZ Carrier .......cccceevviuieeeiiiieee e enieee e ssiaee e 22
Figure 3-8: Out of Band Emissions - 869.9MHZ Carrier ......ccccceeevivieeeniiiiieeeniiee e esireee e ssieee e 23
Figure 3-9: Out of Band Emissions —27 dBm RX2 window, 869.525 MHz Carrier.........ccceeeenneee. 23
Figure 3-10: Spectrum Mask for Unwanted EmiSSiONS.........ccovvvviirreeeieeiiiiiiiieeeeee e eeinreeeeeeeeens 24
Figure 3-11: 30MHz to 869 MHz Spurious Emissions, 869.9 MHz Transmit Signal...........ccce....... 26
Figure 3-12: 860.6 MHz to 865.6 MHz Spurious Emissions, 863.1 MHz Transmit Signal............. 27
Figure 3-13: 864 MHz to 1 GHz Spurious Emissions, 863.1 MHz Transmit Signal.............ccccu..... 27
Figure 3-14: 1 GHz to 3.7 GHz Spurious Emissions, 863.1 MHz Transmit Signal..........ccccceeeuneee. 28
Figure 3-15: 30MHz to 1 GHz Spurious Emissions, RX ONIY......ccccvveeeiieeiiiiiiiiieeeeeeeeeeeiiveeeeeee e 28
Figure 3-16: 1 GHz to 3.7 GHz Spurious EMissions, RX ONlY.....cccccveeeeieeiiiiiiiiieeeeeeeeeeeiiveeeeeee e 29
Figure 3-17: RX Sensitivity, 125 KHZ SF7 ....uurriieeieieeeeeee ettt ettt e e e ee e e e e 35
Figure 3-18: Rx Sensitivity, 125 KHZ SFL10 .....cooiiiiiiieiieeee ettt e e e e e e e e 35
Figure 3-19: Rx Sensitivity, 500 KHZ SF7 ......uvriiiiiiiieeee ettt e e e e e erar e e e e e 36
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3

Tektelic Communications Inc. Confidential Page 7 of 38



1 Introduction

1.1 Scope

This report summarizes the results of compliance testing for EU Kona Micro Gateway in accordance to
ETSI EN 300 220-2 v3.1.1.

This report applies to the TEKTELIC modules below:

Table 1-1: Kona Micro Product Summary

Product Product D inti

Name Code eSCrlp 10on

I\';?:ri T0005127 | LORA GATEWAY MODULE, KONA MICRO, EU, LTE MODEM

Kona LORA GATEWAY MODULE, KONA MICRO, EU, LTE MODEM, BATTERY

: T0005128

Micro BACKUP

I\';?:ri T0005205 | LORA GATEWAY MODULE, KONA MICRO, EU, BATTERY BACKUP

Kona

Vi | T0005206 | LORA GATEWAY MODULE, KONA MICRO, EU
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1.2 Test Setup

1.2.1 Test Diagrams

Radio Module 348
Splitter Spectrum
Analyzer
Ant
R » Power Meter
Sensor
12V DC |« Power Supply
Ethernet |« AL LS > PC
[ Switch -
Serial |« +

Figure 1-1: Kona Micro Test Diagram — Tx Tests

Radio Module
Isolator |« Signal Generator
) (CW Waveform)
Ant
Splitter
Variable
Attenuator .
10dB Signal Generator
12V DC |« Power Supply Coupler (LoRa Waveform)
Ethernet |« Ethe‘rnet < > PC > fowen Power Meter
Switch Sensor
Serial |« A

Figure 1-2: Kona Micro Test Diagram — Rx Tests
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Note that in the case of RX2 Window TX testing, 10 dB of attenuation was added into the power
sensor path and the spectrum analyzer path due to the higher transmit power (27 dBm).

1.2.2 Test Equipment

Table 1-2 lists test equipment used for compliance testing. Equipment used in this test setup
may be replaced with equivalent devices from other manufacturers as long as they have similar
specifications.

Table 1-2: Test Equipment

Description Mfg. Mfg. PN

Spectrum Analyzer Keysight N9020A
Power Meter (Tx) Keysight E44198B

Power Sensor (Tx) Keysight E9301A

Signal Generator (LoRa Waveforms) Keysight E4438C
Signal Generator (CW Waveform) Keysight E4432B
Power Meter (Rx) Keysight N1912A

Power Sensor (Rx) Keysight N1921A

Switchable Attenuator Keysight 8494G/8496G

Attenuator/Switch Driver Keysight 11713A
10dB couple Narda 4242-10

Isolator (x2) Ditom D310810S

3dB Splitter Mini Circuits ZAPD-2-21-3W-S
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3
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2 Test Conditions

2.1 Environmental Profile

The EU Kona Micro Gateway

is designed to operate in the following environmental conditions:

Table 2-1: Environmental Operating Conditions

Parameter

Operating Specification

Operating Temperature

OC to 40C Ambient

2.2 Operating Frequency

The EU Kona Micro is design

ed to operate in the EU ISM band of 863-870MHz. Testing will be

performed at the low, mid and high channel frequencies specified in Table 2-2.

Table 2-2: Channels used for testing

Description Center Frequency (MHz)
Low 863.1

Mid 866.5

High 869.9

RX2 Window (27 dBm) 869.525

2.3 Test Waveform

The test waveform used for compliance testing unless otherwise stated has the following

characteristics:

Table 2-3: Test Waveform Characteristics

Parameter Description Value

Spreading Factor SF7

Bandwidth 125kHz

Modulation LoRa

ETSI Test Signal Classification D-M3
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2.4 Device Under Test (DUT)

A summary of the DUT is shown in Table 2-4.

Table 2-4: DUT Summary

Description Value
TCODE T0005127
Serial Number 1813K0011
Revision A

SW Version 1.0.1

Table 2-5: DUT Summary — RX2 Window Only

Description Value
TCODE TO005094 (PCBA)
Serial Number 1809D0001 (PCBA)
Revision C1 (PCBA)
SW Version ?
EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3
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3 Measurements

3.1 TX Effective Radiated Power
3.1.1 Test description

The maximum conducted power setting of the EU Kona Micro Gateway is 14dBm at the
antenna port. This will correspond to a radiated power of 25mW E.R.P when using a dipole
antenna.

Measurements are taken in accordance to ETSI EN 300 220-1 v3.1.1 section 5.2.2.1.
This test is required to be tested at extreme operating conditions.

Table 3-1: Maximum Radiated Power Limit

Test Limit Description Test Limits

Conducted Power at Antenna Port 25mW E.R.P

Table 3-2: Maximum Radiated Power Limit — RX2 Window Only

Test Limit Description Test Limits

Conducted Power at Antenna Port 27 dBm

3.1.2 Results

Measurements made in Table 3-2 were made using a spectrum analyzer in accordance to ETSI
EN 300 220-1 v3.1.1 section 4.3.10.

Table 3-3: Effective Radiated Power Summary

Measured Measured Measured
Ambient Temperature (°C) | Power Setting (dBm) Power Power Power
@863.1MHz | @866.5MHz | @869.9MHz

0 12 13.4 13.6 13.8

25 13 13 13.1 13.3

40 14 13.3 13.5 13.7
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Table 3-4: Effective Radiated Power Summary — RX2 Window Only

Measured
Ambient Temperature (°C) | Power Setting (dBm) @86:?:'2?_:“”'_'2
(dBm)
0 25 26.87
25 25 26.76
40 25 26.53

3.1.3 Conclusions

All conducted power measurements are equal to or below 14dBm (27 dBm in the case of the
RX2 Window) so the unit is compliant. The power setting in software was manually changed at
the extreme temperatures to remain compliant. An automated solution to apply this change
based on an internal temperature sensor will be implemented.

If an antenna with gain greater than 2.15dBi is used, the maximum allowable power setting of
the Gateway will be:
Max allowable power setting = 14dBm — (Antenna Gain — 2.15dB)

3.2 Maximum E.R.P Spectral Density
3.2.1 Test description

Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.3. Operation of
the Kona Micro may fall in Operational Frequency Band L.

Table 3-5: Maximum Effective Radiated Power Spectral Density

Frequency Band Test Limits

865MHz to 868MHz -4.5dBm/100kHz  or  6.2dBm/100kHz if
operation is limited to 865 to 868MHz

3.2.2 Results

Measurements were made at 866.5MHz to determine the power level required to meet the
limits specified in Table 3-3. Only single carrier operation was tested.
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s Keysight Spectrum Analyzer - Swept SA |£”ﬁ”&l
RF 500 ac | | SENSE:INT| [05:27:46 PMMar 29, 2018 S
Marker 1 866.500600000 MHz . Avg Type: RMS z
PNO: Wide ) Trig: Free Run Avg|Hold: 1110
IFGain:Low #Atten: 30 dB

Next Peak
Ref Offset 205 dB
1L%3|Bldiv Ref 40.50 dBm

Mkr—RefLvl

Center 866.5000 MHz Span 200.0 kHz
#Res BW 100 kHz #VBW 100 kHz* #Sweep 60.00 s (1001 pts)

MSG STATUS

Figure 3-1: 6dBm Setting, 5.4 dBm Measured Output Power
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Agilent Spectrum Analyzer - Swept SA

-. S = 0] SEMSE:IMT ALIGN AUTD 01:02:33 PM Apr 26, 2018 e
Ref Level 20.00 dBm Avg Type: RMS p mplitude

PNO: Wide () Trig: Free Run
IFGain:Low #Atten: 18 dB RefLevel

Ref Offset 14.3 dB Mkr1 869.525 000 000 MHz 20.00 dBm
10 dBidiv ~ Ref 20,00 dBm 5.42 dBm

Attenuation
[18 dB]

Scale/Div
10 dB

Scale Type
Log Lin

INNEERERED

Center 869.5250 MHz Span 200.0 kHz
#Res BW 100 kHz #VBW 100 kHz* #Sweep 60.00 s (1001 pts)

MSG STATUS

Figure 3-2: RX2 Window 5dBm Setting, 5.4 dBm Measured Output Power

3.2.3 Conclusions

To achieve a 6.2dBm/100kHz PSD, the maximum allowable setting for the radio is 6dBm (5dBm
for RX2 Window). More investigation into the interpretation of this specification is required to
determine the applicability to LoRa radios.

3.3 Duty cycle

Duty cycle limitations when operating in the EU ISM will be governed by the LoRa Network
Server. Since the Gateway does not have control over its transmit duty cycle (it will transmit
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whenever it is told), it is up to the network server to comply with duty cycle requirements.
Therefore there is no test requirement on the Gateway alone.

3.4 Occupied Bandwidth
3.4.1 Testdescription

Occupied bandwidth of the LoRa waveform is the frequency range in which 99 % of the total
mean power of a given emission falls.

Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.6.

Occupied BW must reside in the Operational Channel Width of 200kHz. This test is required to
be tested at extreme operating conditions.
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3.4.2 Results

The Occupied BW measurement of the MXA was used for this measurement. A sample output
is shown in Figure 3-2.

e FEYSight Spectrum Analyzer - Occupied BW
] RF 500  AC [ SENSE:INT] [ [10:49:21 aM aproz, 2018
Center Freq 866.500000 MHz Center Freq: 866.500000 MHz Radio Std: None
[ Trig: Free Run Avg|Hold:>10M10
#FGain:Low #Atten: 10 dB Radio Device: BTS

Frequency

Ref Offset 20.5 dB
Ref 30.50 dBm

Center Freq
866.500000 MHz

Center 866.5 MHz Span 300 kHz

Res BW 2.7 kHz VBW 27 kHz Sweep 49.07 ms el

30.000 kHz
Auto Man

Occupied Bandwidth Total Power 20.7 dBm
130.03 kHz

Transmit Freq Error 902 Hz % of OBW Power 99.00 %

x dB Bandwidth 162.2 kHz x dB -23.00 dB

Freq Offset
0Hz

IM 5G STATUS

Figure 3-3: Occupied BW MXA Output
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Results for Occupied BW are summarized in Table 3-4.

Table 3-6: Occupied BW Results

Ambient Power Setting | Frequency | Occupied BW | -23dB Bandwidth

Temperature (°C) (dBm) (MHz) (kHz) (kHz)
12 863.1 130.02 162.1

0 12 866.5 130.02 162.2

12 869.9 130.01 162.0

13 863.1 130.08 162.4

25 13 866.5 130.01 162.2

13 869.9 130.01 162.4

14 863.1 129.97 161.9

40 14 866.5 129.99 162.1

14 869.9 130.00 162.1

Table 3-7: Occupied BW Results — RX2 window

Ambient Power Setting | Frequency | Occupied BW | -23dB Bandwidth
Temperature (°C) (dBm) (MHz) (kHz) (kHz)
0 25 869.525 130.1 162.3
25 25 869.525 130.0 162.0
40 25 869.525 130.1 162.1

3.4.3 Conclusions

All measurements are within the 200kHz Operational Channel Width and are therefore
compliant.

3.5 Frequency Error
3.5.1 Testdescription

This test is not applicable as the module does not generate an unmodulated carrier.
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3.6 Tx Out of Band Emissions
3.6.1 Test description

This test will measure out-of-band emissions of the Kona Micro Gateway.
Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.8.3.3.

Power was adjusted at each temperature as described in section 3.1 to keep the output power
just under the limit of 14 dBm (27 dBm in the case of the RX2 window).

Out of Band Emissions are defined for two domains, Operating Channel and Operational
Frequency Band. Diagrams of the limits are shown in Figure 3-3 and Figure 3-4 and are also
summarized in Table 3-5: Emission Limits in the Out of Band Domains.

Operating
Channel

0 dBm/1kHz

-36 dBm/1kHz
™
\

-36 dBm/1kHz

fc- 2.5x0CW fe fe + 2.5x0CW
< S
T -

Figure 3-4: Out of Band Domain for Operating Channel
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Operational
Frequency Band
- -

0 dBm/1kHz - 0 dBm/1kHz
|36 dBm/1kHz | -36 dBmVikHz
-36 dBm/10 kHz | | -36 dBm/10 kHz
| |
| |
fLow oFB fLow oFB flow OFB fiiigh OF8 fHign_oFs fhign_orFs
- 400kHz - 200 kHz - - + 200 kHz + 400 kHz
& ~
Ty -~

Figure 3-5: Out of Band Domain for Operational Frequency Band

Table 3-8: Emission Limits in the Out of Band Domains

Domain Frequency Range RBWpee Max power limit
fs f|ow_o,:B - 400 kHz 10 kHz -36 dBm
Flow oFg - 400 kHz < f<f,, ;g - 200 kHz 1 kHz _36 dBm
- = i
OOB limits applicable to flow - 200 kM2 = T < fiow_ors 1 Kz See Figure 6
Operational Frequency f=fiow oFB 1 kHz 0 dBm
Band . f=fhigh_oFB 1 kHz 0 dBm
(See Figure &) Fhigh oFs < = fhign_orp * 200 kHz 1kHz See Figure 6
Fhigh_ors + 200 kHz = < f 0 opg + 400 kHz 1 kHz -36 dBm
Fh\gh_DFB +400kHz=f 10 kHz -36 dBm
f=1-2.5x0CW 1 kHz -36 dBm
f.-25x0CW=f<f -0,5x0OCW 1 kHz See Figure 5
OOB limits applicable to f=f.-05xOCW 1 kHz 0 dBm
Operat_lng Channel f=f +05 x OCW 1 kHz 0 dBm
(See Figure 5) c
f.+0,5x0CW =f=<f +2,5x0CW 1 kHz See Figure 5
f=f+25x0C 1 kHz -36 dBm

NOTE: fis the measurement frequency.
f_is the Operating Frequency.
F,ow_DFB is the lower edge of the Operational Frequency Band.
Fhigh_DFB is the upper edge of the Operational Frequency Band.
OCW is the operating channel bandwidth.

This test is required to be tested at extreme operating conditions.

EU Kona Micro EN 300-220-2 Compliance Report  TEKTELIC Issue 0.3
Tektelic Communications Inc. Confidential Page 21 of 38



3.6.2 Results

Single carrier operation was measured at three frequencies across the band and compared
against Operational Channel (OC) and Operation Frequency Band (OFB) limits. The results are

shown in Figure 3-5 through Figure 3-7.
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Figure 3-6: Out of Band Emissions - 863.1MHz Carrier
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Figure 3-7: Out of Band Emissions - 866.5MHz Carrier
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3.6.3 Conclusions

The unit was found to be compliant with both Operational Channel (OC) and Operation
Frequency Band (OFB) limits at the maximum rated power across temperature.

3.7 Unwanted Emissions in the Spurious Domain - Radiated Emissions
3.7.1 Test Description

Radiated emissions are will be conducted at a third party test lab. Test report t29e17a146-2 R1.

3.8 Unwanted Emissions in the Spurious Domain - Conducted Emissions
3.8.1 Test Description

This test will measure conducted unwanted emissions of the Kona Micro Gateway.
Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.9. The applicable
limits are shown in Figure 3-8, Table 3-6 and Table 3-7.

Operating Channel

-36 dBm/1kHz

-36 dBm/1kHz

m
-36 dBm/10kHz

m

-36 dBm/10kHz

-36 dBm /100kHz | 36 dBm/100kHz

fe- fe- fe- fe+ fe+ fe+
. Max{10<OCW,500kHz)  4xOCW 2.5xOCW fe 2.5x0CW 4xOCW  Max{10xOCW, S00kHz)
T - * -
Figure 3-10: Spectrum Mask for Unwanted Emissions
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Table 3-9: Spurious Domain Emission Limits

Frequency 47 MHz to 74 MHz Other frequencies Frequencies
87,5 MHz to 118 MHz below 1 000 MHz above 1 000 MHz
174 MHz to 230 MHz
State 470 MHz to 790 MHz
TX mode -4 dBm -36 dBm -30 dBm
RX and all other modes -57 dBm -57 dBm -47 dBm
Table 3-10: Parameters for TX Spurious Measurements
RBW
Operating Mode Frequency Range (soe n:tiFZ]
Transmit mode 9 kHz = f <150 kHz 1 kHz
150 kHz =< f < 30 MHz 10 kHz
30MHzsf<f.-m 100 kHz
fe-m<f<f-n 10 kHz
f.-nsf<f.-p 1 kHz
f+p<fsf.+n 1 kHz
f.rn<fsf.+m 10 kHz
f.+m<f<1GHz 100 kHz
1GHz <f<6GHz 1 MHz
NOTE 1: fis the measurement frequency.
f. is the Operating Frequency.
m is 10 x OCW or 500 kHz, whichever is the greater.
nis 4 x OCW or 100 kHz, whichever is the greater.
pis 2,5 x0OCW.
NOTE 2: If the value of RBW used for measurement is different from RBWpr, use bandwidth correction from
clause 4.3.10.1.

3.8.2 Results

3.8.2.1 Spurious Emissions (Tx mode and Rx mode)

Conducted measurements in the regions of Table 3-7 below 30MHz and above 3.7GHz were not
measured due to MXA limitations.

Operating channel width (OCW) is 200 kHz so m = 2 MHz.

The measurement region of 30MHz < f £ f. — m is shown in Figure 3-9. Measurements were
taken with the transmitter active at 869.9 MHz (worst case).
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Figure 3-10 covers all of the measurement regions between f. — m and f. + m. Measurements
were taken with the transmitter active at 863.1 MHz (worst case).

The measurement region of f.+ m < f < 1GHz is shown in Figure 3-11. Measurements were

taken with the transmitter active at 863.1 MHz (worst case).

Figure 3-12 shows the 1GHz to 6GHz region. Measurements were taken with the transmitter

active at 863.1 MHz (worst case).

RX-only measurements are shown in Figure 3-13 through Figure 3-14.

Table 3-8 lists all detected spurs, along with the relevant emission limits and margin.
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Figure 3-11: 30MHz to 869 MHz Spurious Emissions, 869.9 MHz Transmit Signal
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Figure 3-15: 30MHz to 1 GHz Spurious Emissions, RX Only
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Figure 3-16: 1 GHz to 3.7 GHz Spurious Emissions, RX Only

Table 3-11: Summary of Detected Spurs

Resolution Spur Spur
Bandwidth | Frequency Power Limit Margin
Frequency Range (kHz) (MHz) (dBm) (dBm) (dB)
30MHz<f< fc—m 100 704 -63.3 -54 9.3
30MHz<f< fc—m 100 832 -62.7 -36 26.7
30MHz<f< fc—m 100 838 -61.4 -36 25.4
30MHz<f< fc—m 100 864 -61.8 -36 25.8
fc-m<f<fc+m 1 864 -51.0 -36 15.0
fc+m<f<1GHz 100 895 -57.2 -36 21.2
fc+m<f<1GHz 100 896 -55.3 -36 19.3
fc+m<f<1GHz 100 928 -55.8 -36 19.8
fc+m<f<1GHz 100 960 -59.8 -36 23.8
fc+m<f<1GHz 100 992 -59.1 -36 23.1
1 GHz < f<6GHz 1000 1726 -51.3 -30 21.3
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Table 3-12: Summary of Detected Spurs — RX2 Window

Resolution Spur Spur
Bandwidth | Frequency Power Limit Margin
Frequency Range (kHz) (MHz) (dBm) (dBm) (dB)
30MHz << fo—m 100 832.2 -57.0 -36 21.0
843.96 -60.3 -36 24.3
fc-m<f<fc+m 1 868.81 -58.5 -36 22.5
875.11 -52.5 -36 16.5
895.94 -53.0 -36 17.0
fc+m<f<1GHz 100 901.46 -54.0 -36 18.0
906.98 -52.5 -36 16.5
927.93 -54.0 -36 18.0
1 GHz < f < 6GHz 1000 5650 -47.3 -30 17.3

3.8.3 Conclusions

The Micro Gateway is compliant with unwanted emissions limits.
3.9 Transient Power

3.9.1 Test Description

This test will measure transient power characteristics when the transmitter is turning on and
off.

Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.10.

Transient power limits are shown in Table 3-9.

Table 3-13: Transmitter Transient Power Limits

Absolute offset from centre RBWger Peak power limit applicable at measurement points
frequency
< 400 kHz 1 kHz 0 dBm
> 400 kHz 1 kHz -27 dBm

Offsets and RBW requirements are shown in Table 3-10.
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Table 3-14: Transient Power Measurement Parameters

Measurement points:

RBW
offset from centre frequency LR L REF
-0,5x OCW - 3 kHz 1 kHz
0,5xOCW + 3 kHz 1kHz

Not applicable for OCW < 25 kHz

Max (RBW pattern 1,3,10) < Offset frequency/6

tmax (12,5 kHz, OCW) (soe note) 1 kHz
0.5 x OCW - 400 kHz

0.5 x OCW + 400 kHz 100 kHz 1kHz
0.5 x OCW -1 200 kHz 200 Kiz Kz

0,5 x OCW + 1 200 kHz
NOTE: Max (RBW pattern 1, 3, 10) means the maximum bandwidth that falls onto the commonly
implemented 1,3,10 RBW filter bandwidth incremental pattern of spectrum analysers.
EXAMPLE: If OCW is 25 kHz then the RBW value corresponding to one OCW offset frequency is
3 kHz. The rest of the analyser settings are listed in Table 25, and if OC is 250 kHz then
the RBW value corresponding to one OCW offset frequency is 30 kHz.
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3.9.2 Results

Measurements were taking in single carrier mode at a transmit frequency of 863.1 and 869.9
MHz. OCW is 200 kHz.

Table 3-15: Transient Power Results

Signal Measured | Peak in
Freq Freq Peak RBW_ref | Limit | Margin
(MHz) | Offset (MHz) RBW (kHz) (dBm) (dBm) (dBm) (dB)
-0.5 x OCW - 3kHz 862.997 1 -29.4 -29.4 0 29.4
0.5 x OCW + 3kHz 863.203 1 -32.5 -32.5 0 325
-0.5 x OCW - 400kHz 862.6 100 -32.4 -52.4 -27 25.4
863.1 0.5 x OCW + 400kHz 863.6 100 -31.8 -51.8 -27 24.8
-0.5 x OCW - 1200kHz 861.8 300 -36.4 -61.2 -27 34.2
0.5 x OCW + 1200kHz 864.4 300 -35.9 -60.7 -27 33.7
-OCW 862.9 10 -34 -44.0 44.0
ocw 863.3 10 -32.7 -42.7 42.7
-0.5 x OCW - 3kHz 869.797 1 -33.2 -33.2 33.2
0.5 x OCW + 3kHz 870.003 1 -32.7 -32.7 32.7
-0.5 x OCW - 400kHz 869.4 100 -31.8 -51.8 -27 24.8
869.9 0.5 x OCW + 400kHz 870.4 100 -31.3 -51.3 -27 24.3
-0.5 x OCW - 1200kHz 868.6 300 -36.1 -60.9 -27 33.9
0.5 x OCW + 1200kHz 871.2 300 -35.8 -60.6 -27 33.6
-OCwW 869.7 10 -30.5 -40.5 0 40.5
ocw 870.1 10 -34 -44.0 0 44.0
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Table 3-16: Transient Power Results - RX2 Window

Signal Measured | Peak in

Freq Freq Peak RBW_ref | Limit | Margin

(MHz) | Offset (MHz) RBW (kHz) (dBm) (dBm) (dBm) (dB)
-0.5 x OCW - 3kHz 869.422 1 -21.8 -21.8 0 21.8
0.5 x OCW + 3kHz 869.628 1 -21.8 -21.8 0 21.8
-0.5 x OCW - 400kHz 869.025 100 -37.8 -57.8 -27 30.8

860,525 0.5 x OCW + 400kHz 870.025 100 -37.5 -57.5 -27 30.5
-0.5 x OCW - 1200kHz 868.225 300 -42 -66.8 -27 39.8
0.5 x OCW + 1200kHz 870.825 300 -42.1 -66.9 -27 39.9
-OCW 869.325 10 -26.6 -36.6 0 36.6
ocw 869.725 10 -29.3 -39.3 0 39.3

3.9.3 Conclusions

Transient power measurements are all compliant with significant margin.

3.10 Adjacent Channel Power

This test is not applicable since the OCW is greater than 25kHz.

3.11 TX Behaviour under Low Voltage Conditions

This test is not applicable since this the Gateway is not a battery powered device.

3.12 Adaptive Power Control

This test is not applicable since this the Gateway does not use adaptive power control.

3.13 FHSS Equipment

This test does not apply as the Gateway is not FHSS.

3.14 Short Term Behaviour

This test does not apply as Duty Cycle is not tested at the Gateway and is under Network Server

control.
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3.15 RX Sensitivity
3.15.1 Test Description

This test will measure the RX sensitivity of the Gateway.
Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.14.
The limits for sensitivity are defined in Table 3-12.

Table 3-17: Limits for Receiver Sensitivity

S=10logRB,,. —4 dBulV emf . o

S, =10logRB,, —117dBm

p =

where:
e  Spis the sensitivity in dBm.
. RB is the declared receiver bandwidth in kHz.

For operation in the EU ISM band the receiver supports bandwidths of 125-500 kHz. This
results in a sensitivity level of S, = -96dBm for 125 kHz bandwidth and -90dBm for 500 kHz

bandwidth.
For LoRa, the general benchmark for sensitivity is a Packet Error Rate (PER) of 10%. Sensitivity
was measured for LoRa spreading factors 7 and 10. For each measurement 100 packets were

sent and PER was determined as:

# of successfully received packets

PER=1—
# of packets sent
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3.15.2 Results
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Figure 3-17: Rx Sensitivity, 125 kHz SF7
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Figure 3-18: Rx Sensitivity, 125 kHz SF10
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Figure 3-19: Rx Sensitivity, 500 kHz SF7

3.15.3 Conclusions

The Micro Gateway easily meets the criteria for sensitivity at both 125 kHz and 500 kHz
bandwidths.

3.16 Adjacent Channel Selectivity

Not applicable.

3.17 Receiver Saturation

Not applicable.

3.18 Spurious Response Rejection
Not applicable.

3.19 Behaviour at High Wanted Signal Level

Not applicable.
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3.20 Blocking
3.20.1 Test Description

This test will measure the blocking on the Gateway receiver.
Measurements are taken in accordance to ETSI EN 300 220-2 v3.1.1 section 5.18.
Testing of the Kona Micro Gateway will be to RX category 1.5 outlined in Table 3-13.

Table 3-18: Blocking Level Parameters for RX Category 1.5

Requirement Limits
Receiver category 1.5
Blocking at £2 MHz from OC edge fhigh and fig,, > -43 dBm
Blocking at £10 MHz from OC edge fhigh and fy,,, z-33 dBm
Blocking at £5 % of Centre Frequency or 15 MHz, >33 dBm
whichever is the greater B

As described in ETSI EN 300 220-2 v3.1.1 section 5.18, the input power of the desired signal was
set to the minimum sensitivity level requirement of -96dBm + 3dB. For each measurement 1000
packets were sent.

3.20.2 Results

Table 3-19: Blocking Performance

Signal Frequency | Blocker Blocker Power | Packet Error Rate
(MHz) Frequency (MHz) (dBm) (%)

867.5 865.5 -33 0.2

867.5 869.5 -33 0

867.5 857.5 -23 0

867.5 877.5 -23 0.2

867.5 824.125 -23 0.2

867.5 910.875 -23 0.1

3.20.3 Conclusions

A blocker 10dB higher than those required of category 1.5 was used and was shown to have no
significant effect on packet reception. The highest PER rate seen of 0.2% is well below the
minimum PER floor expected for LoRa receivers. This test this therefore compliant for a
category 1.5 receiver.
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4 Summary

Table 4-1: Compliance Summary

EN 300 220-2 Section Pass/Fail Comments

4.2 Unwanted Emissions in Pass

the spurious domain

4.3.1 Effective Radiated Pass* Manual gain adjustment

Power needed across temperature.

4.3.2 Maximum E.R.P Spectral Pass* Conforming power level

Density identified. Applicability still to
be determined.

4.3.3 Duty Cycle N/A

4.3.4 Occupied Bandwidth Pass

4.3.5 Tx Out of Band Pass

Emissions

4.3.6 Transient Power Pass

4.3.7 Adjacent Channel Power N/A

4.3.8 TX Behaviour under Low N/A

Voltage Conditions

4.3.9 Adaptive Power Control N/A

4.3.10 FHSS Equipment N/A

4.3.11 Short Term Behaviour N/A

4.4.1 RX Sensitivity Pass

4.4.2 Blocking Pass

4.5 Polite Spectrum Access N/A

Conformance Requirement
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