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1. General information

Applicant: LISMA CO., LTD.

Applicant address: 358, Samil-daero, Jung-gu, Seoul, Republic of Korea
Test site: KES Co., Ltd.

Test site address:

Test Facility

FCC rule part(s):
FCCID:

Test device serial No.:

[ 13701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,
Gyeonggi-do, 14057, Korea
X1473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea
FCC Accreditation Designation No.: KR0100, Registration No.: 444148
ISED Registration No.: 23298
15.247
2A9KPNU110SE
X] Production [] Pre-production [ ] Engineering
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1.1. EUT description

Equipment under test

Frequency range

Model
Modulation technique

Number of channels

Antenna specification

Power source
H/W version

S/W version

NUGU candle SE

2402 Mtz ~2 480 Miz (BDR/EDR)

2402 Mz ~2 480 M (LE 1 Mbps)

2412 Mz ~2 462 Mz (802.11b/g/n_HT20)

2422 Mz ~2 452 Mz (802.11n_HT40)

UNII-1 5180 Mz ~ 5240 M (802.11a/n_HT20)
5190 My ~5230 M (802.11n_HTA40)

UNII-2A 5260 Mz ~ 5320 ME (802.11a/n_HT20)
5270 Mz ~5310 Mz (802.11n_HT40)

UNII-2C 5500 Miz ~5 720 Miz (802.11a/n_HT20)
5510 Mz ~5710 Mz (802.11n_HTA40)

UNII-3 5745 Mtz ~5 825 Mz (802.11a/n_ HT20)
5755 Mz ~5795 Mz (802.11n_HT40)

NU110

GFSK, n/4DQPSK, 8DPSK, DSSS, OFDM

2402 Miz ~2 480 M (BDR/EDR): 79 ch

2402 Miz ~2 480 ML (LE 1 Mbps) : 40 ch

2412 Mk ~2 462 Miz (802.11b/g/n_HT20) : 11 ch

2422 Mk ~2 452 Miz (802.11n_HT40) : 7 ch

UNII-1 5180 Mz ~ 5240 Mz (802.11a/n_HT20) : 4 ch
5190 Mz ~ 5230 Mz (802.11n_HT40) : 2 ch

UNII-2A 5260 Mz ~ 5320 Mz (802.11a/n_HT20) : 4 ch
5270 Mz ~5310 Mz (802.11n_HT40) : 2 ch

UNII-2C 5500 Mz ~5720 ME (802.11a/n_HT20): 12 ch
5510 Mk ~5 710 Mk (802.11n_HT40): 6 ch

UNII-3 5745 Mz ~ 5825 Mz (802.11a/n_HT20) : 5 ch
5755 Mz ~ 5795 Mz (802.11n_HT40) : 2 ch

BDR/EDR : Chip Antenna // Peak gain: 3.0 dBi

LE 1 Mbps : Chip Antenna // Peak gain: 3.0 dBi

WLAN 2.4 Gz : Chip Antenna // Peak gain: 3.0 dBi

WLAN 5 GHz : Chip Antenna // Peak gain: 3.3 dBi

AC 120 V (AC/DC adapter output 15 V)

V0.2

130020312
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1.2. Test configuration
The LISMA CO., LTD. // NUGU candle SE // NU110 // FCC ID: 2A9KPNU110SE 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
N/A

1.4. Accessory information

Equipment Manufacturer Model Serial No. Power source
Dongguan RuiHeng Electronic RH- AC 120 V input,
AC/DC adapter Technology Co..LTD 150200us | 221O10000TIT 1 10y 5579 0 A putput

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).
=0.78+10=10.78 (dB)

For Radiation test :
Field strength level (dB/4V/m) = Measured level (dBAV) + Antenna factor (dB) + Cable loss (d8) — Amplifier
gain (dB)

1.6. Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.38 dB ( SHIELD ROOM #6 )
Uncertainty for Radiation emission test Below 10l 4.50 dB (SAC#6)
(include Fundamental emission) Above 16k 490 dB (SACH#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)
BDR 1 Mbps,
00 2402 EDR 2 Mbps,
EDR 3 Mbps
BDR 1 Mbps,
40 2442 EDR 2 Mbps,
EDR 3 Mbps
BDR 1 Mbps,
78 2 480 EDR 2 Mbps,
EDR 3 Mbps
Ch. Frequency (Mk) Rate(Mbps)
00 2402 LE 1 Mbps
20 2 442 LE 1 Mbps
39 2 480 LE 1 Mbps
Ch. Frequency (M) Rate(Mbps)
01 2412 802.11b/g/n_HT20
06 2437 802.11b/g/m_HT20
11 2 462 802.11b/g/n_HT20
Ch. Frequency (Mk) Rate(Mbps)
03 2422 802.11n_HT40
06 2437 802.11n_HT40
09 2452 802.11n_HT40

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 kes@kes.co.kr

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



KES

KES Co., Ltd.

o ] Report No.:
3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea KES-RF-23T0014
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page ( 8 )of (71)
www.kes.co.kr

UNII-1 UNII-2A UNII-2C UNII-3
Ch. | Frequency (Mk) Ch. | Frequency (Mk) Ch. | Frequency (Mk) Ch. | Frequency (Mk)
36 5180 52 5260 100 5500 149 5745
44 5220 56 5280 120 5600 157 5785
48 5240 64 5320 144 5720 165 5825

802.11a/n_HT20 mode

UNII-1 UNII-2A UNII-2C UNII-3
Ch. | Frequency (Mk) Ch. | Frequency (Mk) Ch. | Frequency (Mb) Ch. | Frequency (Mk)
38 5190 54 5270 102 5510 151 5755
46 5230 62 5310 118 5590 159 5795

142 5710

802.11n_HT40 mode

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

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 kes@kes.co.kr




KesK

KES Co., Ltd.

Report No.:

3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea

KES-RF-23T0014

Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (9 )of (71)

www.kes.co.kr

2. Summary of tests
LR Parameter 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
Note.

1. Except for the list below, all tests were conducted with default output power.

2.4 (2 WLAN
Mode Frequency (Miz) | Setting value
2 422 10
802.11n_HT40 2 437 10
2 452 10
UNII-1
802.11n HT40 | 5 190 | 10
UNII-2A
802.11n HT40 | 5 310 | 10
UNII-2C
802.11a 5 700 10
802.11n HT20 5 700 10
5510 10
802.11n_HT40 S 670 0
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3. Test results

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

Test setup

EUT Attenuator Spectrum 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 kiz, 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 M, 2 400 ~
2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kifz.

Limit
According to RSS-247 5.2(a), The minimum 6 dB bandwidth shall be 500 kHz.
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Test results

Mode : 802.11b

Frequency(Mk) 6 dB bandwidth(Mk) Limit(Mk)
2412 8.09
2437 9.51 >0.500
2462 8.06
802.11b

X s pcremt v | e X a2 X | spoarms x

Ref Level 1200 dn = RBW 100Ktz

Mode Auto Sweep Att B SWT 10.1ms © VBW 300kiz Mode Auto Sweep
TDF 30265 satt

«1PkMax |1 Frequency Sweep

e
v i
W N, g

Span 50.0 MHz ||CF 2.437 GHz 5.0 MHz/ Span 50.0 MHz
2 Marker Table
XValue Function Result Type  Ref  Trc XValue A Function Function Result
24110001 GHz M1 1 2.4379999 GHz
2.4069555 GHz m2 1 2.4324705 GHz
8.0892 MHz D3 M2 1 9.5066 MHz
w20
162015

wmne

x

Mode Auto Sweep

1 Frequency Sweep

N/A

o'

I
Wb gy

Span 50.0 MHz

XValue Function Result
2.4639898 GHz
24589853 GHz
8.0592 MHz

w200

152738

Measuring...

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 kes@kes.co.kr

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



KesK

KES Co., Ltd.

3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450
www.kes.co.kr

Report No.:
KES-RF-23T0014
Page ( 12 )of (71)

Mode : 802.11¢g

Frequency (M)

6 dB bandwidth(Mk)

Limit(Mk)

2412

15.23

2437

14.07

2462

14.98

>0.500

802.11g

voo B8 s
Ref Level 13,00 dBm RBW 100 kiz
@8 SWT 101 ms © VBW 300kHz Mode Auto Sweep
att

XValue
4095402 GHz
8GH:z

Hz

h'\v;‘.m"( e
i V\«““‘W“ﬂ"‘v“c\ - Wl

Ref Level 13,00 dBm RBW 100 kHz
At 20dB SWT 10.1ms © VBW 300kHz Mode Auto Sweep
5

Span 50.0 MHz ||CF 2.437 GHz

Function Result

Measuring.

2 Marker Table

Ref  Trc XValue Yalue
1 24383099 GHz -1.14dBm
1 7.18 dBm
1 7.24 dBm

W
il

M
Wipbn !

p “*‘MN{"W/

Span 50.0 MHz

Function Result
14.07 MHz

r 2021205
(T 133727

vow 58 [ X | sz X e

Ref Level 13,00 dBm RBW 100 kiz
@8 SWT 101 ms © VBW 300kHz Mode Auto Sweep

it
R wk'!.n
L
i yWM‘MV i

10001 pts

XValue YValue
24645247 GHz -1.17 dBm
7GHz 7.26 dBm

7.19 dBm

Y,
[
ff'\‘m‘t M
Wl Vu.,w»\ "
A e
gt

Span 50.0 MHz

Function Result

6.0dB
14.98 MHz
4.5

2021205
133751

N/A
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Mode : 802.11n HT20

Frequency(Mk) 6 dB bandwidth(Mk) Limit(Mk)
2412 16.04
2437 15.07 >0.500
2462 15.28

802.11n_HT20

X | s X | s

RBW 100 kiz o 0¢ BW 100 kHz
SWT 101 ms © VBW 300kHz Mode Auto Sweep 1 ms © VBW 300kHz Mode Auto Sweep

Span 50.0 MHz Span 50.0 MHz

XValue Function Result XValue Yval Function Result
2411885 GHz
2.4035058 GHz
16.0434 MHz

2021205
13,4939

vow 58| Spuanm — X e

Ref Level 13,00 dBm RBW 100 kiz
SWT 101 ms © VBW 300 kiz

© 1Pk Max
01148

N/A

*ﬁﬂmwmww ‘WO

Span 50.0 MHz

XValue Function Result
2.46196 GHz
24545257 GHz
152785 MHz
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Mode : 802.11n HT40

Frequency(Mk) 6 dB bandwidth(Mk) Limit(Mk)
2422 35.84
2437 36.15 >0.500
2452 35.53

802.11n_HT40

v 8 spene x| s 5[ s R e
Ref Level 13,00 dB: W 100 kiz

At x H Mode Auto Sweep
TDF "30265 satt"

1 Frequency Sweep

W 300kHz Mode Auto Sweep.

RPN VAR WIHAR PR VNI AR NN
] ;
| |

i \

i

/ \
i g h,
m:,w’.W'\“r‘h’n‘“”'\""""‘”" e -./bviWW\'WMW"M"\‘MV‘-‘M £ M’”‘“‘WWM’M*MWML Ww-
y

Span 80.0 MHz ||CF 2.437 GHz Span 80.0 MHz
2 Marker Table
XValue Function Result Function Result

24057216 GHz
24037963 GHz

35.8364 MHz

2021205
135444

vow 58| Spuanm — X e x

Ref Level 13,00 dBm W 100 kiz
At X W 300kHz Mode Auto Sweep.
TOF 30265

1 Frequency’ © 1Pk Max

r,.‘w"»'*.wwkhw'w\whwhu‘m a-‘wuwWV“""‘*W""'““"W"J"\"\A‘

W
\# W t.

Iy

P T -
Wb P ‘MW“/‘J‘WWJ‘»»\-‘,‘ A N/A
Ll

Span 80.0 MHz

Function Result

XValue
24632629 GHz
24346412 GHz

35,5324 MHz

2021205
135711
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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 ba
ndwidth 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 M, 2 400~2 483.5 M,
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.

Limit

For DTSs employing digital modulation techniques operating in the bands 902-928 MHz and 2400-2483.5
MHz, the maximum peak conducted output power shall not exceed 1 W. The e.i.r.p. shall not exceed 4 W,
except as provided in section 5.4(e).
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Test results

2412 Mk 2437 M 2462 M

Mode Average Peak Average Peak Average Peak

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

802.11b 11.75 14.15 13.34 15.81 13.20 15.81
2412 Mk 2437 Mk 2462 Mk

Mode Average Peak Average Peak Average Peak

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

802.11g 10.26 17.54 10.72 17.71 11.09 18.66
2412 Mk 2437 M 2462 M

Mode Average Peak Average Peak Average Peak

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

802.11n_HT20 9.23 17.51 9.60 17.86 9.91 18.27
2422 Mk 2437 Mk 2452 Mk

Mode Average Peak Average Peak Average Peak

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

802.11n_HT40 2.70 12.33 2.04 12.46 0.76 10.83
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3.3.

Power spectral density

Test procedure
ANSI C63.10-2013 - Section 11.10.2

Test setup

EUT Attenuator Spectrum analyzer

Section 10.2 & ANSI C63.10-2013 - Section 11.10.2

a.
b.
. Set the RBW to 3 kiz = RBW = 100 ki
. Set the VBW > [3 X RBW].

. Detector = peak.

TP tho oo

Set analyzer center frequency to DTS channel center frequency.
Set the span to 1.5 times the DTS bandwidth.

Sweep time = auto couple.

. Trace mode = max hold.
. Allow trace to fully stabilize.

Use the peak marker function to determine the maximum amplitude level within the RBW.
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.

Limit

According to RSS-247 5.2(b), The transmitter power spectral density conducted from the transmitter to the
antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous
transmission. This power spectral density shall be determined in accordance with the provisions of section
5.4(d), (i.e. the power spectral density shall be determined using the same method as is used to determine the
conducted output power).
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Results
Mode : 802.11b
Frequency (M) PSD (dBm) Limit(dBm)
2412 -11.29
2437 -9.12 8
2462 -9.98
802.11b

X | a2 X | spearms X spoann

© RBW 3Kkiz
SWT 1.4ms (21 ms) ® VBW 10kHz Mode Auto FFT

1.21 MHz/ an iz 2 1.43 MHz/

REW 3kHz
ms) © VBW 10kHz Mode Auto FFT

N/A

1.21 MHz/
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Mode : 802.11g

Frequency (M) PSD (dBm) Limit(dBm)
2412 -15.28
2437 -14.71 8
2462 -14.25
802.11¢g

© RBW 3kHz el © RBW 3Kkiz
ms) © VBW 10kHz Mode Auto FFT et SWT 1.4ms (51 ms) ® VBW 10kHz Mode Auto FFT

2.28 MHz/ Span 22.845 MHz || CF 2.437 GHz 211 MHz/ Span 21.105 MHz
easuton... [T oo

© RBW 3kiz
ms) ® VBW 10kHz Mode Auto FFT

iy dBm
246354130 GHz

; L A N
,f

M WMW N/A

2.25 MHz/
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Mode : 802.11n HT20

Frequency (M) PSD (dBm) Limit(dBm)
2412 -15.75
2437 -14.66 8
2 462 -15.03

802.11n_HT20

© RBW 3kHz el © RBW 3Kkiz
ms) © VBW 10kHz Mode Auto FFT et SWT 1.4ms (45 ms) © VBW 10kHz Mode Auto FFT

2.41 MHe/ Span 24.065 1 MHz | |CF 2.437 GHz ts 2.26 MHz/ Span 22.599 MHz
w05 — w05
Ti212e - (LTI e

x [== % | spean
© RBW 3kiz
B SWT 1.4ms(~4Sms) © VBW 10kHz Mode Auto FFT

iy

s "™

2.29 MHz/
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Mode : 802.11n HT40

Frequency (M) PSD (dBm) Limit(dBm)
2422 -17.25
2437 -17.39 8
2452 -17.70

802.11n_HT40

° RBW 3Kz
WT 2.79 ms (78 ms) © VBW 10kHz Mode Auto FFT

'Wwwmwwwwwwwm i;WIWWWW'WWW AN LWWWWWW“WW

: i
M‘W“ww M“WWM

5.38 MHz/ Span 53.754 6 MHz || CF 2.437 GHz ts. 5.42 MHz/ Span 53.2226 MHz
s s
[ Y S

W 3kiz
ms) © VBW 10kHz Mode Auto FFT

Wwwmwwwwwlmwwwmmw
' N/A

|
Ww

5.33 MHz/
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34. 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 Mz
to 1 (lz emissions.

Turn Table
im — 4m
EUT
f f Coaxial
Power Cable 0.8m < 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 (fz to
the tenth harmonic of the highest fundamental frequency or to 40 (lz emissions, whichever is lower.

| e—

Antenma

! e ower
i
i

EUT | N 4.!...._...... Horn
Y

d antenna
i /
H L‘ analyzer
i N )
| T L
| )

Turntable i Im \
Sm
™ Pre-amp D%E

—
| | ]

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 Mz

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 Mz

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.

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.
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5. Spectrum analyzer settings for /<1 (ffz:
Span = wide enough to fully capture the emission being measured
RBW =100 Kz
VBW = RBW
Detector = quasi peak
Sweep time = auto
Trace = max hold
pectrum analyzer settings for f =1 (fz: Peak
Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
RBW=1 M
VBW = 3 M
Detector = peak
Sweep time = auto
Trace = max hold
Trace was allowed to stabilize

@@@@@@@Q@@@@@@

7. Spectrum analyzer settings for f =1 (llz: Average

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 (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.

CIZAC)S

)

WO
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Note.
1. <30 M, extrapolation factor of 40 dB/decade of distance. Fq = 40log(D./Ds)
f =30 Mz, extrapolation factor of 20 dB/decade of distance. Fq = 20log(Dw/Ds)
Where:
Fs = Distance factor in dB
Dm = Measurement distance in meters
Ds = Specification distance in meters

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

3. Margin(dB) = Limit(dBgV/m) - Field strength(dBgV/m)

4. Emissions below 18 [z were measured at a 3 meter test distance while emissions above 18 (fz
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.

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 (Mk) Distance (Meters) Radiated (¢V/m)
0.009 ~ 0.490 300 2400/F (kltz)
0.490 ~ 1.705 30 24000/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 Miz, 76 ~ 88 Mz, 174 ~ 216 ME 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.
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Limit

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 (Mk) Distance (Meters) Radiated (¢4V/m)
0.009 ~ 0.490 300 2 400 / F(klkz)
0.490 ~ 1.705 30 24 000 / F(klkz)

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.

Duty cycle

Regarding to KDB 558074 D01_v05 102, 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.
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Mod Ton time Period Duty cycle Duty cycle Duty cycle correction factor
ode (ms) (ms) (Linear) (%) (dB)

802.11b 8.52 8.54 0.99 99.77 0.01

802.11¢g 1.43 1.51 0.95 95.16 0.22
802.11n_HT20 1.21 1.24 0.97 97.17 0.12
802.11n_HT40 0.60 0.64 0.95 94.91 0.23
Duty cycle (Linear) = To, time/Period
DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)

802.11b 802.11¢g

Oms © VBW 5 MHz

10001 pts

YValue
-29.62 dBm
232dB

1.64 dB

10001 pts

YValue
-31.91 dBm
7.11dB

476 dB

10001 pts

YValue
-34.55 dBm

10.14 dB

400.0 ps/ | |CF 2.437 GHz

XValue

10001 pts

YValue

635.6 s -33.30 dBm
1.74dB

6 s
637.0 s

0.46 dB
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Test results (Below 30 M)

Mode: 802.11¢g
Distance of measurement: 3 meter
Channel: 11 (Worst case)
Parallel
]
N ——— ;
BE . T ===
Ho Fange Freguency Reading c.£
FE
[MH=] dB {uV) [dB{l/m
1 Eangsl 0.335 28.5 1%._8
2 Eangsl 3.481( le.0 1%._8

Note.
1. No spurious emission were detected under 30 Mz, the above test result is the peak result.
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Test results (Below 1 000 M)

Mode:
Distance of measurement:
Channel:

802.11g
3 meter
11 (Worst case)

Horizontal // Vertical

T menram o TWH ST

« r
= E ]
= E I
S =
: E i %l g b

e i T
E W ) p ‘;“L

20 1M, | L Lw-":l \ 'md | l
e N H

- E“ AT e i AW, o e

Final Result

Ho regquency Pol BReading c. f Fesulc Limit
QP ap QaE

[MH= [dB {7} ] 1 [dB{pV/m}] [dB{pV/m}]
1 34 ¥ 7 44.5 1 30.4 40.0 S.E
2 36 5 7 440 8 30.2 40.0 5.8
3 58 g v 44 2 4 31.8 40.0 g.2
4 95_36l H 37.6 2 24.4 43.5 19.1
5 125._30% H £4.2 4 2g.8 431.5 14.7
3 138.155 H -3 1] 29.3 43.5 14.2
7 150.523 H -0 28.6 43.%5 14.9
8 175._38¢ v -1 32.8 43.5 10.6
5 133_44% v 7 32.5 43.5 11.40
10 20 3 v .8 29.0 43.5 14.5
11 H -1 32.1 4g._0 13.5
12 H - 32.5 4g._0 13.5

1] [

125.0 183
131.0 1]
P35.C 1]
375.0 263.
243.0 137.
245.0 226
2640 226
100.0 72
1 0 22
100.0 2
105.0 1

1 0 112

R Ll ==
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Test results (Above 1 000 M)
Mode: 802.11b
Distance of measurement: 3 meter
Channel: 1
- Spurious
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBV) (H/V) (dB) (dB) (dBV/m) (dB&V/m) (dB)
1 006.10 45.88 Peak -10.38 - 35.50 74.00 38.50
1 029.10 4533 Peak A% -10.24 - 35.09 74.00 38.91
2 540.55 44.67 Peak H -1.55 - 43.12 74.00 30.88
2 589.54 4437 Peak A% -1.40 - 42.97 74.00 31.03
4 824.60 48.36 Peak H 4.86 - 53.22 74.00 20.78
4 824.60 51.55 Peak A\ 4.86 - 56.41 74.00 17.59
4 824.60 47.82 Average \ 4.86 0.01 52.69 54.00 1.31
- Band edge
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
M) (dBsV) (H/V) (dB) (dB) (dB/N/m) (dB/N/m) (dB)
2 385.76 49.77 Peak H -1.69 - 48.08 74.00 25.92
2 386.99 48.17 Peak \' -1.69 - 46.48 74.00 27.52
2 387.16 51.03 Peak H -1.69 - 49.34 74.00 24.66
2 388.58 47.44 Peak A% -1.69 - 45.75 74.00 28.25
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
.: [5G SWT 10.1ms & VBW 31 _mode IPJ — : ISd8  GWT 10.1ms @ VEW 3 Mz made [.,]
50 e e 2.36575h0 chr 50 dou e f/ ahe
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s ~ o /
<o dow 3 . 1 MW/W

10 dBpv-F1
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i

10 depv-F1
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Start 2.3 GHz

10001 pts

Stop 2.412 GHz

Marker

X-value

Y-value

|__Function |

Function Result |

Start 2.3 GHz

10001 pts

Stop 2.412 GHz

Marker

X-value

| Y-value

|__Function |

Function Result |

Type | Ref | Trc |
M1 1
M2 1

2,385755 GHz
2.387155 GHz

49,77 dBpv.
51.03 dBpY

M2

Type | Ref | Trc |
M1

1 2.386987 GHz
1 2.388578 GHz

48.17 dBpV
47.44 dBpv
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Horizontal // Peak for 1 Gz to 3 (kz

Vertical // Peak for 1 Gz to 3 (i

Spectrum ® ©) ) Spectrum ® © ©
Ref Level 94.00 dBpv © RBW 1 MHz Ref Level 94,00 dBpY © RBW 1MHz
Att Sd8  SWT 10.1ms @ VBW 3 MHz _Mode Auto Sweep Att 5d8  SWT 10.1ms @ VBW 3 MHz _Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
20 dous M2[1] 44.67 dBpY] 90 ey M2[1] 34.37 dBpY)
2.540550 GHz| 2.589540 GHz|
M1[1] 45.88 dBpV| M1[1] 45.33 dBpV|
80 By 1.006100 GHz| 80 dBy 1.029100 GHz]|
70 dep 70 dBp
60 dBy 60 day
50 dBy v 50 deys Ar
o
g Li " rovey " o ywyme "
piigsyy L TR wuﬁ*w-,w Vo A o init PN i
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F1 u F1
| i1
Start 1.0 GHz. 10001 pts Stop 3.0 GHz Start 1.0 GHz 10001 pts Stop 3.0 GHz
Marker Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result | Type | Ref | Trc | X-value | Y-value | __Function | Function Result |
M1 1 1.0061 GHz 45.88 dBpY M1 1 1.0291 GHz 45.33 dBpV
[ 1 2.54055 GHz 44.67 dBpV M2 1 2.58954 GHz 44.37 dBpv
— — —
L J{ ) Measuring...  WRRRRNALN W6 P J Measuring... EERARRENE W6 y
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Horizontal // Peak for 3 Gz to 18 Gz

Vertical // Peak for 3 (z to 18 Gz

Spectrum 3 ® 0 &)
Ref Level 90.00 depy @ RBW 1 MHz

Spectrum3 ® (x) (x)

Ref Level 90,00 dBpy @ RBW 1 MHz

Att 0 dB SWT 60 ms @ VBW 3 MHz Mode Auto Sweep Att 0dB  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
(@ 1Pk Max (@ 17k Max
mi[1] 48.36 dBpV)| M1[1] 51.55 dBpV)
4.82460 GHz| 4+.82460 GHz|
80 dBy 80 dey
70 dBp 70 dBy
60 dBy 60 dBy
M1
50 dBuv— ¢ 50 deuv—{—-
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. W WMM o
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Start 3.0 GHz 10001 pts Stop 18.0 GHz Start 3.0 GHz 10001 pts Stop 18.0 GHz
p— —
L J{ ) Measuring...  WRRRREEED W6 7 L J ] Measuring... WRRNANAND W6 Y

Horizontal // Average for 3 Gz to 18 (lz

Vertical // Average for 3 Gz to 18 iz

N/A

Spectrum2  &®
Ref Level 97.00 dBuv © RBW 1 MHz

Att 10de  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
SGL Count 100/100

[@ 1Rm AvgPwr

M1[1] 47.82 dBpV|

90 dey 4.82460 GHz|

80 By
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50 dBy!
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S
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Stop 18.0 GHz
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Note.

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

802.11b

Distance of measurement:

3 meter

Channel: 6

- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwV) ctect mode (H/V) (dB) (dB) (BN/m) | (BN/m) (dB)
1032.70 45.81 Peak H -10.22 - 35.59 74.00 38.41
1 166.88 48.15 Peak A% -9.40 - 38.75 74.00 35.25
2 526.75 4427 Peak H -1.59 - 42.68 74.00 31.32
2 565.34 4421 Peak A% -1.47 - 42.74 74.00 31.26
4 874.10 4483 Peak A% 5.24 - 50.07 74.00 23.93
Horizontal // Peak for 1 Gz to 3 (i Vertical // Peak for 1 Gz to 3 Gk
Spectrum (<) (x) (x) Spectrum ) (x) (x)
Ref Level 91.00 depy @ RBW 1 MHz Ref Level 91.00 depY @ RBW 1 MHz
S M2[1] 34.27 dBpY| s M2[1] 44.21 dBpVY|
. ||
mm L ITIOY TR Y W MWMW" W 'ﬁ“}mw‘““ " “WWW
i ] D 7]
Start 1.0 GHz. 10001 pts Stop 3.0 GHz Start 1.0 GHz 10001 pts Stop 3.0 GHz
M:;::rl Ref | Trc | X-value | Y-value |__Function | Function Result | M:;:Zr\ Ref | Trc | X-value | Y-value | _Function | Function Result |
2 i P T T 2 i s aeat o T srs daow |
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Horizontal // Peak for 3 Gz to 18 (i

Vertical // Peak for 3 @z to 18 Gz

Spectrum 4 @ (x) Spectrum4 & (x)
Ref Level 83.00 dBuv © RBW 1MHz Ref Level 83.00 dBpv © RBW 1 MHz
Att 0dB SWT 60 ms @ VBW 3 MHz _Mode Sweep Att 0dB  SWT 60 ms @ VBW 3 MHz _Mode Sweep
(@ 1Pk Max (@ 1Pk Max
80 dey 80 dey Mi[1] 44.83 dBpY)
4.87410 GHZ|
70 By 70 dey
60 dey 60 dBy
50 dey T
50 dey
AP e PN N AN AN
30 days
20 dey
20 dey
10 dey
10 day
0 dyi
0 s -10 dey
-10 ey Start 3.0 GHz 10001 pts Stop 18.0 GHz
Marker
Start 3.0 GHz 10001 pts Stop 18.0 GHz Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
Marker M1 1 4.5741 GHz | 44,83 dBpv
-~ - — - —
Measurin 9. @URRHENED W 7 )i ] Measurin 9. WRRRRRLED e 7

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Mode: 802.11b
Distance of measurement: 3 meter
Channel: 11
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwV) etect mode (H/V) (dB) (dB) (BN/m) | (BN/m) (dB)
1041.70 45.57 Peak -10.16 - 3541 74.00 38.59
1 165.68 48.90 Peak A% -9.41 - 39.49 74.00 34.51
1 198.48 48.59 Peak A% -9.21 - 39.38 74.00 34.62
2 603.94 43.79 Peak H -1.35 - 42.44 74.00 31.56
4 923.60 45.71 Peak H 5.62 - 51.33 74.00 22.67
4 923.60 48.80 Peak \% 5.62 - 54.42 74.00 19.58
4 923.60 43.73 Average \% 5.62 0.01 49.36 54.00 4.64
- Band edge
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwv) etect mode (H/V) (dB) (dB) (dBV/m) (dBV/m) (dB)
2 483.83 52.56 Peak -1.67 - 50.89 74.00 23.11
2 484.05 48.12 Peak \% -1.67 - 46.45 74.00 27.55
2 485.05 48.05 Peak A% -1.67 - 47.05 74.00 26.95
2 486.98 52.39 Peak H -1.67 - 50.72 74.00 23.28
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 3 ® © © Spectrum 3 ) ©
e=s M2[1] ) 5(2.?9 dB‘pV = 2[1] ) 18.05 un.pv
e A |
60 dBp! M\\ 60 dep
s N
50 dey M ] 50 dBy! - —
Start 2.462 GHz F‘lltllltll pts H Stop 2.51 GHz Start 2.462 GHz F‘ll.ﬂtllll pts “ Stop 2.51 GHz
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