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1. General information

Applicant: Hanwha Techwin Co., Ltd.

Applicant address: 1204, Changwon-daero, Seongsan-gu, Changwon-si
Gyeongsangnam-do, South Korea

Test site: KES Co., Ltd.

Test site address: C-3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si, Gyeonggi-do, Korea
473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

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

FCC rule part(s): 15.247

FCC ID: NLMSEB101CRWN

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

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

Frequency range FHSS:2409.5 00 ~2476 [

Model SEB-101CRWN

Modulation technique ~ FHSS

Number of channels FHSS : 20

Antenna specification  Antenna type: FPC, Peak gain: 2.45 [ i
Power source AC 120 V (Adapter)

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
All channels are used equally on average.

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

System receiver input bandwidth

Each channel bandwidth is 3.5 O .

The system receivers have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitters and shift frequencies in synchronization with the transmitted signals.
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1.2. Test configuration
The Hanwha Techwin Co., Ltd. Wireless Video Baby Camera FCC ID: NLMSEB101CRWN was tested

per the guidance of ANSI C63.10-2013 and DA 00-705. ANSI C63.10-2013 was used to reference the
appropriate EUT setup for radiated spurious emissions testing and AC line conducted testing.

1.3. Frequency/channel operations

Ch. Frequency (Mi)
01 2409.5
10 2441
20 2476
1.4. Accessory information
Applicant Equipment Manufacturer Model Power source

1.5. Device modifications

N/A

1.6. Derivation model information

N/A

KES-P-5101-14 Rev. 3
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2. Summary of tests
Reference Test description Test results
15.247(a)(1)(iii) 20 O bandwidth Pass
15.247(b)(1) Output power Pass
15.247(a)(1) Channel separation Pass
15.247(a)(1)(iii) Number of channels Pass
15.247(a)(1)(iii) Time of occupancy Pass
15.205, 15.209 Radiated restricted band and emission Pass
15.247(d) Conducted band edge and out of band emissions Pass
15.207(a) AC conducted emissions Pass
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3. Test results
3.1. 20 0 bandwidth

Test procedure
DA 00-705

Test setting

1. Span = approximately 2 to 3 times the 20 dB bandwidth, centered on a hopping channel

2.RBW =30 O
3.VBW=50 [

4. Sweep = auto

5. Detector function = peak
6. Sweep = auto couple

7. Trace mode = max hold

Limit
Not applicable

Test results

Frequency( ) Channel no. 20 00 bandwidth(O)
2 409.5 01 2.431
2 441 10 2.446
2476 20 2.446
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3.2. Peak output power
Test procedure
DA 00-705

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

SNk wh =

Limit

According to §15.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies
separated by a minimum of 25 O or the 20 O bandwidth of the hopping channel, whichever is greater,
provided the systems operate with an output power no greater than 125 0.

According to §15.247(b)(1), For frequency hopping systems operating in the 2 400 ~ 2 483.5 [

employing at least 75 non-overlapping hopping channels, and all frequency hopping systems in the
5725 ~ 5 805 0 band: 1 Watt.

Test results

Frequency(Ul) Channel no. MeaSl(Eeﬂl ;mwer Peak lzgw;l; Limit
2 409.5 01 15.69 20.97
2441 10 15.02 20.97
2476 20 14.40 20.97
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3.3. Carrier frequency separation
Test procedure
DA 00-705

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. Resolution (or IF) Bandwidth (RBW) > 1% of the span

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

5. Sweep = auto

6. Detector function = peak

7. Trace = max hold

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 . Band may have
hopping channel carrier frequencies that are separated by 25 [0 or two-third of 20 [ bandwidth of the

hopping channel, whichever is greater, provided the systems operate with an output power no greater
than 125 [O.

Test results

Frequency(0) Channel no. Channel(;e)paratlon
2441 10 3.502

.
Hopping mode_GFSK

Spectrum nn
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34. Number of hopping frequency
Test procedure
DA 00-705

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

. Frequency range: 2400 [ ~2483.5 0
. Span = the frequency band of operation
.RBW=1 O (=1% of the span)
.VBW=1 0 (=RBW)

. Sweep = auto

. Detector function = peak

. Trace = max hold

01N N KW~

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 O bands

shall use at least 15 hopping frequencies.

Test results

Frequency Number of hopping frequency Limit
2409.5~2476 O 20 >15
Number of Hopping Channels GFSK
rSpel:ln.lrﬂ E
Rof Lovel 29,95 dém Offset 21.95 di » RBW 1 MH:
Att 28 dE  BWT 1145 & VBW 1 MH: Mode Auto FFT
| O .
20 g@ ' |
0 o
329'...1:2 n |
0 dBem:
Start 2.4 GHz 691 pts Sth 2.4835 GHz
Markor
| Measuring...  @RRRRANAD = ]
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3.5. Time of occupancy
Test procedure
DA 00-705

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

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

4. RBW=1 0O

5.VBW=1 0O (=RBW)

6. Sweep = as necessary to capture the entire dwell time per hopping channel
7. Detector function = peak

8. Trace = max hold

Limit
According to 15.247(a)(1)(iii), for frequency hopping system operating in the 2 400 ~ 2 483.5 [0 band,

the average time of occupancy on any frequency shall not be greater than 0.4 second within a 8 second
period.

A period time = 0.4(s) x 20 = 8(s)

Frequenc Burst time Time of occupanc ..
q y Burst number pancy Limit (ms)
@) (ms) (ms)
2 441 11.884 25 297.10 400
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3.6 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 [ to

30 O Emissions.

Power Cable

Turn Table

EUT

0.8m

Coaxial
—Cable

Power

3m

T

Ground Plane

EMI Receiver

The diagram below shows the test setup that is utilized to make the measurements for emission from 30 [

tol [0 emissions.

Power Cable

Turn Table

EUT

T

0.8 m

im — 4m

Coaxial
Cable

Power

— 3m ———P

-

Ground Plane

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

| —

i Antenma
H
H
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| L‘ N analyzer
¢ i -
| N |
Turntable i Im \
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Test procedure

1. The EUT is placed on a turntable, which is 0.8 m above ground plane.
2. The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.
3. EUT is set 3 m away from the receiving antenna, which is varied from 1m to 4m to find out the highest
emissions.
4. Maximum procedure was performed on the six highest emissions to ensure EUT compliance.
5. And also, each emission was to be maximized by changing the polarization of receiving antenna both
horizontal and vertical.
6. Repeat above procedures until the measurements for all frequencies are complete.
7. Spectrum analyzer settings for f<1 [J :
Span = wide enough to fully capture the emission being measured
RBW =100 O
VBW = RBW
Sweep = auto
Detector function = quasi peak
Trace = max hold
8. Spectrum analyzer settings for f =1 [ : Peak
Span = wide enough to fully capture the emission being measured
RBW=1 [0
VBW = RBW
Sweep = auto
Detector function = peak
Trace = max hold
9. Spectrum analyzer settings forf =1 [0 : Average
Span = wide enough to fully capture the emission being measured
RBW=1 0
VBW > 1/T O, where T= pulse width in seconds
Sweep = auto
Detector function = peak
Trace = max hold
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Note:

1. The spectrum is measured from 9 [J to the 10th harmonic of the fundamental frequency of the
transmitter using CISPR quasi peak detector below 1 . Above 1 [, 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 [0 of the respective limits were not reported.

2. Emissions below 18 [ were measured at a 3 meter test distance while emissions above 18 I 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(0J O /m) = Level( O ) + Correction factors(lJ /m) + Cable loss(L ) + or Fq(O )

. Correction factors(L] /m) = Antenna factor(LJ /m) + Cable loss(lJ ) + or Amp. gain([])

. Margin([J ) = Limit(O 0 /m) - Field strength(OJ O /m)

0 9N L W

. According to exploratory test no any obvious emission were detected from 9 [0 to 30 [ . 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.

9.f<30 O, extrapolation factor of 40 [J /decade of distance. Fq = 40log(Dm / Ds)

f = 30 O, extrapolation factor of 20 [ /decade of distance. F4 = 20log(Dm / Ds)

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

Where:
Fq = Distance factor in
Dm = Measurement distance in meters
Ds = Specification distance in meters
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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 (O ) Distance (Meters) Radiated (CI /m)
0.009 ~ 0.490 300 2400/F@O)
0.490 ~ 1.705 30 24000/ F(O)

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 0,76 ~88 0,174 ~216 O or470~ 806 [J.

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

Duty cycle
Ton time Period Duty cycle Duty cycle Duty cycle correction factor
Test mode @) @) (Linear) (%) @)
GFSK 100.00 100.00 1 100 0

Duty cycle (Linear) = Ton time/Period
DCEF(Duty cycle correction factor ([ )) = (Worst Case Dwell Time/ 1000 )

GFSK // Middle channel Non Hopping Mode

Spectrum 2 () | |

RofLovel 29,95 dBm  Offset 21.95 di = RBW S MHz
At 25 di = SWT 100 ms VBW 5 MHz
SGL
[@ 17k Cirw

20 di

10 dim~

10 déim

~20 diim

-40 dam

-50 dBm

-60 dém

CF 2.441 GHz

691 pts 10.0 ms/
- —
Ready ARRRRRARD

Note.
1. Radiated test is performed with Non hopping Mode
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Test results (Below 30 [1)

Mode:

GFSK

Distance of measurement: 3 meter

Channel:

01 (Worst case)

Frequency Level Ant. Pol. CF Fa Field strength Limit Margin
@) @ao) (H/V) @) @) (@ 0 /m) (8 0 /m) @)

No spurious emissions were detected within 20 [1  of the limit

. .
Horizontal Vertical
= — =
Spectrum [F] | [specrum  [Speommeane) K
Raf Lovel 57.00 dayv & RBW (CISPR) 200 Hz Raf Lovel 57.00 dayv & RBW (CISPR) 200 Hz
= ARt 0dé SWT 13,4 ms = VAW 3 kHz Mode aAuto FFT = ARt 0dé SWT 13,4 ms = VAW 3 kHz Mode aAuto FFT
l.\pk Max l.\pk Max
50 oy 50 oy
40 day 40 day
30 1) 30 L
20 diy 20 afy
10 oBy 10 oBy
0 di 0 diy
g e W Rttt PRIV CRORVRTPL FY ST STTRRVEINF SORTRRYTE RO TS ST Ty g i L SENVTE SN VERPE T AUPTIPTRTN ACGRPOT AT TPOR AN ETIY W TR
-10 dbv -10 dBuv
-20 cibys -20 cibys
<30 diy? ~30 dilys
-40 cigys -40 cigys
Start 9.0 kHz 691 pts Bt 150.0 kHz Start 9.0 kHz 691 pts Bt 150.0 kHz

Spectrum 2 @ = Spectrum 2 @ [
Roof Loval 67,00 dByv w RBW (CI5FR) B bHz Rof Loval 67,00 dev w RBW (CI5FR) B bHz
At 08 BWT 2.1ms e VBW 100 kbz__ Mods_Auto FFT art 08 BWT 2.1ms e VBW 100 kbz__ Mods_Auto FFT
@ 1Pk Max @ 1Pk Max

60 60
S0 s S0 day

40 dEy 40

30 iy 30 g8y

20 dby 20 an

10 diy

",

Q‘\..J__,.w T Y Y bt btV o T e Sl bt ot i et s A L oyl | pdear il g st Podtonglad oot dndeodaid doson s plpiis A
-10 i -10 i

20 diy 20 diys

<30 i <30 cay

Start 150.0 kHz 691 pts Stop 30.0 MHz Start 150.0 kHz 691 pts Stop 30.0 MHz
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Test results (Below 1 000 1)

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

Mw&ww\m

Final Besult

No. Frequency (P) Reading c.f Resul t Limit Margin
QP QP QP QP
[MHz ] [aB(uv)] [dB(1/m)] [dB(uv/m)] [dB{uv/m)] [dB]
1 35.941 vV 67.7 -31.2 36.5 40.0 3.5
2 72.002 V¥V 63.4 -32.9 30.5 40.0 9.5
3 84.023 V 66.3 -33.1 33.2 40.0 6.8
4 120.009 V 67.3 -31.9 35.4 43.5 8.1
5 696.010 V B1.7 -13.9 37.8 46.0 8.2
B 119.968 H 2.7 -31.9 40.8 43.5 2.7
7 156.013 H 73.2 -31.7 41.5 43.5 2.0
8 204.012 H 64.5 -27.8 36.7 43.5 6.8
9 276.002 H 60.9 -25.2 36.7 46.0 10.3
10 696.019 H h7.0 -13.9 43 .1 46.0 2.9
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Test results (Above 1 000 1)

Mode: FHSS
Distance of measurement: 3 meter
Channel: 01
Frequency Level Ant. Pol. CF DCF Field strength Limit Margin
Detect mode
) @) H/V) @ ) @ 0O/m) @ 0O/m) @
1811.90 51.40 Peak H -2.95 - 48.45 74.00 25.55
4813.00 64.81 Peak H 7.66 - 72.47 74.00 1.53
7808.20 56.96 Peak H 12.47 - 69.43 74.00 4.57
7222.10 56.94 Peak H 11.36 - 68.30 74.00 5.70
4813.00 44 95 Average H 7.66 - 52.61 54.00 1.39
7222.10 37.72 Average H 11.36 - 49.08 54.00 4.92
4813.00 62.01 Peak A\ 7.66 - 69.67 74.00 4.33
7222.10 52.94 Peak A\ 11.36 - 64.30 74.00 9.70
7808.20 55.22 Peak A\ 12.47 - 67.69 74.00 6.31
4813.00 32.51 Average A\ 7.66 - 40.17 54.00 13.83
- Band edge
Frequency Level Ant. Pol. CF DCF Field strength Limit Margin
Detect mode
@) @ao (H/V) @) @ (@0 /m) (@0 /m) @)
2385.01 51.95 Peak H -0.23 - 51.72 74.00 22.28
2343.85 51.22 Peak \% -0.31 - 50.91 74.00 23.09
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
specrum2 ) | ERSRC G [ e o G
100 | |. i |
0 dBys '-.I.I S0 dig I: .I!
e - - %ty = A - i
£:-2.:!-C H-:— M — Hlop 2.42 GHz g:-ﬂ.ﬂ-t H-:— M Hlop 2.42 GHz
i | teasuring.. EEARARAND W 4 )i , Measuning.. @EERRENND WS ]
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Horizontal // Peak for1 [0 to3 [ Vertical // Peak for1 [0 to3 O

Spectrum 3 () | & Spectrum 3 (© a
Ref Level 117.00 dbuy - RBW 1 MHz Ref Level 117.00 dbuy - RBW 1 MHz
At 20 d8  BWT 2ms & VBW 3 MH:  Mode Auto Sweep At 2068 BWT 2ms & VBW 3MH: Mode Autc Sweep
@17k Max @17 Max

mif1) S1.40 dBpY,

110 diys 1.01190 GHz 110 diys

100 days 100 days

50 50

80 deus B0 diys

70 dia 1 70 dia

&0 &0 .

, I '

iRyl o = e s S e 7 e I S e e e e = A

0 di 0 di

30 30

Flart 1.0 GHz 591 pts Hiop 3.0 GHz Flart 1.0 GHz 591 pts Hiop 3.0 GHz
— —

Heasuring... ] 1 Ji | Heasuring... 4

Horizontal // Peak for 3 [0 to 18 [0 Vertical // Peak for 3 [0 to 18 [
Spectrum 4 (3] I n_? Spectrum 4 ® I :I-Er’

Raf Lavel 117,00 dBuv & RBW 1 MHz Ref Lavel 117,00 dBuy - RBW 1 MH:
At 2003 SWT 45 ms @ VBW 3 MH:  Mode sutc Sweep Att 205 SWT 45ms @ VBW 3 MH:  Mode suto Sweep
@ 1Pk Max @ 1Pk Max
mz[1] 56,96 dBpV| mz[1] 55.22 dBpv|
110 g8y 7.0082 GHzl 110 gy 7.8082 GHzl
M1[1] 64,81 dipv] M1[1] 6201 dipv]
100 gy 4.8130 GHz| 100 g8yr 48130 GHz|
90 diys 90 diys
20 dby B0 dby
70 dBy 70 gy
M1
T v
60 dy TTT 60 d8y —
1 g e l Y Acmiunf e,
| e 1 s P I 0 A el W o e pstin [t ) or P tecnd T "l\lw g o P TR, Y e e T
e Sy
40 dBy 40 dBy
0 o 30 o
20 day 20 day
Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz
Marker Marker
Type | ®ef | Tre | stimulus 1 | _Function | Function Result | Type | Ref | Trc | stimulus 1 | _Function | Function Result |
ML 1 4,813 Grz 4,51 dBpv | 2} 1 4,513 Griz 62,01 dByv
mz| 1 78082 GHz 56,96 dByuY | mz| 1 78082 GHz 55,22 dByuv
M3 1 7.2221 GHz £6.54 BV M3 1 7.2221 GHz 52,54 dBpy

)i J e ) ! CHNI
L 38 J Measuring... ’é L JL J Measuring... ’é

Horizontal // Average for 1 [0 to3 U Vertical // Average for 1 O to3 [

r 3
e Gl e e e R
Raf Lavel 97.00 dapv ® RBW 1 MHz Ref Lavel 97.00 dauv w RBW 1 MHz
fo At Odi BWT 45ms & VBW 3MH:  Mode Auto Sweep po At Odi BWT 45 ms & VBW 3MH:  Mode Auto Sweep
Count 100,100 Count 100,100
® 1Rm Avglog | ®1Rm Avglog
mz[1] 37,72 dBpv| Mi[1] 22,51 dbpv|
0 diy 7.2221 GHz S0 B 4. 8130 OHz]
mif1] 44.95 diygv|
B0 BV 48130 GHz] T,
70 By 70 i
60 day 60 AV
S0 aby T 50 dBy
T e
Wy L g 40 By
Eogi TR NN - b .
" = T Y AT I .\ F st o =
.l e ot ' rd O o = T T = =
20 . i i R A ! [ LA
20
10 8y
10 By
0 diuv-
Start 3.0 GHz 691 pts Stop 18.0 GHz 0 diys
farker Start 3.0 GHz 691 pts Stop 18.0 GHz |
Typo | Raf | Tre | stimulus | mesponse | Function | Function Result | erker
M1 1 4813 GHz 44,95 dByY | Type | Ret | Tre | Stimulus I | Function | Function Result |
Mz 1 7.2221 GHz 37.72 dBpv | D 1 4,813 GHz 32 51 dBpv

- Y m Heasuring... m F
k J1 Heasuring.. 4 ]

Note.
1. Average testing is performed if peak result is greater then average limit.
2. This test is performed with Non hopping Mode
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Mode: GFSK
Distance of measurement: 3 meter
Channel: 10
Frequency Level Ant. Pol. CF DCF Field strength Limit Margin
Detect mode
@) a@ao) (H/V) @) @) (0 0/m) (0 0/m) @)
1811.90 50.33 Peak H -2.95 - 47.38 74.00 26.62
4878.00 63.32 Peak H 8.17 - 71.49 74.00 2.51
7330.70 48.36 Peak H 11.82 - 60.18 74.00 13.82
4878.00 43.51 Average H 8.17 - 51.68 54.00 2.32
1837.90 51.71 Peak H -2.68 - 49.03 74.00 2497
4878.00 44 .97 Peak H 8.17 - 53.14 74.00 20.86
Horizontal / Peak for1 O to3 O Vertical // Peak for1 0 to3 [
Spectrum 3 (&) u; i Eﬁ\‘ Spectrum 3 (X u;i Ei]
Raf Lavel 117,00 dBuv - RBW 1 MH:z Raf Lavel 117,00 dBuv - RBW 1 MH:z
= mi[1] 50.33 dagv| S mi[1] 51.71 dBpv|
70 | 70 by
60 I | 60 |
1 . _|
R T o e S e e e S e e et e Ll e S T e oy s T v e -.:-_-,.;_'..-:'-u:::: S e e e
:;c:ﬂn 1.0 CH‘: 691 [ﬁl 5t ur 3.0 GHz :;c:ﬂn 1.0 I'JH‘71 691 [ﬁl 5t un 3.0 GHz )
[ | S Bocienip e @0 - |
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Horizontal // Peak for 3 [0 to 18 [0

Vertical // Peak for 3 [0 to 18 [

Spectrum 4 (%) I =

Raf Lovel 97.00 d5pv - RBW 1 MHz

Raf Lovel 97.00 d5pv

Spectrum 4 (%) I =

- RBW 1 MHz

At OdE SWT 45ms & VBW 3 MH:  Mode Auto Sweep Art Odd  SWT 4Cms & VBW 3 MHr  Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
mM2(1] 48.36 dipv| Mi[1] 44.97 dipv|
o0 diy 7.3307 CHz o0 diy 4. 8780 CHZ
maf1] 63,37 dipv|
4.8780 GHz
B0 By B0 day
70 &y 70 iy
60 By 60 day
50 gl 50 iy
TP TS, ke T Y Y I (oW T s TP U F EA -r'I ST STRYLLS TN TR WV W L PO sl
f gty ~ 7 e g =
! = e o = i . TRl RN b e ’ v = 7 T Pl LN
k™ Ny o Ml LW fo Y
30 By 30 g8y
0 diy 0 diy
10 day 10 day
0d 0d
Htart 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 CHz

) T

|

691 pts Stop 18.0 GHz

Horizontal // Average for 1 I to3 [

Vertical // Average for 1 [1 to3 [

Spectrum

Ref Level 97.00 diyy

& RBW 1 MHz

bo At

Odd  SWT 45ms & VBW 3 MHz

Mode Auto Sweep

Count 100/100
@ 1°m Avglog

mz(1] 33,40 dispv|

73207 GHe|

maf1] 43.51 dBpv|

40700 GHel

&Y

0 diy

start 3.0 GHZ

691 pts

Stop 18,0 GHz

|Frarkor
Stimulus. |

|__Function | Function Result |

Type | Ref | Trc |
[ 1
Mz 1

%878 GHz
7.3307 GHz

43,51 dBpv
33,40 dByv

| Heasuring... m

N/A

Note.

1. Average testing is performed if peak result is greater then average limit.
2. This test is performed with Non hopping Mode
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Mode: GFSK
Distance of measurement: 3 meter
Channel: 20
Frequency Level Ant. Pol. CF DCF Field strength Limit Margin
Detect mode
@) «@o) (H/V) @) @) (@ O /m) (@ O /m) @)
1835.00 50.98 Peak H -2.71 - 48.27 74.00 25.73
4943.00 57.19 Peak H 8.67 - 65.86 74.00 8.14
4943.00 39.97 Average H 8.67 - 48.64 54.00 5.36
1837.90 50.97 Peak \% -2.68 - 48.29 74.00 25.71
4943.00 49.20 Peak \% 8.67 - 57.87 74.00 16.13
4943.00 3941 Average A\ 8.67 - 48.08 54.00 5.92
- Band edge
Frequency Level Ant. Pol. CF DCF Field strength Limit Margin
Detect mode
@) @o) (H/V) @) (@) (00 /m) (O 0 /m) (@)
2483.50 63.31 Peak H -0.05 - 63.26 74.00 10.74
2483.50 58.83 Peak \% -0.05 - 58.78 74.00 15.22
2483.50 52.10 Average H -0.05 52.05 54.00 1.95
2483.50 38.85 Average A% -0.05 38.80 54.00 15.20
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Restricted band // Horizontal // Peak

[
v

Spectrum 2 (%) 8 (] &
Ref Level 112.00 digy & RBW 1 Mz
Al 1508 SWT 7.6 s & VBW 3 Mz Mode Auto FFT
@15k Max

Restricted band // Vertical // Peak
@ G| Spectrum 4 (21

Spactrum 2 '
Ref Level 112.00 digy & RBW 1 Mz
Al 1508 SWT 7.6 s & YBW 3 MMz Mode Auto FFT
[@17) Max

[
v

I— Ml 63.31 dapv| M) 56,83 dapv]
1T\ 2.4B35000 GHE| R 2.ABIS000 GHz|
f T\
| \ f \
100 diy 100 diyd
! | | \
f | [ \
| | |
%0 - - %0 - !
o | T T T
/ \ / \
/ \ / \
7 N 7 T
®, / \
/ A\
70 dBs — 70 dBs P N
- .
S { -\'\ 1
B T e A=
. 1/
0 e S0 dousy
h S e e A o B P o WIS
30 o 30 o
2 | 2 |
Htart 2.46 GHz 591 pts Hlop 2.51 GHx Htart 2.46 GHz 591 pts Hlop 2.51 GHx
L L
| Heasuring... ] | Heasuring... ]

Restricted band // Horizontal // Average

Restricted band // Vertical // Average

(ER -2 O S ) (7

(ERS -2 O SpnC ) (7]

Ref Lavel 112.00 dBuv - RBW 1 MHz Rraf Lavel 112.00 dBuv - RBW 1 MHz
[ Art 15d8 SWT 7.6 ps & VBW 3 MH:  Mode Auto FFT [ Art 1588 SWT 7.6 ps & VBW 3 MH:  Mode Auto FFT
Count 100/100 Count 100/100
@ 1Pm Avglog @ 1Rm Avglog
mif1] 52.10 dapy| mi[1] a8.85 dapv|
A 24835000 GHz 2.4835000 GHz
100 dayv / T 100 g8y
90 day Irlf \. 90 g3y
\
J] /\
80 o9y - \‘I 80 o9y -
/ \ /1 \
£ \ / \
70 dBy T 70 dhy 1
% / i
60 ’ A i [ \
> T\
-~ b . A
50 @y - 50 gty
i “ F “
~1 b - .
40 da - 40 gy - r
e ] — e
T e T e e et e e e —
30 day 30 day
20 diy 20 diyv
F1 | g |
1 I 1 I
Start 2.46 GHz 691 pts Stop 2.51 GHz Start 2.46 GHz 691 pts Stop 2.51 GHz

Horizontal // Peak for1 0 to3 O

Vertical // Peak for1 0 to3 O

o I
Raf Lovel 117,00 dBuv - RBW 1 MHz
At S0d8  SWT 2ms & VBW 3 MHr Mode Auto Sweep
[@ 17k Max

o I
Raf Lovel 117,00 dBuv - RBW 1 MHz
At S0d8  SWT 2ms & VBW 3 MHr Mode Auto Sweep
[@ 17k Max

Mi1] 50.98 dipv| Mi1] 50.97 dipv|
110 dBuy 1.83500 CHz, 110 dBuv 183790 GHz|
100 d8i 100 da
90 day/ 90 day/
60 a8y 80 day
70 diy 70 dBy
60 By J \I 60 dy !
50 1 I I- =g 1 II l
Ty ki == e o et == e s

40 gay 40 day
30 By 30 By
20 dE 20 dE
Start 1.0 GHz 691 pts Start 1.0 GHz 691 pts

i m

Htop 3.0 GHz

Htop 3.0 GHz
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. .
Horizontal // Peak for 3 00 to 18 O Vertical // Peak for 3 [0 to 18 [
Spectrum 4 (®) Spectrum 4 (%)
Ref Lavel 20,00 4By = RBW 1 MHz Ref Lavel 20,00 4By - ABW 1 Mz
At 3di  SWT 45 ms & VBW 3 MH:  Mode duto Sweep At 3di SWT 45ms & VEBW 3IMH: Mode Auto Sweep
@ 1Pk Ma @ 1Pk Ma
mif1} 57.19 dBpv| mif1] 4920 dBpv|
g4an GHz g4an GHz
B0 doys B0 doys
T0 T0
S0 diy S0 diy
l 2 - 1
(38 dpr e T L\.\l_.l A .amhlvuu Joclay_ “ 4 ——t ‘ﬁf‘ﬁw Tais | sl PO e POl TR W T A | 1
W [ Py o [T T, o V[N T [ Led -._N‘,#
30 30
2 2
10 a@ 10 a@
O iy 0 oy
mﬂ 3.0 (":r 691 E:E Htop 18.0 GHz mﬂ 3.0 (":r 691 E:E Htop 18.0 GHz
J HMeasuring... m * ,& J HMeasuring... m * ,&
. .
Horizontal // Average for 3 [1 to 18 [l Vertical // Average for 3 [ to 18 [
[ Spectrum a s (x] ()} [ Spectrum a (x] &
Ref Lovel 27,00 diyy - ROW 1Mz Ref Lovel 27,00 diyy - RBW 1 MHz
b e Dl GWT 45ms @ VBW IMHZ  Mode Auto Sweep o At Cdb  HWT 45ms @ VBW 3MH:  Mode Auto Sweep
Count 100/100 Count 100/100
®1Fm avglog ®1fm avglog
CRTEY] T9.07 anpv] T EY] 9,41 anpv]
90 A’ +.9430 GHz| 90 A’ +.9430 GHz|
80 80
70 dey 70 dBu
&0 &0
50 50
bR T -l S o BV v _/‘-,_____. T - "\._M.J' AR .~ s T i T ./‘-,_____. — J\-J‘\.\JJ
10 dig 10 dig
0 o 0 o
Start 5.0 GHz 691 pits Siop 18,0 GHZ Start 5.0 GHz 691 pits Stop 10.0 GHz
arkar arkar
Type | Rof | Tre | stimubus |__Function__| Function Result | Type | Rof | Tre | stimulus | Function | Function Result |
o p 3.543 Gz 35.97 digv | | —_—m p 3,543 Gz 35,41 degv
r n | Heasuring... m ] [ )i | Heasuring... ]

Note.
1.

Average testing is performed if peak result is greater then average limit.

2. This test is performed with Non hopping Mode
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Test results (18 L1 to 30 1)

Mode: GFSK
Distance of measurement: 3 meter
Channel: 01(Worst case)
Frequency Level Ant. Pol. CF Fa Field strength Limit Margin
@) @ (H/V) @) (@) (O 0O /m) (0 0 /m) @
No spurious emissions were detected within 20 [ of the limit
Horizontal Vertical
rSpel:ln.lm .E] rSpel:ln.lm .E
Raf Lovel 97.00 dgpv - RBW 1 MHz Raf Lovel 97.00 dgpv - RBW 1 Mz
po Art OdE SWT 36ms & VBW I MH:  Mode Auto Sweep o AL Odé  SWT 36 ms & VAW 3 MH:  Mode Auto Sweep
I&FF view I&FF view
90 aby 90 By
60 cou 60 cou
50 dy S0 dy
40 days 40 days
é'aﬂh’:-v-“‘ ety e L T e B L Nl i, I A e -ir-.."ﬁ\.""" l:_"uo--l:-,,--”"n?f‘v"w‘" '1,@»_.“)—3@»,‘,.“ Pt bt b A PP S U ki, P ke
20 oy 20 oy
10 diys 10 diys
SIH;‘l 168.0 GHz 691 E w 30.0 GHz SIH;‘l 168.0 GHz 691 E w 30.0 GHz
Markor Markor
i Measuring... m 4 il Measuring...  [QRRNRNNRD W8 y

Note.

1. No spurious emission were

detected above 18 0.
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3.7 Conducted spurious emissions & band edge
Test setup
EUT Attenuator Spectrum analyzer

Test procedure
DA 00-705

Test setting
1. Span = wide enough to capture the peak level of the in-band emission and all spurious emission

s(e.g., harmonics) from the lowest frequency generated in the EUT up through the 10th harmonic.

RBW = 100 O

VBW = 300 O

Detector = Peak

Number of sweep points = 2 x Span/RBW
Trace mode = max hold

Sweep time = auto couple

The trace was allowed to stabilize

A e I U i

Limit

According to 15.247(d), in any 100 [0 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 [J below that in the 100 [0 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 O instead of 20
0 . 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

3 3
Spectrum i'-;" Spectrum i'-;"
Rof Lovel 29.95 dém  Offset 21.95 di & RBW 100 kHz Rof Lovel 25.95 dBm  Offset 21.95 di = RBW 100 kHz
Att 2EdE  BWT  113.8 ps & VBW 300 kH:  Mode Auto FFT Att 28 di  BWT 250 ms & VBW 300 kHz  Mode Auto Sweep
@17k Max | I
mi1] a7.96 dBm|
2.400000 GHz|
20 & 20 gam
- T
D1 15.410 gam=
10 cim 10
o db .
o2 0 di
=10 8
=10 d8s
20 &8
-20
-30 o4
b -30 i
3&::,.. BT Ty T o e P |
R, ot L L R ks T
L e
~50 dim
-50
60 oy
60 di!
Start 2.3 GHz 691 pts Stop 2.41 GHz
Markar
Type | Ret | Tre | Stimulus | unction | Function Result | Start 30.0 MHz 6L pts Stop 25.0 GHz
M1 1 2.4 GHz ~37.96 dbm | Markar
i e T e ) !
e
Spectrum i'-;"
Rof Lovel 25.95 dBm  Offset 21.95 di = RBW 100 kHz
At 268 di  BWT 250 ms & VBW 300 kH:  Mode Auto Sweep
| I
20 dém |
g D1 14.130 dEm-
10 da
0 dé
02 -5.870 denr
=10 d8s
-20
-30 i
A
o =
‘_\.......»«—-*""H L e PP e 1 L b Y T et
-50
60 di!
Start 30.0 MHz 691 pts Stop 25.0 GHz
Sl Sop 2ol cz ]
Markar
r b e N R
§ [+ § -+
Spectrum |'w Spectrum |'w
Rof Lovel 29,95 dBm  Offset 21.95 di & RBW 100 kHz Rof Lovel 25.95 dBm  Offset 21.95 di = RBW 100 kHz
Att 28ds HWT 56.9 ys & VBW 300 kHz  Mode auto FFT Att 28 di  BWT 250 ms & VBW 300 kHz  Mode Auto Sweep
I[®17% Max | I
mi1[1] A6.05 dBm|
2.4835000 GHz|
20 &0 ] 20 gam
DI 14.170 g8 i Rl
e il D1 14.130 8
{J’"‘lfh] 10 da
o
T | 0 db
02 -5.830 dam =
-10 g { ot 02 5870 dBr
i =10 d8s
0 o 4
|
i Ll \ Vl'\ i
-30 o8 it -u'uu.;\ =
\,_.-u'A\f'I‘ P, -30 ca
T L Y ) " el PN bV
b
e \ e T T it s e Vi smiatint
A g
50 dg
-50
60 o8
60 di!
Start 2.465 GHz 691 pts Stop 2.51 GHz
Marker
Type | Ref | Tre | Stimulus | | Funetion | Function Result | Start 30.0 MHz 691 pts Stop 25.0 GHz
M1 1 24835 GHp ~36.08 dbm Markar
! ) (I
¢ T T | | T o y!
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GFSK_Hopping

I e i IS i i ]
Spectrum a a {n_;!': Spectrum e () {n_;!':
Rof Lovel 29.95 dém  Offset 21.95 di & RBW 100 kHz Rof Lovel 29.95 dém  Offset 21.95 di & RBW 100 kHz
Att 28dE  BWT 113.8 s & VBW 300 kHz  Mode Auto FFT Att 28dE  BWT 250 ms & VBW 300 kHz  Mode Auto Sweep

I.\Dk Mayx I.\Dk Mayx

maf1] -23.27 dém| |
2.483790 GHz,
0 > [l 31,84 dBm| 20 cBm 1
26 : J LI .‘!‘ ) Ii‘_I I ‘H ] b I, W) 2400000 Gl 4410
v YONVVIVYOVVYVVTY Y 10 d8
LT -+
02 -4.300 dan :
-10 & . | 1 [}
Y I, : .
-20 die—1—+& —ids 10
F (1%
/v 3
30 co-fy L | 20 g8
_.JJ\-;“.' “l"’k»lj'\.u i
-39 dam
-30
-50 dBm et
phdosts
o V| A i i A it s
60 a8 Eeg TR "
CF 2,441 GHz 691 pts Span 100.0 MHz i
Marker
Type | Ret | Tre | Stimulus | | Function | Function Result | 0.8
M1 | 2.4 GHz -31.84 dim
Mz 1 2.39928 GHz | -26.86 dém
M3 1 2,4B35 GHz -27.96 dim | Start 30.0 MHz 691 pis Stop 25.0 GHz
M 1 2.48379 GHz -23.27 dim Markar
o e | | )i ey !

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.

KES-P-5101-14 Rev. 3

KES

A4



s

KES Co., Ltd.
C-3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450

www.kes.co.kr

Test report No.:

KES-RF-17T0114
Page (32 ) of (35)

3.8. 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 0 to 30 [, 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.

Frequency of Emission (O )

Conducted limit (O O /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.

2. 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
Frequency | QuasiPeak CAverage | Limit | Margin | Meas. | Bandwidth | Line | Corr
(MHz) (dBpv) (dBpV) | (dBpV) | (dB) | Time (kHz) (dB)
(ms) !
s 0.160000 — 27.46 55.46 28.00 | 1000.0 9.000 | L1 19.4
0.160000 45.38 — 65.46 20.08 | 1000.0 9.000 L1 19.4
8a 0175000 - 21.61 54.72 3311 1000.0 9.000 L1 19.4
42.04 - 64.72 22,68 | 1000.0 9.000 L1 19.4
3 60 — 21.37 53.82 3245 1000.0 9.000 L1 19.4
) 39.29 - 63.82 24.53 | 1000.0 9.000 L1 19.4
: ol 3462 —| 5600 2138 1000.0 8,000 | L1 198
H * — 2227| 4500| 23.73| 10000 9.000 /L1 | 196
m‘“ * 13 28.86 —| 56.00] 27.14[ 1000.0 9,000 | L1 19.8
* t - 16.67 | 46,00 2933 1000.0 9,000 | L1 198
— 1475 4600 3125 1000.0 9,000 | L1 19.8
Ll —| 5600 29.20| 1000.0 9.000 | L1 19.8
2619 50.00 23,81 10000 9.000 L1 198.7
Tk 00 00500 BOO M B I AMSME B A 200 30 —| B0.00, 2699 1000.0 9.000 | L1 19.7
Frequency in Hz — 1
1271
— 33.12
Neutral Line
Final_Result
100 Frequency | QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | Line | Corr.
(MHz) (dBpv) (dByV) | (dBpV) | (dB) '{lm: (kHz) (dB)
a0 (i)
0.190000 | = 26.26 54.04 27.78  1000.0 9.000 | N 19.4
= 0.190000 43.66 — 64.04 20,38 1000.0 9.000 N 19.4
z 0 0.575000 — 21.15 46.00 24.85 1000.0 9.000 N 19.6
z 0.575000 | 31.28 - 56.00 24.72  1000.0 9.000 N 19.6
T 40 * 0.890000 - 17.15 46.00 28.85  1000.0 000 | N 19.8
§ . * e 0.890000 —| 5600 27.81 10000 000 | N 19.8
04 * b * | 12.000000 2686 | 50.00| 2314 10000 000 | N 198
* 12.000000 | — 0.00| 2455 1000.0] .000 | N 19.
18.000000 — 21.40 50.00 28.60 1000.0 9.000 N 2041
] 18.000000 31.82 — 60.00 28.18 1000.0 9.000 N 201
— + +—+ ——+ + + ——————+ + i 24.000000 | 4286 — 60.00 17.14 _1000.0 9.000 N 20,0
150k 300 400500 800 1M MM AMSM G & 1oM 00 30M 24.000000 - 36.17| 50.00] 13.83 ] 1000.0 9.000 |N 20.0
Erequency in Hz 30000000 47.87 —| 8000 1213 1000.0 9.000 | N 202
30000000 =]  3289| 5000 17.11) 1000.0] 9000/N | 202
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Appendix A. Measurement equipment
Equipment Manufacturer Model Serial No. Cz.lllbratlon Calibration
interval due.
Spectrum Analyzer R&S FSV30 100736 1 year 2018.07.04
Spectrum Analyzer R&S FSv40 101002 1 year 2018.07.04
8360B Series Swept HP 83630B 3844A00786 1 year 2018.01.23
Signal Generator

Attenuator Agilent 8493C 51401 1 year 2018.07.04

Loop Antenna Schwarzbeck FMZB1513 225 2 years 2019.05.10
Trilog-broadband SCHWARZBECK VULB 9163 9168-714 2 years 2018.11.28

antenna
Horn Antenna AH SAS-571 414 2 years 2019.02.15
Horn Antenna SCHWARZBECK BBHA9170 BBHA9170550 2 years 2019.02.15
. . Wainwright
High Pass Filter Instrument Gmbh WHIJS3000-10TT 1 1 year 2018.07.03
Low Pass Filter Wainwright WLK1.0/18G-10TT 1 lyear | 2018.07.03
Instrument Gmbh
Preamplifier HP 8449B 3008A00538 1 year 2018.01.19
Preamplifier AGILENT 8449B 3008A01729 1 year 2018.05.31
Broadband Amplifier SCHWARZBECK BBV-9721 PS9721-003 1 year 2018.01.23
EMI Test Receiver R&S ESR3 101781 1 year 2018.04.27
EMI Test Receiver R&S ESU26 100552 1 year 2018.04.19
LISN SCHWARZBECK NSLK8126 8126157 1 year 2018.03.24
Peripheral devices
Device Manufacturer Model No. Serial No.
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