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Competences and guarantees

DEKRA Testing and Certification is a testing laboratory accredited by the National Accreditation Body (ENAC -
Entidad Nacional de Acreditacion), to perform the tests indicated in the Certificate No. 51/LE 147.

DEKRA Testing and Certification S.A.U. is an FCC-recognized accredited testing laboratory with the appropriate
scope of accreditation that covers the performed tests in this report.

DEKRA Testing and Certification S.A.U. is an ISED-recognized accredited testing laboratory, CABid: ES1909,
with the appropriate scope of accreditation that covers the performed tests in this report.

In order to assure the traceability to other national and international laboratories, DEKRA Testing and Certification
has a calibration and maintenance program for its measurement equipment.

DEKRA Testing and Certification guarantees the reliability of the data presented in this report, which is the result
of the measurements and the tests performed to the item under test on the date and under the conditions stated
on the report and, it is based on the knowledge and technical facilities available at DEKRA Testing and
Certification at the time of performance of the test.

DEKRA Testing and Certification is liable to the client for the maintenance of the confidentiality of all information
related to the item under test and the results of the test.

The results presented in this Test Report apply only to the particular item under test established in this document.

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

General conditions

1. This report is only referred to the item that has undergone the test.

2. This report does not constitute or imply on its own an approval of the product by the Certification Bodies or
competent Authorities.

3. This document is only valid if complete; no partial reproduction can be made without previous written
permission of DEKRA Testing and Certification.

4. This test report cannot be used partially or in full for publicity and/or promotional purposes without previous
written permission of DEKRA Testing and Certification and the Accreditation Bodies.

Uncertainty

Uncertainty (factor k=2) was calculated according to the DEKRA Testing and Certification internal document
PODTO00.

Data provided by the client

The following data has been provided by the client:

1. Information relating to the description of the sample ("ldentification of the item tested", "Trademark",
"Model and/or type reference tested").

2. The sample consists of a LTE Cat NB2 Radio Module.

DEKRA Testing and Certification S.A.U. declines any responsibility with respect to the information provided by
the client and that may affect the validity of results.
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Usage of samples

Samples undergoing test have been selected by: the client.

Sample S/01 is composed of the following elements:

Control N° Description Serial N° HV.V el .Of
version reception
66585B/048 Data radio NE310L2-W1 3518818599966252 1.0 2021/05/11
module

Auxiliary elements used with the Sample S/01.:

Control N° Description Serial N° Date of reception
66585B/006 Cradle — EVK 2021/02/24
66585B/024 LTE Antenna T-AT305-BU 2021/02/24

1. Sample S/01 has undergone the following test(s):
- The following tests indicated in Appendixes B and C:
- RF Output power in NBloT Band 13 and 66.

- Occupied Bandwidth, Frequency stability, spurious emission at antenna terminal at Block Band Edge and
radiated emissions in NBloT Band 13.

- Spurious emission at antenna terminal at Block Band Edge in NBloT Band 12.
- Spurious emission at antenna terminal at Block Band Edge in NBloT Band 85.
- Radiated emissions in NBloT Band 66.

- Occupied Bandwidth Frequency stability in NBloT Band 66.

Sample S/02 is composed of the following elements:

Control N° Description Serial N° ki DEIE .Of
version reception
66585B/019 Data radio NE310L2-W1 351881859998500 0.0 2020/04/14
module

Auxiliary elements used with the Sample S/02:

Control N° Description Serial N° Date of reception
66585B/020 Cradle — EVK 2021/02/24
66585B/024 LTE Antenna T-AT305-BU 2021/02/24

1. Sample S/02 has undergone the following test(s):
The rest of tests indicated in Appendixes A, B and C.
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Test sample description

D DEKRA

POMS ..o : Cable
Port name and Specified | Attached Shielded | Coupled to
description max during test patient®)
length
[m]
[] [] []
Supplementary information to the
POMS. .o :
Rated power Supply ..................... Reference poles
Voltage and Frequency
L1 L2 L3 N PE
[1 |AC:...... [] [] [] [] []
[X] | DC: 3.2—4.2VDC (typ 3.8 VDC)
Rated POWET .........cccccevvevevennel | 23 dBM
Clock frequencies............cceeue...s Clock 26MHz, XTAL 32.768kHz
Other parameters...........c.cccoevenens -30°Cto +70°C
Software Version .............c.ceco..... MOP.000001
Hardware version ......................... 1.0
Dimensions in cm (W x Hx D) ... 13.1x14.3 mm
Mounting position ......................... [ 1 | Table top equipment
[ 1 |Wall/Ceiling mounted equipment
[ 1 | Floor standing equipment
[ 1 |Hand-held equipment
[X] | Other: solder down on host equipment
ModUIES/PArtS..........ceveeeeeereann Module/parts of test item Type Manufacturer
None, the device is module itself
Accessories (not part of the test Description Type Manufacturer
TEEIM) Lo Antenna only for testing T-AT305 ATEL-CAB
purposed
Documents as provided by the Description File name Issue date
applicant.........ccccoeiiinnnld
@) Only for Medical Equipment
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Identification of the client

Telit Communications S.p.A.
Via Stazione di Prosecco 5/B
34010, Sgonico — Trieste, ITALY

Testing period and place

Test Location ‘ DEKRA Testing and Certification S.A.U.
Date (start) ‘ 2020-03-19

Date (finish) 2020-06-15

Document history

Report number ‘ Date ‘ Description ‘

66585RRF.001 2021-06-23 | First reléase
Second release:
- Added the identifier CABid to the report.

66585RRF.001A1 | 2021-07-14 |- Modification due to typos.

- This modification test report cancels and replaces the test report
66585RRF.001.

Third release:

- Removed the NBIoT band 17.

- This modification test report cancels and replaces the test report
66585RRF.001A1.

Fourth release:

-Modification due to typo version of the standard RSS 130.

- This modification test report cancels and replaces the test report
66585RRF.001A2.

66585RRF.001A2 2021-07-22

66585RRF.001A3 2021-10-01
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Environmental conditions

In the control chamber, the following limits were not exceeded during the test:

Temperature Min. = 15 °C
Max. = 35 °C

. . Min. = 20 %
Relative humidity Max. = 75 %

. Min. = 860 mbar
In the semianechoic chamber, the following limits were not exceeded during the test.

Min. = 15°C

Min. =20 %

Max. =75 %

Min. = 860 mbar
Max. = 1060 mbar

Relative humidity

Air pressure

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

Temperature Min. = 15°C
Max. = 35°C
Relative humidity Min. = 20 %
Max = 75%
Air pressure = 860 mbar
Max = 1060 mbar
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Remarks and comments

The tests have been performed by the technical personnel: Cristina Calle, Nicolas Salguero, Javier Nadales,
Verénica Garcia and Alfonso Gutierrez.

Used instrumentation:
Conducted Measurements

Last Cal. date  Cal. due date

1. DC Power Supply 40V/40A Rohde & Schwarz N/A N/A
NGPE40

2. Digital Multimeter FLUKE 179 2020/10 2021/10

3. Wideband Radio Communication Tester 2021/02 2022/02
ROHDE AND SCHWARZ CMW500

4. Wideband Radio Communication Tester 2021/01 2022/02
ROHDE AND SCHWARZ CMW500

5. Spectrum Analyzer ROHDE AND SCHWARZ 2020/07 2022/07
FSW50

6. Spectrum Analyzer ROHDE AND SCHWARZ 2020/03 2022/03
FSv40

Radiated Measurements:

Last Calibration Due Calibration

1. Semianechoic Absorber Lined Chamber ETS

FACT3 200STP N/A N/A
2. Shielded Room ETS LINDGREN S101 N/A N/A
3. EMI Test Receiver 7 GHz ROHDE AND SCHWARZ 2020/12 2022/12
ESR7
4.  Preamplifier G>40dB 10MHz-6GHz, BONN 2021/03 2022/03
ELEKTRONIK, BLNA 0160-01N
5.  Biconical/lLog Antenna 30 MHz - 6 GHz ETS 2020/04 2023/04
LINDGREN 3142E
6. Spectrum Analyzer ROHDE AND SCHWARZ 2020/07 2022/07
FSW50
7. Horn Antenna 1-18 GHz SCHWARZBECK MESS- 2019/11 2022/11
ELEKTRONIK BBHA 9120 D
8. RF Preamplifier, 40 dB ,1-18 GHz BONN 2021/06 2022/06
ELEKTRONIK BLMA 0118-1M
9.  DC Power Supply 40V/40A Rohde & Schwarz N/A N/A
NGPE40
10. Digital Multimeter FLUKE 179 2020/10 2021/10
11. Wideband Radio Communication Tester 2021/02 2022/02
ROHDE AND SCHWARZ CMW500
12. Wideband Radio Communication Tester 2021/01 2022/02
ROHDE AND SCHWARZ CMW500
13. RF pre-amplifier, G>30dB, 18-40 GHz BONN
ELEKTRONIK BLMA 1840-3G 2019111 2021/11
14. Broadband Horn antenna 18-40 GHz
SCHWARZBECK BBHA 9170 2018/07 2021/07
Testing verdicts
Not applicable : N/A
Pass P
Fail : F
Not measured : N/M
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Summary
FCC PART 22/IC RSS-132 PARAGRAPH
Requirement — Test case Verdict Remark
Clause 22.913/RSS-132 Clause 5.4: RF output power P

Clause 2.1047/RSS-132 Clause 5.2: Modulation characteristics

Clause 22.355/RSS-132 Clause 5.3: Frequency stability

Clause 2.1049: Occupied Bandwidth

Clause 22.917/RSS-132 Clause 5.5:; Spurious emissions at antenna terminals
Clause 22.917/RSS-132 Clause 5.5: Radiated emissions

Supplementary information and remarks:

T|TV|TV|T|T

None.

FCC PART 24/IC RSS-133 PARAGRAPH

Requirement — Test case Verdict Remark
Clause 24.232/RSS-133 Clause 6.4: RF output power P

Clause 2.1047/RSS-133 Clause 6.2: Modulation characteristics

Clause 24.235/RSS-133 Clause 6.3: Frequency stability

Clause 2.1049: Occupied Bandwidth

Clause 24.238/RSS-133 Clause 6.5: Spurious emissions at antenna terminals
Clause 24.238/RSS-133 Clause 6.5: Radiated emissions

Supplementary information and remarks:

T |TV|TV|T|T

None.

FCC PART 27 / RSS-139 / RSS-130 PARAGRAPH

Requirement — Test case Verdict Remark

Clause 27.50 / RSS-139 Clause 6.5. / RSS-130 Clause 4.6.: RF output power P
Clause 2.1047 / RSS-139 Clause 6.2. / RSS-130 Clause 4.2.: Modulation p
characteristics
Clause 27.54 /| RSS-139 Clause 6.4. / RSS-130 Clause 4.5.: Frequency stability P
Clause 2.1049: Occupied Bandwidth P
Clause 27.53 / RSS-139 Clause 6.6. / RSS-130 Clause 4.7.: Spurious emissions at p
antenna terminals
Clause 27.53 / RSS-139 Clause 6.6. / RSS-130 Clause 4.7.: Radiated emissions P
Supplementary information and remarks:

(1) None.
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FCC PART 90 PARAGRAPH

Requirement — Test case Verdict Remark
Clause 90.635 (b): RF output power P

Clause 2.1047: Modulation characteristics

P
Clause 90.213 Frequency stability P
Clause 2.1049: Occupied Bandwidth P

Clause 90.691 Spurious emissions at antenna terminals (Emission mask
requirements for EA-based systems)

T

Clause 90.691: Radiated emissions P

Supplementary information and remarks:

None.
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Appendix A: Test results for FCC Part

22 & 90 / RSS-132
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TEST CONDITIONS

Power supply (V):
Vnominal = 3.8 Vdc

Type of power supply = DC Voltage from external power supply
Type of antenna = External antenna.

Declared Gain for antenna = +2.15 dBi.

TEST FREQUENCIES:

814-824MHz Band:

NBIoT. /2 - BPSK AND 11/4 - QPSK MODULATION (BAND 26)

Channel (Frequency. MHz)
Lowest Middle Highest
26692 26740 26788
(814.2) (819) (823.8)

Cross-rule channel (824MHz):

NBIoT. 11/2 - BPSK AND /4 - QPSK MODULATION (BAND 26)

Channel
(Frequency. MHz)

26790
(824)
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824-849MHz Band:

NBIoT. /2 - BPSK AND 11/4 - QPSK MODULATION (BAND 5)

Channel (Frequency. MHz)
Lowest Middle Highest
20402 20525 20648
(824.2) (836.5) (848.8)

NBIloT. /2 - BPSK AND 11/4 - QPSK MODULATION (BAND 26)

Channel (Frequency. MHz)

Lowest Middle Highest
26792 26915 27038
(824.2) (836.5) (848.8)

assigned block.
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RF Output Power

SPECIFICATION
FCC 82.1046 and 822.913. The Effective Radiated Power (E.R.P.) of mobile transmitter and auxiliary test transmitter
must not exceed 7 Watts (38.45 dBm E.R.P.).

RSS-132. Clause 5.4. The equivalent isotropically radiated power (e.i.r.p.) for mobile equipment shall not exceed
11.5 watts (38.45 dBm E.R.P.).

The peak-to-average power ratio (PAPR) of the transmission shall not exceed 13 dB.
FCC 8§90.635. The maximum output power of the transmitter for mobile stations is 100 watts (20 dBw).

The peak-to-average power ratio (PAPR) of the transmission shall not exceed 13 dB.
METHOD

The conducted RF output power measurements were made at the RF output terminals of the EUT using the power
meter of the Universal Radio Communication tester R&S CMW500. selecting maximum transmission power of the
EUT and different modes of modulation.

The maximum equivalent isotropically radiated power (e.i.r.p.) is calculated by adding the declared maximum antenna
gain (dBi).

The maximum effective radiated power e.r.p. is calculated from the maximum equivalent isotropically radiated power
(e.i.r.p.) by subtracting 2.15 dB:
E.R.P.=E.LR.P.-2.15dB

The peak-to-average power ratio (PAPR) is measured using an attenuator. power splitter and spectrum analyser with
a Complementary Cumulative Distribution Function implemented.

The EUT was controlled via the Universal Radio Communication tester R&S CMW500 selecting maximum
transmission power of the EUT and different modes of modulation.

TEST SETUP

Conducted average power.

Signalling unit
with Power meter

EUT

Peak-to-average power ratio (PAPR)

Spectrum
— Analyser
R
EUT —— Attenuator PO
L devider
Signalling
L Unit
=
suply
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RESULTS
814-824 MHz Band:

Freq. . BW Num. | Offset Average PAPR (dB
Ch (MH(i) Modulation (kHz) tone Tone | Power (ngm) e
3.75 1 0 22.64 *)
/2 - BPSK 1 47 22.65 *)
1 0 22.48 *)
15 1 11 22.48 *)
3.75 1 0 22.7 *)
26692 | 814.2 1 ar 22.66 ()
1 0 22.32 (*)
1 11 22.38 (*)
/4 - QPSK 3 0 21.83 4.37
15 3 6 21.76 4.47
6 0 21.3 5.99
6 6 21.31 5.95
12 0 20.32 6.76
3.75 1 0 22.62 *)
/2 - BPSK 1 47 22.6 )
1 0 22.49 (*)
15 1 11 22.28 (*)
3.75 1 0 22.72 *)
26740 819 1 ar 227 ()
1 0 22.38 *)
1 11 21.69 *)
/4 - QPSK 3 0 21.8 4.41
15 3 6 21.73 4.42
6 0 21.27 5.99
6 6 21.25 6.06
12 0 20.27 6.57
3.75 1 0 22.68 *)
/2 - BPSK 1 47 22.69 *)
1 0 22.22 *)
15 1 11 21.91 *)
3.75 1 0 22.75 *)
26788 | 823.8 1 ar 22.74 ()
1 0 22.33 *)
1 11 22.21 *)
/4 - QPSK 3 0 21.79 4.41
15 3 6 21.73 4.44
6 0 21.22 6.01
6 6 21.23 6.09
12 0 20.27 6.6

(*): Preliminary measurements determined that 3. 6 or 12 tones of 15kHz as the worst case. The results in the next
tables shows the results for this configuration.
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Cross-rule channel (824MHz):

Freq. . BW Num. ffset Aver PAPR (dB
Ch (MeH(l) Modulation (kHz) tcl)Jne (')I'oii Poweer ngBem) e
3.75 1 0 22.69 *
11/2 - BPSK 1 47 22.68 *
1 0 22.1 *
15 1 11 22.22 *
3.75 1 0 22.77 *
26790 824 1 ar 22.76 ()
1 0 22.54 *
1 11 22.49 *
/4 - QPSK 3 0 21.9 4.4
15 3 6 21.84 4.45
6 0 21.31 6.01
6 6 21.33 5.96
12 0 20.37 6.88

(*): Preliminary measurements determined that 3. 6 or 12 tones of 15kHz as the worst case. The results in the next
tables shows the results for this configuration.
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824-849MHz Band:

Freq. . BW Num. | Offset Average PAPR (dB
Ch (MH(i) Modulation (kHz) tone Tone | Power (ngm) e
375 1 0 22.9 *
11/2 - BPSK 1 47 22.83 *
1 0 22.95 *
15 1 11 22.87 *
375 1 0 23.09 *
20402 824.2 L ar 22.86 ()
1 0 22.78 *
1 11 22.7 (*)
/4 - QPSK 3 0 21.99 4.41
15 3 6 22.42 4.31
6 0 21.42 6.01
6 6 21.41 5.95
12 0 20.39 6.47
375 1 0 23.11 *
11/2 - BPSK 1 47 23.09 *
1 0 22.81 *
15 1 11 22.74 *
375 1 0 23.18 *
20525 836.5 1 ar 23.16 ()
1 0 22.64 *
1 11 22.56 *
4 - QPSK 3 0 21.91 4.42
15 3 6 22.34 4.31
6 0 21.29 5.99
6 6 21.32 6.01
12 0 20.36 6.71
375 1 0 23.17 *
11/2 - BPSK 1 47 23.14 *
1 0 22.94 *
15 1 11 22.87 *
375 1 0 23.18 *
20648 848.8 L ar 23.17 ()
1 0 22.76 *)
1 11 22.72 (*)
/4 - QPSK 3 0 21.98 4.36
15 3 6 22.45 431
6 0 21.4 5.96
6 6 21.42 5.9
12 0 20.36 6.58

(*): Preliminary measurements determined that 3. 6 or 12 tones of 15kHz as the worst case. The results in the next
tables shows the results for this configuration.
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814-824 MHz Band:

D DEKRA

Channel Measured maximum Maximum Maximum equivalent Maximum
average power (dBm) declared isotropically radiated | effective radiated
at antenna port antenna gain | power (E.l.R.P.) (dBm) power E.R.P.
(dBi) (dBm)
Lowest 22.70 +2.15 24.85 22.70
Middle 22.72 +2.15 24.87 22.72
Highest 22.75 +2.15 24.90 22.75
Measurement
uncertainty (dB) <20.941
Cross-rule channel (824MH2):
Channel Measured maximum Maximum Maximum equivalent Maximum
average power (dBm) declared isotropically radiated | effective radiated
at antenna port antenna gain | power (E.l.R.P.) (dBm) power E.R.P.
(dBi) (dBm)
26790 (824) 22.77 +2.15 25.02 22.77
Measurement
uncertainty (dB) <+0.941
824-849MHz Band:
Channel Measured maximum Maximum Maximum equivalent Maximum
average power (dBm) declared isotropically radiated | effective radiated
at antenna port antenna gain | power (E.I.R.P.) (dBm) power E.R.P.
(dBi) (dBm)
Lowest 23.09 +2.15 25.24 23.09
Middle 23.18 +2.15 25.33 23.18
Highest 23.18 +2.15 25.33 23.18
Measurement
uncertainty (dB) <+0.941

Verdict: PASS
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PEAK-TO-AVERAGE POWER RATIO (PAPR).

814-824 MHz Band

NBIoT BAND 26.

D DEKRA

Preliminary measurements determined that 12 tones of 15kHz as the worst case. The results in the next tables
shows the results for this configuration.

Channel Low:

@

=3 \
ater i 13 A
Complemantary Cumulative Distribution Function
WOF samplas: 100000, Usable 29! 11 2MHs
Trace 1
Mean 20.33 dBm
Peak 27.17 dBm
Crest 6.84 dB
10 2.61 dB
1l = 5.11 dB
o d 6.52 dB
.01 6.76 dB
Channel Middle:
(T E]
hel ) Wi * AL b b Agl S
—_—
153 - 1! . %1 =
- \\

Conplemantary Cumulative Distribution Function

WOF samplas:

Mean
Peak
Cres

1

O

T

Trace
20.31
27.18

6.87

.64
.16
ot
.78

(NN S

100000, Usable uW

11 Zeein

1
dBm
dBm
dB

dB
dB
dB
dB
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Channel High:

" AL 20 AJY 6.25

B

water #23.8 was

Complementary Cumulative Distribation Function

WOF samples:

Mean
Peak
Crest

10

2 -3
ad 8
.01 =

824 MHz Band

NBIoT BAND 26.

100000, Usable 2w 11 2MH2

Trace 1
20.25 dBm
27.19 dBm

6.94 dB

2.64 dB
5.16 dB
6.60 dB
6.88 dB

Preliminary measurements determined that 12 tones of 15kHz as the worst case. The results in the next tables
shows the results for this configuration.

Channel 824MHz:

@

*ALL 20 AgY 6.25

eoter F26 Mx

Conplementary Cumulative Distribation Function

WOF samplas:

Mean
Peak
Crest

10 %

2 3
.1 %
0 B

100000, Usable BW: 11, 2MHs

Trace 1
20.24 dBm
27.26 dBm

7.02 dB

2.63 dB
4.97 dB
6.51 dB
6.88 dB
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824-849 MHz Band

NBIoT BAND 5.

B DEKRA

Preliminary measurements determined that 12 tones of 15kHz as the worst case. The results in the next tables

shows the results for this configuration.

Channel Low:

ia Mean

Complementary Cumulative Distribution Function

WOF samplas: 100000, Usable B9 11 . 2veHx
Trace 1
Mean 20.34 dBm
Pealk 27.19 dBm
Crest 6.85 dB
10 % 2.61 dB
1l 3 5.21 dB
o 6.47 dB
.01 = 6.76 dB
Channel Middle:
Fef 30 dBm A ) b A ~
Otfmes L.4] a0
4‘\\\‘m | -l
= i
-
1E-4 ; %
!
11
nee = IS, Hean Pwr = 10 &

Cooplementary Cusulative Distribution Function

HOF samples: L0000, Usabhle W) L. omin
Trace 1
Mean 20.24 dBm
Peak 27.28 dBm
Crest 7.04 dB
10 % 2.61 dB
1 % 5.22 dB
.1 % 6.71 dB
.01 6.92 dB
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Channel High:

Centary =48,.8 NHz

1 4y Rean Pwy + 10 AaE

Complemontary Cummlative Distribution Function

HOF samples:

Mean
Peak
Crest

10

5
o |
.01

o o o

o

7.98

4.01
6.52
6.58
7.98

100000, Usable BW: 11.2MHx

Trace 1
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27.58

dBm
dBm
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Frequency Stability

SPECIFICATION:

FCC §2.1055 and 822.355. +2.5 ppm for mobile stations operating in the range 821 to 896 MHz.

RSS-132. Clause 5.3. The carrier frequency shall not depart from the reference frequency in excess of £2.5
ppm for mobile stations.

METHOD:

The frequency tolerance measurements over temperature variations were made over the temperature range of
—30°C to +50°C. The EUT was placed inside a climatic chamber and the temperature was raised hourly in 10°C
steps from —30°C up to +50°C.

The supply voltage was varied between 85% and 115% of nominal voltage.

The EUT was set in “Radio Resource Control (RRC) mode” in the middle channel using the Universal Radio
Communication tester R&S CMW500 and the maximum frequency error was measured using the built-in
calibrated frequency meter.

The worst case LTE mode for conducted power was used for the test.

In order to check that the frequency stability is sufficient such that the fundamental emissions stay within the
authorized bands of operation, a reference point is established at the applicable unwanted emissions limit using
a RBW equal to the RBW required by the unwanted emissions specification of the applicable regulatory
standard. These reference points measured using the lowest and highest channel of operation are identified as
fL and fH respectively. The worst-case frequency offset determined in the above methods is added or subtracted
from the values of fL and fH to check that the resulting frequencies remain within the band.

The reference point measurements were made at the RF output terminals of the EUT using an attenuator, power

splitter and spectrum analyser. The EUT was controlled via the Universal Radio Communication tester R&S
CMW500 selecting maximum transmission power of the EUT and different modes of modulation.
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TEST SETUP:

1. Frequency Tolerance:

Temperature Chamber

EUT

Antenna
Conector

2. Reference Frequency Points fL and fH:

B DEKRA

Signalling unit
Attenuator with frequency
{optional) meter

h 4

Spectrum
— Analyser

Altenuator

Signalling
L Unit
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RESULTS:

Frequency stability over temperature variations.

D DEKRA

NBIoT Band 26. /4 - QPSK modulation. 1 tone 3.75 kHz. Channel: 819 MHz.

Temperature (°C) | Frequency Error (Hz) | Frequency Error (ppm)
+50 -11.73 -0.014322344
+40 0.92 0.001123321
+30 5.04 0.006153846
+20 -2.29 -0.002796093
+10 12.69 0.015494505

0 -1.04 -0.001269841
-10 8.15 0.00995116
-20 1.43 0.001746032
-30 4.49 0.005482295

Measurement uncertainty (Hz) <+100

NBIoT Band 5. 11/4 - QPSK modulation. 1 tone 3.75 kHz. Channel: 836.5 MHz.

Temperature (°C) | Frequency Error (Hz) | Frequency Error (ppm)
+50 -12.02 -0.014369396
+40 -0.79 -0.000944411
+30 -3.72 -0.004447101
+20 4.85 0.005797968
+10 -10.6 -0.012671847
0 4.22 0.00504483
-10 -1.46 -0.001745368
-20 7.08 0.008463837
-30 -2.35 -0.002809325

Measurement uncertainty (Hz)

<+102
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Frequency stability over voltage variations.

NBIoT Band 26

Battery Supply Voltage (V) | Frequency Error (Hz) Frequency Error
voltage (Ppm)
Vmax 4.2 -9.42 -0.011501832
Vmin 3.2 4.86 0.005934066
NBIoT Band 5
Battery Supply Voltage (V) | Frequency Error (Hz) Frequency Error
voltage (ppm)
Vmax 4.2 4.19 0.005008966
Vmin 3.2 -11.73 -0.014022714

Points established at the applicable unwanted emissions limit (worst case):

NBIoT Band 26:

NBIoT Band 5

Not Applicable.

fL (MHz)

824.0570

fH (MHz)

848.9183

D DEKRA

The reference frequency points fL and fH stay within the authorized blocks for all the bands above.

NBIoT Band 26:

NBIoT Band 5

Verdict: PASS

Not Applicable.

fL (MHz)

824.056987

fH (MHz)

848.918337
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Modulation Characteristics

SPECIFICATION
FCC §2.1047.

RSS-132. Clause 5.2: Equipment certified under this standard shall use digital modulation.

METHOD

For NBloT the EUT operates with 11/2 - BPSK and /4 - QPSK modulation modes in which the information is digitised
and coded into a bit stream.

TEST SETUP
Spectrum
— Analyser
Prwwer
e o
Signalling
L Unit
e
suoply
RESULTS

The following plot shows the modulation schemes in the EUT.
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NBloT MODULATION (Band 26). n/2 - BPSK.
Spectrum I
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NBloT MODULATION (Band 5). n/2 - BPSK.

B DEKRA

Spectnuam I |=l'

L I L v T
-A:l IS0 ST Tou e VAW B0
Fra=

" - . : e b
S 1 — - ‘A/"’F B S e | S SS—
81 cha

< e . 4+ !

SN . '

4 - - |

o et +

e L - -

" - -

W_'?‘JW!( mn- ID&

NBIoT MODULATION (Band 5). n/4 - QPSK.

Spectrum I |'-{

LU LR L OFws 0508 » FBW | i
o At IL - SMT T YW B b

= weln] 07
o co

- e

- - -

b

[Crosez v pILTTE LOwme |

Report No: (NIE) 66585RRF.001A3 Page 30 of 243 2021-10-01



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Mélaga - Espafa

C.I.LF. A29 507 456

Occupied Bandwidth

SPECIFICATION
§2.1049

METHOD

The occupied bandwidth measurement was performed at the output terminals of the EUT using an attenuator. power
splitter and spectrum analyser. The EUT was controlled via the Universal Radio Communication tester R&S CMW500
selecting maximum transmission power of the EUT and different modes of modulation. The 99% occupied bandwidth
and the -26 dBc bandwidth were measured directly using the built-in bandwidth measuring option of spectrum
analyser.

TEST SETUP
Spectrum
— Analyser
Prwuer
EUT —— Atteruator il
Signalling
L Unit
I
suoply
RESULTS (see next plots)
NBIoT BAND 26.
Tone 3.75 kHz. /2 - BPSK MODULATION
Channel Lowest Middle Highest
99% Occupied bandwidth (kHz) 38.033 38.300 38.366
-26 dBc bandwidth (kHz) 34.833 34.833 34.833
Measurement uncertainty (kHz) <+0.13
Tone 3.75 kHz. /4 - QPSK MODULATION
Channel Lowest Middle Highest
99% Occupied bandwidth (kHz) 38.433 38.600 38.366
-26 dBc bandwidth (kHz) 39.800 39.500 39.333
Measurement uncertainty (kHz) <+0.13
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Tone 15 kHz. 11/2 - BPSK MODULATION

D DEKRA

Channel Lowest Middle Highest
99% Occupied bandwidth (kHz) 73.533 73.466 73.333
-26 dBc bandwidth (kHz) 92.267 92.333 92.333
Measurement uncertainty (kHz) <+0.27
12 Tones 15 kHz. /4 - QPSK MODULATION
Channel Lowest Middle Highest
99% Occupied bandwidth (kHz) 190.800 190.400 191.333
-26 dBc bandwidth (kHz) 266.000 266.530 255.470
Measurement uncertainty (kHz) <+0.65
NBIoT BAND 26. (824MHz)
Tone 3.75 kHz. T1/2 - BPSK MODULATION
99% Occupied bandwidth (kHz) 38.366
-26 dBc bandwidth (kHz) 34.800
Measurement uncertainty (kHz) <+0.13
Tone 3.75 kHz. T1/4 - QPSK MODULATION
99% Occupied bandwidth (kHz) 38.366
-26 dBc bandwidth (kHz) 39.333
Measurement uncertainty (kHz) <+0.13
Tone 15 kHz. /2 - BPSK MODULATION
99% Occupied bandwidth (kHz) 73.466
-26 dBc bandwidth (kHz) 92.133
Measurement uncertainty (kHz) <+0.27
12 Tones 15 kHz. /4 - QPSK MODULATION
99% Occupied bandwidth (kHz) 190.800
-26 dBc bandwidth (kHz) 255.160
Measurement uncertainty (kHz) <+0.65
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NBIoT BAND 5.

Tone 3.75 kHz. /2 - BPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 38.400 38.400 38.233

-26 dBc bandwidth (kHz) 35.400 35.367 35.367
Measurement uncertainty (kHz) <+0.13

Tone 3.75 kHz. /4 - QPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 38.400 38.600 38.766

-26 dBc bandwidth (kHz) 41.500 41.253 41.223
Measurement uncertainty (kHz) <+0.13

Tone 15 kHz. 11/2 - BPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 73.200 73.400 73.333

-26 dBc bandwidth (kHz) 92.333 99.133 92.933
Measurement uncertainty (kHz) <+0.27

12 Tones 15 kHz. /4 - QPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 191.066 190.800 191.200

.26 dBc bandwidth (kHz) 267.870 257.070 270.270
Measurement uncertainty (kHz) <+0.65
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NBloT BAND 26.

Tone 3.75 kHz. /2 - BPSK MODULATION

Lowest Channel
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Highest Channel
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Middle Channel
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f i \/nvr-\vl '\‘f\ YV [ \vf\vr'\ -«V )
N | 1
-20\[;:\-./ v_\/“\/
30 dBm
-40 dém
50 dBm
-60 dBm:
CF 819.0 MHz 3000 pts Span 1000 kHz
|marker
Type | Ref | Trc | X-value |___Y-value | Function | Function Result |
M1 1 516.995083 Mnz | 23.36 dbm | -
Tl 1 818.97875 MHx | -5.99 dém Occ 8w | 38.6 kHz
T2! 1 B19.01735 MHz | -2.53 dBm ‘
M2 | 1] 818.978017 Mz | -2.68 dBm '
D3] M2 1] 39.5 kHz | 0.05 db
Highest Channel

®
or—— (F]

Ref Level 35.00 dém Offset 6.37 d& &» RBW 1 kM2
o Att 40 dB SWT 10 ms w VBW 3 kHz  Mode Sweep
@ 1Pk View

D3[ 1] 0.01 dB
30 dee 3 09,3330 kHz|
20 dam X Oce Bw 38.500000000 kHz
Mi[1] 23.40 dBmy
B823.7980830 MHz

10 gam

0 gam

M2

01 -2.600 dBm——r% 2

-10 dam A;'\/-\\nj“\'mvv 7\/ P\nmn

TaYAY A "7V VVIVAA
-20 HBm

-30 diém

-40 dBm

-50 ddm

-60 dBm

CF 823.8 MHz 3000 pts Span 100.0 kHz

[marker

Type | Ref | Trc | X-value | Y-value | Function | Function Result |‘
M1 _823.796083 MHz | 23.40 dbm__ oo PR
T 823.7788167 MHz | -6.27 dBm Occ 8w | 38.5 kHz
T2 B23.8173167 Mz | “2.44 dBm
m2| | B23.77505 MHz | -2.62 dém
03| M2, 39.333 kHz | _0.01.db

e et et et
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Tone 15 kHz. 11/2 - BPSK MODULATION

Lowest Channel

EINog

Ref Level 25.00 dBm Offset 6.37 d& & RBW 2 khz

Att 40 dB6  SWT Sms w VAW 10 kHz  Mode Sweaep
[f®@ 1Pk view
i Da[1] 0.24 dB)
30 cam M V2.2670 kHz|
20 dam ]A A occ Bw 73.533333333 kMz
/ Mi[1] 22.91 dBmy
10 dam ha = B14.1954330 MHz
T1 M |
0 dom DAZ 2 [‘/J\\j \J “ AN TS
151 -2.690 dbrg . — P
P S i W AV Vil
10 dBm S Y, " Y Vi e
[V Vi =
Bm -
-30 dBm
-40 dim
-50 dBm
-60 dBm
CF 814.2 MHz 3000 pts Span 200.0 kHz
[marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result l
b 1 _614.195433 MHz | 22,31 dbm__ Eyereees| s e
T 1] 8141572333 MMz | -0.40 dBm Occ 8w | 73.533333333 kHz
T2 1 B14.2307667 Mz | 0,19 dBm ‘
M2 |1 814,1523 MHz | -3,95 dbm
03, M2 1 92.267 kHz | _0.24 db

Middle Channel

Spectrum I

®
=

Ref Level 25.00 dBm Offset 6.37 d& & RBW 2 k2
o Att 40 ds SWT

Sms w VAW 10 kiz  Mode Sweaep

@ 1Pk View

30 gam

M1
X

Daf1]

Occ Bw

20 By 3 A\\

M1[1]

10 d&m b

0 g&m N2 ﬂ.

\
- S

0.19 dB|

02,3330 kHz

73 466666667 kM2
22.18 dBmy
B10.9883670 MHz

eV

\(

\f" V\vf —

-30 dim

S

-40 dBm

-50 dBm

-60 dBm

CF 819.0 MH2z 3000 pts

Span 200.0 kHz

|marker

Type | Ref | Trc | X-value | Y-volue |

Function

Function Result |

M1
T1]
T2
Mz. 3
03| M2

"618.988367 Mhz |
£10.9572333 MHz |
819.0307 MHz |
818.9523 MHz |
92.333 kiz |

22.18 dbm
-0.45 dBm
0,19 dBm
-4.08 dBm
0.10 d6

e et L

Oce 8w |

73.466666557 kHz
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Highest Channel

Spectrum I F'z-']

Ref Level 35,00 dBm  Offset 5.37 db & RBW 2 kHz
o Att 40 dB  SWT S ms w VBW 10 kHz  Mode Sweep
@ 1Pk View

i o3[1] 0.20 di
30 gam e 92,2390 kHz
20 dam ), S Occ Bw 73.333333333 kM2
/ \L Mi[1] 22.20 dBrm,
10 d&m bal 823.7893670 MHZ

fﬁ‘k b \ /\_\’\1 M—?
AY4 4
-10 daém

w&}’f"/"v v bl T 7

-30 dim

Tl
D d&m MO S

oY

,_

f

o

o

o

('

i

A
.\1
Sy
=

==

/_F.’
[ —
s

-40 dim

-50 ddm

-60 dim

CF 823.8 MHz 3000 pts Span 200.0 kHz
[marker |
Type | Ref | Trc | X-value 1 Y-volue |__Function | Function Result |
M1l £23.788367 MHz | 22.20 dém | - TP
71| 823.7573 MHz | -0.43 dam | Qce Bw | 73.333333333 kH2
T2 823.8306333 MHz | 0.26 dadm |
m2| | B23,7523 MHz | -4,05 dém |
_03} M2 _92:333 kHz | 02008 |

[P RIS PR

12 Tones 15 kHz. /4 - QPSK MODULATION

Lowest Channel

Spectrum |

Ref Level 35,00 dBm Of-fset 6,37 d8 w RBW 5 khz

®
=

b AL 40 dB SWT Ims w VBW 20 kHz Mode Swesp
[@ 1Pk View
03[1] -0.04 d8
——— 266.000 kHz,
20 & (Icc Bw 190.800000000 kHz
L 14.94 dBm)
10 dim 5V 1 oo SO e s N \/\ 814,237800 MHz
7 3
0 cam
M2 N /j\"r x \/’\ B
+10d8m=—try) .11%60 dbr .,9&,\‘
)29;&::/ /™ e
30 dBm
-40 dim
-50 dém
-60 dBm
CF 814.2 MHz 3000 pts Span 400.0 kHz
[marker
Type | Ref | Trc | X-value |___Y-value | Function | Function Result |
M1 1 "814.2378 Mnz | 14.94 dbm | ””,
T 1 814.107133 MHz | 4,40 dBm _ Occ Bw | 190.8 kHz
12| 1 814.207533 MHz | -0.99 dBm ,
Mz |1 B14.06657 Mz | -11.08 dBm |
o3l m2| 1 266.0 kiz | -0,04 dB |
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Middle Channel

Ref Level 25.00 dBm Offset 6.37 d& & RBW 5 khz

Att 40 dBs SWT 3ms w VAW 20 kHz  Mode Sweep
[l® 1Pk view
D3[1] 0.00 dB
30 cem 260.530 kHz
20 dBm fcc Bw 190400000000 khz
1] 14.72 dBm
10 98m yf"\\ LN SN LN N 019.037800 MHz
0 dam —7 i \/_\
vz N/ s
=10 dAm=s, .31%a0 dBm BfJ\
20 dam P
-30 dBm
-40 dim
-50 dBm
-60 dBm
CF 819.0 MHz 3000 pts Span 400.0 kHz
[marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
M1 1 _819.0378 MHz | 14,72 dém T | FTOTO D
T1 1] 816.907133 MHz | 4.23 dBm Oce Bw | 190.4 kHz
T2 1 19.097533 Mz | ~1.93 dBm ,
mz| 1] B18.86607 MHz | -11,30 dém
03| M2 1 _266.53 kHz | _0.00 dB .
Highest Channel
Spectrum | IT]
Ref Level 35.00 dBrm  Offset 6.37 d8 w RBW 5 kiz
o AL 40 dB - SWT I ms w VBW 20 kiz  Mode Sweasp
@ 1Pk View
03[1] -0.09 d8|
—— 255,470 kHz
20 danm Qcc Bw 191.333333333 kHz|
W_N 14.06 dBm
10 dim I AN N N 823.837400 MHZ,
/V{ S
0 cam yeg
M ,/\'J \\/\ 4
=l AR
slldin=— _11 15¥ dir = T = = = Ea =
,\QQ«“"'T//_\/\, M~
~30 dBm
-40 dém
50 diém
-60 dBm
CF 823.8 MHz 3000 pts Span 400.0 kHz
[marker
Type | Ref | Trc | X-value |___Y-value | Function | Function Result |
M1 | 1) __823.8374 MHz | 14,86 dém | o .
1) 1] 823.707133 MHzx | 4.37 dBm__ Occ 8w | 191.333333333 kHz
T2] 1] 823.898467 MHz | -0.72 dBm _ ,
M2l B23.67727 Mhz | -11.17 dBm .
D3| M2l 1| 255.47 kHz | -0.09 db__

NBloT BAND 26.
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NBIoT BAND 26 (824MH2z).

Tone 3.75 kHz. /2 - BPSK MODULATION

Spectrum I

> DEKRA

®
=

Ref Level 35.00 dém Offset 6.37 d& &» RBW 1 kM2
o Att 40 ds  SWT 10 ms w VBW 3 kHr  Mode

Sweep

@ 1Pk View

30 g&m

Daf1]

Occ Bw

20 dBm ,’V‘

10 gam

M1[1]

K}

38.366666667 kM2

B23.9967170 MHz

-0.12 dB
£.8000 kiHz

22.59 dBm|

0 dam <
- Jo1 -3.410 dbm——xe

-10 dBm

§ ﬁf\

Y
Y=o

#g;\ Q Jf“ "uvf’—V v

DY o
v

r‘Vﬁvﬂ ’V‘\{“\ /]

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF 824.0 MHz 3000 pts

Span

100.0 kHz

|marker

Type | Ref | Trc | X-vaolue | Y-volue |

Function |

M1
T
T2
Mz
03|

B23.996717 MHz |
823.9789167 MHz |
B24.0172833 MKz |
823.950283 MHz |
34.6 kHz |

22,59 dbm
-6.60 dBm
~4.53 dBm
-3.42 dbm
-0.12 db |

e et L bt

M|

Oce 8w |

Function Result

36, 366666857 iz

Tone 3.75 kHz. /4 - QPSK MODULATION

%
[:E:]

Ref Level 25.00 dBm Offset 6.37 d& & RBW 1 kiz
Att 40 dB6 SWT 10 ms & VBW 3 kHz

Mode Sweep

ll® 1Pk view

Da[1]

30 gam

20 dany

Occ Bw

Mi[1]

10 dam -

0 dam M2

V\/\ .

ro
-

09,3330 kHz
38 966666667 kMz

B23.9980030 MHz

0.01 dB|

23.98 dBm

M

-2,620 dBny

- /'\f'\i

-10 dam

r 4
:

VS

N/V \’ 2. f

AVaW
N

TAAVAY

\YAY,

favaY

-30 dBm

-40 dBm

-50 dBm

-60 dBm

CF 824.0 MH2z

Span 100.0 kHz

|marker

3000 pts
Type | Ref | Trc| Y-value

X-value |

Function |

Function Result

|

23,28 dbm

-7.16 dém |
~2.57 dBm

-2,67 dém

0,016

M1
T1]
T2

mz|
03|

£23.008083 MHz |
823.97895 MHz |
B24.0173167 MHz |
823.978017 MHz |
39.333 kHz |

Oce 8w |

38.366666657 kHz
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Tone 15 kHz. 11/2 - BPSK MODULATION

Spectrum |

Ref Level 35,00 dBm Oﬁset 6,37 d8 w» RBW 2 khz

b ALL 40 dB SWT Sms & VBW 10 kz  Mode Swasp
[@ 1Pk View
03[1] 010 d8
$0-d6m M3 92,1330 kHz
20 danm AN Occ Bw 722606606607 kHz
/ N mi[1] 22.24 dBm
10 dam [y 023.9953330 MHz
T3 f\N T2
Mo o f‘/J\ \J \1 \ | A @
0 gam - —
—————— AV | AY4 v b T R AL ¢
01 -3.760 cE.m,-\ 7
A, ok W N A, WA
-10 dém /v \/ v v '\'( \\/\—r\_'\-
B . fﬂ\"\.
. o
30 dBm
"‘0 db"l
50 dBém
.60 dBm
CF 824.0 MHz 3000 pts Span 200.0 kHz
|marker
Type | Ref | Trc | X-value | Y-value | Function | Function Result |l
M1 1| 823.905433 MHz | 22,24 dbm [ - 7
T1] 1| 823.9572333 MHz | -0,46 dBm Occ Bw | 73.466666567 kHz
T2! 1 824.0307 MHz | 0.18 dBm
Mz 1 823.952283 Mz | -3,86 dBm |
03 M2 1 92,133 kHz | 0.10 d&

12 Tones 15 kHz. /4 - QPSK MODULATION

Spectrum I

®
=

Ref Level 35,00 0B Offset 6,37 02 w RBW 5 khz

b ALL 40 dB SWT Ims w VBW 20 kz Mode Swesp
@ 1Pk View
D31 -0.04 |
30 sem 255.160 kHz
20 dam flpc Bw 190.800000000 kHz
~ 1[1] 15.04 dBm
10 d8m lv(/“"\-\/""\ NS ey 824,037670 MHZ
T2
0 gam v 3
Mk /\'/ \f |
10 d8m—rpn, -1&.92_& dny VEN\_
S
30 dBm
-40 diém
50 dBém
-60 dBm
CF 824.0 MHz 3000 pts Span 400.0 kHz
|Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result I
M1 1] 824.03767 MKz | 15.04 d6m [
T 1 823.907133 MHz | 4,37 dBm Occ Bw | 190.8 kHz
T2] | 1 824.097533 MHz | ~1.24 dBm .
M2/ 1] B23.87744 Mz | -11.01 dBm
03| m2| 1 255,16 kHz | -0,04 d6
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NBloT BAND 5.

alaga - Espafia

Tone 3.75 kHz. /2 - BPSK MODULATION

Lowest Channel

Spectrum

> DEKRA

®
F-z:]

Ref Level 35.00 dém  Offset 5.37 dB & RBW 1 kM2

o Att 40 dB  SWT 10 ms » VBW 3 kHz  Mode Sweep
[@ 1Pk View
) oa[1] -0.05 di|
Lk M1 35,4000 kHz
20 dam N Occ Bw 38.400000000 kHz
/ \ Mi[1] 22.43 dBm|
10 gam — a 024.1967170 MHz
& \.l' Sr\/‘\
D g2m o AR = f,.\ { v v — .
% ) B 71 r—— —\— i ¥ .. .
-10 d&ém r"'\{_\r V ~\ (""\r }ﬂ Q,R‘\‘ "*'\VP"\V— F‘\f”\j-«
s \ J
J—zm \/"\mvr
-30 ggm
-40 dim
-50 dadm
-60 dim
CF 824.2 MHz 3000 pts Span 100.0 kHz
[Marker |
Type | Ref | Trc | X-value | Y-volue |__Function | Function Result |
mil 1 824.196717 MHz | 22.43 dim | oo | ]
T1| 1 224.1780833 MHz | -6.47 d&m | Occ Bw | 33,4 kH2
T2 1 824.2172833 MHz | -%,58 dam |
Mz | 1] 824,179917 MHz | -5.22 dém |
_D3! M2 1) 36.4 kHz | -0.05 &8 |
Middle Channel
Spectrum ‘?l
Ref Level 35,00 dém  Offset 5.37 dB & RBW 1 kM2
o Att 40 dB SWT 10 ms » VBW 3 kHz  Mode Sweep
[@ 1Pk View
) M2i1] -4.43 dBm
SUdsi M1 BIG. 4800500 MH7|
Xa Oce Bw 38.400000000 kM2
20 camv
/ \ Mi[1] 22.37 dBm|
10 dam h 036.4967170 MMz
L
m Li "\'-\ ¥
D g&m - -
01 <3.630 dmr (“'\ -“V’" i i VL?U\\ —
-10 dBm ) V”"ﬁ”", : O [
e\ VN
I¥-20 Gam v
-30 ggm
-40 dim
-50 ddm
-60 dim
CF 836.5 MHz 3000 pts Span 100.0 kHz
[Marker |
Type | Ref | Trc | X-valua | Y-volue | Function | Function Result |
mil 1! _836.496717 MHz | 22.37 dim | e =TT
T1 1 ©326.4780033 MH: | -6.46 dm | Occ Bw | 33,4 kH2
T2 1| 836.5172833 MHz | ~4.62 dBm |
m2) | 1] 836,48005 MHz | -4.43 dam |
031 M2 1 35,367 kHz | -1.99 da |
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Highest Channel

Spectrum I |“§'|
Ref Level 25,00 dBm Oﬁset 5,37 dB » RBW I kM2
o ALL 40 dB  SWT 10 ms » VBW 3 kH:  Mode Sweep
@ 1Pk View
GEEN] 0.91 dB
30 dém ™ a5.3670 kHz
20 dar X Oce Bw 35.299333333 kHz
/ A M1{1] 22.27 dBm
10 dam "'V' L\v\ 849.7967170 MHz
0 o8 Py Faad Vi r ‘]VM s x‘:g
11 -3.730 dBn E i i
10 dém V— N\\J!"“\(m V ﬁf\\ "‘\VMV
o~ 5 b v V'
oG\ VvV ‘mﬂ\lm\f"\{ﬁ i
~30 dBm
"‘0 a"l
50 dém
.60 d8m
CF 848.8 MHz 3000 pts Span 100.0 kHz
Imarker 1
T Rref | Trc | X-value | Y-value | Function | Functlon Resuit |
M1 | 1] _B48.796717 MHz | 22,27 ddm | - I e e !
11 1) 8487789833 MHz | -7.75 d&m | Occ Bw | 38.233323333 kHz |
12| 1| B848.8172167 MHz | 4.70 dam |
m2) | 1 848.779883 MHz | -5.60 g&m |
D3] M2 1) 35,367 kHz | 0.51 48 |
Tone 3.75 kHz. 11/4 - QPSK MODULATION
Lowest Channel
Spectrum I |°A’|
Ref Level 35,00 dbm  Oftset ©.37 db w RBW & KMz
o AL 40 dE SWT 10 ms w VBW 2 kH:  Mode Sweep
@ 1Pk View
GEEY] 0,59 a8
e M1 41,5000 kHz
20 dam /"\.‘ Occ Bw 38.400000000 kHz
/ Mif1] 23.30 dBm
824.1980830 MHz
10 dam ‘/r\
1) Pt ["\ \L/\ g 2
0 g8m T = R0 W LV M 4 O W W L
01 -2,700 ddm——F 7Y e T
10 dB nvnvf\,.- f\vnvm P
/ ™
NV Y VYVAA
-20 Ham \
-30 dm
"0 a'll
50 dém
-60 d8m
CF 824.2 MHz 3000 pts Span 100.0 kHz
[marker 1
Type | Ref | Trc | X-value |___¥-value | Function | Function Result |
M1 1 Geslos0samMz | 2330dem | B _
11 1 824.17885 MHz | -6.41 dém | Occ Bw | 3.4 kHz
T2] 1] B24.21725 MHz | 2,66 d&m |
M2l | 1] 824.176967 MHz | -3.56 cam | . ‘
D3| M2 1| 41.5 kHz | -0.59 &8 | | _
—— R ————————————————
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Middle Channel

Spectrum I ‘?l
Ref Level 35,00 dém  Offset 5.37 dB &« RBW 1 kM2
o Att 40 dB SWT 10 ms » VBW 3 kHz  Mode Sweep
@ 1Pk View
) o3[1] 0.01 dB)
30 cam M1 41,2500 kHz
o1l doin X :)'cli lts’w an.euooggio'ndlz 12
24 m
10 g&m /'\// \V\/\ 036.4980830 MHz
0 gem -:“14 > 1“‘\1‘ A "F
01 -2.760 dénry Y v v’
=
o VAVAT Vo
avavda : A AT YAy
-20 Gam v
-30 gém
-40 dim
-50 dam
-60 dim
CF 836.5 MHz 3000 pts Span 100.0 kHz
IMarker |
Type | Ref | Trc | X-value | Y-value |__Function | Function Result |
M1 1 836.498083 MHz | 23.24 d&m | RSN RN
T1 1 B36.47875 MHz | -6.09 dam | Qcc Bw | 38.6 kHz2 |
T2| |1 836.51735 MHz | ~2.73 dm |
M2 | 1 836477063 MHz | -3.39 d&m |
D3] M2l 1 41.253 kHz | 0.01 4 |
—
Highest Channel
Spectrum I ‘?l
Ref Level 35,00 dém  Offset 5.37 dB » RBW 1 kM2
o Att 40 dB SWT 10 ms » VBW 3 kHz  Mode Sweep
@ 1Pk View
= o3[1] -0.64 d|
30 gam M1 41,2390 kHz
A Occ Bw 30.766666667 kM2
£ am p Mif1] 23.17 di
N m
10 gam / \V'\ 840.7980830 MMz
0 dem M2 25 /V \\[\ a5 [2
— 01 -2.830 dim——F¢ \,’ ~ — ‘V"“\ ~
L v rars A VAVAY / AV -

\ \
B, VAVAY,
-30 dim
-40 dBm
-50 ddm
-60 dim
CF 848.8 MHz 3000 pts Span 100.0 kHz

[Marker |
Type | Ref | Trc | X-volus | v-volue | Function | Function Result |
M1 1 848.798083 MHz | 23.17 gém | R gl )
T1 1 B48.77865 MHz | -5.75 dam | Occ Bw | 38.766655557 kHz |
T2| | 1] 9488174167 MHz | -2,91 dém |
M2/ | 1] 848.77715 MHz | -3.25 dém |
D3] M2l 1) 41.233 kHz | -0.64 & |
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Tone 15 kHz. 11/2 - BPSK MODULATION

Lowest Channel

®
=

Spectrum I
Ref Level 35,00 dbm _ Offset ©.37 0b & RBW 2 kHz
o AL 40 dBE  SWT Ems w VBW 10 kH2  Mode Sweep
@ 1Pk View
mM2l1] -4, 81 dBm
$0-db M1 824.1521670 MHz
20 dBm /r\__ X\ Oce Bw 73.200000000 kHz
/ N M1} 22.08 dBm
10 dem hal 8724.1954330 MHz
A \ T2
| el ¥ [P
0 g 3 Y 7 7 Bt o7
{01 2,020 dBmA—Y~ - - s
W AV =
-10 dém v i - i \J{
NS
-30 ddm
"O wlll
50 dém
-60 d8m
CF 824.2 MHz 3000 pts Span 200.0 kHz
Imarker 1
T Rref | Trc | X-value | ¥-value | Function | Function Result |
M1 1] 824,195433 MHz | 22.08 ddm | : | o
11 1) 824.1573667 MHz | -0.64 dam | Occ Bw | 73.2 kHz |
T2 1, 9824.2305667 MMz | 0.07 dam |
mz2) | 1] §24.152167 MHz | ~4.81 dém |
03| M2 1| 92,333 kHz | 0.87 &8 |
——
Middle Channel

®
F-z:]

Spectrum I
Ref Level 35.00 dBm  Offset 5.37 dB & RBW 2 kM2
b Att 40 dB WY Sms w VBW 10 kHz  Mode Sweep
@ 1Pk View
) mM2i1] -4.89 dBm
30 cam M1 B36.4459000 MHz
X~ Occ Bw 72.400000600 kM2
20 cam —
/ N Mi[1] 21.91 dBm|
10 gamy \\ 036.4882330 MHz
o I - ¥ Vi P
: 01 4090 dEm¥: L A S, A ,.'I R TPY R
o FT 1Y ¥, ‘\\Vfw
LV N\
) X v
-30 dém
-40 dBm
-50 d&dm
-60 dBm
CF 836.5 MH2 3000 pts Span 200.0 kHz
[Marker |
Type | Ref | Trc | X-value | Y-volue |__Function | Function Result |
M1 i 836.488233 MHz | 21.91 g&m | R | SO
T 1| 836.4573 MHz | -0.66d8m | Occ Bw | 73.4 kHz
T2 1| B36.5307 MHz | =0.11 dam |
M2l | 1] B36.4459 MHz | -4.89 cam |
_D3! M2 1) _99.133 kHz | -0.14 &a |
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Highest Channel

Spectrum I ‘?l
Ref Level 35.00 dém  Offset 5.37 dB &« RBW 2 kM2
o Att 40 dB SWT Sms w VBW 10 kHz  Mode Sweep

@ 1Pk View

o3[1] -0.35 db|
Mt 92,9300 kHz
20 dam r_l\ Occ Bw 73.333333333 kiz

y M1} 22.07 dém|
10 g&m A 840.7953000 Mz

. A \ =

0 dem - I s W \/‘f\\ LK
D1 <2,930 din ¥ v M=}

-10 d8m ) i W A B | L

i bl " e

Bm - -

30 gam

P

-30 d&m

-40 dim

-50 didm

-60 dim

CF 848.8 MHz 3000 pts Span 200.0 kHz
[Marker |
Type | Ref | Trc | X-value | Y-volue | Function | Function Result |
mi ! 848.7953 MHz | 22.07 dém | R | R ]
T1l £48.7573 MHz | -0.66 dam | oce Bw | 73.333322333 kHz
T2| £48.8306333 MHz | 0.14 dBm |
m2| | B48.752167 MHz | -4.82 dam |
D3] M2 _ 92,933 kHz | -0.45 a8 |

el i

12 Tones 15 kHz. /4 - QPSK MODULATION

Lowest Channel

®
=

Spectrum I

Ref Level 35,00 dBm  Offset 5.37 dB &« RBW S kM2
o Att 40 dB SWT 3ms w VBW 20 kHr  Mode Sweep
@ 1Pk View

o3[1] 0.11 dB
267.870 kHz
20 cam Rec Bw 191.066666667 kM2

1[1} 14.77 dBmny
10 d&m e o »,/--\N"\,\,\,/”\W/\_/\ 824.237670 Mz
0 gem /‘J/ ‘;;;\

MZ Il \/

:.lﬂ.ﬂﬁlﬂ:,:.l \'ij'zwo darn -ﬂ;\r\‘
20 dom<] N

-30 ogm

30 gam

-40 dim

-50 dam

-60 dim

CF 824.2 MHz 3000 pts Span 400.0 kHz
[Marker |
Type | Ref | Trc | X-value | Y-value | Function | Function Result |

M1 ‘ _824.23767 MHz | 14.77 dam | R | ENCTIIP P P ORI

£24.107133 MH: | 41968m | Occ Bw | 191.066666667 kHz |
B24.2982 MHz | -1.03 dam |
824.06527 MHz | -12.40 d&m |
267,87 kHz | 0.11c8 |

=
n
i

03] M2
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Middle Channel

Spectrum | [nA-j

Ref Level 35,00 dbm _ Offset ©.37 db & RBW & kHz

b ALL 40 dE SWT 3Ims w VBW 20 kH:  Mode Sweep
@ 1Pk View
GERN] 0.68 d8|
30 aam 257.070 kHz
20 dam frc By 190800000000 kHz
] %‘;’{[ﬂu\/\/ 14.70 dBm|
10 dan T oSO ‘\ 836.537530 MHz
0 dam ){ EEN
§ /\'J \ 2
A0.d8m—.- Mgy N s
E =01 -11 300 dam= |
/-gp}a.,v/"N Lo N
-30 d&m
-40 dém
50 dém
-60 d8m
CF 836.5 MHz 3000 pts Span 400.0 kHz
[marker 1
Type | Ref | Trc | X-value | v-value | Function | Function Result |
M1 1| B36.53753 MHz | le70cem | | |
11 1 836.407267 MHz | 4.22 ddm | Occ Bw | 190.8 kHz |
T2] 1] B836.598067 MMz | -1.28 dam |
M2 | 1 836.37647 MHz | -12.87 dam | ‘
03| M2 1| 257.07 kHz | 0.68 o8 | |
—— ———————
Highest Channel

®
=

Spectrum I
Ref Level 25.00 dBm Offset 6.37 d& » RBW 5 k2
o Att 40 ds  SWT 3ms w VAW 20 kiz  Mode Sweaep
@ 1Pk View
D3[1] 0.52 dB
30 gam 270,270 kHz
20 dam = 0:;:[ aw 191 '2000:31‘30'(‘1‘0(:::01
4.3 m
10 dam N T V‘-’\NK’V_\}\N\/V\ 848.803670 MHz
7 s
D gam /\j vk‘\/\
10 dAm—t, B, " e
01 -1w510 dibr v i{f\_
20, dem< e
-30 dim
-40 dBm
-50 ddm
-60 dém
CF 848.8 MHz 3000 pts Span 400.0 kHz
|marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result |‘
M1 |1 848.80367 MHz | 14,30 dém Syorwe|| VN
T1] 1] 848.707267 MHz | 4.46 dBm  Occ @w | 191.2 kHz
T2 |1 848.898467 MHz | -0.58 dBm .
m2| | 1 B48.66433 MHz | -13,24 dém
03| M2 1 _270.27 kHz | _0.52 db
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Spurious emissions at antenna terminals

SPECIFICATION:

FCC §2.1051 and §22.917
RSS-132. Clause 5.5.

FCC §90.543 (e) (2) (3) & (5):

(€)

For operations in the 758-768 MHz and the 788-798 MHz bands, the power of any emission outside

the licensee's frequency band(s) of operation shall be attenuated below the transmitter power (P) within the
licensed band(s) of operation, measured in watts, in accordance with the following:

FCC §90.691:

(2) On all frequencies between 769-775 MHz and 799-805 MHz, by a factor not less than 65 +
10 log (P) dB in a 6.25 kHz band segment, for mobile and portable stations.

3) On any frequency between 775-788 MHz, above 805 MHz, and below 758 MHz, by at least
43 + 10 log (P) dB.

(5) Compliance with the provisions of paragraph (e)(3) of this section is based on the use of
measurement instrumentation employing a resolution bandwidth of 100 kHz or greater. However, in
the 100 kHz bands immediately outside and adjacent to the frequency block, a resolution
bandwidth of 30 kHz may be employed.

(a) Out-of-band emission requirement shall apply only to the “outer” channels included in an EA license and
to spectrum adjacent to interior channels used by incumbent licensees. The emission limits are as follows:

(1) For any frequency removed from the EA licensee's frequency block by up to and including 37.5
kHz, the power of any emission shall be attenuated below the transmitter power (P) in watts by at
least 116 Log10(f/6.1) decibels or 50 + 10 Log10(P) decibels or 80 decibels, whichever is the
lesser attenuation, where f is the frequency removed from the center of the outer channel in the
block in kilohertz and where f is greater than 12.5 kHz.

(2) For any frequency removed from the EA licensee's frequency block greater than 37.5 kHz, the
power of any emission shall be attenuated below the transmitter power (P) in watts by at least 43 +
10Log10(P) decibels or 80 decibels, whichever is the lesser attenuation, where f is the frequency
removed from the center of the outer channel in the block in kilohertz and where f is greater than
37.5 kHz.

(b) When an emission outside of the authorized bandwidth causes harmful interference, the Commission
may, at its discretion, require greater attenuation than specified in this section.

METHOD:

The EUT RF output connector was connected to a spectrum analyser and to the Universal Radio Communication
tester R&S CMW500 (selecting maximum transmission power of the EUT and different modes of modulation) using
a 50 ohm attenuator and a power divider.

The spectrum was investigated from 9 kHz to 9 GHz for NBloT Band 5 and 26.

The reading of the spectrum analyser is corrected with the attenuation loss of connection between output terminal of
EUT and input of the spectrum analyser.

The configuration of tones and modulation which is the worst case for conducted power was used.
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TEST SETUP:

D DEKRA

Spectrum
— Analyser

Priner
EUT ——— Anenuar
devider

L
swply

RESULTS (see plots in next pages)

814-824MHz Band:

NBIoT BAND 26 (Tone 3.75 kHz. /2 - BPSK MODULATION)
1. CHANNEL: LOWEST

All peaks are more than 20 dB below the limit.

2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.

3. CHANNEL: HIGHEST
All peaks are more than 20 dB below the limit.

NBIoT BAND 26 (Tone 15 kHz. 11/2 - BPSK MODULATION)
1. CHANNEL: LOWEST

All peaks are more than 20 dB below the limit.
2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.
3. CHANNEL: HIGHEST

All peaks are more than 20 dB below the limit.
Cross-rule channel (824MHz):

NBIoT BAND 26 (Tone 3.75 kHz. /2 - BPSK MODULATION)
All peaks are more than 20 dB below the limit.
NBIoT BAND 26 (Tone 15 kHz. 1/2 - BPSK MODULATION)

All peaks are more than 20 dB below the limit.
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824-849MHz Band:

NBIoT BAND 5 (Tone 3.75 kHz. /2 - BPSK MODULATION)
1. CHANNEL: LOWEST

All peaks are more than 20 dB below the limit.

2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.

3. CHANNEL: HIGHEST
All peaks are more than 20 dB below the limit.

NBIoT BAND 5 (Tone 15 kHz. 11/2 - BPSK MODULATION)
1. CHANNEL: LOWEST

All peaks are more than 20 dB below the limit.
2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.
3. CHANNEL: HIGHEST

All peaks are more than 20 dB below the limit.

Measurement uncertainty (dB): <+ 2.76

Verdict: PASS
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814-824MHz Band:
NBIoT BAND 26 (Tone 3.75 kHz. 1/2 - BPSK MODULATION)
1. CHANNEL: LOWEST

Spectrum I

Ref Level 25.00 dBm Offset 6.37 dB & RBW 1 MHz
f At 30 dB & SWT 25 & VAW 2 MHz
@ 1Pk View

D

Mode Sween

20 cgamy

10 oy

O i

-10 dim

01 =12.000 dBmy

-20 dim

-30 dBm

-40 d

=50 dBm

=60 dim

=70 dim

Start 9.0 kHz

A0000 pts

Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.
2. CHANNEL: MIDDLE

&
== =

Ref Level 25.00 dBm Df-fSElt 6.37 di & RBW 1 MHz
fe ALL 30 dB & SWT 25 @ VBW 2 MHz
@ 1Pk ¥iew

Mode Swesn

20 dam

10

0 ey

=10 dim

=20 dBm

-30 ditm

=50 ditm

-60 ditm

-70 ditm

Start 9.0 kHz

A0000 pts Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.
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3. CHANNEL: HIGHEST

Spectrum

Ref Level 25.00 dBm Offset 6.37 d& & RBW 1 MHz
= ALt 30 dE & BWT 25 @ VBW 3 MHz  Mode Sweep

@ 1Pk View

20 cEamr

10 gy

0 g2m

-10 d&m

11 =12.000 dimrr

-20 dim

-30 dim

=50 dBm

=60 dim

=70 dim

Btart 9.0 kHz 30000 pts

Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.
NBIoT BAND 26 (Tone 15 kHz. /2 - BPSK MODULATION)

1. CHANNEL: LOWEST

Spectrum I

®
=

Ref Lewel 2500 dBm oOffset 6.37 di & RBW 1 MHz
e ALE 30 dB & SWT 25 & VYBW 3 MHz Mode Sweep

@ 1Pk View

20 gy

10 daamy

O o

=10 dim

01 =132.000 dBmr

-20 dim

-30 dim

-1 dRi

=50 dBm

=60 dBm

=70 dim

Start 9.0 kHz 30000 pts

Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.
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2. CHANNEL: MIDDLE

Spectrum I

Ref Level 25.00 dBm
p AR

30 dB & SWT

Offset 6.37 dB & RBW 1 MHz

25 & VBW 2 MHz Mode Sweepn

@ 1Pk View

20 dgamy

10 oy

O i

-10 dim

01 =12.000

-20 dBm

dBmr

-30 dim

-0 dB i

=50 dim

<60 dBm

<70 dim

Start 9.0 kHz

30000 pts Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.

3. CHANNEL: HIGHEST

Spectrum I

®
=

Ref Level 25.00 dBm
ho ALt

30 dB & SWT

oOffset 6.37 di & RBW 1 MHz

25 @ VBW 3 MHr  Mode Sweep

@ 1Pk View

20 iy

10 gy

O ol

=10 dim

-20 dim

01 =12.000 dBmr

=50 dBm

<60 dBm

=70 dim

Start 9.0 kHz

20000 pts Stop 9.0 GHz

Note: The peak above the limit is the carrier frequency.
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Cross-rule channel (824MHz):

NBIoT BAND 26 (Tone 3.75 kHz. 11/2 - BPSK MODULATION)

Spectrum

D DEKRA

D

Ref Level 25.00 dBm
p AR

Offset 6.37 dB & RBW 1 MHz

30 dB & SWT 25 & VBW 2 MHz Mode Sweep

@ 1Pk View

20 cgamy

10 oy

O oy

-10 dim

01 =12.000 dBmy

-20 dim

-30 dBm

=50 dBm

=60 dim

=70 dim

Start 9.0 kHz 30000 pts

Stop 9.0 GHz

NBIoT BAND 26 (Tone 15 kHz. 11/2 - BPSK MODULATION)

Spectrum I

®
=

Ref Lewel 25,00 dBm
e ALE

Offset 6.37 d& & RBW 1 MHz

30 dB & SWT <5 & VBW 3 MHz  Mode Sweep

@ 1Pk Yiew

20 diamr

10 oy

0 dBm

-10 dim

11 =132.000 dimry

-20 dim

-30 dim

-40 d

=50 dBm

=60 dim

=70 dim

Btart 9.0 kHz 30000 pts

Stop 9.0 GHz
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824-849MHz Band:

D DEKRA

NBIoT BAND 5 (Tone 3.75 kHz. 11/2 - BPSK MODULATION)

1. CHANNEL: LOWEST

Spectrum I

&

Ref Lewel 25,00 dBrm

offset 6.37 di & RBW 1 MHz

e ALE

@ 1Pk View

30 dB & BWT 25 & VBW 2 MHz

Mode Sweep

20 oy

10 ciamy

0 ciEm

-10 dim

01 -12.000 dBm

-20 dim

-30 dim

=50 dBm

=60 dBm

<70 dim

Start 9.0 kHz

0000 pts

Stop 10.0 GHz

Note: The peak above the limit is the carrier frequency.
2. CHANNEL: MIDDLE

Spectrum

®
=

Rel Level 25.00 dBm
pee Attt 30 dB &

Offset 6.37 d2 & RBW 1 MHz

HWT 25 @ VAW 3 MHz Mode Sweep

@ 1Pk View

20 gy

10 Ry

0 cEm

-10 QB

11 =13.000 dimr

-20 dBm

-30 dBin

-40 B

=50 dBi

=60 dBm

<70 dim

Btart 9.0 kHz 30000 pts

Stop 10.0 GHz

Note: The peak above the limit is the carrier frequency.
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3. CHANNEL: HIGHEST

Spectrum |

Ref Lewel 25.00 dBm
j AL

@ 1Pk Yiew

Offset 6,37 0B w RBW L MHz
0 dBE & SWT 2s & VBW 2 MH:z

Mode Swesp

20 dm

10

0 i

=10 dim

12,000 dBnr

=20 dim

-30 dim

-4 e

-50 dim

-60 dim

=70 dim

Start 9.0 kHz

30000 pts

Stop 10.0 GHz

Note: The peak above the limit
NBIoT BAND 26 (Tone 15 kHz. 11/2 - BPSK MODULATION)

1. CHANNEL: LOWEST

Spectrum I

is the carrier frequency.

®
=

Ref Lewel 25.00 dBm
= ALL

Offset 6.37 db & RBW 1 MHz
30 dB & SWT 2 F & YBW 3 MHz

Mode Sweep

@ 1Pk Vi

20 gy

10 iy

0 o'

-10 dBm

01 -12.000 dBmr

-20 dim

-30 dim

=50 dBm

<60 dBm

<F0 dBm

Btart 9.0 kHz A0000 pts

Stop 10.0 GHz

Note: The peak above the limit is the carrier frequency.
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2. CHANNEL: MIDDLE

Spectrum

Mélaga - Espafia

e At

Ref Level 25.00 dBm
30 dB & SWT

Offset 6.37 dB & RBW 1 MHz

25 & VBW 2 MHz Mode Sweepn

@ 1Pk View

20 dgamy

10 oy

O oy

-10 dim

01 =131

-20 dBm

100 dBmr

-30 dim

40

=50 dim

<60 dBm

<70 dim

Start 9.0 kHz

30000 pts

Stop 10.0 GHz

3. CHANNEL: HIGHEST

Spectrum

Note: The peak above the limit is the carrier frequency.

®
=

e AL 30

Ref Lewel 25.00 dBm

offset 6.37 db & RBW 1 MHz

db & BWT 25 @ VBW 3 MHr  Mode Sweep

@ 1Pk View

20 iy

10 2y

0 oo

=10 dim

-20 dim

01 -132.001

dBrm

-30 dBm

40 i

=50 dBm

=60 dBm

=T dim

Start 9.0 kHz

30000 prs

Stop 10.0 GHz

Note: The peak above the limit is the carrier frequency.
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Spurious emissions at antenna terminals at Block Edges

SPECIFICATION
FCC §2.1051 and §22.917
RSS-132. Clause 5.5.

The power of emissions shall be attenuated below the transmitter power (P) by a factor of at least 43 + 10 log (P)
dB. P in watts.

FCC 8§90.691. Emission mask requirements for EA-based systems. Out-of-band emission requirement shall apply
only to the “outer” channels included in an EA license and to spectrum adjacent to interior channels used by
incumbent licensees. The emission limits are as follows:

() For any frequency removed from the EA licensee's frequency block by up to and including 37.5 kHz, the power
of any emission shall be attenuated below the transmitter power (P) in watts by at least 116 Log10(f/6.1) decibels or
50 + 10 Log10(P) decibels or 80 decibels, whichever is the lesser attenuation, where f is the frequency removed from
the center of the outer channel in the block in kilohertz and where f is greater than 12.5 kHz.

(2) For any frequency removed from the EA licensee's frequency block greater than 37.5 kHz, the power of any
emission shall be attenuated below the transmitter power (P) in watts by at least 43 + 10Log10(P) decibels or 80
decibels, whichever is the lesser attenuation, where f is the frequency removed from the center of the outer channel
in the block in kilohertz and where f is greater than 37.5 kHz.

METHOD

The EUT RF output connector was connected to a spectrum analyser and to the Universal Radio Communication
tester R&S CMW500 (selecting maximum transmission power of the EUT and different modes of modulation) using
a 50 ohm attenuator and a power splitter.

The reading of the spectrum analyser is corrected with the attenuation loss of connection between output terminal of
EUT and input of the spectrum analyser.

The configuration of modulation which is the worst case for conducted power was used.

As indicated in FCC part 22, in the 1 MHz bands immediately outside and adjacent to the frequency block or band a
resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter
may be employed.

Measurement Limit:

According to specification. the power of emissions shall be attenuated below the transmitter power (P) by a factor of
at least 43 + 10 log (P) dB. P in watts.

At Po transmitting power. the specified minimum attenuation becomes 43+10log (Po). and the level in dBm relative
Po becomes:

Po (dBm) —[43 + 10 log (Po in mwatts) - 30] =- 13 dBm

TEST SETUP
Spectrum
— Analyser
T
EUT —— Antenuator —{ rvietr
Signalling
L Unit
=
Soply
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RESULTS (see plots in next pages)

824-849MHz Band:

NBloT Tone 3.75 kHz. /4 | Tone 15kHz. /2 - | 12 Tone 15kHz. T1/2 -
- QPSK Offset 0 BPSK Offset 0 BPSK Offset 0
MCS/TBS=3 MCS/TBS=0 MCS/TBS=0
Maximum measured -30.28 -31.27 -26.24

level at lowest Block
Edge at antenna port

(dBm)

NBIoT Tone 3.75 kHz. 1/4 | Tone 15kHz. /2 - | 12 Tone 15kHz. 1/2 -
- QPSK Offset 0 BPSK Offset 0 BPSK Offset 0

MCS/TBS=3 MCS/TBS=0 MCS/TBS=0

Maximum measured

level at highest Block -31.96 -39 -25.69

Edge at antenna port

(dBm)

Measurement uncertainty = £1.57 dB.
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814-824 MHz Band “EA MASK”.
NBIoT BAND 26 (Tone 3.75 kHz. /4 - QSK Offset 0)
Lowest Channel:

Spectrum @
Ref Level 2500 ¢3m OMset 16,37 a8 Mode Sweep
_SGL Count 10/10 GAT:[Fp
@ 1Rm AvgPwr {
20 kit Gheck | /,ﬁ \_\ M1i1] 24,44 0Bm)|
< 200 | 813912370 MHz
10 dam ol =

I N\
10 dim / \
R AN
i N

-0 dim
60 dam
-70 dim
CF 814,2 MHz 3000 pts Span 800.0 kHz
pectrum Emission Mask Standard: None
TX Power -~ T Bandwidth 3.840 MHz RBW 100.000 kHz
Range Low RangeUp | RBW | Frequency | Powerabs | PowerRel | Atimit |
—=00.000 kM2 | -237.500 kHz | 100,000 kHz | 813.96237 MHZ | ~4.60 dBm_| £5.66 dB | 8318
237500 kHz | -200.000 kHz | 300.000H:z | £13,99%87 MHz | 40 53 dam | 207248 | 2963dR
200000 kHz | 237500 kH: | 100.000kH: | B14.40013 MHz | 4024 d8m | 30.11¢8 70,24 dB
237.5900 kHz 400.000 kHz | 100.000 kHz | B814.43740 MHz | ~41.13 dém | 2922408 | <7113 dB

NBIoT BAND 26 (Tone 15 kHz. 11/2 - BPSK Offset 0 MODULATION)

Lowest Channel:

®

o
(Specum | SRSRREIN) (=]
Rof Lavel 25.00 d8m Offsat 1637 dB Moda Sweep
SGL Count 10/10 GAT:IFP
@ 1RM AvgPwr
20 d {mit Gheck Mif) -25.86 dBm
i 200 / \ 813,917100 MHz
10 dbm // N
4 \
0 dBrr L\
A
-10 dim - A%
20 dim y/ \\
-30 dBm .
/ N
dﬂdﬂ:‘/ BN
S0 dém-
-50 dBm
-70 dBm
CF 814,2 MHz 3000 pts Spon 600,0 kHz
|Spectrum Emission Mask Standard: None ‘
T Power —- Tx Bandwidth 3.840 MHz REBW 100.000 kHz
Rangetow | Rengeup | RBwW | __Frequency | Pawer Abs | Power Rel ALimit
~300.000 kHz | 237,500 kNZ | 100.000 FHZ | B13 96210 Mz | ©81dem | 5107 db 510 db
-237.500 kHz | -200.000 ¥Hz 300,000 Hz | 813,99933 MH2 -47 91 dBm | 9,97 9B -27 91 46
200.000 kHz 237,500 ¥kHz | 100.000 kHz 814,40067 MHz -41 06 dBm | 1582 96 -71.06 dB
237.500 kHz | 400,000 ¥Hz | 100.000 kHz 814.44003 MHz 4194 dBm | 19.93 dB 719448
-

: L ha’y - u ,ﬁ
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NBIoT BAND 26 (12 Tones 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Lowest Channel:

(Specrn | SN =
Ref Level 25.00 d2m  Offset 16,37 @2 Mode Sweep
SGL Count 10/10 GAT:IFP
@ 1Rm AvgPwr
20 {mit Gheck Mi[1] -25.84 dBm)|
<200 | ——— 812.912370 MHz
ihick // \\\
0 dem v ™
v N
<10 ddm \
-20 dBém -y/ oY
st P—
40 dBmy
-50 dBm w
-60 dBém
<70 damy
CF 814,2 MHz 3000 pts Span 800.0 kHz
|Spectrum Emission Mask Standard: None
T Power --- % Bandwidth 3.840 MHz RBW 100,000 kHz
Rangelow | RangeUp | RBW | Frequency | PowerAbs | PowerRel |  alimit |
200,000 kHz _ -237.500kHz 100,000 kHz | B13.95237 MHz -16.32 dem | 41.56 d8 | -3.32 08 |
.237.500 kK2 -200.000 kHz 300000 H2 | 813.99156 MHz 4547 dBm | 124168 254708 |
200000 kHz 237,500 kHz 100,000 kHz | B14.40013 MHz -£.70 dBm | 531608  -34,7008 |
237.500 kHz 400.000 kHz  100.000 kH2 81443763 MH2 -1546dBm | 42.42.dB -45.46 d8
gy
NBIoT BAND 26 (Tone 3.75 kHz. /2 - BPSK Offset 47 MODULATION)
Highest Channel:
Spectrum |'§'
Ref Level 2500 dém  Offset 16,37 dB Mode Sweep
SGL Count 10/10 GAT:IFP
1Rm AvgPwr
20 imit (heck )&[—Ll\ -74.88 dim
<201 / 824 087630 MHZ
10 dam A N

~
0 dam /
-10 dBm / P
A = -
20 dBm / \‘ =

+30 dBm =
il |
50 d&m T
60 dim "
-70 dBm
CF 823.8 MHz 3000 pts Span 800.0 kHz
|Spectrum Emission Mask Standard: None |
% Power --—- Tx Bandwidth 3.840 MHz RBW 100,000 kHz
Range low | Rongeup | REW | Froquency | PowerAbs | PowerRel | alimit |
-300,000 kHz | -237500kHz | 100000 kHz | 523,99783 MHz | -30.37 dbm 27,5108 | 60,37 d8 |
-237.500 kM2 | -200.000 kHz | 100.000 kHz | ©23.56317 MH2 | -33.68 dBm | 242008 |  -635808
200,000 kHz | 237,500 kHz 300,000Hz | 82400228 MHz | -49.92 dém | 7.95 08 -29.92 dé
237.500kH2 | 400.000kH2 | 100.000 kM2 B24.03763 MHz | -5.01 cam 52.87 dB_| 7.99 dB
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NBIoT BAND 26 (Tone 15 kHz. 1/4 - QPSK Offset 11 MODULATION)

Highest Channel:
Spectrum ‘?l
Ref Level 25.00 d2m  Offset 16.37 d8 Mode Sweep
SGL Count 10/10 GAT:IFP
@ 1Rm AvgPwr
20 imit (fhack . =25.00 dBm)|
<204 / 874, 087630 MHz,
10 dam A AN
Pl 5
I\
\ 11
N‘
00 dim
-70 dam
CF 823.8 MHz 3000 pts Span 8000 kHz
|Spectrum Emission Mask Standard: None
Tx Power --- Tx Bandwidth 3,840 MHz RBW 100,000 kHz
Rangetow | RengeUp | RBW | Frequency | PowerAbs | PowerRel |  aLimit |
-400.000 kHz -237 500 kHz 100,000 ¥Hz | B23 56077 MHz -29.55 dém | 28,3348 | -59.55d8 |
-237.500kHz  -200.000kHx = 100.000 kHz | 82359512 MMz -34.12 dBm | 23764d8 -64.12d8 |
200,000 kHz 237.500 kHz 300000 Hz | 82400013 MHz -47 67 dBm | 10.21 8 | -27.67 d8 |
237500 kMz  400.000 kMz  100.000 kHz | 82403763 MH2 £31ddm | 5157dB 5.60 dB_|

NBIoT BAND 26 (12 Tones 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Highest Channel:

®
=

Spectrum
Ref Level 25.00 d2m  Offset 16 .37 @2 Mode Sweep
SGL Count 10/10 GAT:IFP
@ 1RmM AvgPwr
20 lmit Gheck M) ~25.47 dBm
<200 | —— 024.087630 MMz
/ \
10 gam v =
0 gam Vd ™,
/ i
<10 dam /,
-20 dBém - ™I
nﬂ!ﬁ/ ==
-40 dBrr
-50 9B W
-60 dBm
~70 dam
CF 823.8 MHz 3000 pts Span 800.0 kHz
|Spectrum Emission Mask Standard: None
T% Power --- T Bondwidth 3.840 MHz RBW 100,000 kHz
Range Low | Rangeup | RBW | Frequency | PowerAbs | PowerRel |  aLimit |
200,000 kHz __ -237.500 kHz _ 100.000 kHz | 823.56210 MHz -16.30 dBm | 415708 | -46,3008 |
-237.500 kKz ~ -200.000 kHz = 100.000 kH2 | 82350960 MHz -5.27 d8m | 52.614d8 | -35.27 48 |
200000 kHz 237,500 kHz | 300.000Hz | ©24.00388 MHz 44,10 dem | 13.7608 | -24,1008 |
237.500 kHz 400.000 kHz  100.000 kH2 82403763 MHz -15.52 dBm 42,26 dB | 262 d8

Verdict: PASS
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824-849 MHz:

NBIoT BAND 5 (Tone 3.75 kHz. 11/2 - BPSK Offset 0 MODULATION)

Lowest Channel:

Spectrum I

SGL Count 20/20

Ref Level 30,00 dBrm Offset 637 d8 w RBW 5 khz
b ALL 35dB SWT 415 ms » VBW 20 kHz Mode Swesp

GAT:IFP

@ 1°m AvgPwr

20 dam

mM2[1] 13.74 dBm
B824.057000 MHz

10 cam

Mi[1] 30.20 dBm
823,973670 MHz

0 c8m

-10 dBm

-20 dém

00 dBrey

-30 dém

-40 dBm

50 I - -

|
F1

CF 824.0 MHz

[
3000 pts

Span 2.0 MHz

NBIoT BAND 5 (Tone 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Lowest Channel:

Spectrum I

Ref Level 30.00 dBm
b ALt 35 dB
SGL Count 20,20

Offset 5.37 dB & RBW & kM2

swWY 415 ms » VBW 20 kH:  Mode Sweep

GAT.IFP

® 1Rm AvgPwr

20 gam

M2i1) 14.52 dBm

024.079000 MH2

10 dam

M1j1} -31.27 dBm

8213.995000 MH2z

0 dam

1
|

-10 dim

{

20 dam

11 -13.000 dior

¥

-30 dam

'\ "

|
l
%

-40 dBém

-50 dém—i

CF 824.0 MHz

3000 pts

Span 2.0 MHz
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NBIoT BAND 5 (12 Tones 15 kHz. /4 - QPSK Offset 0 MODULATION)

Lowest Channel:

(Spactum ) (=)

Ref Level 20.00 dém Offset 6.37 d8 & RBW 5 k2

b Att 35d8  8SWT 415 ms w» VAW 20 kHzr Mode Swaep
SGL Count 20/20 GATIIFP

® 1Rm AvaPwr

M2[1) 13.15dBm
824.060330 MHz
Mi[1] -26.24 dBm
023.995000 MHz

20 oam

10 dam |

0 c&m

-10 dBm - - - * J

y—

-20 dBm

-30 dBm

-40 dBm

F1
|
CF 824.0 MHz 3000 pts

NBIoT BAND 5 (Tone 3.75 kHz. 11/2 - BPSK Offset 47 MODULATION)

Span 2.0 MHz

Highest Channel:

®
r— (=]

Ref Level 20,00 dém Offset 5.37 dB » RBW £ kM2

e Att 35dE SWY 415 ms = VBW 20 kH: Mode Sweep
SGL Count 20,20 GAT IFP

® 1Rm AvgPwr

M2i1] 15.80 dBm
840.096330 MH2
M1j1} -31.96 dBm
849.038330 MH2

20 ogm

e —

10 ¢am

0 gam

-10 dim . . :
01 -13.000 dior . r +
-20 d8m ‘

-30 dam

-40 gam—1t

! : 1 ]luu.
AL

CF 849.0 MHz 3000 pts Span 2.0 MHz
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NBIoT BAND 5 (Tone 15 kHz. 11/4 - QPSK Offset 11 MODULATION)

Highest Channel:

Spectrum I

Ref Level 30.00 dBm

D DEKRA

®

(o)

e At 35d8  8WT

® 1Rm AvgPwr

SGL Count 20,20 GATIFP

Offset 5.37 dBb » RBW £ kM2

415 ms = VBW 20 kHz

Mode Sweep

| ’
| &

10 ¢am

M2j1)

i M1}

13,57 dBm
840.768330 MH2
-39.00 dBrm
849.009670 MH2

0 gam

-10 dim

11 -13.000 dany

20 dam

-30 dam

-40 dBm—

CF 849.0 MHz

3000 pts

~Span 2.0 MHz_

NBIoT BAND 5 (12 Tones 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Highest Channel:

Spectrum I

Ref Level 20.00 dBm

®

—

[

e AtL 35d8  SWT
SGL Count 20/20 GATIIFP
@ 1Rm AvgPwr

Offset 6.37 d& » RBW 5 k2
41S ms w» VBW 20 kHz

Mode Sweaep

{ oH

M2[1)

mMi[1]

14.56 dBm
940.918330 MHz
-25.69 dBmy
049017670 MH2z

0 ca&m

-10 dBm
11 -13.000 dém

20 dim

-30 dBm

-40 dBm

CF 849.0 MHz

3000 pts

“Span 2.0 MHz
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Radiated emissions

SPECIFICATION

FCC § 22.917

RSS-132. Clause 5.5.

FCC §2.1051, §90.691

Emission mask requirements for EA-based systems.

For any frequency removed from the EA licensee's frequency block greater than 37.5 kHz, the power of any emission
shall be attenuated below the transmitter power (P) in watts by at least 43 + 10Log10(P) decibels or 80 decibels,
whichever is the lesser attenuation, where f is the frequency removed from the center of the outer channel in the
block in kilohertz and where f is greater than 37.5 kHz.

METHOD

The measurement was performed with the EUT inside an anechoic chamber. The spectrum was scanned from 30
MHz to at least the 10th harmonic of the highest frequency generated within the equipment.

The EUT was placed on a 1 meter high non-conductive stand at a 3 meter distance from the measuring antenna.

Detected emissions were maximized at each frequency by rotating the EUT and adjusting the measuring antenna
height and polarization. The maximum field strength (dBuV/m) is measured and recorded.

The maximum field strength (dBuV/m) of each detected emission at less than 20 dB respect to the limit is converted
to an equivalent EIRP level (dBm) according to ANSI C63.26 with the formula:

EIRP (dBm) = E (dBuV/m) + 20log(D) - 104.8; where D is the measurement distance (in the far field region) in m. D
=3m

Measurement Limit:

According to specification. the power of emissions shall be attenuated below the transmitter power (P) by a factor of
at least 43 + 10 log (P) dB. P in watts.

At Po transmitting power. the specified minimum attenuation becomes 43+10log (Po). and the level in dBm relative

Po becomes:

Po (dBm) —[43 + 10 log (Po in mwatts) - 30] = - 13 dBm
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TEST SETUP

Radiated measurements below 1 GHz.

ANECHOIC CHAMBER

B DEKRA

Measunng i 28 l:lo:ﬂting
Antenna e
s

/Device Under,

d | | | 3 mdistance ( Test \
- i iy
N \‘\ ‘/ \
AntennaMast ~ ,J\
| (Antennaheight variation: 1-4 m) .
Link antenna
Spectrum analyser
Signalling unit

Shielded Control RoomFor
Radiated Measurements

Radiated measurements above 1 GHz.

NN

Spectrum Analyser

Signzlling Unit
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RESULTS
814-824MHz Band:

Preliminary measurements determined that 1 tone of 3.75kHz (QPSK) as the worst case. The results in the next
tables shows the results for this configuration.

1. CHANNEL: LOWEST
Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

2. CHANNEL: MIDDLE
Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

3. CHANNEL: HIGHEST
Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

<+4.65 for f < 1GHz

Measurement uncertainty (dB) <+4.98 for > 1 GHz up to 10 GHz

Verdict: PASS
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824-849MHz Band:

Preliminary measurements determined that 1 tones of 3.75kHz (QPSK) as the worst case. The results in the next
tables shows the results for this configuration.

1. CHANNEL: LOWEST

Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

2. CHANNEL: MIDDLE

Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

3. CHANNEL: HIGHEST
Frequency range 30 MHz-1000 MHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Freqguency range 1 GHz-8.5 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

<+4.65 for f < 1GHz

Measurement uncertainty (dB) <+4.98 for > 1 GHz up to 10 GHz

Verdict: PASS
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814-824MHz Band:

FREQUENCY RANGE 30 MHz-1000 MHz.
CHANNEL: LOWEST

[=]
&
wel Loval -10000 d8s  Offser 2.5 30 e ERw 200 ke
it Uk ST 1o @ VAW I00kH:  Bods Gesss  Deput 1 AC
TOF
@10 i

AL D0 MHE ZHIE) s

Hiop 10 GH2

Note: The peak above the limit is the carrier frequency. The peak at 859MHz corresponds to the downlink signal

CHANNEL: MIDDLE

[
&
wel Loval -10.00 d8s D500 2,15 08 @ EBW 300 kN2
it Uk ST 1o @ VAW I00kH:  Bods Gesss  Deput 1 AC
TOF
10 e

FLHN H), 0 MHE

PO g5

0P 14 GHE

Note: The peak above the limit is the carrier frequency. The peak at 864MHz corresponds to the downlink signal
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CHANNEL: HIGHEST

: El (o=
Specrum () o !
Bl Lowel -30 00 den Ofiser 215 8 & NBW 105 b
e At o w SWT Lo VYW 200 bir  Made Swssp  Input & A0
er
8317 new
20 dam
22 din
-«
[
[
5 drer
7 2w
=
FUart 30,0 M : 0800 pts BLap 1.0 GHz

Note: The peak above the limit is the carrier frequency. The peak at 869MHz corresponds to the downlink signal
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FREQUENCY RANGE 1 GHz to 8.5 GHz.

CHANNEL: LOWEST

Hultiview = Spactrum

-

Raf Lewsl 0,00 dim = QRIW ] Hz
- ALE Cak = SWT 1w = WAW 53 0H:  Wode Swsap
TOF "dE11 EriA_ETRF 3" "5T05 _ampkller 57 3L _CABLE _tm" "6701 _CABLE G "3354 L GHT HFF

=10 dibr-

20 dier 1l
=2 dile
40 diry B

=E

-5a) o

B0 GHz 30000 pies FEOLO T2 B.5 GHzZ
et ——

CHANNEL: MIDDLE

&
Hultiview = Spectrum -

Raf Level 0,00 d8m = AW ] Hz
= AL 1 df - le= WAW 30H:  Mode Swesp
TOF "dE11 E "S5 _Ampkler 5721 _COBLE Lm" "€701 CARLE 5™ "d354 1 CGHr HFF

=10 dibr-

0 dier 1

-5 diir

#0 diry

-8
-5 b
L0 GHz 30000 pes FEOLODRH2 B.5 GH2
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CHANNEL: HIGHEST

HultiView * Spectium

-

Rnf Lewnl 0.00 d8m = REW ] FHz
= ALt OdE & SWT | p® WAW 3H:  MWode Sweap
TOF "dE11 e ERF Zm” "5T05 Ampklier™"57 21 _COBLE _Lm™ "€701 CABLE Sm”."d354 1CGHz HFF

=10 dibr-

=2 dile

40 diry

=E0) Bs
-5a) o
B0 GHZ 0000 prs FEOLO T2 B GHZ
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824-849MHz Band:
FREQUENCY RANGE 30 MHz-1000 MHz.
CHANNEL: LOWEST

D DEKRA

Level in dBm

30M 50 60 80 100M 200 300 400 500 800 1G
Frequency inHz
Preview Result 1H-PK+ Preview Result 1V-PK+
FCC2 L 2 Final _Result PK+
Note: The peak above the limit is the carrier frequency.
CHANNEL: MIDDLE
30T
20T
0_-
&
o 4 EQC 22
= 207
[
>
3 4
-
40+
601
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency inHz

Preview Result 1H-PK+
FCC 22

Preview Result 1V-PK+
L 2 Final_Result PK+

Note: The peak above the limit is the carrier frequency. The peak at 882MHz corresponds to the downlink signal
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CHANNEL: HIGHEST

> DEKRA

20T

Level in dBm

Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+
FCC2 L 2 Final_Result PK+

Note: The peak above the limit is the carrier frequency.

FREQUENCY RANGE 1 GHz to 8.5 GHz.
CHANNEL: LOWEST

FCC 22

Level in dBm

Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+
—— FCC2 L 2 Final_Result PK+
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CHANNEL: MIDDLE

FCC 22

Level in dBm

Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+
FCC2 L 2 Final_Result PK+

CHANNEL: HIGHEST

FCC 22

Level in dBm

Frequency in Hz

Preview Result 1H-PK+ Preview Result 1V-PK+
—— FCC2 L 2 Final_Result PK+
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Appendix B: Test results for FCC Part

24 | RSS-133
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Power supply (V):
Vnominal = 3.8 Vdc

TEST CONDITIONS

Type of power supply = DC Voltage from external power supply

Type of antenna = External antenna.

Declared Gain for antenna = +2.15 dBi.

TEST FREQUENCIES:

NBIoT. 11/2 - BPSK AND 11/4 - QPSK MODULATION (BAND 2)

Channel (Frequency. MHz)
Lowest Middle Highest
18602 18900 19198

(1850.2) (1880) (1909.8)

D DEKRA

NOTE: Band 2 is completely included in band 25. so the channels of band 25 were tested to give conformity to the

assigned block.

NBIoT. 11/2 - BPSK AND T1/4 - QPSK MODULATION (BAND 25)

Channel (Frequency. MHz)
Lowest Middle Highest
26042 26365 26688

(1850.2) (1882.5) (1914.8)
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RF Output Power

SPECIFICATION
FCC §2.1046 and §24.232

Mobile/portable stations are limited to 2 Watts (33 dBm) Effective Isotropic Radiated Power (E.I.R.P.).
The peak-to-average ratio (PAR) of the transmission shall not exceed 13 dB.

RSS-133. Clause 6.4.

The peak-to-average power ratio (PAPR) shall not exceed 13 dB for more than 0.1% of the time using a signal
corresponding to the highest PAPR during periods of continuous transmission.

METHOD

The conducted RF output power measurements were made at the RF output terminals of the EUT using the power
meter of the Universal Radio Communication tester R&S CMW500. selecting maximum transmission power of the
EUT and different modes of modulation.

The maximum equivalent isotropically radiated power (e.i.r.p.) is calculated by adding the declared maximum antenna
gain (dBi).

The EUT was controlled via the Universal Radio Communication tester R&S CMW500 selecting maximum
transmission power of the EUT and different modes of modulation.

TEST SETUP

Conducted average power.

Signalling unit
with Power meter

EUT

Peak-to-average power ratio (PAPR)

Spectrum
— Analyser
Prwer
EUT ——— Attenuator
davider
Signalling
L Unit
R
suoply

RESULTS
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NBIoT. BAND 2.
Freq. - BW Num. [ Offset Average PAPR (dB
cn (MHCL) Modulation | 117y | tone | Tone | Power (ngm) e
3.75 1 0 22.59 *
/2 - BPSK 1 47 22.56 *)
1 0 22.16 *)
v 1 11 22.14 *)
3.75 1 0 22.81 *
26042 | 1850.2 1 47 22.61 *)
1 0 22.08 *)
1 11 22.05 *)
/4 - QPSK 3 0 21.6 4.19
15 3 6 21.56 4.21
6 0 21.15 5.94
6 6 21.16 5.96
12 0 20.6 6.15
3.75 1 0 22.7 *)
/2 - BPSK 1 47 22.69 *)
1 0 22.54 *
v 1 11 22.43 *)
3.75 1 0 22.75 *)
26365 | 18825 1 47 22.74 *)
1 0 22.39 *)
1 11 22.36 *)
/4 - QPSK 3 0 21.94 4.18
15 3 6 22.26 413
6 0 21.37 5.91
6 6 21.33 5.86
12 0 20.71 6.12
3.75 1 0 22,45 *)
/2 - BPSK 1 47 22,48 *)
1 0 22.12 *
v 1 11 22.1 *)
3.75 1 0 22.78 *)
26688 | 1914.8 1 47 22.52 *)
1 0 22.04 (*
1 11 21.99 *)
/4 - QPSK 3 0 21.57 4.13
15 3 6 21.94 4.03
6 0 21.11 5.84
6 6 21.1 5.83
12 0 20.54 6.07

(*): Preliminary measurements determined that 3. 6 or 12 tones of 15kHz as the worst case. The results in the next
tables shows the results for this configuration.
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NBloT. BAND 25.

Freg. : BW Num. | Offset Average PAPR (dB
cn (MHCL) Modulation | 117y | tone | Tone | Power (ngm) e
3.75 1 0 22.46 *)
/2 - BPSK 1 47 22.47 *)
1 0 21.52 *)
-~ 1 11 21.48 *)
3.75 1 0 22.52 *)
26042 1850.2 1 47 22.74 *)
1 0 21.4 *)
1 11 21.36 *)
/4 - QPSK 3 0 20.91 4.23
15 3 6 21.95 4.24
6 0 21.16 5.98
6 6 21.18 6.03
12 0 20.62 6.35
3.75 1 0 22.74 *)
/2 - BPSK 1 47 22.76 *)
1 0 22.4 *)
-~ 1 11 22.43 *)
3.75 1 0 22.79 *)
26365 | 18825 1 47 22.8 *)
1 0 22.42 *)
1 11 22.41 *)
/4 - QPSK 3 0 21.94 417
15 3 6 22.28 4.14
6 0 21.32 59
6 6 21.35 5.83
12 0 20.74 6.41
3.75 1 0 22.7 *)
/2 - BPSK 1 47 22.69 *)
1 0 21.46 *)
15 1 11 21.4 *)
3.75 1 0 22.72 *)
26688 | 1914.8 1 47 22.8 *)
1 0 21.38 *
1 11 21.33 *)
/4 - QPSK 3 0 20.91 4.12
15 3 6 21.31 4.08
6 0 20.45 5.82
6 6 20.45 5.69
12 0 19.87 6.27

(*): Preliminary measurements determined that 3. 6 or 12 tones of 15kHz as the worst case. The results in the next
tables shows the results for this configuration.
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D DEKRA

NBloT BAND 2.
Channel Measured maximum Maximum Maximum equivalent Maximum
average power (dBm) declared isotropically radiated | effective radiated
at antenna port antenna gain | power (E.l.R.P.) (dBm) power E.R.P.
(dBi) (dBm)
Lowest 22.81 2.15 24.96 22.81
Middle 22.75 2.15 24.90 22.75
Highest 22.78 2.15 24.93 22.78
Measurement
uncertainty (dB) <+0.941
NBloT BAND 25.
Channel Measured maximum Maximum Maximum equivalent Maximum
average power (dBm) declared isotropically radiated | effective radiated
at antenna port antenna gain | power (E.l.R.P.) (dBm) power E.R.P.
(dBi) (dBm)
Lowest 22.74 2.15 24.89 22.74
Middle 22.80 2.15 24.95 22.80
Highest 22.80 2.15 24.95 22.80
Measurement
uncertainty (dB) <+0.941
Verdict: PASS
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PEAK-TO-AVERAGE POWER RATIO (PAPR).

NBIoT BAND 2.

B DEKRA

Preliminary measurements determined that 12 tones of 15kHz as the worst case. The results in the next tables

shows the results for this configuration.

Channel Low:

Fet U 4En A 20 o8 AQT 5 nn
[r——tdapr 4l de ’
0.1 "kﬁ\ ['a ]
\ pEL
‘ ool ‘ | \‘
| s
}=15-2 t ! £
e | | R
Center 11,3542 UH: Lk Mean Pur + § 45
Conplesmntary Cunulative Diatributiosn Function
HOF samples: 100000, Usable BW: 11,0
Trace 1
Mean 20.65 dBm
Peak 27.29 dBm
Crest 6.64 dB
10 % 2.59 dB
1 3 4.85 dB
-1 % 6.15 dB
.01 % 6.60 dB
Channel Middle:
KEM 1O Mz
wt 0 ann ALl ik AT 6 r
ikl 11,605
0.1 MR% !B
\ aae
- 1E- \
b L4
=155
Center 1,90 Giiz 1 4B Me Pwr iE

Conplomentary Cumnlative Distribution Fumction
NOF samples: 100000, Usable EW: 11, 2MHe

Trace 1
Mean 20.44 dBm
Peak 27.00 dBm
Crest 6.57 dB
10 % 2.62 dB
1l % 4.87 dB
P Ul 6.12 dB
.01 % 6.48 dB
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Channel High:

Cunter 1,9090 GR: o/ Mean Per 4+ 4 25

Conplemsentary Cumulative Distributiom Function
HO¥ sasples: 100000, Usable BN: 11 2MMa

Trace 1
Mean 20.53 dBm
Peak 27.04 dBm
Crest 6.51 dB

10 = 2.64 dB

1 % 4.390 dB
-1 % €.07 dB
.01 % 6.42 dB

NBIoT BAND 25.

Preliminary measurements determined that 12 tones of 15kHz as the worst case. The results in the next tables
shows the results for this configuration.

Channel Low:

nbM 10 ME
Emt 30 dip Attt 20 dp AT "
>Efalt  11.4] =8 ’

Cwnter 1,5502 iz 1 4§ Woan Pwr 4 10 o8

Conplementary Cumulative Distribution Fumctlion
HOY¥ sasples: 100000, Usable HW: 11 2MM:

Trace 1
Mean 20.58 dBm
Peak 27.36 dBm
Crest 6.78 dB

10 % 2.69 dB

1 % 5.03 dB
ol B 6£.35 dB
+01 3 6.70 dB
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Channel Middle:

Channel High:

noM 30 M
Fet 30 din satt 20 dp AZT €.2% 1
D T E
\\-‘Ni
i1 — ]
\

=001

\ 03
152 N LV

)

=108
Cwnter 1,6835 Gz 1 4B/ Moan Pwr 4 10 o
Conplementary Cumulative Distribution Function
HOY¥ sasples: 100000, Usable HW: 11 2MM:
Trace 1
Mean 20.33 dBm
Peak 27.01 dBm
Crest 6.69 dB
10 % 2.68 dB
1 % 5.10 dB
odr B 6.41 dB
+01 3 6.57 dB
mEW 10 Mie
Fet U Bn *Att 0 dp AQT 6.2%
Cfiapt 1.6/ d8
s e il .
\ I:::L
Rt
=152 Sy e
=~ 1E-4 \
=184
Center 1,514 UA:2 1 an/ Mean Pur < 10 ok

Conplesmntary Cunulative Diatributios Function
HOF samples: 100000, Usable BW: 11.0MHz

Trace 1
Mean 20.57 dBm
Peak 27.13 dBm
Crest 6.56 dB

10 % 2.68 dB
1 3 5.02 dB
-1 % 6.27 dB
.01 % 6.46 dB
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Frequency Stability

SPECIFICATION:

FCC 8§2.1055 and §24.235. The frequency stability shall be sufficient to ensure that the fundamental emission stays
within the authorized frequency block.

RSS-133. Clause 6.3. The carrier frequency shall not depart from the reference frequency in excess of £2.5
ppm for mobile stations.

METHOD:

The frequency tolerance measurements over temperature variations were made over the temperature range of
—30°C to +50°C. The EUT was placed inside a climatic chamber and the temperature was raised hourly in 10°C
steps from —30°C up to +50°C.

The supply voltage was varied between 85% and 115% of nominal voltage.

The EUT was set in “Radio Resource Control (RRC) mode” in the middle channel using the Universal Radio
Communication tester R&S CMW500 and the maximum frequency error was measured using the built-in
calibrated frequency meter.

The worst case LTE mode for conducted power was used for the test.

In order to check that the frequency stability is sufficient such that the fundamental emissions stay within the
authorized bands of operation, a reference point is established at the applicable unwanted emissions limit using
a RBW equal to the RBW required by the unwanted emissions specification of the applicable regulatory
standard. These reference points measured using the lowest and highest channel of operation are identified as
fL and fH respectively. The worst-case frequency offset determined in the above methods is added or subtracted
from the values of fL and fH to check that the resulting frequencies remain within the band.

The reference point measurements were made at the RF output terminals of the EUT using an attenuator. power

splitter and spectrum analyser. The EUT was controlled via the Universal Radio Communication tester R&S
CMW500 selecting maximum transmission power of the EUT and different modes of modulation.
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TEST SETUP:

1. Frequency Tolerance:

Temperature Chamber

EUT

Antenna
Conector

3. Reference Frequency Points fL and fH:

Altenuator

B DEKRA

Signalling unit
Attenuator with frequency
{optional) meter

v

Spectrum
— Analyser

Signalling
L Unit
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RESULTS:

Frequency stability over temperature variations.

NBIoT Band 25. /4 - QPSK modulation. 1 tone 3.75 kHz. Channel: 1882.5 MHz.

Temperature (°C) | Frequency Error (Hz) | Frequency Error (ppm)
+50 3.81 0.002023904
+40 5.21 0.002767596
+30 4.32 0.002294821
+20 4.73 0.002512616
+10 4.96 0.002634794

0 5.61 0.00298008
-10 -1.02 -0.000541833
-20 -0.58 -0.000308101
-30 1.9 0.001009296

Measurement uncertainty(Hz) <222

Frequency stability over voltage variations.

Battery Supply Voltage (V) | Frequency Error (Hz) Frequency Error
voltage (Ppm)
Vmax 4.2 5.88 0.003123506
Vmin 3.2 -4.48 -0.002379814

Points established at the applicable unwanted emissions limit (worst case):

fL (MHz) 1850.0510

fH (MHz) 1914.9450

The reference frequency points fL and fH stay within the authorized blocks for all the bands above.

fL (MHz) 1850.050991

fH (MHz) 1914.945004

Verdict: PASS
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Modulation Characteristics

SPECIFICATION:

FCC §2.1047

RSS-133. Clause 6.2. Equipment certified under this standard shall use digital modulation.
METHOD:

For NBloT the EUT operates with 11/2 - BPSK and 11/4 - QPSK modulation modes in which the information is digitised
and coded into a bit stream.

TEST SETUP:
Spectrum
— Analyser
Priner
—— Altenuator
T | — L
Signalling
L Unit
e
suoply
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RESULTS:

The following plots show the modulation schemes in the EUT.

NBloT MODULATION (Band 25). n/2 - BPSK.

Spoctrum I

je A1 2 me s
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20 08y
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LE 7D iy
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Spoctrum |

NBIoT MODULATION (Band 25). /4 - QPSK.

—
e
&
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EI}O Chrw
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th e w VBW 20w

i}
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Occupied Bandwidth

SPECIFICATION:

FCC §2.1049. Measurements required: Occupied bandwidth.

RSS-Gen Clause 6.7.

METHOD:

The occupied bandwidth measurement was performed at the output terminals of the EUT using an attenuator. power
splitter and spectrum analyser. The EUT was controlled via the Universal Radio Communication tester R&S CMW500
selecting maximum transmission power of the EUT and different modes of modulation. The 99% occupied bandwidth
and the -26 dBc bandwidth were measured directly using the built-in bandwidth measuring option of spectrum
analyser.

TEST SETUP:

Spectrum
— Analyser
Prwer
EUT ——— Attenuator
davider
Signalling
L Unit
R
suoply
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NBloT BAND 25.

Tone 3.75 kHz. /2 - BPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 46.333 46.700 48.666

-26 dBc bandwidth (kHz) 42.467 43.133 43.067
Measurement uncertainty (kHz) <+0.27

Tone 3.75 kHz. /4 - QPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 48.260 49.467 49.067

-26 dBc bandwidth (kHz) 42.600 43.200 42.867
Measurement uncertainty (kHz) <+0.27

Tone 15 kHz. 11/2 - BPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 74.583 78.600 80.933

-26 dBc bandwidth (kHz) 99.250 93.467 101.748
Measurement uncertainty (kHz) <+0.28

12 Tones 15 kHz. /4 - QPSK MODULATION

Channel Lowest Middle Highest

99% Occupied bandwidth (kHz) 187.600 187.333 187.467

-26 dBc bandwidth (kHz) 268.300 295.160 268.930
Measurement uncertainty (kHz) <+0.65
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RESULTS:
NBIoT BAND 25.

Tone 3.75 kHz. /2 - BPSK MODULATION

Lowest Channel

> DEKRA
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Middle Channel

Spectrum I
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Function Result |

47.5 kHz
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Highest Channel

Ref Level 25.00 dBm Offset 6.55 d8 & RBW 2 k2

Att 40 dB SWT Sms w VAW 10 kHz  Mode Sweaep
ll®@ 1Pk view
Do[1] 0.47 0B
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T2 1 19148210 Ghz | -£.68 dBm
M2 |1 1.8147753 GHz | -4.75 dbm
D3] M2 1 _43.067 kHz | -0.47 db
Tone 3.75 kHz. 1/4 - QPSK MODULATION
Lowest Channel
‘unl
O
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T2 1 1.8502215 GHz | -4.55 dBm ,
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D3] M2 1 42.6 kHz | -0.55 db
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Middle Channel

Fr—— (=]

Ref Level 25.00 dBrm Offset 6.55 d8 & RBW 2 kk2
o Att 40 dB SWT Sms w VBW 10 kHr  Mode Sweaep
@ 1Pk View

M2[1] “3.17 dBm)
30 cam ™1 1.BH23 757000 GHz
20 doin P Oce Bw 49.466666667 kHz

/ M1[1] 22.83 dim
10 gam X 1.8024975000 GHz

S
0 gam raeo oS \\"-

o1 -3.170 dbm —7 R

-10 d&ém

-20 dg,

-30 dBém

-40 dim

-50 dBm

-60 dém

CF 1.8825 GHz 3000 pts Span 200.0 kHz
|marker

Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M1 _.1.8824075 GHz | 22.83 dbm Ry | s 5
1 1.882472633 GHz | ~4.07 dBm Oce 8w | 40466665557 kH
T2 1.8825221 GHz | -5.72 dBm
M2/ 1,8824757 GHz | -4,17 dbm
03 M2 1] 432 kHz|  -0.70db

e e

Highest Channel

®
o =)

Ref Level 35,00 dBm  Offset 6 55 B w RBW 2 k=
b AL 40 dB SWT Sms » VBW 10 kiz  Mode Swasp
@ 1Pk View

D3[1] 0.19 d8|

oo M1 $2.8670 kHz
20 cBm Occ Bw 49.060666066607 kHZ|
/ Mi[1] 22.91 dBm
1.9147975000 GHz

10 gam

(8
4
o aala? e L
01 -3.090 dbr — - - .
1 -2.090 dBm ,\r-/‘?\r“{

-10 dém o -
\PAW /\\‘\'\"\/
'80 dg}"-l 'A/\IN V\AA

~30 dBm

"0 dBl’l

50 dim

-60 dBm

CF 1,9148 GHz 3000 pts Span 200.0 kHz
[marker
Type | Ref | Tre | X-value |___Y-value | Function | Function Result |
M1 1,9147975 GHz | 22.91 d6m__ o | ST
LRy _1.9147729 GHz | =4.38 dBm__ Occ Bw | 49.066666667 kHz
12| 1.314821967 GHz | -£.54 dBrm
M2, | 1.914775633 GHz | -4.46 dBm
D3| M2 42.867 kHz 0.19 d6

RIS P
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Tone 15 kHz. 11/2 - BPSK MODULATION

Lowest Channel

®
=

Ref Level 25.00 dBm Offset 6.55 d8 & RBW 2 k2

Att 40d8 SWT 6.3 ms & VBW 10 kHr  Mode Swaep
ll® 1Pk view
Da[1] -0.66 0D
30 B 09,2500 kiHz|
20 dam M1 Occ Bw 74.503333339 kMHz
o mM1[1] 18.00 dAm|
10 98m v \..\ 1.8501078750 GHz
roy =4 { A
D dom + -
mz|. % >
T dem—lo1 -.000 dem——=X ?/J’& [’ \I V ivxr\'l frmia!
-20 dBém h/\/’ 11\///\‘,[" \ \/ '} \\;\‘\1 /
Vad
At b, ~
-40 dBn
-50 dBm
-60 d&m
CF 1.8502 GHz 3000 pts Span 250.0 kHz
|marker
Type | Ref | Trc | X-vaolue | v-volue | Function | Function Result |
M1 1, 1.850187875 GHz | 18.00 dém e | ]
T1 1 1.850156208 GHz | ~4.86 dBm Occ 8w | 74.583333333 kHz
T2 1 1.850230792 GHz | -5.59 dBm .
M2, |1 1.850145375 GHz | -8,50 dém |
__ D3 M2 1 99.25kHz | -0.66d6
Middle Channel
o
N
Ref Level 25.00 dBrm  Offset 6.55 d2 w RBW 2 ki
Att 40 dB SWT Sms w VBW 10 kHr  Mode Swaep
ll® 1Pk View
D3[1] 0.13 dB
30 damy L Na.A6 70 kHz
20 B . Oce Bw 78.600000000 kMz
/ N M1[1] 21.93 dBm
10 dam o 1.8024945000 CHz
0 e nl ) K ool
——1lo1 4.070 dBm—y—{tF A ¥ A T
P - W U2
\ /" 7 Y AV} v \/'\,\
o m Y v\"w‘v\_
-30 dim
-40 dBmn
-50 dBm
-60 d&m
CF 1.8825 GHz 3000 pts Span 200.0 kHz
|marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result I
M1 |1 _.1.8824949 GHz | 21,93 dém EpeyTan| | PSSl
T | 1] 1892455433 GHz | -0.91 dBm Occ 8w | 78.5 kHz
T2 [ 1.882534033 GHz | 11,12 dBm .
M2/ |1 1,8824513 GHz | -5.22 dbm |
__03 M2 1] 93.467kHz | 0.13d6
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Highest Channel

Spectrum I |?
Ref Level 35,00 0B OffSet 655 02 w RBW 2 khz
b AL 40 dB SWT Sms w VBW 10 k2  Mode Swesp
@ 1Pk View
n3[1] -0.72 d8
— A 101,7480 kHz
20 dam a X Ooc Bw 80.933333339 kHz
2N mi[1] 22.04 dBm
10 dam -4 S - 1.9147948000 GHz
1| | W e 4l
0 c&m [V W d 1[} A =
01 -2.960 rﬂm—\l"’fl v R v N \ T
-10 dém T \/ ‘\Vm
NV T
20 Apm T
-30 dBm
-40 dém
50 dim
.60 dBm
CF 1,9148 GHz 3000 pts Span 200.0 kHz
|Marker |
Type | Ref | Trc | X-value Y-value | Function | Function Result |l
M1 1] 1,9147940 GHz | 22,04 dém | ) |
T1 1] 1.914755033 GHz | -0.52 dBm Occ 8w | 80.933333333 kHz |
T2 1 1.914835967 GHz | -3.52 dBm :
M2 1 1.914743285 GHz | 5,10 dBm |
03, M2 1] 101.748 kHz -0.72 dB |
12 Tones 15 kHz. /4 - QPSK MODULATION
Lowest Channel
Spectrum 2 {Eﬂ [?]
Ref Lewel 3500 dim  Offset 16.65 dB = RBW 5 kHzZ
Att IC B EWT Zms @ VAW 20 kH:  Mode Sweep
@ 1Pk View
Daril 0.11 db
A0 dem 268,300 kHz
o0 dBm O B 187600000000 kH:
1] 12.94 dBm
10 dBm S o e Ny T ~ 1.B50238070 GHz
I?'/ e
0 dBm ,\/’\) it
10 dBm e E;u e Mo
Ul =13 [h1} b
-
-20 dBrm 'U‘_\\ﬁ\'w"f""'"\m_,
ELE
-40 dBm
-50 dBm
<60 dBm
CF 1.0502 GHz 000 pts Span 400.0 kHz
| Marker
Type | Bef | Trc | % -valug | ¥-walus | Functinn | Function Result |
M1 1 1.85023807 GHz | 12.94 dBm | | |
T1| 1 1.850105933 GHz | 1.92 dBm | Oce Bw | 157.6 khz |
T2| 1 1.850293533 GHz | 1.47 dim |
Mz [ 1 1.BEO0GE74 GHz | -13.17 dim |
W] Mz 1 268,13 kHz 0.11 di
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Middle Channel

Spectrum 2 @] "?I
Ref Level 35.00 dém Offset 16,65 dE w RBW S kHz
AlL 35dB  SWT 2ms w VBW 20 kHz Mode Sweep
® 1Pk View
p3[1] 0.06 (8
b 298.160 kHz
& Occ Bw 187.333333333 kH:2
20 dém M1
1omi) 14.16 d8m
10 dBm //\-—-u-»./ P s NN N e N A 1.882522300 GHz
0dBm /\/} \\
-10 dBm s ,.JA‘ Y4 53
" , 1)11714'1'.0) dBm Vala'S .
-20 dbm = oo
Ny~
<30 dém
~40 dBm
-50 dBm
-60 dBm
CF 1.8825 GH2z 3000 pts Span 400.0 kHz
|Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 1.86252233 GHz | 13.16 dom | _ ]
1 1 1,882405933 GHz | 1.02 dém | Occ Bw | 187.333333333 kiHz |
T2 1 1.882593267 GHz | 2.02 dBm |
M2 I 180235196 GHz | -15.05 dBm |
D3 M2 1 285,16 kiz 0.06 db
Highest Channel

®
(=)

Spactrum 2 IIEI]
Ref Lewel 35.00 dBm Offset 16,65 dB & RBW & kHz

Al FE dB BWT 2ms @ VAW 20 kHz  Mode Swesp
& 1Pk View

D3[1] -0,09 dB|
30 dem 268,930 kHz
2
10 dBm 'menﬁ,ﬁ\ L B 1914822470 GHz

T?'.,/ —/'\..c"“"\,H §

O dém

-10 dBm L ,\)/V v \"ﬁ'

-12.6%0 dBm W
Cal

-20 dBm=—— "'/‘-\fxvﬂ\vn\

=30 dBm

=4 dBm

-50 dBm

-60 dBm

GCF 1.9148 GHz annn pts Span 400.0 kHz

| Marker
Type | Ref | Trc | ®-value | ¥-valua | Function | Function Result |

M1 1 191482247 GHz | 13.11 dBm | |
1 1 1014706067 GHz | 2.43 dBm | Dcc Bw | 187, 466666667 kHz |
Tz 1 1914893522 GHz | 1.51 dlim |
Mz 1] 10146654 GHz | -13.02 dim |
[ne] M2 1 268.93 kHz =0.0%9 di
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Spurious emissions at antenna terminals

SPECIFICATION:

FCC §2.1051 and §24.238. RSS-133. Clause 6.5.

The power of emissions shall be attenuated below the transmitter power (P) by a factor of at least 43 + 10 log (P)
dB. P in watts.

At Po transmitting power, the specified minimum attenuation becomes 43+10 log (Po), and the level in dBm relative
Po becomes:

Po (dBm) —[43 + 10 log (Po in mwatts) - 30] =-13 dBm.

METHOD:

The EUT RF output connector was connected to a spectrum analyser and to the Universal Radio Communication
tester R&S CMW500 (selecting maximum transmission power of the EUT and different modes of modulation) using
a 50 ohm attenuator and a power divider.

The spectrum was investigated from 9 kHz to 9 GHz for NBloT Band 5 and 26.

The reading of the spectrum analyser is corrected with the attenuation loss of connection between output terminal of
EUT and input of the spectrum analyser.

The configuration of tones and modulation which is the worst case for conducted power was used.

Measurement Limit:

According to specification. the power of emissions shall be attenuated below the transmitter power (P) by a factor
of at least 43 + 10 log (P) dB. P in watts.

At Po transmitting power. the specified minimum attenuation becomes 43+10log (Po). and the level in dBm relative
Po becomes:

Po (dBm) — [43 + 10 log (Po in mwatts) - 30] =- 13 dBm

TEST SETUP:

Spectrum
— Analyser
Prwwer
— Altenuator
EUT —{ Mo
Signalling
L Unit
=
swply
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NBIoT BAND 25 (Tone 3.75 kHz. 11/2 - BPSK MODULATION)

1. CHANNEL: LOWEST
All peaks are more than 20 dB below the limit.
2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.

3. CHANNEL: HIGHEST
All peaks are more than 20 dB below the limit.

NBIoT BAND 25 (Tone 15 kHz. 11/4 - QPSK MODULATION)
1. CHANNEL: LOWEST

All peaks are more than 20 dB below the limit.
2. CHANNEL: MIDDLE

All peaks are more than 20 dB below the limit.
3. CHANNEL: HIGHEST

All peaks are more than 20 dB below the limit.
Measurement uncertainty (dB): <+ 2.76
Verdict: PASS

RESULTS (see plots in next pages)
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NBIoT BAND 25 (Tone 3.75 kHz. 11/2 - BPSK MODULATION)
1. CHANNEL: LOWEST

Spectrum I

D DEKRA

D

Ref Level 25,00 dem  Offset 6.55 0B & RBW 1 Mhz
ke At 30 45 @ BWT 25 @ VBW 3MH:  Mode Sweep

@ 1Pk Vigiw

20 dBm

10 dim

0 dim

=10 dBm

Dl -13.000 dBr

-20 dBm

-30 dBm

-4 ! J

=50 dBm

-60 dBm

-70 dBm

Start 9.0 kHz 20000 pis

flop 20.0 GHz

Note: The peak above the limit is the carrier frequency.

2. CHANNEL: MIDDLE

Spectrum |

®
(=)

Ref Level 25.00 dem  Offset 6.55 0B & RBW 1 MHz
e AL 30 de & SWT 25 @ YBEW 3 MH:z Mode Sweep

@ 1Pk View

20 dim

10 dim

0 dim

-10 dBm

Dl -13.000 dBrm

-20 dBm

-30 dBm

-40 d

=50 dBm

-60 dBm

-70 dBm

‘S‘tarl. 9.0 kHz A0000 pis

Hlop 20.0 GHz

Note: The peak above the limit is the carrier frequency.
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3. CHANNEL: HIGHEST

Spectrum I [m;

RefLevel 25,00 dem  OFfset 6,55 db e ROW L Mz
e ARL a0 4B & BWT 25 @ VBW IMH: Mode Sweep
@ 1Pk View

20 dBém

10 dBm

0 dimn

=10 dBm

D1 -132.000 dBrr

-20 dBm

=30 dBm

=50 dBm

-60 dBm

-70 dBm

'S‘tarl. 9.0 kHz 20000 pts

Slop 20.0 GHz

Note: The peak above the limit is the carrier frequency.
NBIoT BAND 25 (Tone 15 kHz. /2 - BPSK MODULATION)

1. CHANNEL: LOWEST

Spectrum

Ref Lawel 25.00 d&m Offset 6,55 db & RBW 1 MHz
pe Atk 30 dB & BWT 25 @ VBW 3 MHz Mode Sweep
@ 1Pk View

&
=)

20 dim

10 dim

0 dim

=10 dBm

01 -12.000 dBry

<20 dBm

-30 dBm

-40

=50 dBm

-50 dBm

=70 dBm

‘Stnl‘t 9.0 kHz 20000 pts Stop 20.0 GHz

Note: The peak above the limit is the carrier frequency.
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2. CHANNEL: MIDDLE

Spectrum g

Ref Lewel 25.00 dBm Offset 6,55 dB & RBW 1 MHz
p At 30 db & BWT 25 @ VBW 3MHz  Mode Sweep
@ 1Pk View

20 dBm

10 digm

0 dem

=10 dBm

D1 -12.000 dBry

=20 dBm

30 dBm |

-50 dBm

-50 dBm

=70 dBm

“Staﬂ: 0.0 kHz 20000 pts Stop 20.0 GHz

Note: The peak above the limit is the carrier frequency.
3. CHANNEL: HIGHEST

%

Ref Lewel 25.00 dBm Offset 6,55 dB & RBW 1 MHz
p At 30 db & BWT 25 @ VBW 3MHz  Mode Sweep
LRk View

20 dim

10 digm

0 deemn

=10 dBm

D1 -12.000 dBry

20 dBm

-30 dBm

-50 dBm

-50 dBm

=70 dBm

II'EI:aI'I: 0.0 kHz 20000 pts Stop 20.0 GHz

Note: The peak above the limit is the carrier frequency.
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Spurious emissions at antenna terminals at Block Edges

SPECIFICATION:

FCC §2.1051 and §24.238. RSS-133 Clause 6.5.

METHOD:

The EUT RF output connector was connected to a spectrum analyser and to the Universal Radio Communication
tester R&S CMW500 (selecting maximum transmission power of the EUT and different modes of modulation) using
a 50 ohm attenuator and a power splitter.

The reading of the spectrum analyser is corrected with the attenuation loss of connection between output terminal of
EUT and input of the spectrum analyser.

As indicated in FCC part 24/RSS-133. in the 1 MHz bands immediately outside and adjacent to the frequency block
or band a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the
transmitter may be employed.

The configuration of modulation which is the worst case for conducted power was used.

Measurement Limit:

According to specification. the power of emissions shall be attenuated below the transmitter power (P) by a factor
of at least 43 + 10 log (P) dB. P in watts.

At Po transmitting power. the specified minimum attenuation becomes 43+10log (Po). and the level in dBm relative
Po becomes:

Po (dBm) — [43 + 10 log (Po in mwatts) - 30] =- 13 dBm

TEST SETUP:

Spectrum
— Analyser
Prwwer
EUT ——— attenuator
devider
Signalling
L Unit
o
suoply
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D DEKRA

RESULTS:
NBloT Tone 3.75 kHz. 11/4 | Tone 15kHz. /2 - | 12 Tone 15kHz. /2 -
- QPSK Offset 0 BPSK Offset 0 BPSK Offset 0
MCS/TBS=3 MCS/TBS=0 MCS/TBS=0
Maximum measured .36.74 2202 223,99
level at lowest Block
Edge at antenna port
(dBm)
NBloT Tone 3.75 kHz. 11/4 | Tone 15kHz. /2 - | 12 Tone 15kHz. /2 -
- QPSK Offset 0 BPSK Offset 0 BPSK Offset 0
MCS/TBS=3 MCS/TBS=0 MCS/TBS=0
Maximum measured
level at highest Block -35.21 8221 -26.53
Edge at antenna port
(dBm)

Measurement uncertainty = £1.57 dB.
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NBIoT BAND 25 (Tone 3.75 kHz. 11/2 - QPSK Offset 0 MODULATION)

Lowest Channel:

> DEKRA

Spectrum I

®
=

Ref Level 25.00 dbm _ Offset ©.55 db & RBW G kHz
b AL 35 dE SBWT 415 ms & VBW 20 kH: Mode Sweep
SGL Count 20/20 GATIIFP

@ 1Pm AvgPwr

m2{1]
20 d8m

mMil1]
10 2

0 cam

15.36 dBm
1.850250330 GHz
36.74 dBmy
1.849973670 GHZ

<10 dém

01 -13.000 d8ny

+20 dim

-30 dém

M1

40 dam N

=50 dBin -

70 d&m 1

|

CF 1.85 GHz 3000 pts
—————————

NBIoT BAND 25 (Tone 15 kHz. 11/2 - BPSK Offset 0 MODULATION)
Lowest Channel:

Spectrum I

an 2.0 MH2

®
(EE]

Ref Level 25.00 dBm  Offset 5.55 dB &« RBW 5 kM2
o Att 35dE SWT 415 ms = VBW 20 kH:  Mode Sweep
SGL Count 20/20 GATIIFP

@ 1Rm AvaPwr

mM2i1)
20 gam

M1}
10 gam

~13.12 dBm
1.850051000 GH2
-22.02 dBm)|
1.B49908330 CHx

0 gam

-10 d&m S

01 -13,000 damr

-20 ogm

-30 dam

-40 dRen—

=70 1

CF 1.85 GHz 3000 pts

Span 2.0 MHz
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NBIoT BAND 25 (12 Tones 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Lowest Channel:

Spectrum I

Ref Level 25.00 dBm  Offset £.55 dB &« RBW 5 kM2
o Att 35dE SWT 415 ms = VBW 20 kH:  Mode Sweep
Count 20,20 GATLIFP

@ 1Rm AvgPwr

M2i1)

20 dam
M1}

10 &y

0 gam

~17.45 dBmy
1.850080330 GHz2
-23.99 dBm)|
L.B499061000 CHx

-10 d&m

=101 -13,000 gy

-20 ogm

-30 dam

-40 ddm

|

CF 1,85 GHz 3000 pts

Span 2.0 MHz

NBIoT BAND 25 (Tone 3.75 kHz. 11/4 - QPSK Offset 47 MODULATION)

Highest Channel:

Spectrum I

®

(=]

Ref Level 25.00 dém  Offset 5.55 dB &« RBW &S kM2
o Att 35dE SWT 415 ms w» VBW 20 kH:  Mode Sweep
SGL Count 20,20 GAT IFP

@ 1Rm AvgPwr

M2j1)

20 c&m
M1}

10 &y

~14.78 dBm
1.914927000 GH2
-35.21 dBm
1.915009670 GHx

{011 13,000 dém

-50 dan b 1

~70 dam F1

CF 1,915 GHz 3000 pts

Span 2.0 MHz
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NBlIoT BAND 25 (Tone 15 kHz. 11/2 - BPSK Offset 11 MODULATION)

Highest Channel:

®
=

Spectrum I

Ref Level 25.00 dbm _ Offset ©.55 db & RBW G kHz

b AL 35 dE SBWT 415 ms & VBW 20 kH: Mode Sweep
SGL Count 20/20 GATIIFP

@ 1Pm AvgPwr

2 M2{1] 14.09 dBm
20 8m 1.914799000 GHz
M1} 32.21 dBmy
10 & 1.915069670 GHZ

0 cam

<10 dBém k-
01 -13.000 d8ny

+20 dim

-30 dam —

[‘
CF 1,915 GHz 3000 pts an 2.0 MH2z
e

NBIoT BAND 25 (12 Tones 15 kHz. 11/4 - QPSK Offset 0 MODULATION)

Highest Channel:

®
(EE]

Spectrum I

Ref Level 25.00 dBm  Offset 5.55 dB &« RBW 5 kM2

o Att 35dE SWT 415 ms = VBW 20 kH:  Mode Sweep
SGL Count 20/20 GATIIFP

@ 1Rm AvaPwr

M2i1] “14.15 dBm|
20 g&m 1.914945000 GMz
Mi1j1} -26.53 dBm)|
10 & 1.915025000 GHz

0 gam

-10 d&m 2

01 -13,000 damr——}—7

-20 ogm

-30 dam .

-40 g

CF 1,915 GHz 3000 pts Span 2.0 MHz

Report No: (NIE) 66585RRF.001A3 Page 109 of 243 2021-10-01



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Mélaga - Espafa

C.I.LF. A29 507 456

Radiated emissions

SPECIFICATION

FCC § 24.238. RSS-133 Clause 6.5.

The power of emissions shall be attenuated below the transmitter power (P) by a factor of at least 43 + 10 log (P)
dB. P in watts.

METHOD

The measurement was performed with the EUT inside an anechoic chamber. The spectrum was scanned from 30
MHz to at least the 10th harmonic of the highest frequency generated within the equipment.

The EUT was placed on a non-conductive stand at a 3 meter distance from the measuring antenna.

Detected emissions were maximized at each frequency by rotating the EUT and adjusting the measuring antenna
height and polarization. The maximum field strength (dBuV/m) is measured and recorded.

The maximum field strength (dBuV/m) of each detected emission at less than 20 dB respect to the limit is converted
to an equivalent EIRP level (dBm) according to ANSI C63.26 with the formula:

EIRP (dBm) = E (dBuV/m) + 20log(D) - 104.8; where D is the measurement distance (in the far field region) in m. D
=3m

Measurement Limit:

According to specification. the power of emissions shall be attenuated below the transmitter power (P) by a factor of
at least 43 + 10 log (P) dB. P in watts.

At Po transmitting power. the specified minimum attenuation becomes 43+10log (Po) and the level in dBm relative

Po becomes:

Po (dBm) —[43 + 10 log (Po in mwatts) - 30] = - 13 dBm
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TEST SETUP

Radiated measurements below 1 GHz.
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Radiated measurements between 1 GHz to 18GHz.
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Radiated measurements above 18 GHz.

D DEKRA

Preamplifier
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Spectrum
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RESULTS
NBIoT. BAND 25.

D DEKRA

Preliminary measurements determined that 1 tone of 3.75kHz (11/4 — QPSK) as the worst case. The results in the

next tables shows the results for this configuration.

1. CHANNEL: LOWEST
Frequency range 30 MHz-1000 MHz.

No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-18 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 18 GHz-20 GHz.

No radiated spurious signals were detected at less than 20 dB respect to the limit.
2. CHANNEL: MIDDLE

Frequency range 30 MHz-1000 MHz.

No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-18 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 18 GHz-20 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

3. CHANNEL: HIGHEST
Frequency range 30 MHz-1000 MHz.

No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 1 GHz-18 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

Frequency range 18 GHz-20 GHz.
No radiated spurious signals were detected at less than 20 dB respect to the limit.

<%4.65 for f < 1GHz

<+3.98 for f =1 GHz up to 3 GHz
<+4.98 for f =2 3 GHz up to 17 GHz
<+5.33 for f 2 17 GHz up to 20 GHz

Measurement uncertainty (dB)

Verdict: PASS
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FREQUENCY RANGE 30 MHz-1000 MHz.
CHANNEL: LOWEST

B DEKRA

ECC24

Level in dBm

30M 50 60 80 100M 200

Frequency in Hz

Preview Result 1H-PK+
FCC 24 L 2 Final_Result PK+

CHANNEL: MIDDLE

Preview Result 1V-PK+

Critical_Fregs PK+

ECC 24

Level in dBm

30M 50 60 80 100M 200 300 400 500 800 1G
Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+ * Critical_Freqs PK+
FCC 24 L 2 Final_Result PK+
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CHANNEL: HIGHEST

ECC24

Level in dBm

Frequency in Hz

Preview Result 1H-PK+ Preview Result 1V-PK+ * Critical_Freqs PK+
FCC 24 * Final_Result PK+
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Frequency range 1 GHz to 3 GHz
CHANNEL: LOWEST

-10T FCC24

Level in dBm

40T
Toiaiaiabad o et it ..J.'....j_.: . h 1 " "WW

1G 2G 3G
Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+ * Critical_Freqs PK+
FCC 24 L 2 Final_Result PK+

Note: The peak above the limit is the carrier frequency. The peak at 1930MHz corresponds to the downlink signal

CHANNEL: MIDDLE

-10T1 FCC 24

Level in dBm

1G 2G 3G
Frequency inHz

Preview Result 1V-PK+
FCC 24

Preview Result 1H-PK+
* Critical_Freqgs PK+

Note: The peak above the limit is the carrier frequency. The peak at 1962.5MHz corresponds to the downlink signal
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CHANNEL: HIGHEST

101 FCc24

Level in dBm

1G 2G 3G
Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+ * Critical_Freqs PK+
FCC 24 L 2 Final_Result PK+

Note: The peak above the limit is the carrier frequency. The peak at 1995MHz corresponds to the downlink signal

Frequency range 3 GHz to 18 GHz
CHANNEL: LOWEST

FCC24

Level in dBm

3G 5G 6 7 8 9 10G 18G
Frequency inHz

Preview Result 1H-PK+ Preview Result 1V-PK+ * Critical_Freqs PK+
— FCC24 L 2 Final_Result PK+
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CHANNEL: MIDDLE

B DEKRA

FCC24

Level in dBm

6 7 8 9

Frequency inHz

18G

Preview Result 1H-PK+
FCC24

CHANNEL: HIGHEST

Preview Result 1V-PK+
Final_Result PK+

*

Critical_Freqs PK+

FCC 24

Level in dBm

6 7 8 9

Frequency inHz

18G

Preview Result 1H-PK+
- FCC24

Preview Result 1V-PK+

Final_Result PK+

*

Critical_Freqs PK+
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Frequency range 18 GHz to 20 GHz

CHANNEL: LOWEST

D DEKRA

FCC 24

201

30T

40T

Level in dBm

60T
18 182 184 186 188 19 19,2 194 19,6 19,8 20
Frequency in GHz
Preview Result 1H-PK+ Preview Result 1V-PK+
— FCC2 * Final_Result PK+
CHANNEL: MIDDLE
FCC 24
20T
e 30T
i3]
E ik
= 40t
[3)
> +
(O]
-

60T
18 18,2 184 186 188 19 192 194 19,6 198 20
Frequency in GHz
Preview Result 1H-PK+ Preview Result 1V-PK+
—— FCC24 * Final_Result PK+
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CHANNEL: HIGHEST

> DEKRA

FCC24

20T

30T

40t

Level in dBm

60T
18 18,2 184 186 1838 19 192 194 19,6 198 20
Frequency in GHz
Preview Result 1H-PK+ Preview Result 1V-PK+
—— FCC24 * Final_Result PK+
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