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Radio Frequency Devices. Operation within the b&tds- 928 MHz, 2400 -2483.5 MHz, an
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US LoRaWAN Vv1.0.2
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Summary

USA FCC Part 15.247 10-1-16 Edition: Operatiothimi the bands 902
- 928 MHz, 2400 -2483.5 MHz, and 5725 - 5850 MHz.

USA FCC Part 15.209 10-1-16 Edition: Radiatedssion limits;
general requirements.

CANADA RSS-247 Issue 2 (February 2017).
CANADA RSS-Gen Issue 4 (November 2014).

Guidance for Performing Compliance Measurementdigital
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DTS Meas Guidance v04 dated 05/04/2017.

ANSI C63.10-2013: American National Standard fosfireg Unlicensed
Wireless Devices.
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Competences and guarantees

DEKRA Testing and Certification is a testing labtorg accredited by the National Accreditation Bo@NAC -
Entidad Nacional de Acreditacion), to perform tbst$ indicated in the Certificate No. 51/LE 147.

DEKRA Testing and Certification is a laboratory ive measurement facility in compliance with theuisements of
Section 2.948 of the FCC rules and has been add#zt tlist of facilities whose measurements databei accepted
in conjuction with applications for Certificationnder Parts 15 or 18 of the Commission's Rules. dRadjion
Number: 720267.

DEKRA Testing and Certification is a laboratory wia measurement site in compliance with the remqerds of
RSS 212, Issue 1 (Provisional) and has been aduldtlet list of filed sites of the Canadian Certifioa and
Engineering Bureau. Reference File Number: ISEDI462.

In order to assure the traceability to other naticand international laboratories, DEKRA Testingl &ertification
has a calibration and maintenance program for @asarement equipment.

DEKRA Testing and Certification guarantees theatdlity of the data presented in this report, whighhe result of
the measurements and the tests performed to tmeduteler test on the date and under the condititaiedson the
report and, it is based on the knowledge and teahfécilities available at DEKRA Testing and Ckeation at the
time of performance of the test.

DEKRA Testing and Certification is liable to thaetlt for the maintenance of the confidentialityadifinformation
related to the item under test and the resultbetdst.

The results presented in this Test Report apply tinthe particular item under test establishethisa document.

IMPORTANT: No parts of this report may be reproduced or qliotg of context, in any form or by any means,
except in full, without the previous written persien of DEKRA Testing and Certification.

General conditions

1. This report is only referred to the item thas$ nadergone the test.

2. This report does not constitute or imply onadisn an approval of the product by the CertificatiBadies or
competent Authorities.

3. This document is only valid if complete; no frteproduction can be made without previous emithermission of
DEKRA Testing and Certification..

4. This test report cannot be used partially dulhfor publicity and/or promotional purposes watlt previous written
permission of DEKRA Testing and Certification ahe ¥Accreditation Bodies.

Uncertainty
Uncertainty (factor k=2) was calculated accordimghe DEKRA Testing and Certification.internal dowant PODTO000.

Usage of samples

Samples undergoing test have been selectethéglient

Report No: (NIE)
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Sample S/01 is composed of the following elements:

Control N° Description Serial N° Date of reception

54035/002 LoraWAN Radio Module iM980A --- 2017-08-2

1. Sample S/01 has undergone following test(s).
All radiated tests indicated in appendixes A and B.
Sample S/02 is composed of the following elements:
Control N° Description Model Serial N°© Date of reception

54035/001 LoraWAN Radio Module iM980A 2017-08-2

1. Sample S/02 has undergone following test(s).

All conducted tests indicated in appendixes A and B

Test sample description
The test sample consists of a LoRaWAN Radio Modllge

Identification of the client
IMST GMBH
Carl-Friedrich-Gauss-Str.2-4 47475 Kamp-Lintf@ermany

Testing period

The performed test started on 2017-09-11 and #&uisin 2017-09-20
The tests have been performed at DEKRA TestingGartification.

Environmental conditions

In the control chamber, the following limits weretrexceeded during the test:

Temperature Min. :_15 c
Max. = 35°C
Relative humidity m;;;ZYOS‘Z;
Shielding effectiveness > 100 dB
Electric insulation > 10 kKQ
Reference resistance to earth <1Q

Report No: (NIE)
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In the semianechoic chamber, the following limitsrgvnot exceeded during the test.

Min. = 15°C

Temperature Max. = 35 °C
N0

Relative humidity m;‘x :235/3/0

Min. = 860 mbar

Air pressure Max. = 1060 mbar

Shielding effectiveness > 100 dB
Electric insulation > 10 kQ
Reference resistance to earth <1Q

< +4 dB at 10 m distance between item under tesbt an
receiver antenna, (30 MHz to 1000 MHz)

More than 75% of illuminated surface is betweem@ 6
dB (26 MHz to 1000 MHz).

Normal site attenuation (NSA)

Field homogeneity

In the chamber for conducted measurements, thesfoly limits were not exceeded during the test:

Temperature Min. = 15°C
Max. = 35 °C
Relative humidity Min. = 20 %
Max. = 75 %
Air pressure Min. = 860 mbar
Max. = 1060 mbar
Shielding effectiveness >100 dB
Electric insulation >10kQ
Reference resistance to earth <1Q

Remarks and comments
1; The tests have been performed by the technérabpnel: Pedro Parada and Carlos Alberto Contreras
2: Used instrumentation:

Conducted Measurements

Last Cal. date  Cal. due date
1. Signal and Spectrum analyser R&S FSV 40 2017/07  2019/07
2. DC power supply R&S NGPE 40/40 2014/11 2017/11

Report No: (NIE)
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Radiated Measurements

Last Cal. date Cal. due date
Semianechoic Absorber Lined Chamber ETS FACT3

1. 200STP N.A. N.A.
2. BiconicalLog antenna ETS LINDGREN 3142E 2015/06 2018/06
3. Multi Device Controller EMCO 2090 N.A. N.A.
Double-ridge Guide Horn antenna 1-18 GHz
4 SCHWARZBECK BBHA 9120 D 2016/11 2019711
Broadband Horn antenna 18-40 GHz
S SCHWARZBECK BBHA 9170 2017/03 2020/03
6. EMI Test Receiver R&S ESU 40 2016/03 2018/03
7. Spectrum analyser Rohde & Schwarz FSW50 2015/12 2017/12
8. RF pre-amplifier 20 MHz-7 GHz PAM-0207 2017/09 013/09
9. RF pre-amplifier 1-18 GHz Bonn Elektronik BLMA 2016/02 2018/02
0118-1M
RF pre-amplifier 18-40 GHz BONN ELEKTRONIK
10. BLMA 1840-1M 2015/12 2017/12
Testing verdicts
Not applicable ..........ccvveeeiiiieee e, : N/A
PASS .. e : P
FAIL ... : F
NOt MEASUIEA ......eeeeiiiie et eee e : N/M
1. LORA 125 kHz
FCC PART 15 PARAGRAPH / RSS-247 VERDICT
NA| P | F [NM
FCC 15.247 Subclause (a) (1) / RSS-247 Clauseb.1 ( 20 dB Bandwidth and Carri P
frequency separation
FCC 15.247 Subclause (a)(1)(iii) / RSS-247 Claudg® Number of hopping channels P
FCC 15.247 Subclause (a)(1)(iii) & (f)/ P
RSS-247 Clause 5.1 (¢) & 5.3 (a) Time of occupginyell
Time)
FCC 15.247 Subclause (b) / RSS-247 Clause 5.4 (a) axirum pel output powe P
and antenna gain
FCC 15.247 Subclause (d) / RSS-247 Clause 5.5 Emibsnitations P
conducted (Transmitter)
FCC 15.247 Subclause (d) / RSS-247 Clause 5.5. d-Bdge emissions P
compliance (Transmitter)
FCC 15.247 Subclause (f) / RSS-247 5.3. (b) Popectsal density P
FCC 15.247 Subclause (d) / RSS-247 Clause 5.5 Emibsnitations radiated P
(Transmitter)
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2. LORA 500 kHz

D DEKRA

FCC PART 15 PARAGRAPH / RSS-247 VERDICT
NA| P | F [NM
FCC 15.247 Subclause (a) (2) / RSS-247 5.2. (a) dB Bandwidth P
FCC 15.247 Subclause (b) / RSS-247 5.4. (d) .. illam output power and P
antenna gain
FCC 15.247 Subclause (d) / RSS-247 5.5......... Emission limitations P
conducted (Transmitter)
FCC 15.247 Subclause (d) / RSS-247 5.5. ....... Band-edge emissions P
compliance (Transmitter)
FCC 15.247 Subclause (e) / RSS-247 5.2. (b) .. wePepectral density P
FCC 15.247 Subclause (d) / RSS-247 5.5......... Emission limitations radiated P
(Transmitter)
Report No: (NIE)
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Appendix A — Test result (LORA 125 kHz)
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TEST CONDITIONS

Power supply (V):

Type of power supply = DC voltage from external powupply.
Type of antenna = Integral antenna

Declared Gain for antenna (maximum) = +4.0 dBi

TEST FREQUENCIES:
Lowest channel: 902.3 MHz
Middle channel: 908.7 MHz
Highest channel: 914.9 MHz

NOTE: The equipment can operate as a frequencyihgmgystem using 64 hopping channels and it can als
operate as a hybrid system using 8 hopping channels

CONDUCTED MEASUREMENTS

The equipment under test was set up in a shielol@u and it is connected to the spectrum analyzaegwsshort
low loss RF cable supplied by the client.

SPECTRUM
EUT ANALYZER

The DC supply voltage is applied using an extecalbrated power supply.

RADIATED MEASUREMENTS

All radiated tests were performed in a semi-anachbamber. The measurement antenna is situatedistaace of
3 m for the frequency range 30 MHz-1000 MHz (30 MHIO0 MHz Bilog antenna) and at a distance of 1m fo
the frequency range 1 GHz-10 GHz (1 GHz-18 GHz D®ukge horn antenna).

For radiated emissions in the range 1 GHz-10 Glithperformed at a distance closer than the Spedistance,
an inverse proportionality factor of 20 dB per d#eas used to normalize the measured data for rdetierg
compliance.

The equipment under test was set up on a non-ctimdymatform above the ground plane and the sdnaand
orientation was varied to find the maximum radiadeussion. It was also rotated 360° and the antbeight was
varied from 1 to 4 meters to find the maximum réetleemission.

Measurements were made in both horizontal andcadplanes of polarization.

Report No: (NIE)
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Radiated measurements setup f <1 GHz

ANECHOIC CHAMBER
Measuring 360° PTxO;E{ng
Antenna able
‘ ‘ | 3 mdistance
I
AntennaMast

| (Antennaheight variation: 1-4 m)

Spectrum analyser

Shielded Control RoomFor

Radiated Measurements

Radiated measurements setup f > 1 GHz

D DEKRA

Horn antenna

VWWWWWAWWWWWWWWWAWWAWY

Preamplifier
EUT
=
=qk 2 B
1 m distance

Shielded control room for
Spectrum :

radiated measurements
analyser
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D DEKRA

Occupied Bandwidth
RESULTS

(see next plots).

Lowest frequency] Middle frequency| Highest frequency
902.3 MHz 908.7 MHz 914.9 MHz
99% bandwidth (kHz) 130.0 130.5 130.0
-26 dBc bandwidth (kHz) 168.0 168.0 169.0
Measurement uncertainty (kHz) <+5.0
Report No: (NIE)
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Lowest Channel

Spectrum |

D DEKRA

(=)

Ref Level 20.00 dBm

@ RBW ©5.25 kHz

"

& Att 30dE SWT 1.6ms @ VBW 20kHz Mode Sweep
@ 1Pk View
[ ] ] 0.13 dB
10 dBm Tlf\ 2 168.000 kHz
Occ 130.000000000 kHz
0dem M1[1] 17.77 dBm

902.287250 MHz

Middle Channel

3
10 dBI’ﬂ—Dl -2.230 dBm; /r r %
-20 dBm /’\./
u] dBm/ b\r/
-4
-50 dBm
-60 dBm
-70 dBm
CF 902.3 MHz 1000 pts Span 500.0 kHz
Spectrum | Inff |
Ref Level 20.00 dBm @ RBW £.25 kHz
j@ Attt 30dE SWT 1.6ms @ YBW 20kHz Mode Sweep
@ 1Pk View
]/\M 1 0.07 dB
2
10 dBm T 168.000 kHz
/ Occ 130.500000000 kHz
0 dem M1[1] 17.71dBm
M'g/ 3 908.691250 MHz

10 dem—o1 -8.290 dBm

L~

-20 dBm

-30 dBm

JAJ

-50 dBm

-60 dBm

-70 dBm

GF 908.7 MHz

1000 pts

Span 500.0 kHz
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Highest channel

Spectrum |

D DEKRA

(=)

Ref Level 20.00 dBm

j& ALt

30 dB

@ RBW .25 kHz
SWT 1.6ms @ VBW 20kHz Mode Sweep

@ 1Pk View

10 dBm

1]

b L

0 dBm

/

-10 dBm—

-20 dBm

Y

Occ By
M1[1]

[0

0.09 dB

169.000 kHz
130.000000000 kHz
17.75 dBm
914.843750 MHz

D1 -8.250 dBm

—

VN

-30 dBm
@jﬂﬂ/

-50 dBm

-60 dBm

-70 dBm

CF 914.9 MHz

1000 pts

Span 500.0 kHz
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D DEKRA

FCC Section 15.247 Subclause (a) (1) (i)/ RSS-24la@se 5.1 (b). 20 dB Bandwidth and Carrier frequeng
separation

SPECIFICATION

Frequency hopping systems shall have hopping clhaanger frequencies separated by a minimum dfti25
or the 20 dB bandwidth of the hopping channel, Whier is greater.

RESULTS

(See next plots)

Lowest frequency

Middle frequency

Highest frequency

902.3 MHz 908.7 MHz 914.9 MHz
20 dB Spectrum bandwidth (kHz 152.5 150.5 150.0
Measurement uncertainty (kHz) <+5.00
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20 dB BANDWIDTH

. Lowest Channel: 902.3 MHz.

D DEKRA

Spectrum | Inf |
Ref Level 20.00 dBm @ RBW 6.25 kHz
j& Att I dBE SWT 1.6ms @ VBW 20kHz Mode Sweep
@ 1Pk View
| ] ] -0.23 dB
/’\ 152.500 kHz
10 d&m M1[1 17.85 dBm
q ¥ _ 902.291750 MHz
g dBm DL 2.150 dBm /" “‘i\
-10 dBm
-20 deém A
-30 dem w//“\/\\
-40.48
-50 dBm
-60 dBm
-70 dBm
CF 902.3 MHz 1000 pts Span 500.0 kHz

20 dB BANDWIDTH

Middle Channel: 908.7 MHz.

Spectrum |

(=)

Ref Level 20.00 dBm @ RBW 6.25 kHz
j& Att 30dE SWT 1.6ms @ YBW 20kHz mMode Sweep
@ 1Pk View
[T R 1 -0.04 dB
’ 150.500 kHz
10 agm M1[1 17.86 dBm
4 M _ 208.643750 MHz
0 dBm D1 —2.140 dem /" “‘.\
-10 dBm
-20 dBm /V_\ /
30 dBm //\\/\
CWJ
50 dBm
-60 dBm
-70 dBm
CF 908.7 MHz 1000 pts Span 500.0 kHz
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20 dB BANDWIDTH Highest Channel: 914.9 MHz.
Spectrum | [%]
Ref Level 20.00 dBm @ RBW 6.25 kHz
j@ Attt J0dBE  SWT 1.6ms @ VYVBW 20kHz Mode Sweep
@ 1Pk Yiew
e ] 1 0.09 dB
/' 150.000 kHz
10 d&m 2/ M1[1 17.82 dBm
M 914.884750 MHz
0 dBm =

D1 -2.180 dem /" “‘.\
-10 dBm

=\ ==
N

-4

-50 dBm

-50 dBm

-70 dBm

GF 914.9 MHz 1000 pts Span 500.0 kHz

Carrier frequency separation

( ] e
Spectrum A

Ref Level 20.00 dBm @ RBW 50 kHz
Att 40dE  SWT 1ms @ VBW S0kHz Mode Sweep

@ 1Pk Yiew
e T IHE .

= -

\ \\[ \/ 198.000 kHg|
10 dBm mMi[1] 18.04 dBm
/ 902.239500 MHz

0 dBm /

-10 dBm /

-20 dBm X

-30 dBm

/\u‘
s

I
=40 dBm

-50 dBm

-60 dBm

-70 dBm

Start 902.0 MHz 1000 pts Stop 903.0 MHz

The hopping channel carrier frequencies are segghifay a minimum of the 20 dB bandwidth of the hoppi
channel.

Verdict: PASS
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FCC Section 15.247 Subclause (a) (1) (i) / RSS-23lause 5.1 (c). Number of hopping channels

SPECIFICATION

For frequency hopping systems operating in the ®®2MHz band: if the 20 dB bandwidth of the hoppahgnnel

is less than 250 kHz, the system shall use at ¥rnkbpping frequencies and the average time afpmotcy on any
frequency shall not be greater than 0.4 secondsnét 20 second period; if the 20 dB bandwidthhaf hopping
channel is 250 kHz or greater, the system shall aiskeast 25 hopping frequencies and the average of
occupancy on any frequency shall not be greatam thd seconds within a 10 second period. The maximu
allowed 20 dB bandwidth of the hopping channeld8 kHz.

RESULTS

The maximum number of hopping channels is 64 wheretjuipment operates as a frequency hopping systsn
next plots).

] DIlI
Spectrum A

Ref Level 20.00 dBm @ RBW 50 kHz
j& Att 30 dB @ SWT 50 ms @ YBW 100 kHz Mode Auto Sweep

B I L A AN WA AN

10 dBm ‘ M2[1] 18.31 dBm

908.90000 MHz

0 dBm

-10 dBm

-20 dBm

30 dBém |'

-40 dBm hhry

i

-60 dBm

-70 dBm

Start 901.0 MHz 1000 pts Stop 909.0 MHz

Number of hopping frequencies: 34
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j& Att

Spectrum |

Ref Level 20.00 dBm
30 dB @ SWT 50 ms @ YBW 100 kHz

D DEKRA

(7

@ RBW 50 kHz

Mode Auto Sweep

@ 1Pk View

10 dBm

VT

VY

vy

Vv

J’Nl\fﬂ M2 18.37 dBm
09.09630 MHz

0 dBm

mM2[1]

18.35 dBm
9\14.90 130 MHz

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

Start 908.5 MHz

1000 pts

Stop 916.0 MHz

Number of hopping frequencies: 30

Verdict: PASS

Report No: (NIE)
54035RRF.001

Page 20 of 68

2017-10-30



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

FCC Section 15.247 Subclause (a) (1) (i) & (f)/ R&8I7 Clause 5.1 (c) & 5.3.(a). Time of occupancy\{2l|
Time)

SPECIFICATION

For frequency hopping systems operating in the ®2MHz band: if the 20 dB bandwidth of the hoppihgnnel

is less than 250 kHz, the system shall use at ¥rnkbpping frequencies and the average time afpmotcy on any
frequency shall not be greater than 0.4 secondsnét 20 second period; if the 20 dB bandwidthhaf hopping
channel is 250 kHz or greater, the system shallaiskeast 25 hopping frequencies and the average tf
occupancy on any frequency shall not be greatam thd seconds within a 10 second period. The maximu
allowed 20 dB bandwidth of the hopping channeld8 EHz.

The frequency hopping operation of the hybrid systeith the direct sequence or digital modulatiggemtion
turned-off, shall have an average time of occupamtyany frequency not to exceed 0.4 seconds wéhiime
period in seconds equal to the number of hoppieguencies employed multiplied by 0.4.

RESULTS

1. TIME OF OCCUPANCY (DWELL TIME) FOR OPERATION ABREQUENCY HOPPING SYSTEM
USING 64 HOPPING CHANNELS.

- Tx-time per hop = 371.37 ms (see next plot).

Spectrum | Inff I
Ref Level 20.00 dBm @ RBW 1 MHz
| Att 0 de @ SWT 15 @ YBW 3 MHz
TRG:VID
@ 1Pk Yiew
R = & 1 4 e o1 -0.34 dB
371.371ms
10 dBm M1[1] 18.26 dBm
-574 ps
0 dBm
10 dBm—res 11,000 dem
-20 dBm
-30 dBm
-40 dBm
timrateionomt bt bt et kgl oot
-60 dBm
-70 dBm
CF 908.7 MHz 1000 pts 100.0 ms/
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- Number of hops over a period of 20 seconds = 1r{egeplot).

Spectrum | 1:31

Ref Level 20.00 dBm @ RBW 100 kHz
& Att 30dE @ SWT 20s @ YBW 300 kHz
TRG:VID

@ 1Pk View

10 dem

J dBm

A dBN—rpG 11,000 dBm

20 dem

4£2p dem

A0 dem

50 dBm

L v [RFRPE TR ITIN PR TOPRVO) AR Pt 0 | ..[M R IR
Ta Tl h iy y el y

PYR TS I PRI TRINTA WINPT TP R | LR YRRVl 11 ERPIT IR ST RTINSV |
ety iy o 1 el ?

3

-70dBm

CF 908.7 MHz 1000 pts 2.0s/

Averaging time of occupancy = 371.37 ms x 1 ho¥£.37 ms per 20 seconds.

Measurement uncertainty (%) <+0.01

Verdict: PASS
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1. TIME OF OCCUPANCY (DWELL TIME) FOR OPERATION ABYBRID SYSTEM USING 8 HOPPING
CHANNELS.

- Tx-time per hop = 370.37 ms (see next plot).

Spectrum nfl

Ref Level 20.00 dBm @ RBW 1 MHz

j& Att 30dE @ SWT 1s @ VBW 3 MHz
SGL TRG:VID

@ 1Pk Clrw

M1[1] 17.10 dBm
| D1 -801 ps
10 dBm D1[1] 0.02 dB
370.370 ms

0 dBm

-10 dBm—j

TRG -11.000 dBrm

-20 dBm

-30 dBm

-40 dBm

WEL—_ ul teedeaishe el ]ul e salab | | FRTAITPR Y TP I R P PR IR PO |
T Rl ) TR e L L e * L L it

-60 dBm

-70 dBm

CF 902.3 MHz 1000 pts 100.0 ms/

- Number of hops over a period of 0.4 x 8 seconds$8conds) = 1 (see next plot).

Spectrum | A

Ref Level 20,00 dBm @ RBW 1 MHz

| Att 30dE @ SWT 3.25 @ VBW 3 MHz
SGL TRG:VID

@ 1Pk Clrw

10 dBr

0 dBm

=10 dBI—rpG 11,000 dBm

-20 dBm

-30 dBfmn

-40 dBm

b Y ETIOPT Y| W DU SRR FAT1 YL A TOTTLTIN [T0Y IR WO TR PRTTTONT PR TIIL NPT P FT TR (TEF PO B ROV T
m g u T ¥ T L ! gk v tnf i i ot

-60 dBm

-70 dBm

CF 902.3 MHz 1000 pts 320.0 ms/

Averaging time of occupancy = 370.37 ms x 1 hofy€.37 ms per 3.2 seconds.

Measurement uncertainty (%) <+0.01

Verdict: PASS
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D DEKRA

FCC Section 15.247 Subclause (b) / RSS-247 Clausg &). Maximum peak output power and antenna gain

SPECIFICATION

For frequency hopping systems operating in the ®2MHz band: 1 watt for systems employing at |&8st
hopping channels; and, 0.25 watts for systems gyfmgoless than 50 hopping channels, but at least 25

hopping channels.

Hybrid systems shall comply with the 1 W limit.

Additionally for RSS-247:

For FHSs operating in the band 902-928 MHz, the .ishall not exceed 4 W if the hopset uses S8are
hopping channels; the e.i.r.p. shall not exceed it té hopset uses less than 50 hopping channels.

RESULTS

For operation as a frequency hopping system usinigopping channels the maximum conducted peak power
was measured according to ANSI C63.10-2013.

For operation as hybrid system using 8 hopping blsn the maximum conducted (average) output power
was measured using the method AVGSA-1 (trace airegagith EUT transmitting at full power throughout

each sweep) according to point 9.2.2.2. of GuiddocePerforming Compliance Measurements on Digital
Transmission Systems (DTS) Operating Under 815.288074 D01 DTS Meas Guidance v04 dated

05/04/2017.

The EIRP power (dBm) is calculated by adding thelated maximum antenna gain to the measured cosdiuct

power.

MAXIMUM OUTPUT POWER. See next plots.

Maximum declared antenna gain: 4 dBi.

1. MAXIMUM PEAK OUTPUT POWER (EQUIPMENT OPERATING 8 FREQUENCY HOPPING SYSTEM

USING 64 HOPPING CHANNELS)

Lowest frequency

Middle frequency

Highest frequency

902.3 MHz 908.7 MHz 914.9 MHz
Maximum conducted peak power 18.07 17.98 17.93
(dBm)
Maximum EIRP power (dBm) 22.07 21.98 21.93
Measurement uncertainty (dB) <+0.78
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2. MAXIMUM AVERAGE OUTPUT POWER (EQUIPMENT OPERATIN AS HYBRID SYSTEM USING 8
HOPPING CHANNELS)

Lowest frequency Middle frequency| Highest frequency
902.3 MHz 908.7 MHz 914.9 MHz
Maximum conducted peak power 17.60 17.63 17.86
(dBm)
Maximum EIRP power (dBm) 21.60 21.63 21.86
Measurement uncertainty (dB) <+0.78

The maximum directional gain of the antenna is thssm 6 dBi and therefore the maximum output poisarot
required to be reduced from the stated values.

Verdict: PASS
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CONDUCTED PEAK POWER.

Lowest frequency

Spectrum | ?]

Ref Level 20.00 dem RBW 200 kHz
Att 40dE  SWT 1ms YBW 300 kHz Mode Sweep

@ 1Pk View
—- r-'.l{—H\ 18.07 dBm
— 902.272950 MHz
0 dBm L \
/ T
0 dBm \\

-20 dBm

10 dBm

-30 dBm

902.27295 MHZ

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 902.3 MHz 1000 pts Span 762.0 kHz

Middle frequency

Spectrum | ?]

Ref Level 20.00 dem @ RBW 200 kHz
Att 40dE  SWT 1ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
| 17.98 dBm
908.701910 MHz
10 dBm

7 .
0 dBem / \\“

dBm \\\

-20 dBm

-30 dBm

H

.70191 MHz

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 908.7 MHz 1000 pts Span 762.0 kHz

Report No: (NIE)
54035RRF.001 Page 26 of 68 2017-10-30



DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

Highest frequency

Spectrum |

>

DEKRA

(7)

Ref Level 20.00 dem

@ RBW 200 kHz

Att 40dE  SWT 1ms @ VBW 300 kHz Mode Sweep

@ 1Pk View

10 dBm

17.93 dBm
914.930860 MHz

0 dBm
,.4

o~

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 914.9 MHz

1000 pts

Span 762.0 kHz

CONDUCTED AVERAGE POWER.

Lowest frequency

Spectrum |

Ref Level 10.00 dBm
|& Att 20 dB SWT 2 ms
SGL Count 100/100

@ RBW & kHz
@ VBW 20 kHz Mode Sweep

@ 1Rm avgPwr

CF 902.3 MHz 1000 pts Span 200.0 kHz
Channel Power
Bandwidth 130.00 kHz Power 17.60 dBm Tx Total 17.60 dBm
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Middle frequency

Spectrum |

D DEKRA

Ref Level 10.00 dBm

SGL Count 100/100

@ RBW & kHz

|& Att 20dB  SWT 2ms @ VBW 20 kHz Mode Sweep

@ 1Rm AvgPwr

0 dBrm—

-10 dBrm—

-20 dBm—

-30

40 dBrm—j

-50 dBm—

-50 dBm—

-70 dBrm—

-80 dBm—

CF 908.7 MHz 1000 pts Span 200.0 kHz
Channel Power
Bandwidth 130.50 kHz Power 17.63 dBm Tx Total 17.63 dBm

Highest frequency

Spectrum |

(F)

Ref Level 10.00 dBm

SGL Count 100,100

@ RBW £ kHz

r Att 20dB SWT 2ms @ ¥YBW 20 kHz Mode Sweep

[. 1Rm AwvgPuwr

CF 914.9 MHz 1000 pts Span 200.0 kHz
Channel Power
Bandwidth 130.00 kHz Power 17.86 dBm Tx Total 17.86 dBm

Report No: (NIE)
54035RRF.001

Page 28 of 68

2017-10-30



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

FCC Section 15.247 Subclause (d) / RSS-247 Clause Emission limitations conducted (Transmitter)

SPECIFICATION

In any 100 kHz bandwidths outside the frequencydbianwhich the intentional radiator is operatinke tradio
frequency power that is produced by the intentioaadiator shall be at least 20 dB below that in 168 kHz
bandwidth within the band that contains the highestl of the desired power, based on either arcdfeucted or
a radiated measurement, provided the transmitt@odstrates compliance with the peak conducted ptmés.
If the transmitter complies with the conducted powmiits based on the use of RMS averaging oveinme t
interval, the attenuation required under this paply shall be 30 dB instead of 20 dB.

RESULTS:
Lowest frequency 902.3 MHz:

All peaks are more than 30 dB below the limit.

Middle frequency 908.7 MHz:

All peaks are more than 30 dB below the limit.

Highest frequency 914.9 MHz:

All peaks are more than 30 dB below the limit.

Measurement uncertainty (dB): < 2.03

Verdict: PASS
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Lowest frequency

Spectrum

j& Att

D DEKRA

Ref Level 20.00 dBm

30 dB

RBW 100 kHz
¥YBW 300 kHz Mode Sweep

SWT 99.7 ms

@ 1Pk View

10 dBm

0 dBm

-10 dBm

dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-70 dBm

MW

Start 30.0 MHz

30000 pts Stop 10.0 GHz

Note: The peak shown in the plot above the limihiscarrier frequency.

Middle frequency

j& Att

Spectrum |

Ref Level 20.00 dBm

30 dB

@ RBW 100 kHz
SWT 99.7 ms @ VYBW 300 kHz Mode Sweep

@ 1Pk View

10 dBm

0 dBm

-10 dBm

D1 -2.000 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-70 dBm

Start 30.0 MHz

30000 pts Stop 10.0 GHz

Note: The peak shown in the plot above the limthescarrier frequency.
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Highest frequency

Spectrum | DEI

Ref Level 20,00 dBm RBW 100 kHz
jo Att 30dE  SWT 99.7 ms @ YBW 300 kHz Mode Sweep
@ 1Pk View

10 dBm

0 dBm

D1 -2.000 dermm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-70 dBm

Start 30.0 MHz 30000 pts Stop 10.0 GHz

Note: The peak shown in the plot above the limithescarrier frequency.
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FCC Section 15.247 Subclause (d) / RSS-247 Clagse. Band-edge compliance of conducted emissions
(Transmitter)

SPECIFICATION

In any 100 kHz bandwidths outside the frequencydbianwhich the intentional radiator is operatinge tradio
frequency power that is produced by the intentioaadiator shall be at least 20 dB below that in 168 kHz
bandwidth within the band that contains the highestl of the desired power, based on either arcdfeucted or
a radiated measurement, provided the transmitt@odstrates compliance with the peak conducted ptmés.
If the transmitter complies with the conducted powmiits based on the use of RMS averaging oveinme t
interval, the attenuation required under this paaplg shall be 30 dB instead of 20 dB.

RESULTS:

The attenuation of highest emissions at the bage-ésl more than 30 dB respect to the highest lelvéie
desired power.

1. LOW FREQUENCY SECTION (HOPPING OFF). See next.pl

Spectrum | nf

Ref Level 20.00 dBm @ RBW 100 kHz
Att 40 dB  SWT 1ms @ VYBW 300 kHz Mode Sweep
@ 1Pk View

J1 17.99 dBm
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0 dBm
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-10 dBm
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y
30 dBm ,ﬁ:’j \\
-40 dg WWMWU MM Wm
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-50 dBm

-60 dBm

-70 dBm

Start 900.0 MHz 1000 pts Stop 903.0 MHz

Verdict: PASS
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2. HIGH FREQUENCY SECTION (HOPPING OFF). See ndgt.p

Spectrum |

D DEKRA

(=)

-30 dBm

|

Ref Level 20.00 dBm @ RBW 100 kHz
Att 40dB SWT 1.1ms @ VBW 300kHz Mode Sweep
@ 1Pk View
1 Di[1] -65.93 db
13.7820 MHz
10 dBm M1[1] 17.92 dBm
914.8870 MHz
0 dBmf
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-10 dBm
-20 dBm

4o, b bt AT it et ]

1
it o, st T il e

-50 dBm

-50 dBm

=70 dBm

Start 913.5 MHz

1000 pts

Stop 935.0 MHz

Verdict: PASS

3. LOW FREQUENCY SECTION (HOPPING ON). See nextplo

Spectrum |
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Verdict: PASS

Report No: (NIE)
54035RRF.001

Page 33 of 68

2017-10-30



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

4. HIGH FREQUENCY SECTION (HOPPING ON). See nextpl

Spectrum |

D DEKRA

(=)

Ref Level 20.00 dBm @ RBW 100 kHz
Att 40 de SWT 1.1 ms & VBW 200 kHz Mode Sweep
@ 1Pk Wiew
D1[1] -64.83 dB
16.7270 MHz
10 dBm M1[1] 17.95 dBm
913.7260 MHz
0 dBm
01 -2.050 dBm
-10 dBm
-20 dBrn
-30 dBm
D5 dBm
-40 dBm
D1
50 dBm MWWA T N L | A 0 T O L eE 7 Y LR e,
-60 dBm
=70 dBm
F1
Start 913.5 MHz 1000 pts Stop 935.0 MHz
Verdict: PASS
Measurement uncertainty (dB) <+2.03
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FCC Section 15.247 Subclause (f) / RSS-247 5.3. Power spectral density for hybrid systems

SPECIFICATION

The power spectral density conducted from the trdeal radiator to the antenna due to the digitadoiation
operation of the hybrid system, with the frequehopping operation turned off, shall not be gretiian 8 dBm in
any 3 kHz band during any time interval of continsidransmission.

RESULTS

The maximum power spectral density level in thedAhmental emission was measured using the method
AVGPSD-1 (trace averaging with EUT transmittingut power throughout each sweep) according to pbdth3.

of Guidance for Performing Compliance Measurement®igital Transmission Systems (DTS) Operating &ind
§15.247 558074 D01 DTS Meas Guidance v04 datedt5JQ7.

Power spectral density (see next plots).

Lowest frequency] Middle frequency| Highest frequency
902.3 MHz 908.7 MHz 914.9 MHz
Power spectral density (dBm) 3.11 3.51 3.48
Measurement uncertainty (dB) <+0.78

Verdict: PASS
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POWER SPECTRAL DENSITY
Lowest Channel

Spectrum |
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Middle Channel
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Highest Channel

Spectrum |
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FCC Section 15.247 Subclause (d) / RSS-247 Clause Bmission limitations radiated (Transmitter)
SPECIFICATION

Radiated emissions which fall in the restricteddsaas defined in §15.205(a), must also comply thighradiated
emission limits specified in §15.209(a) (see 815(2JRSS-Gen):

Frequency Range | Field strength (uV/m Field strength Measurement
(MH2z) (dBuV/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30 - 88 100 40 3
88 - 216 150 43.5 3
216 - 960 200 46 3
960 - 10000 500 54 3

The emission limits shown in the above table asetiaan measurements employing CISPR quasi-peastdete
except for the frequency bands 9-90 kHz, 110-499 &rtd above 1000 MHz. Radiated emission limithésée
three bands are based on measurements employangeage detector.

For average radiated emission measurements ab®2MBz, there is also a limit corresponding to Babove
the indicated values in the table is specified wineasuring with peak detector function.

RSS-247. Attenuation below the general field sttieigits specified in RSS-Gen is not required.

RESULTS:

The situation and orientation was varied to find thaximum radiated emission. It was also rotate@f a@d the
antenna height was varied from 1 to 4 meters o the maximum radiated emission.

Measurements were made in both horizontal andcadplanes of polarization.

All tests were performed in a semi-anechoic chanalber distance of 3 m for the frequency range 3QzMBI0O
MHz and at distance of 1m for the frequency ran@Hz-10 GHz.

The field strength is calculated by adding coratcfiactor to the measured level from the spectraoalyaer. This
correction factor includes antenna factor, cabds land pre-amplifiers gain.
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D DEKRA

Frequency range 30 MHz-1000 MHz

The spurious signals detected do not depend oopiating channel.

Spurious frequency Polarization Detector Emission Level Measurement
(MH2z) (dBuV/m) Uncertainty (dB
870.2625 H Quasi-Peak 32.09 + 3.88

Frequency range 1 GHz-10 GHz

The results in the next tables show the maximumsomea levels in the 1-10 GHz range (see next plots)
Spurious signals with peak levels above the aveliagie(54 dBuV/m at 3 m) are measured with averdggector

for checking compliance with the average limit.

1. CHANNEL: LOWEST (902.3 MHz).

Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBpV/m) Uncertainty (dB
1.8026 H Peak 37.95 + 4.87
9.0224 Peak 44.99 + 4.87
2. CHANNEL: MIDDLE (908.7 MHz).
Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBpV/m) Uncertainty (dB
1.8173 H Peak 40.27 + 4.87
9.0866 Peak 45.82 + 4.87
3. CHANNEL: HIGHEST (914.9 MHz).
Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBpV/m) Uncertainty (dB
1.8299 H Peak 39.49 + 4.87
9.1487 Peak 46.70 + 4.87
Verdict: PASS
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FREQUENCY RANGE 30 MHz-1000 MHz.

RBW 100 kHz
VBW 300 kHz

Ref 70 dBuvV/m Att 0 dB SWT 100 ms
70
60
]
vIEW
50
FCC[15
4
30
20
-1
-0
F-10
F-20
-30
Start 30 MHz 97 MHz/ Stop 1 GHz

Note: The carrier was suppressed using a notdr-filt
(This plot is valid for all three channels).
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FREQUENCY RANGE 1 GHz to 10 GHz.

CHANNEL: Lowest (902.3 MHz).

Att
TOF

MultivView | Spectrum
Ref Level 20.00 dBuv/m

1 Frequency Sweep

H1 74.000 depv/m

® RBW 1 MHz
Ode ® SWT 1z ® VBW 3 MHz

Mode Auto Sweep

70 dBpv/m:

60 dBpv/m

H2 54.000

dBpv/m

S0 dBpv/m

40 dBpv/m

10 depvfme

0 depw

-10 dBpv/m

1.0 GHz

30000 pts

900,0 MHz/

10.0 GHz

Measuring... ENARRREED G

CHANNEL: Middle (908.7 MHz).

TOF

Multiview 1| Spectrum

Ref Level 80.00 dBuv/m
Att

12.09.2017
00:49:19

® RBW 1 MHz

0dB ® SWT 15 ® VBW 3 MHz

1 Frequency Sweep

70 dBp/,

Mode Auto Sweep

H1 74000 dBpy/m

60 dBpw/m

50 depm

H2 54.000

dBpv/m

40 depv/m

10 dBpv/m
0 dBpwym
-10 dBpvm
1.0 GHz 30000 pts 900.0 MHz/ 10.0 GH_Z
H ] Measuring... EERRRRRRN 0 12“?::;;
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CHANNEL: Highest (914.9 MHz).

MultiView | Spectrum

Ref Level 80.00 dBuv/m & RBW 1 MHz

Att OdE = SWT 1s @ VBW 3 MHz Mode Auto Sweep
TDF

1 Frequency Sweep

H1 74.000 depv/mr

70 dBpv/m

60 dBpvWm

H2 54.000 deuv/m

50 dBpv/m

40 dBpv/m

10 dBpv/m

0 depw/m

-10 dBpw/m

1.0 GHz 30000 pts 900.0 MHz/ 10.0 GHz

12.09.2017
]_[ ] Measuring... WHRNERNED D0 T1e0010
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Appendix B —Test result (LORA 500 kHz)
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TEST CONDITIONS

Power supply (V):

Type of power supply = DC voltage from external powupply.
Type of antenna = Integral antenna

Declared Gain for antenna (maximum) = +4.0 dBi

TEST FREQUENCIES:
Lowest channel: 903.0 MHz
Middle channel: 909.4 MHz

Highest channel: 914.2 MHz

CONDUCTED MEASUREMENTS

The equipment under test was set up in a shielol@u and it is connected to the spectrum analyzaegwsshort
low loss RF cable supplied by the client.

SPECTRUM
EUT ANALYZER

The DC supply voltage is applied using an extecalbrated power supply.

RADIATED MEASUREMENTS

All radiated tests were performed in a semi-anexbbamber. The measurement antenna is situatedisteace of
3 m for the frequency range 30 MHz-1000 MHz (30 MHW0 MHz Bilog antenna) and at a distance of 1m fo
the frequency range 1 GHz-10 GHz (1 GHz-18 GHz D®ukge horn antenna).

For radiated emissions in the range 1 GHz-10 GHrithperformed at a distance closer than the pedistance,
an inverse proportionality factor of 20 dB per d#ads used to normalize the measured data for rditierg
compliance.

The equipment under test was set up on a non-ctuwdydatform above the ground plane and the sdnaand
orientation was varied to find the maximum radia¢edssion.

It was also rotated 360° and the antenna heightwaded from 1 to 4 meters to find the maximum aaeli
emission.

Report No: (NIE)
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Measurements were made in both horizontal andce¢pianes of polarization.
An additional horn antenna is used to control tip@@ment under test with the Bluetooth signallimit (Bluetooth

test set).

Radiated measurements setup f < 1 GHz

ANECHOIC CHAMBER
Measuring 360°Rotating
Antenna Table
‘ ‘ | 3 m distance
S
Antenna Mast
| (Antennaheight variation: 1-4 m)

Spectrum analyser

Shielded Control RoomFor
Radiated Measurements

Radiated measurements setup f > 1 GHz

VAWWWWAWWWVWWWVVWAY

Preamplifier Hord antcnng
EUT

] < 2 B
1 m distance

Shielded control room for

Spectrum radiated measurements
analyser
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D DEKRA

Occupied Bandwidth
RESULTS

(see next plots).

Lowest frequency| Middle frequency| Highest frequency
903.0 MHz 909.4 MHz 914.2 MHz
99% bandwidth (MHz) 0.6570 0.6540 0.6555
-26 dBc bandwidth (MHz) 0.8085 0.8220 0.8160
Measurement uncertainty (kHz) <+5.0
Report No: (NIE)
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Lowest Channel

Spectrum |

D DEKRA

B

Ref Level 20.00 dBm @ RBW 10 kHz

j@ Attt 30 dB @ SWT 162 ms @ VBW 30 kHz Mode auto Sweep
@ 1Pk Wiew
/LJLu D3[1] -0.12 dB
10 dem P ik IR 808.50 kHz
T1 657.000000000 kHz
o dem F 14.43 dBm
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10dBm—ry 11 570%Rm

-20 dBm /
-30 dBm

e

-40 dBm /

)

Bm

-50 dBm

-70 dBm

CF 903.0 MHz

Middle Channel

Spectrum |

Span 1.5 MHz

(=)

Ref Lewvel 20.00 dBm @ RBW 10 kHz

& ALt 30 B @ SWT 162 ms @ VBW 30 kHz  Mode Auto Sweep
@ 1Pk View
D3[1] 0.04 dB
TR AR T gty 822.00 kHz
10 dBm
T1 ,Jrf/ 654.000000000 kHz
0 dBm 2 14.54 dBm
e 009.61830 MHz
«

10 dBm—try 11 45% dem

-20 dBm /
-30 dBm

[

\\‘w‘

I
-40 dBm—*]
M

e

-60 dBm

-70 dBm
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Highest channel

Spectrum |

D DEKRA

B

Ref Level 20,00 dBEm

@ RBW 10 kHz

1

s Att 30 dE @ SWT 162 ms @ VYBW 30 kHz Mode Auto Sweep
@ 1Pk Wiew
-0.02 dB
A tabafl e .
10 dBm <1 816.00 kHz
T1 wf’_' £55.500000000 kHz
adem = 14.48 dBm

914.40480 MHz

=10 dBm—rtn; 11 520 dem
20 dem /
20 dem

-40 dem

-60 dBm

-70 dBm

-

»//

=~

)

m
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6.0 k
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D DEKRA

Section 15.247 Subclause (a) (2) / RSS-247 5.2. (a). 6 dB Bandwidth

SPECIFICATION

The minimum 6 dB bandwidth shall be at least 50@.kH

RESULTS

6 dB Bandwidth (see next plots).

Lowest frequency

Middle frequency

Highest frequency

903.0 MHz 909.4 MHz 914.2 MHz
6 dB Spectrum bandwidth (kHz) 816.0 823.5 819.0
Measurement uncertainty (kHz) <+11.0

Verdict: PASS
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6 dB BANDWIDTH.

Lowest Channel

D DEKRA

Spectrum | |n§|
Ref Level 30.00 dBm @ RBW 100 kHz
Att S0 dB @ SWT 9.6 ms @ VBW 300 kHz Mode Auto Sweep
@ 1Pk View
M1[1] 12.36 dBm
902.55380 MHz
20 dBm D1[1] 0.04 dB
M 1/——’“ \\Ql 816.00 kHz
D1 12,300 dBm
10 dBm—1- / il X
0 dBm /
-10 dBm \\
-20 dBm &\‘\N\N‘
- m
-40 dBm
-50 dBm
-60 dBm
CF 903.0 MHz 1000 pts Span 1.5 MHz
Middle Channel
Spectrum | |n§1|
Ref Level 30.00 dBm @ RBW 100 kHz
Att S0dB @ SWT 9.6 ms @ VBW 300 kHz Mode Auto Sweep
@ 1Pk Yiew
D1[1] -0.04 dB
823.50 kHz
20 dBm M1[1] 12.19 dBm
M| \Ql 908.94630 MHz
22T
10 dbm D1 1;2/2[ B E
0 dem }\
-10 dBm
-20 dBr‘/ \“‘N
- Bm k
-40 dBm
-50 dBm
-60 dBm

CF 909.4 MHz

1000 pts

Span 1.5 MHz
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Highest Channel

Spectrum | lnf
Ref Level 30.00 dBm @ RBW 100 kHz
Att S0 dE @ SWT 9.6 ms @ VBW 300 kHz Mode Auto Sweep
@ 1Pk Yiew
M1[1] 12.17 dBm
913.75080 MHz
20 dBm D1[1] -0.01dB
M1 \m 819.00 kHz
10 dem D1 12,190 BBm oy
0 dBm /
-10 dem \\
-20 dBmy
- Brm
-40 dBm
-50 dem
° 8
o dem S 08 MHz
CF 914.2 MHz 1000 pts Span 1.5 MHz
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Section 15.247 Subclause (b) / RSS-247 5.4. (d). Maximum output power and antenna gain

SPECIFICATION

For systems using digital modulation in the 902-8&8z band: 1 watt (30 dBm).
The e.i.r.p. shall not exceed 4 W (36 dBm) (Canada)

RESULTS

The maximum peak conducted output power was meadsusi;g the method according to point 9.1.1. of
Guidance for Performing Compliance MeasurementsDagital Transmission Systems (DTS) Operating
Under §15.247 558074 DO1 DTS Meas Guidance vO4Ad##4/2017.

The EIRP power (dBm) is calculated by adding thelated maximum antenna gain to the measured cosdiuct
power.

MAXIMUM OUTPUT POWER. See next plots.

Maximum declared antenna gain: 4.0 dBi.

Lowest frequency Middle frequency| Highest frequency
903.0 MHz 909.4 MHz 914.2 MHz
Maximum conducted power (dBm) 18.26 18.23 18.20
Maximum EIRP power (dBm) 22.26 22.23 22.20
Measurement uncertainty (dB) <+0.78

The maximum directional gain of the antenna is thas 6 dBi and therefore the maximum output poisarot
required to be reduced from the stated values.

Verdict: PASS
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CONDUCTED PEAK POWER.
Lowest frequency

Spectrum | I?

Ref Level 30.00 dBm

® RBW 2 MHz
Att 50dB @ SWT 9.6 ms ® VBW 10 MHz Mode Auto Sweep
@ 1Pk View
M1[1] 18.26 dBm
A 903.00500 MHz
20 dBm ;
10 dBm /
0 dem
-10 dBm

ok N
W <]

-30 dBm

-40 dBm

-50 dBm

CF 903.0 MHz 1000 pts

Span 10.0 MHz

Middle frequency

Spectrum | l?l

Ref Level 30.00 dBm @ RBW 2 MHz
Att 50 dB & SWT 9.6 ms @ YBW 10 MHz Mode Auto Sweep
@ 1Pk View
M1[1] 18.23 dBm
909.44500 MHz
20 dem il

10 dBm /

-10 dBm / \
-20 dBm f/ \
Lo et

-30 dBm

-40 dBm

-50 dBm

909.445 MHz
-50 dBm

CF 909.4 MHz 1000 pts

Span 10.0 MHz
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Highest frequency

Spectrum | l?l

Ref Level 30,00 dBm @ RBW 2 MHz

aAtt 50dB @ SWT 0.6 ms @ VBW 10 MHz  Mode Auto Sweep
@ 1Pk View
M1[1] 18.20 dBm
914.19500 MHz
20 dém i

——d
/ -\_\\\
10 dBm //
0 dBm

-10 dBm //( \\

-20 dBm / \
o R

-30 dBm

-40 dBm

-50 dBm

-50 dBm

CF 914.2 MHz 1000 pts Span 10.0 MHz
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Section 15.247 Subclause (d) / RSS-247 5.5. Emission limitations conducted (Transmitter)

SPECIFICATION

In any 100 kHz bandwidth outside the frequency bamevhich the digitally modulated intentional rattia is
operating, the radio frequency power that is preduay the intentional radiator shall be at leastdBbelow that
in the 100 kHz bandwidth within the band that cordahe highest level of the desired power. If ttasmitter
complies with the conducted power limits basedleuse of RMS averaging over a time interval, thenaation
required shall be 30 dB instead of 20 dB.

RESULTS:
Reference Level Measurement
Lowest frequency Middle frequency| Highest frequency
903.0 MHz 909.4 MHz 914.2 MHz
Reference Level Measurement 18.16 18.13 18.21
(dBm)
Measurement uncertainty (dB) <+0.78

Lowest frequency 903.0 MHz:

All peaks are more than 20 dB below the limit.

Middle frequency 909.4 MHz:

All peaks are more than 20 dB below the limit.

Highest frequency 914.2 MHz:

All peaks are more than 20 dB below the limit.

Measurement uncertainty (dB): < 2.03

Verdict: PASS
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Lowest frequency

Spectrum

D DEKRA

Ref Level 20.00 dBm @ RBW 100 kHz
j& Att 30dE  SWT 250 ms @ VBW 300 kHz

Mode Auto Sweep

@ 1Pk Yiew

10 gBm

0 dim

D1 -1.840 dBm

-10|dBm

-30|dBm

-40|dBm

-50|dB t

-70 dBm

Start 30.0 MHz 30000 pts

Stop 25.0 GHz

Note: The peak shown in the plot above the limthescarrier frequency.

Middle frequency

Spectrum

Ref Level 20.00 dBm @ RBW 100 kHz

j& Att 30dB  SWT 250 ms @ YBW 300 kHz Mode Auto Sweep

@ 1Pk Yiew

10 ¢Bm

0 digm

D1 -1.870 dBm

-10{dBm

-20|dBm

-30{dBm

-40|dBrm

-70 dBm

Start 30.0 MHz 30000 pts

Stop 25.0 GHz

Note: The peak shown in the plot above the limihis carrier frequency.
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Highest frequency

Spectrum |:|:|A1

Ref Level 20.00 dBm @ RBW 100 kHz

jo Att 30 de  SWT 250 ms @ VBW 300 kHz Mode Auto Sweep
@ 1Pk Wiew

10 gBm

0 digm

D1 -1.790 dBrm

-10|dBm

-20{dBm

-30|dBm

-40|dBm

-50|dBm +

-70 dBm

CF 12.515 GHz 30000 pts Span 24.97 GHz

Note: The peak shown in the plot above the limihis carrier frequency.
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Section 15.247 Subclause (d) / RSS-247 5.5. Band-edge emissions compliance (Transmitter)

SPECIFICATION

In any 100 kHz bandwidth outside the frequency bamevhich the digitally modulated intentional rattia is
operating, the radio frequency power that is predugy the intentional radiator shall be at leastiB(below that
in the 100 kHz bandwidth within the band that corgeahe highest level of the desired power. If tifsasmitter

complies with the conducted power limits basedlenuse of RMS averaging over a time interval, thenaation
required shall be 30 dB instead of 20 dB.

RESULTS:

1. LOW FREQUENCY SECTION. CONDUCTED.
See next plot.

] o=
Spectrum N

Ref Level 20.00 dBm @ RBW 100 kHz
jo Att 30dB @ SWT 7.7 ms @ YBW 300 kHz Mode Auto Sweep
@ 1Pk Yiew

M1[1] Y 18.00 dBm

902197700 MHz

10 dBm D1[1] -60.60 dB
f -1.86800 MHz

1
§902.977 MHz / ;
-10 dBm \

\
-20 dem / \
-30 dBm j \\

-40 dBm

LT W lI'[A
iy L»"\JL{FW LMW
-50 dBm o prwu"’!"ﬁ""“’ LLoppiyf"-h
IR R
-60 dBm
-70 dBm
F1
\
Start 898.0 MHz 1000 pts Stop 904.0 MHz
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2. HIGH FREQUENCY SECTION. CONDUCTED.

See next plot.

D DEKRA

Spectrum @
Ref Level 20.00 dBm @ RBW 100 kHz
jo Att 30dB @ SWT 7.7 ms @ YBW 300 kHz Mode Auto Sweep
@ 1Pk Yiew
M1[1] 17.97 dBm
914.1190 MHz
D1[1] -74.74 dB

14.6190 MHz

-40 dBm \

-50 dBm M"'

D1
~ Tl b P b U ettt
60 dBm
-70 dBm

F1
Start 913.5 MHz 1000 pts Stop 930.0 MHz

Measurement uncertainty (dB)

< +2.03

Verdict: PASS
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Section 15.247 Subclause (e) / RSS-247 5.2. (b) Power spectral density

SPECIFICATION

For digitally modulated systems, the power spededisity conducted from the intentional radiatoth® antenna
shall not be greater than 8 dBm in any 3 kHz bamthd any time interval of continuous transmission.

RESULTS

The maximum power spectral density level in thedamental emission was measured using the metho&6BKP
(Peak PSD) according to point 10.2. of Guidance Rarforming Compliance Measurements on Digital
Transmission Systems (DTS) Operating Under 815558074 D01 DTS Meas Guidance v04 dated 05/04/2017.

Power spectral density (see next plots).

Lowest frequency Middle frequency| Highest frequency
903.0 MHz 909.4 MHz 914.2 MHz
Power spectral density (dBm) 6.33 6.05 6.17
Measurement uncertainty (dB) <+0.78
Verdict: PASS
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POWER SPECTRAL DENSITY
Lowest Channel

Spectrum A
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Highest Channel

Spectrum nf

Ref Level 20.00 dBm @ RBW 3 kHz

j& Att 30dB @ SWT 57.2ms @ YBW 10kHz Mode Auto Sweep
@ 1Pk Yiew
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Section 15.247 Subclause (d) / RSS-247 5.5. Emission limitations radiated (Transmitter)

SPECIFICATION

Radiated emissions which fall in the restricteddsamas defined in 815.205(a), must also comply thi¢hradiated
emission limits specified in §15.209(a) (see 8§15(2P/ RSS-Gen):

Frequency Range | Field strength (uV/m Field strength Measurement
(MH2z) (dBuV/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30 - 88 100 40 3
88 - 216 150 43.5 3
216 - 960 200 46 3
960 - 10000 500 54 3

The emission limits shown in the above table asetan measurements employing CISPR quasi-peagtoete
except for the frequency bands 9-90 kHz, 110-499 &rtl above 1000 MHz. Radiated emission limithese
three bands are based on measurements employavgeage detector.

For average radiated emission measurements ab®2MBz, there is also a limit corresponding to Babove
the indicated values in the table is specified wimesasuring with peak detector function.

RSS-247. Attenuation below the general field sttiefigits specified in RSS-Gen is not required.

RESULTS:

The situation and orientation was varied to find thaximum radiated emission. It was also rotate@f aéd the
antenna height was varied from 1 to 4 meters b the maximum radiated emission.

Measurements were made in both horizontal andce¢pianes of polarization.

All tests were performed in a semi-anechoic chanalber distance of 3 m for the frequency range 3QzMBI0O
MHz and at distance of 1m for the frequency ran@gHz-10 GHz.

The field strength is calculated by adding cormcfiactor to the measured level from the spectroatyaer. This
correction factor includes antenna factor, cabds lnd pre-amplifiers gain.
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DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

Frequency range 30 MHz-1000 MHz

The spurious signals detected do not depend oopiating channel.

Spurious frequency Polarization Detector Emission Level Measurement
(MH2z) (dBuV/m) Uncertainty (dB
877.489 H Quasi-Peak 30.60 + 3.88

Frequency range 1 GHz-10 GHz
The results in the next tables show the maximumsonea levels in the 1-10 GHz range (see next plots)

Spurious signals with peak levels above the aveliage(54 dBuV/m at 3 m) are measured with averdggector

for checking compliance with the average limit.

1. CHANNEL: LOWEST (903.0 MHz).
Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBuV/m) Uncertainty (dB
9.03025 Vv Peak 43.95 + 4.87
2. CHANNEL: MIDDLE (909.4 MHz).
Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBpV/m) Uncertainty (dB
1.81825 H Peak 41.08 + 4.87
9.09415 Peak 46.61 + 4.87
3. CHANNEL: HIGHEST (914.2 MHz).
Spurious frequency Polarization Detector Emission Level Measurement
(GHz) (dBpV/m) Uncertainty (dB
1.19245 Peak 36.49 +4.87
1.82815 H Peak 39.23 + 4.87
9.14269 Peak 45.67 + 4.87
Verdict: PASS
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DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

FREQUENCY RANGE 30 MHz-1000 MHz.

Ref 70 dBuv/m Att 0 dB

RBW 100 kHz
VBW 300 kHz
SWT 100 ms

D DEKRA

70

oo

<[~
iz

=50

FCC|15
4

=30

20 }

F-10

F-20
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Start 30 MHz

97 MHz/

Note: The carrier was suppressed using a notah-filt

(This plot is valid for all three channels).

Stop 1 GHz
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DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

FREQUENCY RANGE 1 GHz to 10 GHz.

CHANNEL: Lowest (903.0 MHz).

MultiView | Spectrum

Ref Level 80.00 dBpv/m & RBW 1 MHz

Att 0dB & SWT 15 & VBW 3MHz Mode Auto Sweep
TOF

1 Frequency Sweep

H1 74.000 dBpv/m

70 dBy

60 depy/m

H2 54.000 dBpv/m:

S0 depy/m

40 depy/m

10 dBy

0 dBy

-10 dBy

1.0 GHz 30000 pts 900.0 MHz/ 10.0 GHz |
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CHANNEL: Middle (909.4 MHz).

MultiView | Spectrum E]

Ref Level 80.00 dBuv/m & RBW 1 MHz
Att 0dB & SWT 1 ® VBW 3 MHz Mode Auto Sweep
TDF

1 Frequency Sweep

H1 74.000 dBpv/m

70 depvim

60 dBy

HZ 54,000 dBpV/m:

S0 dBy

10 dBpvim

0 dBu/m

-10 dBy

1.0 GHz 30000 pts 900.0 MHz/ 10.0 GHz
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DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

CHANNEL: Highest (914.2 MHz).

Att
TOF

MultiView | Spectrum
Ref Level 80.00 dBpv/m

@ RBW 1 MHz

0dB ® SWT 15 ® VBW 3 MHz

1 Frequency Sweep

Mode Auto Sweep

H1 74.000 dBpv/m

70 dBpv/m

60 dBy

S0 depy/m

H2 54.000

dBuv/m

40 depyim

el S

20BLY!

10 dBpvim

0 dBp!

-10 depv/m

1.0 GHz

30000 pts

500.0 MHz/

10.0 GHz
—
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