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This report is for your exclusive use. Any copying or replication of this report to or for any other person or entity, or use of our name or trademark, is permitted
only with our prior written permission. This report sets forth our findings solely with respect to the test samples identified herein. The results set forth in this
report are not indicative or representative of the quality or characteristics of the lot from which a test sample was taken or any similar or identical product
unless specifically and expressly noted. Our report includes all of the tests requested by you and the results thereof based upon the information that you
provided to us. You have 60 days from date of issuance of this report to notify us of any material error or omission caused by our negligence, provided,
however, that such notice shall be in writing and shall specifically address the issue you wish to raise. A failure to raise such issue within the prescribed time
shall constitute your unqualified acceptance of the completeness of this report, the tests conducted and the correctness of the report contents. Unless specific
mention, the uncertainty of measurement has been explicitly taken into account to declare the compliance or non-compliance to the specification. The report
must not be used by the client to claim product certification, approval, or endorsement by TAF or any government agencie
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1 Certificate of Conformity

Product: CAT M1 and Narrowband-IOT Module
Brand: u-blox AG
Test Model: SARA-R410M-02B
Sample Status: Identical Prototype
Applicant: u-blox AG
Test Date: Dec. 26, 2017 ~ Jan. 08, 2018

Standards: FCC Part 27, Subpart C, L

The above equipment has been tested by Bureau Veritas Consumer Products Services (H.K.) Ltd.,
Taoyuan Branch, and found compliance with the requirement of the above standards. The test record, data
evaluation & Equipment Under Test (EUT) configurations represented herein are true and accurate accounts

of the measurements of the sample’s RF characteristics under the conditions specified in this report.

(e
1) ¥ /K; s
A : - { A o)
f .' AL
Prepared by : \L? n a L , Date: Jan. 16, 2018

Rona Chen / Specialist

Dylan Chiou / Project Engineer

Approved by : , Date: Jan. 16, 2018
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2  Summary of Test Results

Applied Standard: FCC Part 27 & Part 2 (LTE 4)

FCC Test Item Result Remarks
Clause
2.1046 . . -
27.50(d)(4) Maximum Peak Output Power Pass Meet the requirement of limit.
22'%05545 Frequency Stability Pass Meet the requirement of limit.
2.1049 : . . -
27.53(h) Occupied Bandwidth Pass Meet the requirement of limit.
27.50(d)(5) Peak to Average Ratio Pass Meet the requirement of limit.
27.53(h) Band Edge Measurements Pass Meet the requirement of limit.
2.1051 Conducted Spurious Emissions Pass Meet the requirement of limit.
27.53(h)
21053 Meet the requirement of limit.
27’ 53(h) Radiated Spurious Emissions Pass Minimum passing margin is -21.24 dB
’ at 43.58 MHz.

2.1 Measurement Uncertainty

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

the EUT as specified in CISPR 16-4-2:

M ; F Expended Uncertainty
easuremen requency
(k=2) (&)
Conducted Emissions at mains ports 150 kHz ~ 30 MHz 2.44 dB
30 MHz ~ 200 MHz 2.93 dB
Radiated Emissions up to 1 GHz
200 MHz ~ 1000 MHz 2.95dB
1 GHz ~ 18 GHz 2.26 dB
Radiated Emissions above 1 GHz
18 GHz ~ 40 GHz 1.94 dB
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2.2 Test Site and Instruments

Description & Model No. Serial No. Date of Calibration Due. Datg of

Manaufacturer Calibration
;Z?lteﬁtece"’er N9038A MY51210203 Feb. 17, 2017 Feb. 16, 2018
igﬁggt“m Analyzer N9010A MY52220314 Nov. 24, 2017 Nov. 23, 2018
Spectrum Analyzer
DOMHDE & SCHWARZ FSU43 100115 Nov. 23, 2017 Nov. 22, 2018
BILOG Antenna
CCHWARZBECK VULBO168 9168-472 Dec. 06, 2017 Dec. 05, 2018
HORN Antenna
SCHWARZBECK BBHA 9120 D 9120D-969 Dec. 12, 2017 Dec. 11, 2018
Double Ridge Guide Horn
Antenra EMCO 3115 5619 Nov. 30, 2017 Nov. 29, 2018
BILOG Antenna
CCHWARZBEGK VULB 9168 9168-153 Dec. 06, 2017 Dec. 05, 2018
Fixed Attenuator MDCS18N-10 |MDCS18N-10-01|  Apr. 17, 2017 Apr. 16, 2018
Mini-Circuits
MXG Vector signal
generator N5182B MY53050430 Oct. 24, 2017 Oct. 23, 2018
Agilent
Er,\jgrl“p"f'er EMC 012645 980115 Oct. 20, 2017 Oct. 19, 2018
Er,\jgrl“p"f'er EMC 184045 980116 Oct. 20, 2017 Oct. 19, 2018
Eﬁgﬁ”p"f'er EMC 330H 980112 Oct. 13, 2017 Oct. 12, 2018
Power Meter ML2495A 1012010 Aug. 15, 2017 Aug. 14, 2018
Anritsu
i;"r’;’t‘;sensor MA2411B 1315050 Aug. 15, 2017 Aug. 14, 2018
RF Coaxial Cable EMC104-SM-SM-8
HUBER+SULINNER 90083000 140811+170717 |  Oct. 20, 2017 Oct. 19, 2018
RF Coaxial Cable EMC104-SM-SM-
HUBER+SULINNER SUCOFLEX 104 | 101 40807) Oct. 20, 2017 Oct. 19, 2018
RF Coaxial Cable 8D-FB Cable-Ch10-01 |  Oct. 20, 2017 Oct. 19, 2018
Worken
Software E3
BV ADT 6.120103 NA NA NA
Fenna Tower MFA-440H NA NA NA
Ll“Fm Table MFT-201SS NA NA NA
Antenna Tower &Turn
Table Controller MF-7802 NA NA NA
MF
Radio Communication MT8820C 6201300640 Aug. 16, 2017 Aug. 15, 2019
Analyzer
Temperature & Humidity | GTH-120-40-CP-A MAA1306-019 Sep. 08, 2017 Sep. 07, 2018
Chamber R
DC Power Supply 33010D 807748 Oct. 25, 2016 Oct. 24, 2018
Topward
Datal Multimeter 871l 70360742 Jun. 30, 2017 Jun. 29, 2018
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Note: 1. The calibration interval of the above test instruments is 12 / 24 months and the calibrations are
traceable to NML/ROC and NIST/USA.
2. The test was performed in HwaYa Chamber 10.
3. The horn antenna and preamplifier (model: EMC 184045) are used only for the measurement of
emission frequency above 1 GHz if tested.
4. The IC Site Registration No. is IC7450F-10.
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3 General Information

3.1 General Description of EUT

Product CAT M1 and Narrowband-IOT Module
Brand u-blox AG
Test Model SARA-R410M-02B

Status of EUT

Identical Prototype

Power Supply Rating

5.0 Vdc (adapter or host equipment)

Modulation Type

BPSK, QPSK

NB-loT Category

NB1

Deployment

Stand-alone, Guard-band, In-band

Sub-carrier Spacing

3.75 kHz, 15 kHz

Niones Single tone, Multi tone
Frequency Range LTE Band 4 1710.1 ~1754.9 MHz
. : LTE Band 4 (BPSK) 78K68F9W
Emission Designator
LTE Band 4 (QPSK) 196K47F9W
LTE Band 4 (BPSK) 188.36 mW
Max. EIRP Power
LTE Band 4 (QPSK) 190.99 mwW
Antenna Type External Antenna
Accessory Device Refer to Note as below
Data Cable Supplied Refer to Note as below
Note:
1. The EUT contains following accessory devices.
Product Brand Model Description
I/P: 100-240 Vac, 50/60 Hz, 0.6 A
Adapter UNIFIVE UUX324-1215 O/P: 12 Vdc, 1.5 A
1.55m cable w/o core

2. The above EUT information is declared by manufacturer and for more detailed features description,

please refer to the manufacturer's specifications or user's manual.
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3.2

Configuration of System under Test

<Radiated Emission Test>

Test table

—0

EUT

&

(Powered from AC Adapter)

33

LTE Wireless
Communication
Tester
*Kept in a remote area
<E.LR.P. Test>
EUT (Powered from battery)
Test table zzz
LTE Wireless
Communication
Tester
*Kept in a remote area
3.2.1 Description of Support Units

The EUT has been tested as an independent unit together with other necessary accessories or support units.
The following support units or accessories were used to form a representative test configuration during the

tests.

No. Product Brand Model No. Serial No. FCC ID

LTE Wireless .
1. o Keysight E7515A MY56030229 --
Communication Test Set

No. Signal Cable Description Of The Above Support Units

1. |N/A
Note:

1. All power cords of the above support units are non-shielded (1.8m).

2. ltems 1 acted as communication partners to transfer data.
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3.3 Test Mode Applicability and Tested Channel Detail

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between
available modulations, data rates, XYZ axis, and antenna ports

The worst case was found when positioned as the table below. Following channel(s) was (were) selected for
the final test as listed below:

Band ERP / EIRP Radiated Emission
LTE Band 4 Z-plane Z-axis
EUT . .
- Availabl Sub-carrier _
Configure | Test Item el Tested Channel : Modulation Ntones
Channel Spacing (kHz)
Mode
e e
- EIRP 19951 to 20399 375 BPSK 1@47
20175, 20399 -
’ 15 QPSK 3@3
i Frequency l@47
Stability 19957 to 20393 19951, 20399 15 QPSK 3@3
3.75 BPSK 1@0
1@0
19957
15 QPSK 3@3
12@0
3.75 BPSK 1@0
Occupied 1@0
- Bandwidth 19951 to 20399 20175 15 QPSK 3@3
12@0
3.75 BPSK 1@47
20393 len
15 QPSK 3@3
12@0
Peak to 3.75 BPSK 1@0
- Average 19951 to 20399 20175 1@0
Ratio 15 QPSK 3@3
3.75 BPSK 1@0
1@0
1 1
995 15 QPSK 3@3
12
- Band Edge | 19951 to 20399 @0
3.75 BPSK 1@47
l1@11
20399
15 QPSK 3@3
12@0
- Conducted | ;951 16 20309 | 19951, 20175, 20399 15 QPSK 3@3
Emission
] Ea‘?“a‘.ed 19951 to 20399 | 19951, 20175, 20399 15 QPSK 3@3
mission

Note: Above test items were sent based on the maximum Conducted Output Power. This device was tested
under all debloyment, Ntones and modulations. The worst case was found in QPSK modulation of
Stand-alone mode.
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Test Condition:

Test Item Environmental Conditions Input Power Tested By

ERP /EIRP 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin

Frequency Stability 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin
Occupied Bandwidth 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin

Band Edge 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin

Peak to Average Ratio 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin
Conducted Emission 25 deg. C, 65 % RH 120 Vac, 60 Hz Wayne Lin
Radiated Emission 25 deg. C, 65 % RH 120 Vac, 60 Hz Getaz Yang
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3.4 EUT Operating Conditions

The EUT makes a call to the communication simulator. The communication simulator station system
controlled a EUT to export maximum output power under transmission mode and specific channel frequency

3.5 General Description of Applied Standards

The EUT is a RF Product. According to the specifications of the manufacturer, it must comply with the
requirements of the following standards:

FCC 47 CFR Part 2

FCC 47 CFR Part 27

KDB 971168 D01 Power Meas License Digital Systems v02r02
ANSI/TIA/EIA-603-E 2016

ANSI 63.26-2015

Note: All test items have been performed and recorded as per the above standards.
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4 Test Types and Results
4.1 Output Power Measurement

4.1.1 Limits of Output Power Measurement

Fixed, mobile, and portable (hand-held) stations operating in the 1710-1755 MHz band are limited to 1 watt
EIRP.

4.1.2 Test Procedures

EIRP / ERP Measurement:

a. All measurements were done at low, middle and high operational frequency range. RBW and VBW is 5
MHz for WCDMA and 10 MHz for LTE mode.

b. Substitution method is used for E.I.R.P measurement. In the semi-anechoic chamber, EUT placed on the
0.8 m (below or equal 1 GHz) and/or 1.5 m (above 1 GHz) height of Turn Table, rotated the table around
360 degrees to search the maximum radiation power and receiver antenna shall be rotated vertical and
horizontal polarization and moved height from 1 m to 4 m to find the maximum polar radiated power. The
“‘Read Value” is the spectrum reading the maximum power value.

c. The substitution horn antenna is substituted for EUT at the same position and signals generator export the
CW signal to the substitution antenna via a tx cable. Rotated the Turn Table and moved receiving antenna
to find the maximum radiation power. Adjust output power level of S.G to get a Value of spectrum reading
equal to “Read Value” of step b. Record the power level of S.G.

d. EIRP = Output power level of S.G — TX cable loss + Antenna gain of substitution horn.E.R.P power can be
calculated form E.I.R.P power by subtracting the gain of dipole, E.R.P power = E.I.P.R power - 2.15 dBi.

Conducted Power Measurement:

a. The EUT was set up for the maximum power with LTE link data modulation and link up with simulator.

b. Set the EUT to transmit under low, middle and high channel and record the power level shown on
simulator.
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4.1.3 Test Setup

EIRP / ERP Measurement:
<Radiated Emission below or equal 1 GHz>

Ant. Tower 1-4m

Variable

EUT& . 3m
SupportUnjts '

Turn Table

Ground Plane

Test Receiver

I L 1
O O O O°O
/] 0 0 0 oy
<Radiated Emission above 1 GHz>
Ant. Tower 1-4m
Variable
EUT& 3m
Support Units | =~
Turn Table Absorber D L
AT ==
150em| ANV
= l

Ground Plane

Test Receiver

N [ —

[¢]
[¢]
[¢]
]

For the actual test configuration, please refer to the attached file (Test Setup Photo).

Conducted Power Measurement:

Communication
Simulator EUT
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4.1.4 Test Results
Conducted Output Power (dBm)
Stand-alone
Frequency of . Sub-carrier Power
Channel ) Modulation Niones :
Uplink (MHz) Spacing (kHz) (dBm)
BPSK 1@0 3.75 22.07
QPSK 1@0 15 22.48
19951 1710.1
QPSK 3@3 15 23.21
QPSK 12@0 15 21.39
BPSK 1@0 3.75 21.86
BPSK 1@47 3.75 21.88
QPSK 1@0 15 22.13
20175 17325
QPSK l@11 15 22.03
QPSK 3@3 15 22.93
QPSK 12@0 15 21.04
BPSK 1@47 3.75 21.98
QPSK 1@11 15 22.13
20399 1754.9
QPSK 3@3 15 23.02
QPSK 12@0 15 20.89
Guard-band
Channel Frequency of Modulation N Sub-carrier Power
Uplink (MHz) fones Spacing (kHz) (dBm)
BPSK 1@0 3.75 22.12
QPSK 1@0 15 22.29
19951 1710.1
QPSK 3@3 15 23.10
QPSK 12@0 15 21.14
BPSK 1@0 3.75 22.04
BPSK 1@47 3.75 22.09
QPSK 1@0 15 22.13
20151 1730.1
QPSK 1@11 15 22.09
QPSK 3@3 15 22.94
QPSK 12@0 15 20.91
BPSK 1@47 3.75 21.90
QPSK l@11 15 21.89
20399 1754.9
QPSK 3@3 15 23.01
QPSK 12@0 15 20.81
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In-band

Channel Frequency of Modulation N Sub-carrier Power
Up“nk (MHZ) tones Spac|ng (kHZ) (dBm)
BPSK 1@0 3.75 22.34
PSK 1@0 15 2255

20010 1715.99 Q @
QPSK 3@3 15 23.16
QPSK 12@0 15 21.24
BPSK 1@0 3.75 21.99
BPSK 1@47 3.75 21.99
PSK 1@0 15 22.10

20185 1733.49 Q @
QPSK 1@11 15 22.03
QPSK 3@3 15 23.10
QPSK 12@0 15 20.85
BPSK 1@47 3.75 21.96
PSK 1@11 15 21.93

20360 1750.99 Q @
QPSK 3@3 15 23.07
QPSK 12@0 15 20.96
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EIRP Power (dBm)
Stand-alone
LTE Band 4
Modulation: BPSK
Plane | Channel Fre(mezr;cy (dLI\B/;) E;’J{ff}‘d"g) EIRP (dBm) |EIRP (mW) PO"’E‘:/ZVa)UO”
19951 1710.1 -13.70 36.45 22.75 188.36
20175 1732.5 -14.42 36.80 22.38 172.94 H
20399 1754.9 -14.91 36.94 22.03 159.70
z 19951 1710.1 -19.31 37.28 17.97 62.62
20175 1732.5 -20.30 37.63 17.33 54.08 \%
20399 1754.9 -20.63 37.64 17.01 50.23
Modulation: QPSK
19951 1710.1 -13.64 36.45 22.81 190.99
20175 1732.5 -14.37 36.80 22.43 174.94 H
20399 1754.9 -14.88 36.94 22.06 160.81
z 19951 1710.1 -19.24 37.28 18.04 63.64
20175 1732.5 -20.22 37.63 17.41 55.08 \%
20399 1754.9 -20.54 37.64 17.10 51.29
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4.2 Frequency Stability Measurement

4.2.1 Limits of Frequency Stabiliity Measurement

The frequency stability shall be sufficient to ensure that the fundamental emissions stay within the authorized
bands of operation.

4.2.2 Test Procedure

a. Device is placed at the oven room. The oven room could control the temperatures and humidity. Power
warm up is at least 15 min and power applied should perform before recording frequency error.

b. EUT is connected the external power supply to control the DC input power. The test voltage range is from
minimum to maximum working voltage. Each step shall be record the frequency error rate.

c. The temperature range step is 10 degrees in this test items. All temperature levels shall be hold the +0.5
C during the measurement testing. The each temperature step shall be at least 0.5 hours, consider the
EUT could be test under the stability condition.

Note: The frequency error was recorded frequency error from the communication simulator.

4.2.3 Test Setup

L Oven Room
Communication

Simulator

_1 Antenna

External Power Source

EUT
DC Power Supply
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Stand-alone
Frequency Error vs. Voltage
LTE Band 4
VellEae Modulation: QPSK -
(Volts) Low Channel High Channel Limit (ppm)
Frequency (MHz) Frequ(gr;)?%/)Error Frequency (MHz) Frequ(zr;%/)Error
120 1732.499999 -0.001 1754.900002 0.001 25
102 1732.499998 -0.001 1754.899998 -0.001 25
138 1732.500002 0.001 1754.899999 -0.001 25
Note: The applicant defined the normal working voltage of the battery is from 102 Vac to 138 Vac.
Frequency Error vs. Temperature
LTE Band 4
Modulation: QPSK
Temp. (C) Low Channel High Channel Limit (ppm)
Frequency (MHz) Frequ(grl:\)(;%/)Error Frequency (MHz) Frequ(zr;%/)Error
-30 1732.500001 0.001 1754.900003 0.002 25
-20 1732.500003 0.002 1754.900002 0.001 25
-10 1732.500002 0.001 1754.900003 0.001 25
0 1732.499999 -0.001 1754.899998 -0.001 2.5
10 1732.499997 -0.002 1754.899996 -0.002 2.5
20 1732.499997 -0.002 1754.899998 -0.001 2.5
30 1732.499999 -0.001 1754.899999 -0.001 2.5
40 1732.500001 0.001 1754.900001 0.000 25
50 1732.500002 0.001 1754.900003 0.002 25
60 1732.500003 0.001 1754.900003 0.001 25
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4.3 Occupied Bandwidth Measurement

4.3.1 Limits of Occupied Bandwidth Measurement

The width of a frequency band such that, below the lower and above the upper frequency limits, the mean
powers emitted are each equal to a specified percentage 0.5 % of the total mean power of a given emission.

4.3.2 Test Procedure

a. The conducted occupied bandwidth used the power splitter via EUT RF power connector between
simulation base station and spectrum analyzer.
b. Use OBW measurement function of Spectrum analyzer to measure 99 % occupied bandwidth.

4.3.3 Test Setup

Communication )
Simulator Power Splitter ‘ i Spectrum Analyzer

T

20 dB Attenuation
Pad

EUT
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4.3.4 Test Result

Stand-alone
LTE Band 4
Frequency : Sub-carrier 99 % Occupied
Channel Modulation N
(MH2) ones Spacing (kHz) | Bandwidth (MHz)
BPSK 1@0 3.75 78.68
QPSK 1@0 15 156.55
19951 1710.1
QPSK 3@3 15 138.40
QPSK 12@0 15 196.47
BPSK 1@0 3.75 77.23
BPSK 1@47 3.75 -
QPSK 1@0 15 155.17
20175 1732.5
QPSK 1@11 15 --
QPSK 3@3 15 138.25
QPSK 12@0 15 195.82
BPSK 1@47 3.75 74.19
QPSK 1@11 15 149.12
20399 1754.9
QPSK 3@3 15 137.22
QPSK 12@0 15 195.05
Spectrum Plot of Worst Value
BPSK QPSK
;e;:rer Fre: 1"..71ol1uuouu (S a— g;;uﬁr;f;u:'ﬂnwm::;:;:m Radio S None e ;e;:rer Fre: 1"..710‘100000 GHz g;;uﬁr:f;u:'rln«um::;:;‘:m Radio St None "“I".“":hv
o 1\ Center Freq| EC . A Center Freq|
" \ 1.710100000 GHz] " Lo 1.710100000 GHz]
77:“ H'.\ 1 /j *-a.‘_‘\__/'\\ | 77:“ '\;L . ‘. 1
e 2 i L e - s gy
Lt pad N | hﬁrw B
@ @ i
rowe B 19 bt #VEW 51KHz asw:f: 500 1 ey Step) rowe B 19 bt #VEW 51KHz ﬂsw:f: 500 1 ey Step)
Occupled Bandwidth Total Power 23.0 dBm — et = occupled Bandwidth Total Powar 727 o uto war
78.684 kHz FreqOffsef 196.47 kHz FreqOfisef
Transmit Freq Error  -68.457 kHz % of OBW Power  99.00 % ¥ Transmit Freq Error 468 Hz % of OBW Power  99.00 % 0k
x dB Bandwidth 68.64kHz  xdB .26.00 dB x dB Bandwidth 2584kHz  xdB -26.00 dB
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4.4 Band Edge Measurement

4.4.1 Limits of Band Edge Measurement

For operations in the 1710-1755 MHz bands, the power of any emission outside a licensee's frequency block
shall be attenuated below the transmitter power (P) by at least 43 + 10 log10(P) dB.

4.4.2 Test Setup

Communication )
Simulator Power Splitter ‘ i Spectrum Analyzer
20dB Attenuation
EUT PAD

4.4.3 Test Procedures

a. All measurements were done at low and high operational frequency range.
b. Record the max. trace plot into the test report.
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4.4.4 Test Results

Stand-alone

LTE Band 4

Modulation: BPSK

Channel | 19951 | 1@0 Channel | 20399 | 1@47
. Keysight Swept SA = [ e . Keysight - Swept SA = [ e
AL R E Ao 22| pak Search u - AN 104881 PR 0200 | pgak Search
Marker 1 1.709999000000 GHz T Avg Type: Log-Pwr "‘“‘ e Marker 1 1.755000000000 GHz T Avg Type: Log-Pur ;
PNG: Wide (50 Trig: FreeRun A SR PNG: Wide (50 Trig: FreeRun
IFGainsutn  #Atten: 30dB oeT/ANNNNK o > #Atten: 30 4B peT/A NNNN N
Ref Offeot 16 dB Mkr1 1.709 999 GHz NextPeak Ref Offeet 16 dB Mkr1 1.755 000 GHz NextPeak
[ggeien _Ref 20,00 dBm -18.89 dBm [ggeien _Ref 20,00 dBm -19.60 dBm
Next Pk Right Next Pk Right
oo oo |
Next Pk Left] n Next Pk Left]
-0 1 L1 -13 ) ofm ] -0 T L1 -13 ) ofm ]
1
-200 ‘r -200 ?'
Marker Delta) Marker Delta)
x | - )
f
oo J Mkr—cF| | “° J MKkr-.CF|
! f L L
£0. f Mkr—RefLvl| | =0 W‘ Mkr—RefLvi|
¥ . N W
-
| L] . ore [ | bl Mors
Center 1.7100000 GHz Span 1.000 MiHz "l |center 1.7550000 GHz Span 1.000 MHz °
[ #Res BW 51 Hz #VBW 160 Hz Sweep (FFT) ~152.1 ms (1001 pts) [ #Res BW 51 Hz #VBW 160 Hz Sweep (FFT) ~152.1 ms (1001 pts)
|—msc stans |—msc stanvs

Report No.: RF171218C01

Page No. 23/40

Report Format Version: 6.1.1




BUREAU

LTE Band 4
Modulation: QPSK
Channel | 19951 | 1@0 Channel | 20399 | 1@11
o Kaysight Swept S4 o[ o Kaysight - Swept S4 o[
L R Aouen 10:22:02 PMDc 30, 2017 L R Aouen 10:40:27 PMDec 30, 2017
arker 1 1.709997000000 GHz i Avg Type: Log-Pur TRacE[1a3456| PeakSearch arker 1 1.755002000000 GHz ) Avg Type: Log-Pur Teicela3asg| PeakSearch
BNG: Wide —» 171g: FreeRun PNO: Wide T Trig: Free Run [ WY
IFGain:Auta #Anen: 30 dB IFGainzAwn © #Atten: 30 4B oeTlA NNNN N
Next Peak| Next Peak|
Ref Offset 16 dB Mkr1 1.709 997 GHz extPeal Ref Offset 16 dB Mkr1 1.755 002 GHz extPeal
{ggeien _ Ref 20.00 dBm -13.74 dBm {ggeiey _Ref 20.00 dBm -13.35 dBm
Next Pk Right Next Pk Right
oo "‘ oo &
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0 1] 0 1
RERCTT S
Eli} ﬂ Eli} A
ﬂ ﬂ \F Marker Deltal I{‘ FU |\ Marker Deltal
@ I Hl\ Nnaaf @ (\Imll\lﬁﬂ.1 1 A
UL UL o M, 7
0o 1 J 1\4 mkr—cr| | *° f\’ L\ l Mkr—CF|
0 fi W‘ InrN | 0 [ Ay ﬂ IJ‘ |
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. 5 e i
[ More] More]
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#Res BW 200 Hz #VBIW 620 Hz Sweep (FFT) ~57.93 ms (1001 pts) #Res BW 200 Hz #VBIW 620 Hz Sweep (FFT) ~57.93 ms (1001 pts)
Iiusc. starus Iiusc. starus
Channel | 19951 | Channel | 20399 | 3@3
= Feysight Swept SA =]l | [r— - Swvegt SA ==
RL Ll E & ALIGH RL A & ALIGH 10:42:54 PMDec 30, 2017
arker 1 1.710000000000 GHz Avg Type: Log-Pwr Peak Search arker 1 1.755000000000 GHz Avg Type: Log-Pur ”-CE’_\ 334 Peak Search
PNO-Wide T Trig: Free Run PNO-Wide T Trig: Free Run e
(FGainiutn © #Atten: 3008 \FGainuta © #Atien: 30 dB TIANNNNN
Ref Offeot 16 dB Mkr1 1.710 000 GHz NextPeak Ref Offeet 16 dB Mkr1 1.755 000 GHz NextPeak
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Next Pk Right Next Pk Right
oo oo
d Next Pk Left Next Pk Left
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0 “I A m 0 r! u
Marker Delta) y Marker Delta)
2 MI Qﬂnh} - l\ﬁl I MA Ny
i i ﬂ ! ﬁW,L
oo J!v ’\,1 Mkr—cF| | “° j L,\ MKkr-.CF|
00 g 0o F i
N,‘«
0 ',,,w’r} Mkr—RefLvi| | =0 ,.,.r”'-}. "\"..-M MKr—RefLv]
0 LM‘ B M e S
— ———
More| More|
Center 1.7100000 GHz Span 1.000 MHz "2l | Center 17550000 GHz Span 1.000 MRz tofz
#Res BW 200 Hz #VBIW 620 Hz Sweep (FFT) ~57.93 ms (1001 pts) #Res BW 200 Hz #VBIW 620 Hz Sweep (FFT) ~57.93 ms (1001 pts)
Iimsc S Iimsc ST
Channel | 19951 | 12@0 Channel | 20399 | 12@0
= Feysight Swept SA =]l | [— - Swvegt SA = e
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IFGainLow — #Atten: 30 dB x IFGainLow — #Atten: 30 dB A NHNN W
Next Peak| Next Peak|
Ref Offset 16 dB Mkr1 1.709 996 GHz extPeal Ref Offset 16 dB Mkr1 1.755 000 GHz extPeal
{ggeien _ Ref 20.00 dBm -20.52 dBm {ggeiey _Ref 20.00 dBm -19.61 dBm
Next Pk Right Next Pk Right
oo oo
B '}“l “'I.J‘ . "H._" Next Pk Left] . " o ﬁu\ Next Pk Left]
TEIET TEIET
R gl
200 ! 200
Marker Delta) J Marker Delta)
- N - .
J TH i l
00 W ]\w wmkr—cr | 70 JN M‘\ Mkr—.CF|
. M _ . {JP ki Wi
50 ) l “,‘w Mkr—RefLvi| | 00 HiAb N “H'#\J il W Mkr—Ref Ly
I I W,
00 T00
‘ More] More]
Center 1.7100000 GHz Span 1.000 MAz " "2 |center 1.7550000 GHz Span 1.000 MRz o3
#Res BW 2.0 kHz #VBW 6.2 kHz #Sweep 308.0 ms (1001 pts) #Res BW 2.0 kHz #VBW 6.2 kHz #Sweep 308.0 ms (1001 pts)
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45 Peak to Average Ratio

45.1 Limits of Peak to Average Ratio Measurement

In measuring transmissions in this band using an average power technique, the peak to-average ratio (PAR)
of the transmission may not exceed 13 dB.

45.2 Test Setup

Communication

Simulator Power Splitter | I: Spectrum Analyzer

20 dB Attenuation

Pad
EUT

45.3 Test Procedures

1. Setresolution/measurement bandwidth = signal’s occupied bandwidth;
2. Set the number of counts to a value that stabilizes the measured CCDF curve;
3. Record the maximum PAPR level associated with a probability of 0.1 %.
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45.4 Test Results
Stand-alone
LTE Band 4
Frequency : Sub-carrier  |Peak to Average
Channel Modulation N .
(MHz) ones Spacing (kHz) | Ratio (dB)
20175 1732.5 BPSK 1@0 3.75 2.55
20175 1732.5 QPSK 1@0 15 4.17
20175 1732.5 QPSK 3@3 15 10.42

Spectrum Plot of Worst Value
BPSK QPSK

—
Lo ] | eysight Spectnm &nalyzer - Power Stat CCOF

—
[ Keysight Spectnum Ansiyzer - Powes Stat CCOF

==
ce;:m, F",q- 1.732500000 GHz Center Fr:vq: | 732500000 GHz e R:alm-; ;‘x:"l:o:u[)(‘ at ¥ ce;:m, F",q- 1.732500000 GHz Center Fr:vq: | 732500000 GHz e R'uluf; ;:" Frequency
5= Trig: Free Run Counts:1.00 M/1.00 Mpt 5= Trig: Free Run Counts:1.00 M/1.00 Mpt.
HFGain:Low #Auen: 30 dB HFGain:Low #Auen: 30 dB
Average Power 1009 - Average Power 1009
1 Center Freq| Center Freq|
21 '50 dBm | 1.732500000 GHz| 17'10 dBm ] 1.732500000 GHz|
—.
82.64 % at 0dB 10% ‘ T 22,56 % at 0dB 10%—T \
\ AN
1 \~
1% L 1% Y
|
100%  0.87dB ool 100%  6.29dB 0% |
1.0% 1.28dB i 1.0% 9.94 dB
01% 25548 | scompami|| 01%  10.42dB 5000300 e
001% 286ds | 001¥— ‘\ pute Yell 001% 1057d8 | 001% pute Men
0.001% 3.17dB FreqOfsef 0.001% 10.61dB FreqOfsef
0.0001% 3.21dB | 0.001 %f——} oHz | 0.0001% 10.62dB | 0001 %, 0 Hef
Peak 3.58dB Peak 11.28 dB
25.08 dBm 28.38 dBm |
0.0001 %l — 0.0001 %l —
Info BW 5.0000 MHz Info BW 5.0000 MHz
= s = TS
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4.6 Conducted Spurious Emissions

4.6.1 Limits of Conducted Spurious Emissions Measurement

The power of any emission outside a licensee's frequency block shall be attenuated below the transmitter
power (P) by at least 43 +10 log10(P) dB. The limit of emission is equal to -13 dBm.

4.6.2 Test Setup

Communication ]
Simulator Power Splitter ‘ i Spectrum Analyzer

T

20 dB Attenuation
Pad

EUT

4.6.3 Test Procedure

a. The EUT makes a phone call to the communication simulator. All measurements were done at low, middle
and high operational frequency range.

b. Measuring frequency range is from from 30 MHz to 18 GHz for LTE Band 4. 10 dB attenuation pad is
connected with spectrum. RBW = 100 kHz and VBW = 300 kHz are used for conducted emission
measurement.
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4.6.4 Test Results
Stand-alone
LTE Band 4
Modulation: QPSK
Channel 19951 (30MHz ~ 1GHz) Channel 19951 (1GHz ~ 10GHz)
e Keysight Spectrum Analyzer - Swept SA = [la e Keysight Spectrum Analyzer - Swept SA = [la
AL R E 4 Peak Search u - AN OB0X1SMIN I3 20B | by ak Search
Marker 1 955.086754338 MHz . Avg Type: Log-Pur Marker 14.694684734237 GHz . Avg Type: Log-Pur
PNG: Tasi Tp Trig: FreeRun PHO: Tasi Tp Trig: FreeRun
IFGain:Low #Atten: 30 dB IFGain:Low #Atten: 30 dB
Ref Offeot 16 dB Mkr1 955.09 MHz NextPeak Ref Offeet 16 dB Mkr1 4.694 7 GHz NextPeak
[ggeien _Ref 35,00 dBm -37.37 dBm [ggeien _Ref 35,00 dBm -30.67 dBm
Next Pk Right Next Pk Right
Next Pk Left] Next Pk Left]
5.0 5.0
S0 S0
Marker Delta) Marker Delta)
w113l wr-1350:0n)
=0 Mkr—cF| | ©° 1 MKkr-.CF|
=0 'y 0
,anm Mkr—RefLvl| | 4= Mkr—RefLvi|
&5 L1
More| More|
Start 0.0300 GHz Stop 1.0000 GHz "2 |start 1.000 GHz Stop 10.000 GHz o3
#Res BW 1.0 MHz #VBW 3.0 MHz #Sweep 501.3 ms (20000 pts) #Res BW 1.0 MHz #VBW 3.0 MHz #Sweep 501.3 ms (20000 pts)
|7m Starus |7m Stars
Channel 19951 (10GHz ~ 26.5GHz)
[ Keighe Spectrum Analzes - Swegt S8 .
RL R Y. ] 080236 M Peak Search
Marker 126.127906395320 GHz ) Avg Type: Log-Pwr ™ ea
NO: Fast Co Trig: FreeRun
\FGain:Low #Auen: 30 4B
Mkr1 26.127 9 GHz NextPeak
Ref Offset 15 dB
{ggeien _Ref 35.00 dBm -26.09 dBm
Next Pk Right
Next Pk Left]
5.0
£m
Marker Deltal
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_ |
=0 Mkr—CF|
<%0
45 Mkr—Ref Lvij
£
More]
Start 10,000 GHz Stop 26.500 GHz o3
#VBW 3.0 MHz #Sweep 501.3 ms (20000 pts)

STATUS

#Res BW 1.0 MHz
usc
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LTE Band 4
Modulation: QPSK
Channel 20175 (30MHz ~ 1GHz) Channel 20175 (1GHz ~ 10GHz)
[ Keysight Spectrum Anslyzer - Swept & = [ Keysight Spectrum Anslyzer - Swept & =
R AeLion 08.05:41 M RL R Y. ] 0B:06:00 PM1an 15, 2018
Marker 1 382.661133057 MHz ) Avg Type: Log-Pur T Peak Search | fpyarker 1 8.832641632082 GHz T Avg Type: Log-Pur ™ E’—w 5| PeakSearch
PNO: Fast o Trig: Free Run RO, Fast o Trig: Free Run | M Y
IFosinlow * #Auen: 3048 \FGain:Low . #Atten: 30 dB peT|P HNNNN
Mkr1 382.66 MHz NextPeak Mkr1 8.832 6 GHz NextPeak
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Next Pk Right Next Pk Right
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500 500
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114300 00w 114300 00w
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e Keysight Spectrum Analyzer - Swept S4 = [la
2 = : e felely Peak Search
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PHO: Fast 5 Trig: Free Run
IFGain:Low #Atten: 30 d8
Ref Offeot 16 dB Mkr1 23.909 4 GHz NextPeak
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Next Pk Right
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Marker Delta)
11100080
) 1
=0 MKkr-.CF|
<%0
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5
More|
Start 10,000 GHz Stop 26,500 GHz tofz
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|7Mse Starus
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STATUS.

#Res BW 1.0 MHz
Imse

LTE Band 4
Modulation: QPSK
Channel 20399 (30MHz ~ 1GHz) Channel 20399 (1GHz ~ 10GHz)
[ Keysight Spectrum Analyzer - Swapt 4 - [ Keysight Spectnum Analyzer - Swept 4 =
a een 08:08:58 M RL R Y, ) 0B:09:41 PM1an 15, 2018
Marker 1 985.352267613 MHz ) Avg Type: Log-Pur i Peak Search | iy ricer 1 4.715835791790 GHz T Ava Type: Log-Pur 2 s’—‘ Ts5| PeakSearch
PNO: Fast o Trig: Free Run RO, Fast o Trig: Free Run | M Y
IFosinlow * #Auen: 3048 \FGain:Low . #Atten: 30 dB peT|P HNNNN
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Ref Offset 15 dE Ref Offset 16 dE
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More] More]
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e Keysight Spectrum Analyzer - Swept S4 = [la
AL R s AeLion
Marker 1 23.660208010401 GHz . Avg Type: Log-Pwr Peak Search
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4.7 Radiated Emission Measurement

4.7.1 Limits of Radiated Emission Measurement

a. The power of any emission outside a licensee's frequency block shall be attenuated below the transmitter
power (P) by at least 43 +10 log10(P) dB. The limit of emission is equal to -13 dBm.

4.7.2 Test Procedure

a. Substitution method is used for E.I.R.P measurement. In the semi-anechoic chamber, EUT placed on the
0.8 m (below or equal 1 GHz) and/or 1.5 m (above 1 GHz) height of Turn Table, rotated the table around
360 degrees to search the maximum radiation power and receiver antenna shall be rotated vertical and
horizontal polarization and moved height from 1 m to 4 m to find the maximum polar radiated power. The
“Read Value” is the spectrum reading the maximum power value.

b. The substitution horn antenna is substituted for EUT at the same position and signals generator export the
CW signal to the substitution antenna via a TX cable. Rotated the Turn Table and moved receiving
antenna to find the maximum radiation power. Adjust output power level of S.G to get a Value of spectrum
reading equal to “Read Value” of step a. Record the power level of S.G.

c. EIRP = Output power level of S.G — TX cable loss + Antenna gain of substitution horn.

d. E.R.P power can be calculated form E.l.R.P power by subtracting the gain of dipole, E.R.P power =
E.l.P.R power - 2.15 dBi.

Note: The resolution bandwidth of spectrum analyzer is 1 MHz and the video bandwidth is 3 MHz.

4.7.3 Deviation from Test Standard

No deviation.
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4.7.4 Test Setup

<Radiated Emission below or equal 1 GHz>

Ant. Tower 1-4m

Variable

EUT& — 3m
Support Unjts '

Turn Table

8°°”‘T m——
T

Ground Plane

Test Receiver

L —/
O O O ©O
W] oooce
<Radiated Emission above 1 GHz>
Ant. Tower 1-4m
Variable
EUT& 3m
Support Units | I
Turn Table Absorber D -
_ e
150cr] My ==
50cm AMMMAAA
= T

Ground Plane

Test Receiver

N [ —

For the actual test configuration, please refer to the attached file (Test Setup Photo).
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4.7.5 Test Results

Stand-alone

LTE Band 4
Modulation: QPSK
Low Channel

Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 7
0Level (dBm) Date: 2018-01-08
133 PART27
-26.7
-40.0
¥
-53.3
6
5
-66.7
* 30 1000. 3000. 5000. 7000. 9000. 11000. 13000. 15000. 18000
Frequency (MHz)
Site : 966 Chamber 5
Condition: PART27 HORIZONTAL
Remark : NB-IoT Band 4 QPSK_Link-L-CH

Tested by: Getaz Yang
Read Limit Over
Freq Level Level Line Limit Factor Remark

MHz dBm dBm dBm dB dB

1 44.55 -47.61 -45.62 -13.00 -34.61 -1.99 Peak
2 93.05 -54.17 -43.22 -13.00 -41.17 -10.95 Peak
3 151.25 -57.44 -50.14 -13.00 -44.44 -7.30 Peak
4 241.46 -61.84 -55.50 -13.00 -48.84 -6.34 Peak
< 600.36 -65.41 -64.66 -13.00 -52.41 -0.75 Peak
6 972.84 -61.72 -64.34 -13.00 -48.72 2.62 Peak
7 pp 3420.20 -46.38 -37.20 -13.00 -33.38 -9.18 Peak
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Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 8
0 Level (dBm) Date: 2018-01-08
133 PART27
-26.7
-40.0 T
-53.3
6
66.7f
i 30 1000. 3000. 5000. 7000. 9000. 11000. 13000. 15000. 18000
Frequency (MHz)
Site 966 Chamber 5
Condition: PART27 VERTICAL
Remark NB-IoT Band 4 QPSK_Link-L-CH
Tested by: Getaz Yang
Read Limit Over
Freq Level Level Line Limit Factor Remark
MHz dBm dBm dBm dB dB
1 pp 43.58 -34.24 -32.77 -13.00 -21.24 -1.47 Peak
2 62.01 -49.62 -41.81 -13.80 -36.62 -7.81 Peak
3 93.05 -54.62 -43.67 -13.00 -41.62 -10.95 Peak
4 148.34 -61.62 -53.85 -13.00 -48.62 -7.77 Peak
5 503.36 -68.63 -64.12 -13.00 -55.63 -4.51 Peak
6 787.57 -63.12 -63.89 -13.00 -506.12 0.77 Peak
7 3420.20 -43.04 -33.86 -13.00 -30.04 -9.18 Peak
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Middle Channel

Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 5
oLevel {(dBm) Date: 2018-01-08
133 PART27
-26.7
-40.0
1
-53.3
-66.7
- 1000 4000. 6000. 8000. 10000. 12000. 14000. 16000. 18000
Frequency (MHz)
Site 966 Chamber 5
Condition: PART27 HORIZONTAL
Remark NB-IoT Band 4 QPSK_Link-M-CH
Tested by: Getaz Yang
Read Limit Over

Freq Level Level Line

Limit Factor Remark

MHz dBm dBm dBm

dB dB

1 pp 3465.00 -49.11 -40.20 -13.00 -36.11 -8.91 Peak
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Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 6

Level (dBm) Date: 2018-01-08

PART27

-13.3

-26.7

-40.0

-53.3

-66.7

1000 4000. 6000. 8000. 10000. 12000. 14000. 16000. 18000
Frequency (MHz)

Site : 966 Chamber 5

Condition: PART27 VERTICAL

Remark : NB-IoT Band 4 QPSK_Link-M-CH

Tested by: Getaz Yang
Read Limit Over

Freq Level Level Line Limit Factor Remark

MHz dBm dBm dBm dB dB

1 pp 3465.00 -44.93 -36.02 -13.00 -31.93 -8.91 Peak

Report No.: RF171218C01 Page No. 36 / 40 Report Format Version: 6.1.1




2

BT

y
(V] E‘,—
OA
%w
1828

BUREAU
| VERITAS |

High Channel

Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 5
oLevel {(dBm) Date: 2018-01-08

133 PART27

-26.7

-40.0

1
-53.3
-66.7
- 1000 4000. 6000. 8000. 10000. 12000. 14000. 16000. 18000
Frequency (MHz)
Site : 966 Chamber 5
Condition: PART27 HORIZONTAL
Remark : NB-IoT Band 4 QPSK_Link-H-CH
Tested by: Getaz Yang
Read Limit Over

Freq Level Level Line

Limit Factor Remark

MHz dBm dBm dBm

1 pp 3509.80 -50.88 -42.77 -13.00

dB dB

-37.88 -8.11 Peak

Report No.: RF171218C01

Page No. 37 /40

Report Format Version: 6.1.1




BUREAU
| VERITAS |

Bureau Veritas Consumer Products Services Ltd.,Taoyuan Branch

Data: 6

Level (dBm) Date: 2018-01-08

PART27

-13.3

-26.7

-40.0

-53.3

-66.7

1000 4000. 6000. 8000. 10000. 12000. 14000. 16000. 18000
Frequency (MHz)

Site : 966 Chamber 5

Condition: PART27 VERTICAL

Remark : NB-IoT Band 4 QPSK_Link-H-CH

Tested by: Getaz Yang
Read Limit Over

Freq Level Level Line Limit Factor Remark

MHz dBm dBm dBm dB dB

1 pp 3509.80 -49.97 -41.86 -13.00 -36.97 -8.11 Peak
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5 Pictures of Test Arrangements

Please refer to the attached file (Test Setup Photo).
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Appendix — Information on the Testing Laboratories

We, Bureau Veritas Consumer Products Services (H.K.) Ltd., Taoyuan Branch, were founded in 1988 to
provide our best service in EMC, Radio, Telecom and Safety consultation. Our laboratories are FCC
recognized accredited test firms and accredited according to ISO/IEC 17025.

If you have any comments, please feel free to contact us at the following:

Linko EMC/RF Lab Hsin Chu EMC/RF/Telecom Lab
Tel: 886-2-26052180 Tel: 886-3-6668565

Fax: 886-2-26051924 Fax: 886-3-6668323

Hwa Ya EMC/RF/Safety
Tel: 886-3-3183232
Fax: 886-3-3270892

Email: service.adt@tw.bureauveritas.com
Web Site: www.bureauveritas-adt.com

The address and road map of all our labs can be found in our web site also.

--- END -
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