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Use of uncertainty of measurement for decisions on conformity (decision rule):

B No decision rule is specified by the standard, when comparing the measurement result with the
applicable limit according to the specification in that standard. The decisions on conformity are made
without applying the measurement uncertainty(“simple acceptance” decision rule, previously known as
“accuracy method”).

(1 Other (to be specified, for example when required by the standard or client)
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1. General information

Applicant: LEETEK LIFE CO., LTD

Applicant address: 14445 2F, 47, Ojeong-ro, Bucheon-si, Gyeonggi-do, Republic of Korea
Test site: KES Co., Ltd.

Test site address: [ ] #3002, #3503, #3701, 40, Simin-daero 365beon-gil,

Dongan-gu, Anyang-si, Gyeonggi-do,14057,Republic of Korea
X1473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

Test Facility FCC Accreditation Designation No.: KR0100, Registration No.: 444148
FCC rule part(s): FCC: 15.247

FCC ID: 2BDLQ-LFW2921-01

Test device serial No.:  [X] Production [] Pre-production [] Engineering

1.1. EUT description
Equipment under test  Sensor Receiver

Frequency range 902.5 Wz ~927.5 Mz
Model LFW2921-01
Variant Model: LF-1
Antenna specification  Dipole Antenna // Peak gain: 1.92 dBi
Power source DC 5.0 V (USB)
H/W Version 1.00
S/W Version 1.00
KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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1.2. Test configuration
The LEETEK CO., LTD / Sensor Receiver /| LFW2921-01 / FCC ID:2BDLQ-LFW2921-01 was

tested according to the specification of EUT, the EUT must comply with following standards and KDB

documents.

FCC Part 15.247
KDB 558074 D01 v05 r02
ANSI| C63.10-2013

1.3. Information about derivative model
Model name Difference
LFW2921-01 Basic Model
LF-1 All electronic circuits are the same. Add simple variant model for marketing

1.4. Accessory information
Equipment Manufacturer Model Serial No. Power source

1.5. Sample calculation
Where relevant, the following sample calculation is provided
For all conducted test items :

The offset level is set in the spectrum analyzer to compensate the RF cable loss and attenuator
factor

between EUT conducted output port and spectrum analyzer. With the offset compensation, the
spectrum analyzer reading level is exactly the EUT RF output level.

Offset(dB) = RF cable loss(dB) + attenuator factor(dB).
=0.53 + 10 = 10.53 (dB)

For Radiation test :
Field strength level (dBxV/m) = Measured level (dB&V) + Antenna factor (dB) + Cable loss (dB) —
Amplifier gain (dB)

1.6. Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.22 dB ( SHIELD ROOM #6 )
Uncertainty for Radiation emission test Below 1Giz 4.04 B (SAC#6)
(include Fundamental emission) Above 10k 532 dB (SAC #5)
Note. This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2.
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1.7. Frequency/channel operations

Ch. Frequency (Mk) Rate(Mbps)
Low 902.5 LoRa
Middle 915.0 LoRa
High 927.5 LoRa
KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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2. Summary of tests
BN I Test description Test results
FCC Part 15
15.247(a)(2) 6 dB bandwidth Pass
15.247(b)(3) Output power Pass
15.247(e) Power spectral density Pass
15.205 15.209 Radiated restricted band and emission Pass
15.247(d) Conducted spurious emission and band edge Pass
15.207(a) AC Conducted emissions Pass
15.203 Antenna Requirement Pass notet
Note

1.Please check the antenna spec. for the Antenna Requirement.
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3. Test results

3.1. 6 dB bandwidth
Test procedure
ANSI C63.10-2013 - Section 11.8.2

Test setup

Spectrum

EUT Attenuator
analyzer

ANSI C63.10-2013 - Section 11.8.2

The automatic bandwidth measurement capability of an instrument may be employed using the X
dB bandwidth mode with X set to 6 dB, if the functionality described above (i.e., RBW = 100 ki,
VBW = 3 x RBW, peak detector with maximum hold) is implemented by the instrumentation function.
When using this capability, care shall be taken so that the bandwidth measurement is not influenced
by any intermediate power nulls in the fundamental emission that might be =6 dB.

Limit

According to §15.247(a)(2), systems using digital modulation techniques may operate 902 ~ 928 |,
2 400 ~ 2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least
500 Kffz.

KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Frequency(Mtk)

6 dB bandwidth(Mk)

Limit(M)

902.5

0.622

915.0

0.622

927.5

0.622

2 0.500

LoRa

Ref Level 10.00 dém @ RBW 100 kHz

Att 15dB  SWT 19 us @ VBW 300 kHz Mode Auto FFT
TOF
1Pk Max
M1 M1[1] 1.58 dBm
. 927.26850 MHz
0d
ndp 6.00 db)|
104 Bw 622.300000000 kHz
/ Q factor 1490.1]
20d
-30d
a0d
o ] [ e e A
SOy
-60 di
704
-80d
CF 927.5 MHz 691 pts Span 5.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result |
ML 1 927.2685 MHz 1.58 dBm ndB down 622.3 kHz
TL 1 027.1880 MHz -4.03 dém nds 6.00 dB.
T2 1 927.8111 MHz -4.35 dém Q factor 1490.1
—
i 1" Measuring... A p

Spectrum o Spectrum o
Ref Level 10.00 dBm ® RBW 100 kHz Ref Level 10.00 dBm ® RBW 100 kHz
Att 15dB  SWT 10 ps @ VBW 300 kHz Mode Auto FFT Att 15dB  SWT 19 ps @ VBW 300 kHz  Mode Auto FFT
TOF TOF
@ 1Pk Max @ 1Pk Max
w1 M1l 1.20 dBm)| M1 M1l1] 1.39 dBm|
o 3 902.72430 MHz o o Y 915.18810 MHz
- ndB 6.00 dB| s ndB 6.00 dB|
0 Bw 622.300000000 kHz 0 Bw 622.300000000 kHz
/ Q factor 1450.7] / Q factor 1470.7]
20d 20d
-30d -30d
-40d -40d
. Y enn syl . e SN R T e Vil Rl SR S VPPN
60 d 60 d
-70d -70d
-80d -80d
CF 902.5 MHz 691 pts Span 5.0 MHz CF 915.0 MHz 691 pts Span 5.0 MHz
Marker Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result | Type | Ref | Trc | X-value | Y-value |__Function | Function Result |
1 1 902.7243 MHz 1.20 dBm nd down 622.3 kHz 1 1 915.1881 MHz 1.39 dBm nd down 622.3 kHz
T1 1 902.1889 MHz -4.50 dBm nds 6.00 dB. T1 1 914.6889 MHz -4.38 dBm nds 6.00 dB.
T2 1 902.8111 MHz -4.86 dBm Q factor 1450.7 T2 1 915.3111 MHz -4.70 dém Q factor 1470.7
— —
]’ 17 Measuring... A y ]’ Measuring... A 4
Spectrum o

N/A
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3.2. Output power
Test procedure
ANSI C63.10-2013 - Section 11.9.1.3 and 11.9.2.3.2

Test setup

Power meter,
Power sensor

EUT Attenuator

ANSI C63.10-2013 - Section 11.9.1.3

The maximum peak conducted output power may be measured using a broadband peak RF power
meter. The power meter shall have a video bandwidth that is greater than or equal to the DTS
bandwidth and shall use a fast-responding diode detector.

ANSI C63.10-2013 - Section 11.9.2.3.2

Alternatively, measurements may be performed using a wideband gated RF power meter provided
that the gate parameters are adjusted such that the power is measured only when the EUT is
transmitting at its maximum power control level. Because the measurement is made only during the
ON time of the transmitter, no duty cycle correction is required.

Limit

According to §15.247(b)(3), For systems using digital modulation in the 902~928 i, 2 400~2 483.5
Mz, and 5 725~5 850 Mz bands: 1 Watt. As an alternative to a peak power measurement, compliance
with the one Watt limit can be based on a measurement of the maximum conducted out-put power.
Maximum Conducted Out-put Power is defined as the total transmit power delivered to all antennas
and antenna elements averaged across all symbols in the signaling alphabet when the transmitter
is operating at its maximum power control level. Power must be summed across all antennas and
antenna elements. The average must not include any time intervals during which the transmitter is
off or is transmitting at a reduced power level. If multiple modes of operation are possible (e.g.,
alternative modulation methods), the maximum conducted output power is the highest total transmit
power occurring in any mode.

KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Test results

902.5 Mk 915.0 Mk 927.5 Mk
Mode Average Peak Average Peak Average Peak
(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)
LoRa 7.44 7.72 7.29 7.50 7.44 7.64
KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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3.3. Power spectral density

Test procedure
ANSI C63.10-2013 - Section 11.10.2

Test setup

Spectrum
analyzer

EUT Attenuator

Section 10.2 & ANSI C63.10-2013 - Section 11.10.2
a. Set analyzer center frequency to DTS channel center frequency.
b. Set the span to 1.5 times the DTS bandwidth.
c. Set the RBW to 3 kil < RBW <100 kifz
d. Set the VBW = [3 x RBW].
e. Detector = peak.
f. Sweep time = auto couple.
g. Trace mode = max hold.
h. Allow trace to fully stabilize.
i. Use the peak marker function to determine the maximum amplitude level within the RBW.
j- If measured value exceeds requirement, then reduce RBW (but no less than 3 kHz) and repeat.

Limit

According to §15.247(e), For digitally modulated systems, the power spectral density conducted from
the intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kiz band during any
time interval of continuous transmission. This power spectral density shall be determined in
accordance with the provisions of paragraph (b) of this section. The same method of determining
the conducted output power shall be used to determine the power spectral density.

KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Frequency(Mtk)

PSD (dBm/3kik)
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Att 10dB SWT 632.1ps @ VBW 10kHz Mode Auto FFT Att 10dB  SWT 632.1 ps @ VBW 10kHz  Mode &uto FFT
TDF TOF
@ 1Pk Max @ 1Pk Max
m1[1] -4.87 dBm M1[1] 4.92 dBm)|
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) ) ——— T !
) e o) I G
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M1
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3.4. Radiated restricted band and emissions
Test setup
The diagram below shows the test setup that is utilized to make the measurements for emission

from 9 kiz to 30 Mz Emissions.

Turn Table

EUT

r_‘ ? Coaxial

Power Cable 0.8m —Cable

P—— i

Ground Plane

Power

EMI Receiver

The diagram below shows the test setup that is utilized to make the measurements for emission from
30 Miz to 1 Gz emissions.

Turn Table _T
1m —4m
EUT
T Coaxial
Power Cable O_Blm < Cable

o 3m T

Ground Plane
Power
EMI Receiver
KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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The diagram below shows the test setup that is utilized to make the measurements for emission
from 1 iz to the tenth harmonic of the highest fundamental frequency or to 40 Gz emissions,
whichever is lower.

| —

; Antenm
; - tower
H
i
i
EUT fosserensfie I M | — Horn
Y o antenna
i /
( Spectrum
L‘ z analyzer
T
| |
Turntable \
- Pre-amp |:| %g

Test procedure

Radiated emissions from the EUT were measured according to the dictates in section 11.11 &
11.12 of ANSI C63.10-2013.
Test procedure below 30 Mk

1. The EUT was placed on the top of a rotating table 0.8 meters above the ground at a 3 meter
anechoic chamber test site. The table was rotated 360 degrees to determine the position of
the highest radiation.

2. Then antenna is a loop antenna is fixed at one meter above the ground to determine the
maximum value of the field strength. Both parallel, ground parallel and perpendicular of the
antenna are set to make the measurement. It was determined that parallel was worst-case
orientation; therefore, all final radiated testing was performed with the EUT in parallel.

3. For each suspected emission, the EUT was arranged to its worst case and then the table
was turned from 0 degrees to 360 degrees to find the maximum reading.

4. The test-receiver system was set to average or quasi peak detect function and Specified
Bandwidth with Maximum hold mode.

Test procedure above 30 Mk ~1 000 Mk

1. The EUT was placed on the top of a rotating table 0.8 meters above the ground at a 3 meter
anechoic chamber test site. The table was rotated 360 degrees to determine the position of
the highest radiation.

2. The antenna is a bi-log antenna, a horn antenna, and its height are varied from one meter
to four meters above the ground to determine the maximum value of the field strength. Both
horizontal and vertical polarizations of the antenna are set to make the measurement.

3. For each suspected emission, the EUT was arranged to its worst case and then the
antenna was tuned to heights from 1 meter to 4 meters and the table was turned from 0
degrees to 360 degrees to find the maximum reading.

4. The test receiver system was set to Peak Detect Function and Specified Bandwidth with
Maximum Hold Mode.

KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Test procedure above 1 000 ME

1.

The EUT was placed on the top of a rotating table 1.5 meters above the ground at a 3 meter
anechoic chamber test site. The table was rotated 360 degrees to determine the position of
the highest radiation.

The antenna is a bi-log antenna, a horn antenna, and its height are varied from one meter
to four meters above the ground to determine the maximum value of the field strength. Both
horizontal and vertical polarizations of the antenna are set to make the measurement.

For each suspected emission, the EUT was arranged to its worst case and then the
antenna was tuned to heights from 1 meter to 4 meters and the table was turned from O
degrees to 360 degrees to find the maximum reading.

The test receiver system was set to Peak Detect Function and Specified Bandwidth with
Maximum Hold Mode.

5. Spectrum analyzer settings for f< 1 (ffz:

6.

Span = wide enough to fully capture the emission being measured
RBW =100 kifz

VBW = RBW

Detector = quasi peak

Sweep time = auto

Trace = max hold

Spectrum analyzer settings for f21 (iz: Peak

Analyzer center frequency was set to the frequency of the radiated spurious emission of
interest

RBW =1 iz

VBW = 3 iz

Detector = peak

Sweep time = auto

Trace = max hold

Trace was allowed to stabilize

SISICICACIS)

SISISICITACING)
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7. Spectrum analyzer settings for f=1 (flz: Average

PO ©

3

Analyzer center frequency was set to the frequency of the radiated spurious emission of

interest

RBW =1 Mk

VBW = 3 x RBW

Detector = RMS, if span/(# of points in sweep) < (RBW/2). Satisfying this condition may

require increasing the number of points in the sweep or reducing the span. If this

condition cannot be satisfied, then the detector mode shall be set to peak.

Averaging type = power(i.e., RMS)

1) As an alternative, the detector and averaging type may be set for linear voltage
averaging.

2) Some instruments require linear display mode in order to use linear voltage averaging.
Log or dB averaging shall not be used.

® Sweep = auto

@ Trace = max hold

Perform a trace average of at least 100 traces.A correction factor shall be added to the
measurement results prior to comparing to the emission limit in order to compute the

emission level that would have been measured had the test been performed at 100

percent duty cycle. The correction factor is computed as follows:

1) If power averaging (RMS) mode was used in step ), then the applicable correction
factor is 10 log(1/x), where x is the duty cycle.

2) If linear voltage averaging mode was used in step (®, then the applicable correction
factor is 20 log(1/x), where x is the duty cycle.

3) If a specific emission is demonstrated to be continuous (= 98 percent duty cycle) rather
than turning on and off with the transmit cycle, then no duty cycle correction is required
for that emission.

KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Note.
1. <30 M, extrapolation factor of 40 dB/decade of distance. Fq = 40log(Dw/Ds)
f=30 Mz, extrapolation factor of 20 dB/decade of distance. Fy = 20log(Dm/Ds)

Where:
Fs = Distance factorin dB
Dm = Measurement distance in meters
Ds = Specification distance in meters

2. Field strength(dBzV/m) = Level(dB.V) + CF (dB) + or DCF(dB)

Margin(dB) = Limit(dBxV/m) - Field strength(dBz.V/m)

4. Emissions below 18 Gz were measured at a 3 meter test distance while emissions above
18 @z were measured at a 1 meter test distance with the application of a distance correction
factor.

5. The fundamental of the EUT was investigated in three orthogonal orientations X, Y and Z, it was
determined that X orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in X orientation.

6. The worst-case emissions are reported however emissions whose levels were not within 20
dB of respective limits were not reported.

7. According to exploratory test no any obvious emission were detected from 9 kiz to 30 M.
Although these tests were performed other than open field site, adequate comparison
measurements were confirmed against 30 m open field site. Therefore sufficient tests were
made to demonstrate that the alternative site produces results that correlate with the ones
of tests made in an open field based on KDB 414788.

w

Limit
According to 15.209(a), for an intentional radiator devices, the general required of field strength of

radiated emissions from unintentional radiators at a distance of 3 meters shall not exceed the
following values :

Frequency (Mtk) Distance (Meters) Radiated (xV/m)
0.009 ~ 0.490 300 2 400/F (kiiz)
0.490 ~ 1.705 30 24 000/F (Kltz)

1.705~30.0 30 30
30~ 88 3 100**
88 ~ 216 3 150**
216 ~ 960 3 200**

Above 960 3 500

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating
under this Section shall not be located in the frequency bands 54 ~ 72 M, 76 ~ 88 MM, 174 ~ 216

Mz or 470 ~ 806 Mz. However, operation within these frequency bands is permitted under other
sections of this Part, e.g., Sections 15.231 and 15.241.

KES-QP16-F01(00-23-01-01)
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Duty cycle

Regarding to KDB 558074 D01_v05 r02, 6. Measurements of duty cycle and transmission duration
shall be performed using one of the following techniques:

a) A diode detector and an oscilloscope that together have sufficiently short response time to permit
accurate measurements of the on- and off-times of the transmitted signal.

b) The zero-span mode on a spectrum analyzer or EMI receiver if the response time and spacing
between bins on the sweep are sufficient to permit accurate measurements of the on- and off-times
of the transmitted signal.

. . Duty cycle
Mode e 772 Period Duty cycle Dutyocycle correction factor
(ms) (ms) (Linear) (%) (dB)
LoRa 14.49 58.55 0.25 24.75 6.06
Duty cycle (Linear) = Ton time/Period
DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)
Middle channel
Ref Level 11.00 dBSmPECtrum * ®-]REW 5 MHz [DV?
B BEe
. TRG -20.000 dBm ‘
M:;%Z:l Ref | Tr|:1| x—vﬁ?:gl — | Y::;]Su:dBm |__Function | Function Result |
D3 MIK 1 58,551 ms -0.35 de — — “_ -
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Test results (Below 30 Mk)
Mode: LoRa

Distance of measurement: 3 meter

Channel: Low (Worst case)
Parallel
= T g b | AL
= - 0 o T ==
Spectrum Selection
No Range Frequency Reading c.f Result Angle Remark
FE PE
[MH=] [dB(pV) ] [dB(1/m) ] [dB {pV/m) ] deg
1 Rangel 1.21¢ 16.2 30.4 46.6 336.6
2 Rangel 3.585 15.8 30.7 46.5 0.0
3 Rangel 4.89 1c.8 30.7 47.5 332.0
Note.
1. The above test result is the peak result.
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Test results (Below 1 000 Mk)
Mode: LoRa

Distance of measurement: 3 meter

Channel: Low (Worst case)

Horizontal // Vertical
Fundamental
Signal

110 \
100 E ¥
=

= E M
a0 E [ :

x-z = 4 P % IV 192 | Ty ( . !

o Bl o o ’L”b‘"lrl ‘\«""Jg\ |

LTS YA 4 SN R ] B T W
3 ooo0 50.000 100.000 500.000 1000.000
Final Result
No. Freguency Pol Reading c.f Result Limit Margin Height Engle Remark
QP QP QP QP
[MHz ] [dB (pV) ] [dB(1/m) ] [dB (pV/m)] [dB(pV/m)] [dB] [cm] [deg]

1 72.074 H 5.4 -16.1 29.3 40.0 10.7 332.0 359.9

2 95.718 H 44.0 -14.0 30.0 43.5 13.5 203.0 22.6

3 95.718 v 43.0 -14.0 29.0 43.5 14.5 178.0 4e.1

4 119.968 v 43.2 -15.1 2.1 43.5 15.4 27.0 20e.4

5 132.093 H 48.6 -15.¢ 33.0 43.5 10.5 311.0 354.3

& 167.983 v 42.3 -14.8 27.5 43.5 16.0 100.0 75.0

7 191.990 v 43.7 -13.1 30.6 43.5 12.9 241.0 75.0

8 249,948 H 41.4 -10.8 30.6 46.0 15.4 224.0 313.5

9 359.921 H 43.0 -7.6 35.4 4.0 10.6 187.0 199.8

10 384.050 v 38.7 -7.4 31.3 4.0 14.7 187.0 111.4

11 497,419 H 37.1 -5.3 31.8 4.0 14.2 234.0 27.9

12 508.574 v 41.7 -5.2 36.5 4.0 9.5 100.0 27.6

13 90Z2.758 Vo o 0.3 ---—-—— - —————— 145.8 111.4

14 90Z.636 H -—————- 0.3 ---—-—— - —————— 99.8 124.3
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Mode: LoRa
Distance of measurement: 3 meter
Channel: Low
- Spurious
Frequency Level Detect Ant. Pol. CF DCF Field strength Limit Margin
(Mikz) (dBV) mode (HIV) (dB) (dB) (dBV/m) (dBiV/m) (dB)
1.328.50 48.46 Peak H -7.35 - 41.11 74.00 32.89
1 806.10 51.45 Peak H -3.39 - 48.06 74.00 25.94
1 806.10 60.98 Peak v -3.39 - 57.59 74.00 16.41
1 806.10 47.87 Average v -3.39 6.06 44.48 54.00 3.46
2709.12 58.83 Peak Y 0.40 - 59.23 74.00 14.77
2709.12 45.44 Average Y 0.40 6.06 45.84 54.00 2.10
3619.00 43.61 Peak Y 1.57 - 45.18 74.00 28.82
3662.00 43.19 Peak H 1.80 - 44.99 74.00 29.01
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Horizontal // Peak for 1 (iz to 3 Gz

Vertical // Peak for 1 Gz to 3 (i

e e e e e e I
Ref Level 91.00 dBpy @ RBW 1 MHz Ref Level 94.00 dBpy @ RBW 1 MHz
Att 0dB  SWT 2ms @ VBW 3 MHz Mode Auto Sweep Att S5dB SWT 2ms @ VBW 3 MHz  Mode Auto Sweep
@ 1Pk Max (@ 1Pk Max
mM3[1] 46.02 dBpY] o0 M2[1] 58.83 dBpV|
2.70912 GHz| . 2.70912 GHz|
80 dBy! M1[1] 51.45 dBpv| M1[1] 60.98 dBpv|
1.80610 GHz| 80 dBy 1.80610 GHz|
70 dBp!
60 dBp! 70 dBp!
M1
N M2 Y . M1 M2
S0 dep!
30 deu b
o NP . R T " sheotutdnn Lol Y P
;
20 dBp!
10 dBy! 30 dBp!
0 dey 20 dp!
Start 1.0 GHz 691 pts Stop 3.0 GHz 10
Marker -
Type | Ref | Tre | X-value | Y-value |__Function Function Result |
M1 1 1.8061 GHz 51.45 dBpy 0 dBy
m2 1 1.3285 GHz 48.46 dBpv.
M3 1 2.70912 GHz 46.02 depv Start 1.0 GHz 691 pts Stop 3.0 GHz
_ £ G Siop
2yl T resome @ ~ 2yl T easurng @1 ] y

Horizontal // Average for 1 Gz to 3 Gz

Vertical // Average for 1 Gz to 3 Gk

[F==
v
@ RBW 1 MHz
SWT 2ms ® VBW 3 MHz

Spectrum
Ref Level 94.00 dBpv
Att 5de
SGL Count 100/100

Mode Auto Sweep

@ 1Rm Avglog
m2[1] 45.44 dBpV|
90 dBy 2.70912 GHz
Mi1[1] 47.87 dBpV)
80 dep 1.80610 GHz
70 dep
60 dey
M1
Blank S0 e
40 dBy
30 dBy Fcstis,
20 dBy
10 dBy
0 dep
Start 1.0 GHz 691 pts Stop 3.0 GHz
o
,
T Ready WHNNNRRD i
Horizontal // Peak for 3 Gz to 18 (& Vertical // Peak for 3 (i to 18 (iz
Specrum 2 © [SpemmeRRCISpeonmee) (¥ Specnm 2 @ G
Ref Level 94.00 dBpv @ RBW 1 MHz Ref Level 94.00 dBpv @ RBW 1 MHz
Att 5de SWT 60 ms @ VBW 3 MHz Mode Auto Sweep Att Sde SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
mM1[1] 43.19 dBpV)| mM1[1] 43.61 dBpY)|
90 dey 3.6620 GHz| 90 dey 3.6190 GHz|
80 dBp 80 dBp
70 dey 70 dey
60 dBy 60 dBy
50 dBy 50 dBy
M1 M1
Ml m " Ay ) it 9 PO
L \*WM Lo
30 dey 30 dey
20 dBp 20 dBp
10 dey 10 dey
0 deg 0 deg
Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz
o o
H " Measuring... ™) 4 H " Measuring... ™) 4
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Mode: LoRa
Distance of measurement: 3 meter
Channel: Middle
- Spurious
Frequency Level Detect Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBuV) mode (HIV) (dB) (dB) (dBV/m) (dBV/m) (dB)
1331.40 48.41 Peak H -7.33 - 41.08 74.00 32.92
1829.20 49.41 Peak H -3.14 - 46.27 74.00 27.73
1829.00 58.30 Peak Vv -3.14 - 55.16 74.00 18.84
1829.20 43.57 Average Vv -3.14 6.06 40.43 54.00 7.51
2746.70 56.85 Peak \% 0.55 - 57.40 74.00 16.60
2746.70 44 .15 Average \% 0.55 6.06 44.70 54.00 3.24
3 662.00 42.85 Peak H 1.80 - 44.65 74.00 29.35
3 662.00 42.42 Peak \% 1.80 - 44.22 74.00 29.78
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Horizontal // Peak for 1 Gz to 3 Gz

Vertical // Peak for 1 (z to 3 Gk

Spectrum E%’ Spectrum E%’
Ref Level 91.00 dBpY ® RBW 1 MHz Ref Level 92.00 dBpY ® RBW 1 MHz
Att 0d8  SWT 2ms @ VBW 3MHz Mode Auto Sweep Att 5dB SWT 2ms ® VBW 3MHz Mode Auto Sweep
[@1Pk Max [@1Pk Max
M1[1] 49.41 dBpY] M2[1] 56.85 dBpY]
1.82020 GHz 2.74670 GHz|
80 dey m2[1] 48.41 dBpv] N mi[1] 58.30 dBpY]
1.33140 GHz| 80 dey 1.82920 GHz|
70 du 70 dey
60 By 60 dBy!
e M1

"y WWAML,., o
40 doy st gy ; T Lot iy b "40 o ki A sabdeigiles PID IFRPUTERTY NI PR AT ) —
30 dews 30 deyt
20 dey 20 dey
10 dey 10 dey
0 cleyt 0 dey
Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
S — — — — —

] Measuring... @RARRRRED W6 4 i ] Measuring... @RARRRRED W6 4

Horizontal // Average for 1 Gz to 3 Gz

Vertical // Average for 1 Gz to 3 Gk

Blank

Spectrum o
Ref Level 92.00 dBpv @ RBW 1 MHz
Att 5dé  SWT 2ms @ VBW 3 MHz
SGL Count 100/100

Mode Auto Sweep

[@ 1Rm Avglog
mM2[1] 44.15 dBpV|
2.74670 GHz|
M1[1] 43.57 dBpY|
80 dBy! 1.82920 GHz
70 dBy
60 dBy
S0 dy
u M1 M2
40 dBy
0 don SR, T
20 dBy
10 dey
0 dBy
Start 1.0 GHz 601 pts Stop 3.0 GHz

—
i ] Ready WHNNNNRND W8 y

Horizontal // Peak for 3 (iz to 18 (i

Vertical // Peak for 3 Gz to 18 (lz

Specrum 2 © [SpemeRRCI peonme) (¥

Specrum 2 © [SpemeRRCI peonm) (¥

Ref Level 94.00 dBpv @ RBW 1 MHz Ref Level 94.00 dBpv @ RBW 1 MHz

Att 5dE  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep Att 5dE  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max

m1[1] 42.85 dBpV) m1[1] 42.42 dBpV)

90 dBy .6620 GHz 90 dBy .6620 GHz
80 dBy 80 dBy

70 dBy 70 dBy

60 dBy 60 dBy

S0 dBy S0 dBy

M1 M1

A% GO Y o A T

30 dBy 30 dBy

20 dBy 20 dBy

10 dBys 10 dBys

0 dey 0 dey

Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz

— —
H | Measuring...  @URNNRNLD e i H | Measuring...  @URNNRNLD e y
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Mode: LoRa
Distance of measurement: 3 meter
Channel: High
- Spurious
Frequency Level Detect Ant. Pol. CF DCF Field strength Limit Margin
(Mtz) (dBV) mode (HIV) (dB) (dB) (dBVim) (dBV/m) (dB)
1334.30 48.60 Peak H -7.31 - 41.29 74.00 32.71
1 855.30 49.54 Peak H -2.86 - 46.68 74.00 27.32
1 855.30 58.39 Peak Vv -2.86 - 55.53 74.00 18.47
1 855.30 45.55 Average V -2.86 6.06 42.69 54.00 5.25
278440 57.87 Peak Vv 0.69 - 58.56 74.00 15.44
278440 43.45 Average V 0.69 6.06 4414 54.00 3.80
3 705.00 42.80 Peak \% 2.02 - 45.49 74.00 28.51
3 879.00 42.95 Peak H 3.03 - 45.98 74.00 28.02
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Horizontal // Peak for 1 Gz to 3 iz

Vertical // Peak for 1 Gz to 3 (i

Spectrum o Spectrum o

Ref Level 92.00 dBpv @ RBW 1 MHz Ref Level 92.00 dBpv @ RBW 1 MHz

att 5dB_ SWT 2ms @ VBW 3 MHz _Mode Auto Sweep att 5dB  SWT 2ms ® VBW 3 MHz _Mode Auto Sweep

(@ 1Pk Max (@ 1Pk Max
MIl1] 49.54 dBpY M2l1] 57.87 dBpV

1.85530 GHz 2.78440 GHz

m2[1] 48.60 dBpV| mi[1] 58.39 dBpV|

80 dy 1.33430 GHz 80 dy 1.85530 GHz

70 ey 70 ey

60 By 60 By M :

M2 M

50 dey T 50 dey

40 doy A badipanl oy ) NSRRTY VTP NIE PN S M g 40 dey A b Ml .l " IWL fonndeaf It LA

30 dey 30 dey

20 dey 20 dey

10 dy 10 dy

0 dey 0 dey

Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz

— —
Bjd | Measuring... @ ) e 4 JL | Measuring... WANNARNLD W 4

Horizontal // Average for 1 Gz to 3 Gz

Vertical // Average for 1 (z to 3 Gl

Blank

e e e I
Ref Level 92.00 dBpv @ RBW 1 MHz
Att 5dB  SWT 2ms @ VBW 3 MHz
SGL Count 100/100

Mode Auto Sweep

[@ 1Rm Avglog
mM2[1] 43.45 dBpV|
2.78440 GHz|
M1[1] 45.55 dBpY|
80 dBy! 1.85530 GHz
70 dBy
60 dBy
S0 dBy T
:
40 dBy
20 doy o AN P A SNSRI AN "
20 dBy
10 dey
0 dBy
Start 1.0 GHz 601 pts Stop 3.0 GHz

—
Ready WHNNNNRND W8 y

=

Horizontal // Peak for 3 Gz to 18 (&

Vertical // Peak for 3 (i to 18 (iz

[ C ) e o) I

[ C ) e o) I

Ref Level 94.00 dBpv @ RBW 1 MHz Ref Level 94.00 dBpv @ RBW 1 MHz
Att 5dE  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep Att 5dE  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
m1[1] 42.95 dBpV)| m1[1] 42.80 dBpV)|
90 dBy .8790 GHz 90 dBy .7050 GHz
80 dBy 80 dBy
70 dBy 70 dBy
60 dBy 60 dBy
S0 dBy S0 dBy
M1 M1
. ‘ PN FOR R
30 dBy 30 dBy
20 dey 20 dey
10 dBys 10 dBys
0 dey 0 dey
Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz
— —
i " Measuring... il 4 i " Measuring... il ) 4
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Test results (18 @z to 30 Gk)
Mode: LoRa

Distance of measurement: 3 meter

Channel: Low (Worst case)
Horizontal Peak Vertical Peak
Specruma \Spemanne) [ | (Shemmi e e O svecrum s ©|Spedmae)) (%]
Ref Level 91.00 dBpv @ RBW 1 MHz Ref Level 91.00 dBpv @ RBW 1 MHz
Att 0dE  SWT 48 ms @ VBW 3 MHz Mode Auto Sweep Att 0dE  SWT 48 ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
80 dey 80 dey
70 deys 70 deys
60 dey 60 dey
S0 dBy S0 dBy
40 dBy/ 40 dBy/

S S Ty a WAV IR Do I VST e A damane) A VIVLS PTLL PEN (VTTO

20 dey 20 dey

10 dey 10 dey

0 deps 0 deps

Start 18.0 GHz 691 pts Stop 30.0 GHz Start 18.0 GHz 691 pts Stop 30.0 GHz
il | Measuring...  WNNNNNAED W6 4 i T easurnor GNNRAND Wa 4

Note.
No spurious emission were detected above 18 (L.
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3.5. Conducted spurious emissions & band edge
Test setup
EUT Attenuator Spectrum
analyzer

Test procedure
Band edge
ANSI C63.10-2013 - Section 11.11
1. Start and stop frequency were set such that the band edge would be placed in the center of
the plot
Span was set large enough so as to capture all out of band emissions near the band edge
Set the RBW = 100 iz
Set the VBW = [3 x RBW].
Detector = Peak
Sweep time = auto
Trace mode = max hold
Allow trace to fully stabilize.

ONO O WN

Out of band emissions
ANSI C63.10-2013 - Section 11.11
1. Start frequency was set to 30 M and stop frequency was set to 25 (iz for 2.4 (liz
frequencies and 40 (llz for 5 @iz frequencies
Set the RBW = 100 ki
Set the VBW = [3 x RBW].
Detector = Peak
Sweep time = auto
Trace mode = max hold
Allow trace to fully stabilize.

NoOakwb
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Limit

According to 15.247(d), in any 100 kiz bandwidth outside the frequency band in which the spread
spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is
produced by the intentional radiator shall be at least 20 dB below that in the 100 kiz bandwidth
within the band that contains the highest level of the desired power, based on either an RF conducted
or a radiated measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the use
of RMS averaging over a time interval, as permitted under paragraph(b)(3) of this section, the
attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation below the
general limits specified in section 15.209(a) is not required. In addition, radiated emission which in
the restricted band, as define in section 15.205(a), must also comply the radiated emission limits
specified in section 15.209(a) (see section 15.205(c))
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Test results

LoRa

902.5 Mt

915.0 Mt

Ref Level 9.44 dém

@ RBW 100 kHz

Specrum 2 @ |Spemenn) (%]

Ref Level 9.00 dem

Spectrum 3
@ RBW 100 kHz

® i

Ref Level 9.44 dém

@ RBW 100 kHz

Ref Level 9.00 dém

att 15dB  SWT 75.8 s @ VBW 300 kHz Mode Auto FFT Att 10dB  SWT 128 ms @ VBW 300 kHz Mode Auto Sweep
TDF TDF
(@ 1Pk Max (@ 1Pk Max
M1[1] . 1.25 dBm . m2[1] -47.58 dBm)|
#z.msan MHz M 8.1200 GHz
od od M1[1] 0.88 dBm)
\ 904.0 MHz
_10d \ -10d
U dBm—f0 1 -18.750 o0 @BR—01 -18.750 dBm
30d \ 30d
40d J ] -40d
M) M2
sod iy ly s0d
-60 di W\L -60 df |
Pt NI At WJ’ g RN
anl el
70d | -
80d 80d
Start 850.0 MHz 691 pts Stop 910.0 MHz Start 30.0 MHz 691 pts Stop 12.75 GHz.
— ——
T | Measuring... p T | Measuring... 0 e p
Spectrum 2 ®] = Spectrum 3 ® =

@ RBW 100 kHz

Att 15dB  SWT 56.0 s @ VBW 300 kMz Mode Auto FFT Att 10dB  SWT 128 ms @ VBW 300 kMz Mode Auto Sweep
TOF TOF
(@ 1Pk Max (@ 1Pk Max
RSN 1.45 dBm m2[1] -50.21 dBm
g 915.2300 MHZ| M1 8.2308 GHZ|
od od M1[1] 1.18 dBm|
/ I 923.0 MHz
-10d , ‘ 104
20 dem—{D1 -18.550 dBm. = ST dBm—{D1 -18.550 der
30d ’J \l 30d
40 di -40 d
Hm“"\ M2
50d I/*'ﬂ o d
60 d -60 d |
FUCTINS RTINS A ke N.._LMA’WM‘ Pt
704 |70 et e m
80d 80 d
CF 914.0 MHz 601 pts Span 50.0 MHz Start 30.0 MHz. 601 pts
——
H " Measuring... 4 0 ve 4 H " Measuring...
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LoRa

927.5 M

Ref Level 9.44 dém

Specrum 2 @ |Spemenn) (%]

@ RBW 100 kHz

Att 15dB  SWT 75.8 s @ VBW 300 kHz Mode Auto FFT
TOF
(@ 1Pk Max
ML M1[1] 1.78 dBm
927.370 MHz|
od
-10d

55 dBm—{D1 -18.220 dbr

30d

_40d

[ Tt

-50d

60 d

-70d

-80d

Start 910.0 MHz

601 pts Stop 980.0 MHz

JU

—
| Measuring...  EERRNRRLD e Vi

BLANK

Ref Level 9.00 dém

Spectrum3 = ® =

@ RBW 100 kHz

att 10dB  SWT 128 ms @ VBW 300 kMz Mode Auto Sweep
TOF
(@ 1Pk Max
; m2[1] ~50.30 dBm|
b 7.4210 GHZ|
od M1[1] 1.57 dBm|
923.0 MHz
10d
5 ger—I01 -18.220 dbrr
304
40d
M2
-50 di
o d | |
| s b L
80d
Start 30.0 MHz 691 pts Stop 12.75 GHz
)i | Measuring...  WURRNNNED e i

BLANK
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3.6. AC conducted emissions

Limit

According to 15.207(a), for an intentional radiator that is designed to be connected to the public utility
(AC) power line, the radio frequency voltage that is conducted back onto the AC power line on any
frequency or frequencies, within the band 150 kilz to 30 Mk, shall not exceed the limits in the
following table, as measured using a 50uH/50 ohm line impedance stabilization network (LISN).
Compliance with the provision of this paragraph shall on the measurement of the radio frequency
voltage between each power line and ground at the power terminal. The lower applies at the
boundary between the frequencies ranges.

Conducted limit (dBuV)
Frequency of Emission (Mk)
Quasi-peak Average
0.15-0.50 66 - 56* 56 - 46*
0.50 - 5.00 56 46
5.00 - 30.0 60 50
KES-QP16-F01(00-23-01-01) KES Co., Ltd.
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Test results
Mode : LoRa

Hot Line
1007 .
| Final_Result
80+ Frequency | QuasiPeak | CAverage Limit Margin Meas. Bandwidth | Line | Corr.
| (MHz) (¢BKY) | (@BWY) | (@Buv) | (@) | Tme (kHz) (dB)
sof 0.462000 38.26 - | 56.66 | 18.40 1000.0 9.000 | L1 19.6
& | 0.462000 30.74 | 46.66 | 15.92 1000.0 9.000 | L1 19.6
= r 0.542000 3354 | 46.00 | 12.46 1000.0 9.000 | L1 19.6
5 40+ *® 0.542000 41.12 — | 56.00 | 14.88 1000.0 9.000 | L1 19.6
3 *» 1.206000 24.84 | 46.00 | 21.16 1000.0 9.000 | L1 19.6
i FY 1.206000 33.03 — | 56.00 | 22.97 1000.0 9.000 | L1 19.6
201 1.302000 24.97 | 46.00 | 21.03 1000.0 9.000 | L1 19.6
| 1.302000 32.61 — | 56.00 | 23.39 1000.0 9.000 | L1 19.6
5.810000 16.02 | 50.00 | 33.98 1000.0 9.000 [ L1 20.1
ot 5.810000 24.75 — | 60.00 | 3525 1000.0 9.000 [ L1 20.1
; — H — H H 5.846000 1589 | 50.00 | 34.11 1000.0 9.000 [ L1 20.1
150k 300 400500 800 1M 2M  3M 4M5M 6 8 10M 20M  30M 5.846000 24.81 —| 6000] 3519 10000 9.000 | L1 201
Frequency in Hz
Neutral Line
1007
L Final_Result
g0+ Frequency | QuasiPeak | CAverage | Limit | Margin Meas. Bandwidth | Line | Corr.
(MHz) (dBRV) @Bwv) | (@Buv) | (@B) ':‘imc)e (kHz) (dB)
T ms)
60+ 0.462000 33.43 — | 56.66 | 23.23 1000.0 9.000 [ N 19.6
—
s 0.462000 | 26.37 | 46.66 | 20.29 1000.0 9.000 | N 19.6
= T 0.546000 28.67 | 46.00 | 17.33 1000.0 9.000 | N 19.6
3 40+ 0.546000 35.27 — | 56.00 | 2073 1000.0 9.000 [N 19.6
3 ' 0.550000 26.88 | 46.00 | 19.12 1000.0 9.000 | N 19.6
* 0.550000 33.82 — | 56.00 | 22.18 1000.0 9.000 | N 19.6
201 Py 1.322000 2022 | 46.00 | 25.78 1000.0 9.000 | N 19.6
1.322000 27.12 — | 56.00 | 28.88 1000.0 9.000 | N 19.6
[ 5.698000 13.02 | 50.00 | 36.98 1000.0 9.000 | N 20.1
ot 5.698000 18.20 — | 60.00 | 41.80 1000.0 9.000 | N 20.1
H HEE N I I I H HE I O H ; 5.914000 1242 | 50.00 | 37.58 1000.0 9.000 | N 20.1
150k 300 400500 800 1M 2M  3M 4M5M 6 8 10M 20M  30M 5.914000 19.09 = | 60.00] 40.91 1000.0 9.000 [N 201
Frequency in Hz
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3.7. Antenna Requirement

According to 15.203, An intentional radiator shall be designed to ensure that no antenna other than
that furnished by the responsible party shall be used with the device. The use of a permanently
attached antenna or of an antenna that uses a unique coupling to the intentional radiator shall be
considered sufficient to comply with the provisions of this Section. The manufacturer may design
the unit so that a broken antenna can be replaced by the user, but the use of a standard antenna
jack or electrical connector is prohibited. This requirement does not apply to carrier current devices
or to devices operated under the provisions of Sections 15.211, 15.213, 15.217, 15.219, or 15.221.
Further, this requirement does not apply to intentional radiators that must be professionally
installed, such as perimeter protection systems and some field disturbance sensors, or to other
intentional radiators which, in accordance with Section 15.31(d), must be measured at the
installation site. However, the installer shall be responsible for ensuring that the proper antenna is
employed so that the limits in this Part are not exceeded.
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Report No. : KES-RF240106
Appendix A. Measurement equipment
Equipment Manufacturer Model Serial No. Ce.lllbratlon Rl
interval due.
SPECTRUM
ANALYZER R&S FSV40-N 102194 1 year 2024.08.08
SPECTRUM
ANALYZER R&S FSV40 101725 1 year 2024.06.15
SIGNAL KEYSIGHT N5182B MY59100115 | 1year | 2024.04.19
GENERATOR y el
SIGNAL .
GENERATOR Anritsu 68369B 002118 1 year 2024.05.12
DC POWER SUPPLY AGILENT 6632B MY43004090 1 year 2025.01.12
Power Meter Anritsu ML2495A 2010001 1 year 2024.04.19
Pulse Power Sensor Anritsu MA2411B 1911111 1 year 2024.04.18
ATTENUATOR Mini-Circuits BW-S10-2W263+ 1 1 year 2025.01.15
Loop Antenna Schwarzbeck FMZB1513 1513-257 2 years 2025.03.22
BILOG ANTENNA Schwarzbeck VULB 9163 714 2 years 2024.04.19
Attenuator HUBER+SHHNER 6806.17.A NONE 1 year 2024.03.21
Horn Antenna AH. SAS-571 414 1 year 2025.01.16
Horn Antenna SCHWARZBECK BBHA9170 BBHA 1year | 2025.01.16
9170550 y s
. SONOMA
Amplifier INSTRUMENT 310N 186549 1 year 2024.03.21
PREAMPLIFIER HP 8449B 3008A00538 1 year 2024.05.31
BROADBAND
AMPLIFIER SCHWARZBECK BBV9721 PS9721-003 1 year 2025.01.16
EMI Test Receiver R&S ESU26 100517 1 year 2024.07.31
EMI TEST
RECEIVER R&S ESR3 101783 1 year 2024.11.08
LISN R&S ENV216 101787 1 year 2024.11.08
LISN R&S ESH2-Z5 100450 1 year 2024.11.08
PULSE LIMITER R&S ESH3-22 101915 1 year 2024.11.08
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook computer LG Electronics Inc., LGS53 306QCZP560949
The end of test report.
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