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1. General information

Applicant: Hanwha Techwin Co., Ltd.

Applicant address: 6, Pangyo-ro 319 Beon-gil, Bundang-gu Seongnam-si,
Gyeonggi-do, 13488, Korea

Test site: KES Co., Ltd.

Test site address: 3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,

Gyeonggi-do, 14057, Korea
473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

Test Facility FCC Accreditation Designation No.: KR0100, Registration No.: 444148
ISED Registration No.: 23298

FCC rule part(s): 15.247

IC rule part(s): RSS-247

FCC ID: NLMSEM3049W

IC: 21482-SEM3049W

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

1.1. EUT description
Equipment under test ~ Wireless Video Baby Monitor

Frequency range 2409.5 Miz ~2476 M

Model SEM-3049W

Modulation technique =~ GFSK

Number of channels 20 ch

Antenna specification ~ Antenna type : Dipole antenna, Peak gain : 1.2 dBi
Power source DC 3.85 V (Li-lon Battery)

15.247(a)(1) that the rx input bandwidths shift frequencies in synchronization with the transmitted

15.247(g): The system is designed to comply with all of the regulations in Section 15.247 when the
transmitter is presented with a continuous data (or information) system.

15.247(h): The system does not coordinate it channels selection/ hopping sequence with other frequency
hopping systems for the express purpose of avoiding the simultaneous occupancy of individual hopping
frequencies by multiple transmitters.

Pseudorandom frequency hopping sequence
The channel is represented by a pseudo-random hopping sequence hopping through the 20 RF channels.

Equal hopping frequency use
The channels of this system will be used equally over the long-term distribution of the hopsets.

Example of a 20 hopping sequence in data mode:
12, 14, 03,17, 16, 02, 18, 05, 19, 10, 06, 20, 09, 01, 13, 07, 11, 08, 15, 04
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1.2. Test configuration
The Hanwha Techwin Co., Ltd. Wireless Baby Monitor FCC ID: NLMSEM3049W,

IC: 21482-SEM3049W was tested according to the specification of EUT, the EUT must comply with

following standards and KDB documents.

FCC Part 15.247

ISED RSS-247 Issue 2 and RSS-Gen Issue 5
KDB 558074 D01 v05

ANSI C63.10-2013

1.3. Frequency/channel operations
Ch. Frequency (ME)
01 2409.5
10 2441
20 2476
1.4. Accessory information
Equipment Manufacturer Model Serial No. Power source
1.5. Software and Firmware description

The software and firmware installed in the EUT is version 1.0

1.6. Measurement results explanation example
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).
=0.72+20=20.72 (dB)

1.7. Measurement Uncertainty
Test Item Uncertainty
Uncertainty for Conduction emission test 2.62 dB
OkHz - 3(QMHz 4.54 dB
Unc§rta1nty for Radiation emission test 30z - 10 436 dB
(include Fundamental emission)
Above 10z 5.00 d8
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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2. Summary of tests
Section in Section in
FCC Part 15 RSS-247 & Gen Parameter Test results
- RSS-Gen 6.7 99% occupied bandwidth Pass
15.247(a)(1) RSS-247 5.1(a) 20 dB bandwidth Pass
15.247(b)(1) RSS-247 5.4(b) Output power Pass
15.247(a)(1) RSS-247 5.1(b) Carrier frequency separation Pass
15.247(a)(1)(iii) RSS-247 5.1(d) Number of channels Pass
15.247(a)(1)(iii) RSS-247 5.1(d) Time of occupancy Pass
RSS-247 5.5
15.205 15.209 RSS-Gen 8.9, Radiated restricted band and emission Pass
8.10
15.247(d) RSS-2475.5 Conducted spurious emission and band edge Pass
15.207(a) RSS-Gen 8.8 AC conducted emissions Pass
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3. Test results

3.1. 99% Occupied Bandwidth
Test procedure
ANSI C63.10-2013 clause 7.8.7

Test setup
EUT Attenuator Spectrum
analyzer
Test setting
1. Span = approximately 1.5 to 5 times the OBW, centered on a hopping channel
2. RBW =range of 1% to 5 % of the OBW
3. VBW = approximately 3 times RBW
4. Sweep = auto
5. Detector function =
6. Trace = Max hold
Limit
Not applicable
Test results
Frequency (M) 99% occupied bandwidth(ME) Limit(ME)
2 409.5 2.540
2441 2.590 -
2476 2.598
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Test plots
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3.2. 20 dB bandwidth
Test procedure
ANSI C63.10-2013 clause 6.9.2 and 6.9.3

Test setup

EUT Attenuator

Test setting

1. Span = approximately 2 to 5 times the OBW, centered on a hopping channel
2. RBW =range of 1% to 5 % of the OBW

3. VBW = approximately 3 times RBW

4. Sweep = auto

5. Detector function = peak

6. Trace mode = max hold

Limit
Not applicable

Test results

Spectrum analyzer

Frequency(Mi) 20 dB bandwidth(Mk) Limit(M)
2 409.5 2.388
2441 2.402 -
2476 2.402
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3.3. Output power
Test procedure
ANSI C63.10-2013 - Section 7.8.5

Test setup

Power meter,
Power sensor

EUT Attenuator

Spectrum analyzer

Test setting

Span = approximately 5 times the 20 dB bandwidth, centered on a hopping channel
RBW > the 20 dB bandwidth of the emission being measured

VBW = RBW

Sweep = Auto

Detector function = Peak

Trace = Max hold

Allow the trace to stabilize.

Nk W=

Limit

According to §15.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequenci
es separated by a minimum of 25 kllz or the 20 dB bandwidth of the hopping channel, whichever is
greater, provided the systems operate with an output power no greater than 125 mW.

According to RSS-247 Issue 2 5.4(b), For FHSs operating in the band 2 400 - 2 483.5 M, the maximum peak
conducted output power shall not exceed 1.0 W if the hopset uses 75 or more hopping channls; the maximum
peak conducted output power shall not exceed 0.125 W if the hopset uses less than 75 hopping channls. The
e.i.r.p shall not exceed 0.4 W, except as provided in section 5.4(e).
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Test results

Peak Power Average Power (dBm) Power Limit
Frequency(Miz Channel no.
ey i) (dBm) Notel (dBm)
2 409.5 01 14.29 14.06 20.97
2441 10 13.75 13.45 20.97
2476 20 13.06 12.85 20.97
Note.
1. The average power was tested using an average power meter.
Test plots
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34. Carrier frequency separation
Test procedure
ANSI C63.10-2013 - Section 7.8.2

Test setup

EUT Attenuator Spectrum analyzer

Test Setting

1. The EUT must have its hopping function enabled. Use the following spectrum analyzer settings:

2. Span = wide enough to capture the peaks of two adjacent channels

3. RBW: Start with the RBW set to approximately 30% of the channel spacing; adjust as necessary
to best identify the center of each individual channel.

. Video (or Average) Bandwidth (VBW) > RBW

. Sweep = auto

. Detector function = peak

. Trace = max hold

NN L

Allow the trace to stabilize. Use the marker-delta function to determine the separation between the peaks of
the adjacent channels. The limit is specified in one of the subparagraphs of this Section. Submit this plot.

Limit

According to 15.247(a)(1), frequency hopping system operating in 2 400 ~ 2 483.5 Mk Band may have
hopping channel carrier frequencies that are separated by 25 kllz or two-third of 20 dB bandwidth of the
hopping channel, whichever is greater, provided the systems operate with an output power no greater
than 125 mW.

According to RSS-247 Issue 2, 5.1(b), FHSs shall have hopping channel carrier frequencies separated by a
minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively,
FHSs operating in the band 2400-2483.5 Mz may have hopping channel carrier frequencies that are
separated by 25 kiz or two thirds of the 20 dB bandwidth of the hopping channel, whichever is greater,
provided that the systems operate with an output power no greater than 0.125 W.

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.
The authenticity of the test report, contact shchoi@kes.co.kr

KES-P-5101-14 Rev. 5 KES A4



s

KES Co., Ltd.
3701, 40, Simin-daero 365beon-gil, Test report No.:
Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea KES-RF-18T0122

Tel: +82-31-425-6200 / Fax: +82-31-424-0450
www.kes.co.kr

Page (14 ) of (41)

Test results

Channel Separation
Frequency(Mi) Channel no. (MHz)p
2441 10 2.437
Test plots
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3.5. Number of hopping frequency
Test procedure
ANSI C63.10-2013 - Section 7.8.3

Test setting

1. The EUT must have its hopping function enabled.

2. Span = The frequency band of operation. Depending on the number of channels the device
supports, it may be necessary to divide the frequency range of operation across multiple spans, to allow
the individual channels to be clearly seen.

4. RBW = To identify clearly the individual channels, set the RBW to less than 30% of the channel
spacing or the 20 dB bandwidth, whichever is smaller.

5. VBW > RBW

6. Sweep = auto

7. Detector function = peak

8. Allow the trace to stabilize.

All the trace to stabilize. Use the marker-delta function to determine the separation between the peaks of the
adjacent channels.

Limit
According to 15.247(a)(1)(iii), for frequency hopping system operating in the 2 400 ~ 2 483.5 Mk bands
shall use at least 15 hopping frequencies.

According to RSS-247 Issue 2, 5.1(4), FHSs operating in the band 2400-2483.5 Mk shall use at least 15
hopping channels. The average time of occupancy on any channel shall not be greater than 0.4 seconds
within a period of 0.4 seconds, multiplied by the number of hopping channels employed. Transmissions on
particular hopping frequencies may be avoided or suppressed provided that at least 15 hopping channels are
used.

Test results

Frequency Number of hopping frequency Limit

2409.5~2476 M 20 >15
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3.6. Time of occupancy
Test procedure
ANSI C63.10-2013 - Section 7.8.4

Test setting
1. The EUT must have its hopping function enabled.

2. Span = zero span, centered on a hopping channel

3. RBW shall be < channel spacing and where possible RBW should be set >> 1/ T, where T is the
expected dwell time per channel.

4. Sweep: As necessary to capture the entire dwell time per hopping channel; where possible use a
video trigger and trigger delay so that the transmitted signal starts a little to the right of the start
of the plot. The trigger level might need slight adjustment to prevent triggering when the system
hops on an adjacent channel; a second plot might be needed with a longer sweep time to show
two successive hops on a channel.

5. Detector function = peak

6. Trace = max hold

Limit
According to 15.247(a)(1)(iii), for frequency hopping system operating in the 2 400 ~ 2 483.5 M band,
the average time of occupancy on any frequency shall not be greater than 0.4 second within a 8 second
period.

According to RSS-247 Issue 2, 5.1(d), FHSs operating in the band 2 400 - 2 483.5 Mk shall use at least
15 hopping channels. The average time of occupancy on any channel shall not be greater than 0.4
seconds within a period of 0.4 seconds, multiplied by the number of hopping channels employed.
Transmissions on particular hopping frequencies may be avoided or suppressed provided that at least 15
hopping channels are used.

A period time = 0.4(s) x 20 = &(s)

Frequency Burst time Time of occupancy ..
Burst number Limit (ms
(i) (ms) (ms) L
2 441 0.841 25 21.025 400
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Burst time(ms) = 0.841 Hopping Mode Burst number within 8 s =25 Hopping Mode
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3.7. 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 Miz Emissions.

Turn Table

EUT
T Coaxial

Power Cable 0.8m —Cable

- o [

Ground Plane

Power

EMI Receiver

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

Turn Table
im —4m
EUT
T Coaxial
Power Cable 08m <t Cable

—— 3m ———p T

Ground Plane
Power

EMI Receiver
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The diagram below shows the test setup that is utilized to make the measurements for emission from 1 Gz to
the tenth harmonic of the highest fundamental frequency or to 40 (flz emissions, whichever is lower.

Antenna
r ower
EUT | ! Horn
_\ o antenna
4m
( Spectrum
L[ h analyzer
-
| )
Turntahle \\ ‘
™ Pre-amp -\I_Iggg

] | ]
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Test procedure

1.
2.
3.

The EUT is placed on a turntable, which is 0.8 m above ground plane.

The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.

EUT is set 3 m away from the receiving antenna, which is varied from Im to 4m to find out the highest
emissions.

. Maximum procedure was performed on the six highest emissions to ensure EUT compliance.
. And also, each emission was to be maximized by changing the polarization of receiving antenna both

horizontal and vertical.

. Repeat above procedures until the measurements for all frequencies are complete.
. Spectrum analyzer settings for /<1 (flz:

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

VBW = RBW

Sweep = auto

Detector function = quasi peak

Trace = max hold

. Spectrum analyzer settings for /' =1 (fz: Peak

Span = wide enough to fully capture the emission being measured
RBW =1 M

VBW = RBW

Sweep = auto

Detector function = peak

Trace = max hold

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

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

@ RBW=1 Iz

©® VBW >3 xRBW

@ 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:

e

CleNSIS)

1) If power averaging (RMS) mode was used in step (5, 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 (5, 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.
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Note:

1. The spectrum is measured from 9 klz to the 10th harmonic of the fundamental frequency of the
transmitter using CISPR quasi peak detector below 1 (lz. Above 1 (lz, average and peak measurements
were taken using linearly polarized horn antennas. The worst-case emissions are reported however
emissions whose levels were not within 20 dB of the respective limits were not reported.

2. Emissions below 18 iz were measured at a 3 meter test distance while emissions above 18 (lz were

measured at a 1 meter test distance with the application of a distance correction factor.

. Average test would be performed if the peak result were greater than the average limit.

. Field strength(dBxV/m) = Level(dBxV) + CF(dB) + or Fa(dB) + or DCF(dB)

. CF(Correction factors(dB)) = Antenna factor(dB/m) + Cable loss(dB) + or Amp. gain(dB)

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

. To get a maximum emission level from the EUT, the EUT was moved throughout the XY, XZ and YZ planes.

8. /<30 Mz, extrapolation factor of 40 dB/decade of distance. Fq = 40log(Dr / Ds)

f = 30 Mz, extrapolation factor of 20 dB/decade of distance. Fq = 20log(Dm / Ds)

~N N D W

Where:
Fq = Distance factor in dB
Dn = Measurement distance in meters
D = Specification distance in meters
DCF = duty cycle correction factor

9. According to exploratory test no any obvious emission were detected from 9 kiz to 30 Miz. Although these
tests were performed other than open area test site, adequate comparison measurements were confirmed
against 30 m open are test 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.
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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 (Miz) Distance (Meters) Radiated (¢V/m)
0.009 ~ 0.490 300 2400/F (kliz)
0.490 ~ 1.705 30 24000/F (kftz)

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 Mz, 76 ~ 88 Mz, 174 ~ 216 Miz or 470 ~ 806 M.
However, operation within these frequency bands is permitted under other sections of this Part, e.g., Sections
15.231 and 15.241.

According to RSS-Gen, Except when the requirements applicable to a given device state otherwise,
emissions from licence-exempt transmitters shall comply with the field strength limits :

Frequency (M) Distance (Meters) Radiated (£V/m)
0.009 ~ 0.490 300 2 400 / F(klkz)
0.490 ~ 1.705 30 24 000 / F(Kz)

1.705 ~ 30.0 30 30
30 ~ 88 3 100
88 ~216 3 150
216 ~ 960 3 200
Above 960* 3 500

* Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in
the specific RSS.
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Duty cycle
Test mode Ton time Period Duty cycle Duty cycle Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
GFSK 100.00 100.00 1 100 0

Duty cycle (Linear) = Ton time/Period

Note.

GFSK // Middle channel_Non Hopping Mode

Att

SGL

Ref Level 26,00 dBm

Spectrum 4 (X)
Offset 20.72 d8 & RBW 5 MHz
25dE & SWT 100 ms VBW 5 MHz

=

[@ 17k Cirw

20 d8

-20 dBém—

=30

-40 d

50

60 d

-T0

CF 2.441 GHz
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i

Ready LLLLLELEL)
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1. Radiated test is performed with Non hopping Mode
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Test results (Below 30 M)

Mode: GFSK
Distance of measurement: 3 meter
Channel: 01 (Worst case)
- Spurious
Frequency Reading Ant. Pol. CF Distance factor Field strength Limit Margin
(M) (dBV) H/V) (dB) (dB) (dBrV/m) (dBgV/m) (dB)
0.957 21.40 H 21.00 -40.00 2.40 27.98 25.58
0.650 26.40 A\ 20.80 -40.00 7.20 31.34 24.14
Horizontal Vertical
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Test results (Below 1 000 M)

Mode:

Distance of measurement:

Channel:

GFSK
3 meter
01 (Worst case)

Horizontal // Vertical

EE% AR | <<D (30 — 1 D0O) MHz RE TEST>> KES D-SAC #4(10m)
o E N S S : : A S S Fva o cr)
o T R N SO Y TSR
EDE |t'n,-w'1: J:@"" I lii Ji i l "%I‘.”. : I I I |
B 0 et R 0 B
No. Freguency (P) Reading of Besult Limit Margin Height Angle Bemark
QP QP QP QP
[MHz] [dB(uv)] [dB(1/m)] [dB(uV/m)] [dB(uV/m)] [dB] [cm] [deq]
1 83.956 V 67.0 -34.1 32.9 40.0 7. 162.0 55.0
2 107.964 W 60.9 -29.6 31.3 43.5 12.2 100.0 67.0
3 179.986 H 62.7 -30.7 32.0 43.5 11.5 108.0 51.0
4 3r2.046 H h6.8 -23.5 33.3 46.0 2.7 106.0 75.0
5 479,959 W 8.7 -20.6 38.1 45.0 7.9 115.0 27.0
6 912.094 H hi.4 -13.5 37.9 46.0 8.1 100.0 27.0
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Test results (Above 1 000 M)

Mode: GFSK
Distance of measurement: 3 meter
Channel: 01
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (H/V) (@) (dB) (dB&V/m) (dBV/m) (dB)
1 843.70 52.71 Peak -2.62 - 50.09 74.00 23.91
2 639.70 52.17 Peak \% 0.49 - 52.66 74.00 21.34
4 813.00 49.23 Peak H 7.66 - 56.89 74.00 17.11
4 813.00 34.68 Average H 7.66 - 42.34 54.00 11.66
3 814.00 43.18 Peak \% 3.23 - 46.41 74.00 27.59
- Band edge
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (H/V) (@) (dB) (dB&V/m) (dBV/m) (dB)
2332.04 5143 Peak H -0.33 - 51.10 74.00 22.90
2 345.59 50.09 Peak \'% -0.30 - 50.60 74.00 23.40
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum [§ Spectrum E
T LaT iy e Ve S re Wi i P T aris ph  a A e WA i
| T i 3 | wax _ TETTD
] | i | i YT
ki 1 mi[1] $9.41 dBpY 100 dBvf mi[1] 8,94 dBpv
i i ! 2 Z‘Illlqi'!ll GHr % o ?.:l lllq(all CHz
L | | ].
B0 dBy 7 I',l B0 dBy .'I l!
70 ,.-" L ‘ 70 dBuiv— I.-"II l_\\
60 deu1 - i N bjd""”_ 2 X
B e = BVt S T e S o i e e s T = P
o i 20 dmuit i
::Tmza GHz 691 m SlnE 2.42 GHz :::*:33 GHz 691 pts SNE 2.42 GHz
] Type | Ref | Ircll K-leee T;;m'l:.:a - |__Function | Function Result | Type | Ref | Trc | Kovalus ) | Y-ualllm i |__Function | Function Result |
= n | Measuring.. a“un a 8l . il — — | Measuning... “"T“-_ﬁ,
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Vertical / Average for 3 Gz to 18 (iz

®

Spectrum 4 né"-i
Ref Level 91.00 dBpv & RBW 1 MMz
Art Od8  SWT 45ms & VBW 3 MHz
Count 100/100

[g LRm AvgPwr

Made Auto Sweep

MI1] 34.60 dBjY,
4.8130 GHz

B0 dBys

70 dy

Ml \"

Start 3.0 GHz
pr— m

SUI&S

St 18.0 GHz
T

J

N/A

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Mode: GFSK
Distance of measurement: 3 meter
Channel: 10
- Spurious
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (H/V) (@) (dB) (dB&V/m) (dBV/m) (dB)
1 840.80 52.48 Peak -2.65 - 49.83 74.00 24.17
2 824.90 52.15 Peak A\ 1.17 - 53.32 74.00 20.68
4 878.00 49.05 Peak H 8.17 - 57.22 74.00 16.78
4 878.00 36.27 Peak H 8.17 - 4444 54.00 9.56
3597.00 4415 Peak A\ 2.14 - 46.29 74.00 27.71
Horizontal // Peak for 1 Gz to 3 Gz Vertical // Peak for 1 Gz to 3 Giz
Spectrum <4 ® "é?' Spectrum <4 3] "é?'
::: revel 110.00;03:; SWT 2 ms : 5:‘: ;::: Mode Auto Sweep ::II reve! HD.DD;OB:; SWT 2 ms : 5:‘: ;::: Mode Auto Sweep
@ 15 Max @17k Max
e Sicsnaity ) Bty
100 diy 11[1] lg':u‘flr:“:::v 100 diyt M2{1] ?.';I;J‘z.ll‘:r:ltznv
60 dBy l 60 dBys
e 5 ol » sl Lo e
2?‘ 1.0 CH:, M 2?‘ 1.0 CH:, M SHJ'E 3.0 GHz
J Measuring... é

Stop 3.0 GHz
T |

Horizontal // Peak for 3 Gz to 18 Gz

Vertical // Peak for 3 Gz to 18 Gz

Start 3.0 CH:, 691 ﬁi Stop 18.0 GHz
L J1 | Measuning... ]

Spectrum <4 €3] "é?' Spectrum <4 €3] "é?'
Ref Lavel 89.00 diyy ® RBW 1 MHz Ref Lavel 89.00 diyy ® RBW 1 MHz
Att 0di  SWT 45ms @ VBW 3 MH:  Mode Auto Sweep Att 0di  SWT 45ms @ VBW 3 MH:  Mode Auto Sweep
[@ 17k Max (@17 Max
Ma[1] 49.05 dBpv] ma[1] 44,15 dBpY|
4.8780 GHz 3.5970 GHz
B0 dBy B0 dBy
70 dBy 70 dy
80 dey 0 dBy
50 diys 50 dByf
I "
ctin o, UPTI T VO TS N S—— . B [ e 79 ISP APPSR . S | ok N
‘ W T T AL W [ T TS )
30 diy 30 dey
20 deu 20 dBy
10 By 10 diys
0 dBL 0 dBys
Start 3.0 GHz 591 pts

Stop 18.0 GHz
| Measuning... m& ]
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Horizontal // Average for 3 @z to 18 Gz Vertical / Average for 3 @z to 18 (i

Spectrum 4 (%) E

Ref Level 89.00 dBuv & RBW 1 MMz
Art Dd8 SWT 45ms & VBW I MH: Mode Auto Sweep
Count 100/100

Mi[1]

3 ¥
4.8780 GHz

N/A

W = S o e e I = 5
~ % R DR RN Y

b1

Stort 3.0 GHz 591 pts Stop 18.0 GHz
- _#
i | Measuring... A &

Note.
1. Average test would be performed if the peak result were greater than the average limit.
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Mode: GFSK
Distance of measurement: 3 meter
Channel: 20
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (H/V) (@) (dB) (dB&V/m) (dBV/m) (dB)
1936.30 53.37 Peak H -1.64 - 51.73 74.00 2227
1 947.90 51.77 Peak \% -1.52 - 50.25 74.00 23.75
8 980.00 4437 Peak H 13.15 - 57.52 74.00 16.48
8 980.00 32.64 Average H 13.33 - 45.97 54.00 8.03
8915.00 43.39 Peak \% 13.29 - 56.68 74.00 17.32
8 894.00 32.55 Average A" 13.33 - 45.88 54.00 8.12
- Band edge
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Mtz) (dB&V) (H/V) (dB) (dB) (dBiV/m) (dBiV/m) (dB)
2 483.75 58.20 Peak H -0.05 - 58.15 74.00 15.85
2 483.50 49.10 Average H -0.05 - 49.05 54.00 4.95
2 483.85 53.44 Peak \% -0.05 - 53.39 74.00 20.61
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
e ——, maf1] = 5tt| 20 <1|Eu\-f s maf1] 5 5,.15 44 -1|Eu‘-f
omae = - | = - -
99‘ i II.," * 99‘ i 0 *
00 B e "4 —
S0 dB g = = — S0 dB \d‘:\' - e S
:I;r:l?.-lf GHz : 691 P!l ; EIDP 2.51 GHz :I;r:l?.-lf GHz : 691 P!l ; EIDP 2.51 GHz
: ar Ret | Tre | X-valug | T-valug | Funection | Function Result | : ar Ret | Tre | X-valug | T-valug | Funection | Function Result
S e S o T
M3 1 2.483748 GHz $8.20 dBp'-' M3 1 2.483847 GHz 53.44 dBp'-'
i e e | i T
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. . . .
Restricted band // Horizontal // Average Restricted band // Vertical // Average
s GGG [
Ref Lavel 108.00 dbyv ® RBW 1 MHz
Att 2048 SWT 5.7 ps ® YBW 3MHz  Mode Auto FFT
Count 100/100
[@ 17m AvgPwr
mMa[1] 49.10 dBpvY|
100 dBy - 24835000 GHz|
If"r \ mif1] 49.10 dapv|
20 dBy - 2.4835000 GHz
/ %
i \
70 deuvio- ‘\_
&0 A N
= N/A
S0 deys
40 By — —————— e —_ e EEESCRY GRS
30 dBuv
20 deys
F2
F1 |
Start 2.47 GHz = 691 pts > Stop 2.51 GHz
Marker
Type | Ref | Trc | X-valug | Y-value | Function | Function Result |
ML 1 2.4835 GHz 49.10 dBpv
[ [ 1] 2.5 GHz | 37.23 dipv | |
M3 1 24835 GHz 49.10 dBpY
. .
Horizontal // Peak for 1 Gz to 3 Gz Vertical / Peak for 1 (fz to 3 Gz
Spectrum 3 €3] l'.gk Spectrum 3 [£3] né"-i
Ref Level 110.00 dapy w RBW 1 Mhz Ref Level 110.00 dByv & RBW 1MHz
Alt 20dE  SWT 2ms & YBW 3 MHz  Mode Auto Sweep Alt 20d8  SWT 2ms & VBW 3 MH:  Mode Auto Sweep
@ 1Pk Moo @ 17 May
mM2[1] 52.37 dBpvY| mi[1] 51.01 dBpv|
1.93630 GHz| 1.47030 GHz
100 digs Mi[1] 54.47 dBpv| 100 dB mM2[1] 51.77 dByv|
2.43990 GHz 1.94790 GHz
90 dBy 0 deys
BO dByf B0 dByV
70 diys 70 dBys
60 - — 60 dByf
. L { S LT ¢ BN
40 dig 40 dBy
30 ey 30 dBys
20 diy 20 dBys
start 1.0 GH: 691 pts Stop 3.0 GHz Starl 1.0 GHz 591 pts Stop 3.0 GHz
Measuring. .. m ﬁ ] i Measuring... &
L L J

Horizontal // Peak for 3 @z to 18 Gk

Vertical // Peak for 3 @z to 18 Gz

Stop 18.0 GHz
| Measuning... mﬁ ]

L JL

Spectrum 4 () Ea Spectrum 4 () ka
Ref Level 89.00 dBuv & RBW 1 MMz Ref Level 89.00 dBuv & RBW 1 MMz
Att 0d8  SWT 45ms @ VBW 3 MH:  Mode Auto Sweep At 0d8 SWT 45ms @ VBW 3 MHz Mode auto Sweep
(@ 17k Max (@ 17k Max
maf1] +4.97 dBpv| mi[1] 43.39 dBpv|
8.9800 GHz 8.9150 GHz
B0 dBuY B0 dBuY
70 diy 70 dy
60 diy 60 dBy
50 day - 50 day
N S NPT W L N P . EpT O SV BN V. W7, NS IS =
v M Tt NP e wpud WA,
30 By 20 dey
20 diy 20 deu
10 dByf 10 By
0 s 0 dBu
Start 3.0 CHf' 691 B:i

Start 3.0 CH:' 691 ﬁs Stop 18.0 GHz
L Ji § J Measuring... m ﬁ A&
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Horizontal // Average for 3 @z to 18 Gz Vertical // Average for 3 @z to 18 Gz
Spectrum <4 ® "é?' Spectrum <4 3] "é?'
Ref Level 55.00 dBy & RBW 1 MHz Rel Lavel 59.00 dByv & RBW 1 MHz
Art Ddd SWT 45ms & VBW I MH: Mode Auto Sweep At Ddi SWT 45ms & VBW IMH:  Mode Auto Sweep
Count 100/100 Count 100,100
[! LR AvgPwr [! 1Rm AvgPyr
mi[1] 32.64 dBY, mi[1] 32.55 dBY,
8.8940 GHz 8.8940 GHz
B0 dBy B0 dBy
70 dByv 70 dBy v
60 dByf 60 dByf
S0 By S0 By
40 ey 40 ey
5 s - - F=n S 7 — . = N 50 dep A e o S oy . o T
WL NN Y W Y SR TN N W
20 deys 20 deys
10 dBy 10 dBy
0 By 0 By
juimtaa oz 591 pts Slﬁ 16.0 GHz ] | | stort 210 CHz 591 pts Slﬁ 18.0 GHz
Measuring... ﬁ L JL Measuring... ﬁ

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Test results (18 Gz to 30 Glkz)

Mode: GFSK
Distance of measurement: 3 meter
Channel: 01(Worst case)

Frequency Level Ant. Pol. CF Fa Field strength Limit Margin

(Miz) (dBV) (H/V) (dB) (dB) (dBxV/m) (dBzV/m) (dB)
No spurious emissions were detected within 20 dB of the limit
Horizontal Vertical
Spectrum <4 3] [%‘ Spectrum <4 3]

Ref Lavel 90.00 dByv & RBW 1 MMz Ref Lavel 90.00 dByv & RBW 1 MMz

At Od8 SWT 36ms & VBW I MH: Mode Auto Sweep At Od8 SWT 36ms & VBW I MH: Mode Auto Sweep

@ 1Pk View @ 1Pk View

B0 dBy B0 diy

70 dbyf 70 diys

60 dBy 60 dBy"

S0 dBy! S0 dBy

40 diy 40 diy

PR TR LS A A Aoy A Ay i g gl P LT asia s P oottt Nttt
20 diy 20 diy

0 10 dBy

0 dBuV 0 dBuv

Start 18.0 GHz 691 & Stop 30.0 GHz 'El_ort 18.0 GHz 691 pts Stop 30.0 GHz
— T | T T

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

Test procedure
ANSI C63.10-2013 - Section 7.8.6 and 7.8.8

Test setting
1. Span = Wide enough to capture the peak level of the emission operating on the channel closest to

the band edge, as well as any modulation products that fall outside of the authorized band of opera
tion.

2. Reference level: As required to keep the signal from exceeding the maximum instrument input mixer level
for linear operation. In general, the peak of the spectral envelope shall be more than [10 log (OBW/RBW)]
below the reference level.

3. Attenuation: Auto (at least 10 dB preferred).

4. RBW = 100 ki

5.VBW = 300 iz

6. Detector = Peak

7. Sweep time = auto couple

8. Allow the trace to stabilize.

Limit

According to 15.247(d), in any 100 klz 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))

According to RSS-247 issue 2 5.5, In any 100 kHz bandwidth outside the frequency band in which
the spread spectrum or digitally modulated device is operating, the RF power that is produced shal
I be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest
level of the desired power, based on either an RF conducted or a radiated measurement, provided
that the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of root-mean-square averaging over a t
ime interval, as permitted under Section 5.4(d), the attenuation required shall be 30 dB instead of 2

0 dB. Attenuation below the general field strength limits specified in RSS-Gen is not required.
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Test results

Spectrum 2 (%)

Spectrum 3
Rof Level 23.00 dém  Offset 20.72 dB & RBW 100 kHz

Ref Level 25,00 dim  Offset 20.72 dB & RBW 100 kHz

20d8  SWT 1327 us @ VBW 300 kHz _ Mode Auto FFT Att 2008 SWT 250 ms @ VBW 300 kHz _Mode Auto Sweep
[@ 17% Max [@ 17% Max
20 dBm i M1[1] 13.32 dBm| [ Mi[1] 12.09 dBm)|
2409440 GH 3970 GHz
10 dB: D1 13,320 dem m2[1] -43,74 dBn '-'I |
2.400000 G {01 12.090 dem
od [
02 -6.680 db 1
-10
20 dam .f D2 -7.910 dB
-30 dém "r =
=40 d
W%MWWWW»« e | onababinstirss
-60 d8 Y TN ey Y [y
MM%WMWW"M o
-70 g8 iyt
Htart 2.3 GHz 691 pts Stop 2.41 GHz
e -60 dBm
Type | Ref | Tre | %-valug | v-value | Function | Function Result |
M1 1 2.40044 GHZ | 13.32 dBm 70
Mz | 11l 2.4 GHz | -43.74 dim | |
M3 1 2.39941 GHz -42.06 dBm Start 30.0 MHz G691 pts Stop 25.0 GHz
) ! e )i ] —
L i | Measuring... Ll JL | Measuring... |
1 Spectrum 3 (¥) -
Ref Level 25,00 dBm  Offset 20,72 dB & RBW 100 kHz
Att 2008 SWT 250 ms @ VBW 300 kHz _Mode Auto Sweep
[@ 17% Max
| Mi[1] 11,74 dBm)|
20d | 4330 GHz
M
5 Gam—Ji0L 11,740 dim
0 dBm
& D2 -8.260 dir
N/A 2008
-30 dé
g —— _u\_('.vm o LA e =
o s W TR EPRR e ST
50 o
-60 dBm
-70
Btart 30.0 MHz 691 pts Stop #5.0 GHz
v Y #
L8 JL | Measuring... 4

Spectrum 2 (%)
Ref Level 23,00 dém Offset 20,72 dB & RBW 100 kHz Ref Level 2500 dém Offset 20,72 dB & RBW 100 kHz
At 20 CB  SWT 56,9 us @ VBW 300 kHz  Mode Auto FFT At 20 CB  SWT 250 ms @ VBW 300 kHz Mode Auto Sweep

®

20 dem —+ TN | Mil1] 11.05 dBm|
1 4690 GHz|
o dem—loL 12.070 M1[1] M |
24758430 GHz o1 11.050
L:ﬁ-e -7 i;- B .E.
-10 dém—r j ‘JL\
-20 |rl.|| )2 -8.950 di
04 A
Y
40 g
50 di A e e s
L
Btart 2465 GHz 691 pts Stop 2.51 GHz
Marker ~60 dem
Type | Ref | Tre | ®-valug | ¥-walue | Function | Function Result |
M. 1 2.475843 GMz | 12.07 dBém .70
Mz | 11l 2.4835 GHz | -39.97 dim | |
M3 1 2.483B53 GHz ~37.13 dBm Start 30.0 MHz 691 pts Stop 25.0 GHz
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.
GFSK_Hopping
Spectrum s Spectrum 3 (%) s
Rof Level 30,00 dém  Offset 20,72 dB e RBW 100 kHz Ref Level 25,00 dbm  Offset 2072 db e RBW 100 kHz
Att 25d8  SWT 1138 us @ VBW 300 kHz _ Mode Auto FFT Att 2068 SWT 250 ms @ VBW 300 khz  Mode Auto Sweep
[@ 17% Max [@ 17k Max
| Ma[1] ~26.17 dBm)| ] Mi[1] 11.94 dBm)|
30 2483840 GHzfff 20 48 2.4330 GHz
- mi[1] -38,93 dBm| |
1 13.340 dom oy T O e R e 2400000 GHz D1 11.940 g8
10 déim i‘\‘ ‘1 | ‘J'L\y 10 dem
I £
- VATAY VNNVl VY VY VoLV
| g vt
g IF -6.660 dB .
| 8.060 dBr
20d f'\ '|[|-|=| -10
e JIE;
-30 dBen-F—f 5 -
$
30 980
=50 da
0 -40 dam r P Fles
bt ] el TP T
Y u«*""m* T R
CF 2,441 GHz 691 pts 3
Markor
Type | Ret | Tre | W-walue 1 ¥-walue | Function | Function Result o
M1 1 2.4 GHz -36.33 dBm
mz| i 2.39928 GHz | -30.60 dBm |
M3 1 2.4B35 GHz -32.83 dBm
M4 1| 2,48384 GHz -26.17 dém |
ME 1 2.41191 GHz 13.34 dBrm Start 30.0 MHz 691 pls Stop 25.0 GHz
— — ¥ -
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3.9. AC conducted emissions
Test setup

EUT Adapter LISN

Test Receiver

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 MHz, 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.

According to RSS-Gen Issue 5, 8.8, a radio apparatus that is designed to be connected to the public utility
(AC) power line shall ensure that the radio frequency voltage, which is conducted back onto the AC power
line on any frequency or frequencies, within the band 150 kifz to 30 M, shall not exceed the limits in Table 3.
Unless the requirements applicable to a given device state otherwise, for any radio apparatus equipped to
operate from the public utility AC power supply either directly or indirectly (such as with a battery charger),
the radio frequency voltage of emissions conducted back onto the AC power lines in the frequency range of
0.15 M to 30 Miz shall not exceed the limits shown in Table 3 below. The more stringent limit applies at the
frequency range boundaries.

The conducted emissions shall be measured in accordance with the reference publication mentioned in

Section 3.
Conducted limit (dBxV/m)
Frequency of Emission (M)
Quasi-peak Average
0.15-0.50 66 - 56* 56 - 46*
0.50-5.00 56 46
5.00-30.0 60 50

Note:

1. All AC line conducted spurious emission are measured with a receiver connected to a grounded LISN
while the EUT is operating at its maximum duty cycle, at maximum power, and the appropriate
frequencies. All data rates and modes were investigated for conducted spurious emission. Only the
conducted emissions of the configuration that produced the worst case emissions are reported in this
section.

3. Both Cable loss and LISN factor are included in measurement level(QP Level or AV Level).
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Test results

Hot Line

Final_Result

100
T Frequency | QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | Line | Corr.
a0 (MHz) imenl | | wm| 1) [im || i) (dB)
I 0.350000 38.81 —| 5896 20.15| 1000.0 9.000 | L1 9.7
3 80]: 0.350000 - 33.08 | 48.96| 15.88 | 1000.0 9.000 | L1 9.7
e ___0.375000 36.33 = _1000.0 8.000 /L1 | 97
. 40 l 0,375000 - » 1000.0 9.000 | L1 8.7
§ | g Ly * 0.705000 27.19 | _1000.0 9.000 | L1 9.9
I 4 o i 0.705000 = 1000.0 9.000 | L1 9.9
| 4.830000 - 1000.0 9.000 | L1 10.0
4.830000 33.04 1000.0 9.000 | L1 10.0
oI 5.380000 g 8| 1000.0|  .000(L1 | 100
L . i R il | 5.380000 32.40 1000.0 9.000] L1 100
150K 300 400 500 B0 1M M 3M 4MBEM B 8 10M 20M  30M 14.230000 - | 1000.0 9,000 | L1 10.0 |
Frequency in Hz 14.230000 3271 | 1000.0 9.000 | L1 10.0
Neutral Line

1007 Final_Result
Frequency | QuasiPeak | CAverage | Limit | Margin | Meas. Line | Corr.
a0+ (MHz) (dBpv) (dBuV) | (dBpV) | (dB) | Time (kHz) (dB)

(ms)

0.285000 e 25.78 50,67 24.89 | 1000.0 9.000 | N 9.7
3 ot 0.285000 34.96 —| B067| 25.71| 1000.0 9.000 | N 9.7
2 0.355000 36.27 - 5884 | 22,57 | 1000.0 9.000 | N 9.7
'-! 40+ 0.355000 - 31.95 48,84 16.89 | 1000.0 9.000 | N 9.7
H * s 0.565000 25,54 | 56.00]  30.46 | 1000.0 9,000 | N 9.3
* 4 ol 0.565000 —| 2054 1000.0 9.000 | N 9.8
207 o 4.910000 - 20.06 46.00 25.94 | 1000.0 9.000 | N 10.4
r & 4.990000 26.45 —| 5600| 29.55| 1000.0 9.000 | N 101
0 b 5335000 ] ; 9,000 | N 10.0
! I i : : 5.335000 27.19 9.000 | N 10.0
150K 300 400 500 BOD 1M M M 4AMSME B 10M 200 30M 14.355000 = 9.000 | N 10.0
Finauendy in H 14.355000 1.7 9.000 | M 10.0
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. C?Illitl;:?,g;) n Cali(:)li:tion
Spectrum Analyzer R&S FSV30 100736 1 year 2019.06.28
Spectrum Analyzer R&S FSV40 101002 1 year 2019.06.29
Séfgfalsgéiiifrpt HP 836308 3844A00786 lyear | 2019.01.22

Power Meter Anritsu ML2495A 1438001 1 year 2019.01.25
Pulse Power Sensor Anritsu MA2411B 1339205 1 year 2019.01.25

Attenuator KEYSIGHT 8493C 82506 1 year 2019.01.22

Loop Antenna Schwarzbeck FMZB1513 225 2 years 2019.05.10
Trilog-broadband SCHWARZBECK VULB 9163 9168-714 2 years 2020.11.26
antenna
Horn Antenna AH SAS-571 414 2 years 2019.02.15
Horn Antenna SCHWARZBECK BBHA9170 9]?7]3(%?0 2 years 2019.02.15
High Pass Filter Insxggéiéﬁbh WHJS3000-10TT 1 1 year 2019.06.29
Low Pass Filter Ins??’jg:;?é}gbh WLK1.0/18G-10TT 1 1 year 2019.06.29

Preamplifier R&S SCU01 100603 1 year 2019.11.26

Preamplifier AGILENT 8449B 3008A01742 1 year 2019.01.11
EMI Test Receiver R&S ESR3 101783 1 year 2019.04.25
EMI Test Receiver R&S ESU26 100551 1 year 2019.04.11

LISN R&S ENV216 101137 1 year 2019.01.31
Peripheral devices
Device Manufacturer Model No. Serial No.
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