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1. General information

Applicant: Control Solutions LLC

Applicant address: 2520 Diehl Road, Aurora IL 60502 United States Of America
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

FCC rule part(s): 15.247

IC rule part(s): RSS-247

FCC ID: 2AUD9-CS1532

IC Certification 26638-CS1532

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

1.1. EUT description
Equipment under test  Remote Control Unit

Frequency range 2 405 Mz ~2 480 Mtz (ZigBee)

Model: Bruno RF Remote

Modulation technique  O-QPSK

Number of channels 2405 Mz ~2 480 M (ZigBee): 16ch

Antenna specification  Antenna type : PCB pattern Antenna // Peak gain: 2.09 dBi

Power source DC 3.0V (Battery 1.5V * 2)
H/W version ASM002535B
S/W version SWF0000385B

1.2. Test configuration

The Control Solutions LLC // Remote Control Unit // Bruno RF Remote // FCC ID: 2AUD9-CS1532

IC ID: 26638-CS1532 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 r02

ANSI C63.10-2013
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1.3. Device modifications

Model name Remark
Bruno RF Remote There are no external or internal changes,
CS1532 and it is for the purpose of adding a model name.

1.4. Accessory information

Equipment Manufacturer Model Serial No. Power source

1.5. Sample calculation
Where relevant, the following sample calculation is provided

For all conducted test items :
The offset level is set in the spectrum analyzer to compensate the RF cable loss and attenuator factor
between EUT conducted output port and spectrum analyzer. With the offset compensation, the spectrum

analyzer reading level is exactly the EUT RF output level.

Offset(dB) = RF cable loss(dB) + attenuator factor(dB).
=0.52 + 10 = 10.52 (dB)

For Radiation test :
Field strength level (dBxV/m) = Measured level (dB4V) + Antenna factor (dB) + Cable loss (dB) — Amplifier
gain (dB)

1.6.  Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.46 dB
Uncertainty for Radiation emission test Below 10l 4.40 dB
(include Fundamental emission) Above 10 594 dB
Note. This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence
level using a coverage factor of k=2.

1.7. Frequency/channel operations

Ch. Frequency (Mk) Mode
00 2 405 ZigBee
07 2 440 ZigBee
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15 2 480 ZigBee
2. Summary of tests
SEANE 07 SEAE 07 Parameter Test results
FCC Part 15 RSS-247 & Gen
- RSS-Gen 6.7 99% occupied bandwidth Pass
15.247(a)(2) RSS-247 5.2 (a) 6 dB bandwidth Pass
15.247(b)(3) RSS-247 5.4 (d) Output power Pass
15.247(e) RSS-247 5.2 (b) Power spectral density 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-247 5.5 Conducted spurious emission and band edge Pass
- - AC Conducted emissions N/AW
Note.

1. This device uses a battery and does not have an AC conducted emissions test.
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3. Test results

3.1. 99% Occupied Bandwidth
Test procedure
ANSI C63.10-2013 clause 6.9.2 and 6.9.3

Test setup

EUT Attenuator

Test setting

Spectrum analyzer

1. Span = The instrument center frequency is set to the nominal EUT channel center frequency. The
frequency span for the spectrum analyzer shall be between 1.5 times and 5.0 times the OBW.
2. RBW = The nominal IF filter bandwidth (3 dB RBW) shall be in the range of 1% to 5% of the OBW

3. VBW = shall be approximately three times the RBW
4, Sweep = auto

5. Detector function = Peak

6. Trace = Max hold

Limit
None; for reporting purpose only.

Test results

Frequency(Mi) 99% occupied bandwidth(Mk) Limit(Miz)
2 405 2.292
2440 2.300 -
2 480 2.301
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Test plots

ZigBee

Spectrum ] ué-] Spectrum ] ué-]
Ref Level -10.00 dBm @ RBW 20 kHz Ref Level -10.00 dBm @ RBW 20 kHz
At SdB  SWT 10.1ms @ VBW 50 kiz Mode Sweep At SdB  SWT 10.1ms @ VBW 50 kiz Mode Sweep
TOF TOF
[@1rm Max (@17m Max
Mi[1] 15.68 dBm| Mi[1] 15,90 dBm|
20 dB “Mlhphlm 2.405010000 GHz| 20 dB YL | MK“MD“P 2.440225480 GHz|
MWM |U V T L 2.291770823 MHz| W vy V o 2.299770023 MHz|
i A T T
40—y v, u A Y 50 o8 g o 9 o
B Tl AT ] g T W L
ﬁ’sﬁf D d
-70 dB -70 dB
.80 dB: .80 dB:
-90 d -90 d
-100 -100
CF 2.405 GHz 10001 pts Span 5.0 MHz CF 2.44 GHz 10001 pts Span 5.0 MHz
Marker Marker
Type | Ref | Trc | X-value | ¥-value |__Function | Function Result | Type | Ref | Trc | X-value | ¥-value |__Function | Function Result
M1 1 2.40501 GHz -15.68 dém M1 1 2,44022548 GHz -15.90 dém
T1 1 2.403949105 GHz -33.50 dBm occ Bw 2.291770823 MH2 T1 1 2.438952605 GHz -35.10 dBm occ Bw 2.299770023 MH2
T2 1 2.406240876 GHz -34.94 dBm T2 1 2.441252375 GHz -34.09 dBm
— — — —
L JU Measuring...  [ERRRRNEN 4| L JU Measuring...  UANEENLD S 2
Spectrum uglv]
Ref Level -10.00 dBm & RBW 20 kHz
Att 5dB  SWT 10.1ms @ VBW 50 khiz  Mode Sweep
TOF
(@ 1rm Max
™ Mil1] 17.01 dBm)|
20 dB o P 2.479976500 GHz|
M"\f"‘ﬂ' ¥ v"‘f““% 2.301269873 MHz|
@ o W“w
0 O " jw‘ \
5 LY Wﬁn
Z;\v T Vw ¥ W
ﬂﬁ d
7008 Blank
-80 o8
-90 d
-100
CF 2.48 GHz 10001 pts Span 5.0 MHz
Marker
Type | Ref | Trc | X-value | ¥-value |__Function | Function Result
M1 1 2.4799765 GHz -17.01 dém
T1 1 2.478948605 GHz -36.75 d8m occ Bw 2.301269873 MHz
T2 1 2.481249875 GHz -35.75 d3m
— —
L JU Measuring...  UANEENLD S 2
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3.2. 6 dB bandwidth

Test procedure
ANSI C63.10-2013 - Section 11.8.2

Test setup

EUT Attenuator Spectrum analyzer

ANSI C63.10-2013 - Section 11.8.1
1. RBW = 100 kifz.
VBW = 3 X RBW.
Detector = peak.
Trace mode = max hold.
Sweep = auto couple.
Allow the trace to stabilize
Measure the maximum width of the emission that is constrained by the frequencies associated with
the two outermost amplitude points (upper and lower frequencies) that are attenuated by 6 dB
relative to the maximum level measured in the fundamental emission.

Nogak~wd

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 kilz, 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 815.247(a)(2), systems using digital modulation techniques may operate 902 ~ 928 Mz, 2 400 ~
2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kiz.

According to RSS-247 5.2 (a), the minimum 6 dB bandwidth shall be 500 kHz.
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Test results
Mode: ZigBee

Frequency (M) 6 dB bandwidth(Mt)

Limit(M)

2 405 1.589

2440 1.351

2 480 1.592

>0.500

ZigBee

[®]

Ref Leval -1.00 dém ® RBW 100 kHz Ref Leval -1.00 dém ® RBW 100 kHz
Art 15d8  SWT 10 ps @ VBW 300 kHz Made Auto FFT Art 15d8  SWT 10 ps @ VBW 300 kHz Made Auto FFT
TOF TOF
[@ 1Pk Max [@ 1Pk Max
- ma[1] 10.65 dBm)| ma[1] 9.93 dBm)|
.10 dB: L 2.405002000 GHz| .10 dB: ¥ 2.439857000 GHz|
T1 Vo iRie 6.00 dB| rva‘l JhdB 6.00 dB|
. e 1.588800000 MHz, . " 1.350900000 MHz|
~20 d8 & Q factor 1513.7 ~20 d8 ,-’ Q flactor 1806.1
-30 df / \’\fl” 30 df \
-40 d f"\"‘ 40 df \/\’V\'\r/ ‘w’[v
= A
A4 Ve NS AWA LN
=04 i \ 50 e HJ 0,
Wi VY V
-60 dBm: 60 dm
70 d8 70 dey
a0 d a0 d
90 d 90 d
CF 2.405 GHz 10001 pts Span 10.0 MHz CF 2.44 GHz 10001 pts Span 10.0 MHz
Marker Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 2.405002 GHz -10.65 dém ndB down 1.5888 MHz M1 2,439857 GHz -9.93 dém ndB down 1.3509 MHz
T1 1 2.4043031 GHz -16.65 dém nda 6.00 da T1 1 2.4394261 GH2 -15.92 dém nda 6.00 da
T2 1 2.4058919 GHz -16.63 dBm Q factor 1513.7 T2 1 2.4407769 GHz -15.95 dBm Q factor 1806.1
Spectrum %’
Ref Leval -1.00 dém ® RBW 100 kHz
Art 15d8  SWT 10 ps @ VBW 300 kHz Made Auto FFT
TOF
[@ 1Pk Max
mi[1] 12.40 dBm)|
.10 dB: M| 2.479971000 GHz|
1 e 4IB 6.00 dB
» yve 1.591800000 MHz,
~20 d8 I8 Q¥actor 1557.9
N / \J
-40 de \
Sod /\IV\\\V/ \ /‘IV\F\r\
s P N/A
“60 dm:
-70 dey
a0 d
90 d
CF 2.48 GHz 10001 pts Span 10.0 MHz
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 2.479971 GHz -12.40 dém ndB down 1.5918 MHz
TL 1 2.4793051 GHz -18.39 dém nda 6.00 da
T2 1 2.4808969 GHz -18.39 dBm Q factor 1557.9
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3.3. Output power
Test procedure
ANSI C63.10-2013 - Section 11.9.1.3 and 11.9.2.3.2

Test setup

Power meter,

EUT Attenuator Power sensor

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 8§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.

According to §15.247(b)(4), The conducted output power limit specified in paragraph (b) of this section is
based on the use of antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph
(c) of this section, if transmit-ting antennas of directional gain greater than 6 dBi are used, the conducted
output power from the intentional radiator shall be reduced below the stated values in paragraphs (b)(1),
(b)(2), and (b)(3) of this section, as appropriate, by the amount in dB that the directional gain of the antenna
exceeds 6 dBi.
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According to RSS-247 5.4 (d), 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 1W. The
e.i.r.p. shall not exceed 4 W, except as provided in Section 5.4(e).

As an alternative to a peak power measurement, compliance can be based on a measurement of the
maximum conducted output power. The maximum conducted output power is 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
transmitting at a reduced power level. If multiple modes of operation are implemented, the maximum
conducted output power is the highest total transmit power occurring in any mode.

Test results

Mode: ZigBee
Peak output Average output PKE.l.LR.P - E.l.R.P Limit for
FrEgera.L) power (dBm) power(dBm) (dBm) L e 5 ISED(dBm)
2 405 -6.03 -7.04 -3.94
2440 -6.04 -7.13 -3.95 30 36.02
2480 -7.12 -8.67 -5.03
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3.4. 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. Set analyzer center frequency to DTS channel center frequency.

b. Set the span to 1.5 times the DTS bandwidth.

c. Set the RBW to 3 kiz < RBW = 100 kiz

d. Set the VBW > [3 X RBW].

e. Detector = peak.

f. Sweep time = auto couple.

g. Trace mode = max hold.

h. Allow trace to fully stabilize.

i. Use the peak marker function to determine the maximum amplitude level within the RBW.
j. If measured value exceeds requirement, then reduce RBW (but no less than 3 kHz) and repeat.
Limit

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

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: ZigBee

Frequency(Mk)

PSD (dBm)

Limit(dBm)

2 405

-17.00

2440

-17.60

2 480

-18.72

LE

=)

Spectrum :%v] Spectrum
Ref Level -1.00 dém @ RBW 3 kHz Ref Level -1.00 dém @ RBW 3 kHz
Att 15d8  SWT 26.5ms @ VBW 10kHz Mode Sweep Att 15d8  SWT 26.5ms @ VBW 10kHz Mode Sweep
TOF TOF
(@ 1Pk Max (@ 1Pk Max
Mi[1] -17.00 dBm) Mi[1] -17.60 dBm)
and 2.405033360 GHz| and 2.439972360 GHz|

:ZUT c L Al

-20 d8i
nlll rj‘i 1T I I 30 d

Mn'\.f\

e

30 dex i -30 der Ly ?
L] i WA, P A )

40 Wwﬁ w.. 40 ger]—f— 414 ¥ MW
"o de I‘ﬁ Bﬁtl

0 db 0 db

-70 d -70 d

80 d 80 d

a0 d a0 d

CF 2.405 GHz 10001 pts Span 2.383 MHz CF 2.44 GHz 10001 pts Span 2.383 MHz
Marker Marker

Type | Ref | Tre | X-value | ¥-value | Function | Function Result | Type | Ref | Tre | X-value | ¥-value | Function | Function Result |

ML 1 2,40503336 GHz -17.00 dém ML 1 2,43997236 GHz -17.60 dém

Spectrum

(%]

Ref Leval -1.00 dém ® RBW 3 kHz
Att 15d8  SWT 26.5ms @ VBW 10kHz Mode Sweep
TOF

[@ 1Pk Max

Mi[1]

-18.72 dBm)|
2.479973310 GHz

Tl

AT

iy

MWNW w}*ﬂiwww W-w i

WALV

by
V

T

CF 2.48 GHz 10001 pts

Span 2.383 MHz

Marker

Type | Ref | Tre | X-value | ¥-value | Function |
ML 1

Function Result |

247997331 GHz -18.72 dém

Blank
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3.5. 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

r—‘ ? Coaxial

Power Cable 0.8m —Cable

2 o ———> !

Ground Plane

Pawer

EMI Receiver

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

Turn Table
m —4m
EUT
f ? Coaxial
Power Cable 0.8m < Cable

. 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 Gz emissions, whichever is lower.

| e—

; Antenna
; g wer
i
i
i
EUT | N .‘i..mm p Horn
Y antenna
4m
( B Spectrum
| I_‘ A, analyzer
i -
¢ [ N
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 Mk

1.

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

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.

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.

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

Test procedure above 30 Mk

1.

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

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

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

The test receiver system was set to Peak Detect Function and Specified Bandwidth with Maximum
Hold Mode.
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5. Spectrum analyzer settings for f <1 (liz:
Span = wide enough to fully capture the emission being measured
RBW =100 kifz
VBW = RBW
Detector = quasi peak
Sweep time = auto
Trace = max hold
pectrum analyzer settings for f =1 (Hz: Peak
Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
RBW =1 M
VBW = 3 iz
Detector = peak
Sweep time = auto
Trace = max hold
Trace was allowed to stabilize

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

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

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

RBW =1 Mz

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 (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.

CIZIC)S)

3

OO
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Note.
1. <30 M, extrapolation factor of 40 dB/decade of distance. Fq = 40log(Dm/Ds)
f =30 M, extrapolation factor of 20 dB/decade of distance. Fq = 20log(Dm/Ds)

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

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

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

4. Emissions below 18 (Hz 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.

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 kilz to 30 M.
Although these tests were performed other than open field site, adequate comparison measurements
were confirmed against 30 m open field site. Therefore sufficient tests were made to demonstrate
that the alternative site produces results that correlate with the ones of tests made in an open field
based on KDB 414788.

w

Limit
According to 15.209(a), for an intentional radiator devices, the general required of field strength of radiated
emissions from unintentional radiators at a distance of 3 meters shall not exceed the following values :

Frequency (M) Distance (Meters) Radiated (£V/m)
0.009 ~ 0.490 300 2400/F(kiz)
0.490 ~ 1.705 30 24000/F(kHz)

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 Mz or 470 ~ 806 Miz.

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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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(Kiz)
0.490 ~ 1.705 30 24 000 / F(kHz)

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

Regarding to KDB 558074 D01_v05 r02, 6. Measurements of duty cycle and transmission duration shall be
performed using one of the following techniques:
a) A diode detector and an oscilloscope that together have sufficiently short response time to permit accurate
measurements of the on- and off-times of the transmitted signal.
b) The zero-span mode on a spectrum analyzer or EMI receiver if the response time and spacing between
bins on the sweep are sufficient to permit accurate measurements of the on- and off-times of the transmitted

signal.
Ton time Period Duty cycle Duty cycle Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
0.615 3.967 0.155 15.503 8.10

Duty cycle (Linear) = Ton time/Period
DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)

Middle channel

Spectrum l]

Ref Level 3.00 dBm

SGL TRG: VID TDF

® RBW 3 MHz

att 20 dB @ SWT 3ms @ VBW 3 MHz

|@ 1Pk Max

0 des

D2[1]

-10 dém [

Mi[1]

449.100 ps|

-20 dBm

20 dem

-40 dem

50 dam.

L -

W

L]

-60 dém

-70 dBm

-80 dem

-0 dem

CF 2.442 GHz

10001 pts

300.0 ps/

Marker

X-value | ¥-value

| Function |

Function Result |

Type | Ref | Tre|
M1 1

D2| M1 1
D3| M1 1

-54.82 dBm
0.15 dB
-6.99 db

4491 ps
437.1 ps
622.8 s
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Test results (Below 30 Miz)

Mode: ZigBee
Distance of measurement: 3 meter
Channel: 00 (Worst case)
Parallel
Model Control Selution Standard i
Mode Ant. Factor 461(+6 dB Att.) KOLAS
Operator KES
Powst
Remark
[dB{uv/m)]
130 E — <FCC @ kHz — 30 MHz_15_208-1>
120 R (ar)
— <Gontrol Solution FCG Qk-30M>
110 T Spectrum(H.PK).
Final Item(H.QP)
100
80
80 = =
T ‘
& N “wy
- :2 N
“ AL N A Tl
. i ™
20
“ \
0 \
0.01 0.10 1.00 10.00 30.00
Fragusncy [MHz]
Final Result
No. Frequency (P) Reading c.f Result Limit Margin Height Angle Remark
QP [0 QP QP
[MHz] [dB(uv)] [dB(1/m)] [dB(uv/m)] [dB(uv/m)] [aB] [em] [deg]
1 1.242 H 29.1 20.7 49.8 65.7 15.9 100.0 38.7
2 1,332 H 29.2 20.7 49.9 65.1 15.2 99.8 0.8
3 3.578 H 30.4 19.9 50.3 69.5 19.2 99.8 67.2
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Test results (Below 1 000 Mtz)

Mode: ZigBee
Distance of measurement: 3 meter
Channel: 00 (Worst case)
Horizontal // Vertical
Modsl : Control solution Standard B =CQ Part. 15 Class B 3m
Mods B Ant. Factor : 461(+6 dB AtL) KOLAS
Gparior e
%ma[;B:N_:'mJ]
130E <FCC B>
120 E — Limit{QP)
E <Control Selution FCC 30-1GHz>
110 B Spectrum(H. -’]
= Speclrumt\ PK)
100 E Final Item(H,QP)
o0 E ———=— Final ltem(V.QF)
80 E
E ™ E
3 60
50 E o
40 E L
20 E
20 E SR i - R —— - -
1 [En nrats A oA T i / S M 1
o E T 1 | |
30.00 50.00 100.00 500.00 1000.00
Fragusncy [MHz]
Final Result
Mo. Freguency (P) Reading c.f Result Limit Margin Height Angle PRemark
03 aP QP QP
[MHz] [dB(uwv)] [dB(1/m)] [dB(uV/m)] [dB(uV/m)] [dB] [em] [deg]
1 59.828 H 28.1 -12.9 15.2 40.0 24.8 226.0 4.0
2 62.374 H 28.2 -13.2 15.0 40.0 25.0 207.0 110.0
3 Bh.163 V¥ 35.2 -13.86 21.6 40.0 18.4 103.0 45 .5
4 65.405 H 29,? -13.86 16.1 40.0 23.9 168.0 2566.5
5 76.924 ¥ 33.0 -16.3 16.7 40.0 23.3 102.0 228.2
6 7r.04s  H 2?,8 -16.4 10.9 40.0 291 168.0 205.5
7 94 626 V 34.2 -18.1 16.1 435 27 .4 108.0 65.0
8 119.968 V 30.7 -15.3 15.4 43.5 28.1 119.0 265.1
9 179.986 V 31.8 -14.4 17.4 43.5 26.1 109.0 324.7
10 180.471 H 28.8 -14.5 14.3 43.5 29,2 328.0 84.0
11 195.870 V 22.8 -15.5 7.3 43.5 36.2 115.0 14.9
12 236.974 H 28.7 -14.4 14.3 45.0 N7 241.0 287.6
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Test results (Above 1 000 M)

Mode: ZigBee
Distance of measurement: 3 meter
Channel: 00
- Spurious
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Mkz) (dBuV) (HV) (dB) (dB) (dBgV/m) (dBeV/m) (dB)
1174.96 49.61 Peak H -10.23 - 39.38 74.00 34.62
1216.46 49.00 Peak \Y -10.01 - 38.99 74.00 35.01
1 386.83 49.06 Peak \Y -9.10 - 39.96 74.00 34.04
2282.24 49.31 Peak H -3.23 46.08 74.00 27.92
- Band edge
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Mz) (dBV) (HV) (dB) (dB) (dBN/m) (dBgV/m) (dB)
2314.54 47.94 Peak \Y -3.09 - 44.85 74.00 29.15
2 315.29 48.15 Peak \Y -3.09 - 45.06 74.00 28.94
2 372.69 52.04 Peak H -2.84 - 49.20 74.00 24.80
2 385.70 49.11 Peak H -2.78 - 46.33 74.00 27.67
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Restricted band // Horizontal // Peak

Restricted band // Vertical // Peak

Spectrum 2 (X) . Spectrum 2 (%) -
Ref Level 97.00 depv ® RBW 1 MHz Ref Level 97.00 depv @ RBW 1 MHz
Att 10dB  SWT 32.1ms ® VBW 3 MHz _Mode Sweep Att 10 dB_ SWT 32.1ms @ VBW 3 MHz _Mode Sweep
(@ 1Pk Max (@ 1Pk Max
m2[1] mM2[1] 47.94 dBpVv|
90 dBy 90 dBy 2.31453500 GHz|
M1[1] M1[1] 48.15 dBpV|
80 dBy 80 dey 2.31520470 GHZ|
70 dBy 70 dBy / \
60 dBy 60 dBy
M1
T M2 &1
[T R PSSO o s ittt g ———— - |
40 day 40 day
30 dBu 30 dBu
20 dBu 20 dBu
10 dey 10 dey
F2 F2
0 gouw—El } 0 gouw—EL I
Start 2.3 GHz 32001 &S HE 2.41 GHz Start 2.3 GHz 32001 pts SIHE 2.41 GHz
Marker Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result | Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 2.3726854 GHz 52.04 dBpv M1 1 2.3152947 GHz 48.15 dBpv
M2 1 2.3856959 GHz 49.11 dBpy M2 1 2.314535 GHz 47.94 dBuv
— —
JU Measuring...  SRRRRACED WS 4 JU Measuring... ERANERRND S 4

Horizontal // Peak for 1 Gz to 3 Gk

Vertical // Peak for 1 @ to 3 @k

Measuring...

Spectrum - Spectrum 2 (¥ (3]
Ref Level 97.00 depv & RBW 1 MHz Ref Level 90.00 déyy ® RBW 1MHz
1048 SWT 32.1ms ® VBW 3 MHz  Mode Auto Sweep 0d8 SWT 32.1ms @ VBW 3 MHz _Mode Auto Sweep
(@ 17k Max [@ 17k Max
™M2[1] 19.31 dBpV| mMar1l M1 19,06 dBpV|
90 2.2022410 GHz| . 1.9868320 GHz|
mi[1] 49.61 dBpv| o m1[1] 82.84 dBpY|
a0 1.1749630 GHZ| 2.4046120 GHZ|
70
70d 60
60 : "
" | SR e 7
M1 ’ { "
ot SETI ks
40 dBy 30 a1
a0d 20d
20 104
10 0 dBy
0day Start 1.0 GHz 32001 pts Stop 3.0 GHz
Start 1.0 GHz 32001 pts Stop 3.0 GHz Marker
Marker Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
Type | Ref | Trc | X-value | Y-value |__Function Function Result | M1 1 2.404612 GHz 82.84 dBpv
ML 1 1174863 Griz 49,61 dBpv Mz 1 1.216462 GHz 49.00 dBpy
M2 1 2.282241 GHz2 49.31 dBpV M3 1 1.386832 GH2 49.06 dBpN‘
)i Measuring...  UARRARLD W P i | RECERRE X

#

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

Ref Level 90.00 dapyv - RBW

Spectrum 2

1 MHz

Vertical // Peak for 3 Gz to 18 Gz

® (x)

Spectrum 2

Ref Level 50.00 dpyv ® RBW 1 MHz

®

o
v

Att 0dB  SWT 60ms @ VBW 3 MHz  Mode Auto Sweep Att 0dB  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
[@ 1Pk Max (@ 1Pk Max

B0 dBp! 80 dey

70 dBy 70 dBy

60 dey 60 dey

50 dBp! S0 dBy!

30 dBy 30 dBy

20 dByt 20 dByt

10 dBy 10 dBy

0 dBys 0 dBys

Start 3.0 GHz 32001 pts Stop 18.0 GHz Start 3.0 GHz 32001 pts Stop 18.0 GHz
- - ]

Measuring...

4

Measuring...

W e £

Note.

1. No spurious emission were detected above 3 (ffz.
2. Average test would be performed if the peak result were greater than the average limit.
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Mode:

ZigBee

Distance of measurement;

3 meter

Channel:

07

- Spurious

Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Mz) (dBuV) (HIV) (dB) (dB) (dBV/m) (dBuV/m) (dB)
1063.28 49.68 Peak \Y -10.82 - 38.86 74.00 35.14
1087.59 49.82 Peak H -10.69 - 39.13 74.00 34.87
1230.65 49.40 Peak Y, -9.93 - 39.47 74.00 3453
2267.12 49.77 Peak H -3.30 - 46.47 74.00 27.53

Horizontal // Peak for 1 (lz to 3 (i

Vertical // Peak for 1 Gz to 3 (i

Spscanm Gl e OfNSCY [¥]
Ref Level 57.00 dBuv ® RBW 1 MHz Ref Level 90.00 dBuv ® RBW 1MHz
Att 1048 SWT 32.1ms ® VBW 3 MHz  Mode Auto Sweep Att 0d8 SWT 32.1ms @ VBW 3MH2 Mode Auto Sweep
(@ 1Pk Max [@ 17k Max
m2[1] 39.77 dBpY| mari] 39,30 dBpY|
@0 2.2671170 GHZ| 1.2306490 GHz|
mi[1] 49.82 dBpv| e m1[1] 80.09 dByY|
80 d 1.0875910 GHz - 2.4397360 GHz]
7o d 60 dBys
- »
60 dBuY
W i - o
T 40 dey
40 dBu 30
30 d 20 d
20 10 d
10 0 dBy
0 dBy! Start 1.0 GHz 32001 pts Stop 3.0 GHz
Start 1.0 GHz 32001 pts Stop 3.0 GHz Marker
Marker Type | Ref | Tre | X-value | Y-value |__Function | Function Result |
Type | Ref | Tre | X-value | Y-value | Function | Function Result | ML 1 2.430736 GHz 80.09 dBpv
ML T 1.087591 GHz 49,82 dBpv [ 1 1.063279 GHz 49.68 dByv
M2 1 2.267117 GHz 49.77 dBuv M3 1 1.230645 GHz 49.40 dBv
il | Measuring..  ERRERAASE W i i | teasuring..  ERRRRNNEN W i

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

Vertical // Peak for 3 Gz to 18 Gz

Spectrum 2 ®

(x)

®

Spectrum 2

(x)

.
v

Ref Level 90.00 depv

@ RBW 1 MHz

.
v

Ref Level 90.00 dépv

@ RBW 1 MHz

Att

Ddé  SWT 60 ms @ VBW 3 MHz Mode auto Sweep

Att

0dB  SWT 60 ms & VBW 3 MHz  Mode auto Sweep

[@ 1Pk Max [@ 1Pk Max
80 dBy 80 dBy
70 dBy 70 dBy
60 dBu 60 dBu

30 dey 30 dey
20 dBp! 20 dBp!
10 dBy 10 dBy
0 dey 0 dey

Start 3.0 GHz 32001 m_s Stop 18.0 GHz Start 3.0 GHz 3'5)01 pts Stop 18.0 GHz
( j’t Measuring... |||||||‘= 7L ': Measuring...  LURLLLLED W //:
Note.
1. No spurious emission were detected above 3 (lfz.
2. Average test would be performed if the peak result were greater than the average limit.
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Mode: ZigBee

Distance of measurement: 3 meter

Channel: 15

- Spurious

Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin

(Mz) (dBuV) (HV) (dB) (dB) (dBV/m) (dBpV/m) (dB)

1051.72 49.34 Peak \Y -10.89 - 38.45 74.00 35.55
1447.21 48.56 Peak \Y -8.77 - 39.79 74.00 34.21
2 267.99 50.55 Peak H -3.29 - 47.26 74.00 26.74
227593 50.67 Peak H -3.26 - 47.41 74.00 26.59

- Bandedge

Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin

(Miz) (dBv) (HV) (dB) (dB) (dBV/m) (dBV/m) (dB)
2 483.51 71.81 Peak H -2.40 - 69.41 74.00 4.59
2 483.51 38.98 Average H -2.40 8.10 44.68 54.00 9.32
2 483.52 53.62 Peak \Y -2.40 - 51.22 74.00 22.78
2 483.58 71.37 Peak H -2.40 - 68.97 74.00 5.03
2 483.58 38.74 Average H -2.40 8.10 44.44 54.00 -9.56
2483.74 53.07 Peak \Y -2.40 - 50.67 74.00 23.33
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Restricted band // Horizontal // Peak

Restricted band // Vertical // Peak

Spectrum 4 ® -

Spectrum 4 ® -

Ref Level 102.00 dBuv @ RBW 1 MHz Ref Level 99.00 depv ® RBW 1 MHz
Att 15dB  SWT 32.1 ms @ VBW 3 MHz _Mode Sweep Att 10dh  SWT 32.1ms ® VBW 3MHz _Mode Sweep
(@ 1Pk Max (@ 1Pk Max
TETEY] 71.81dBpY M2[1] 53.07 dBpY
50530 GHz| d 2.48374260 GHz
90 dBuv—i4 L1 12[1] 0GB M1[1) 53.62 dBpY
“ 2.48351730 GHz|
80 am.l/ 80 dBys m
70 70 dBy \
i 80 dBy 1 -
e P .EW/ @i“__“
sormram e iy sl s ieyssaedonun]
40 dByv- 40 dey
30 dapv 30 dey
20 dBy 20 deyt
10 dBpv = ']” 10 deyt =
| F1 ‘
Start 2.475 GHz 32001 pts Stap 2.51 Gz — I
Marker Start 2.475 GHz 32001 pts Stop 2.51 GHz
Type | Ref | Trc| X-value | Y-value | _Function | Function Result | Marker
M1 1 2.4835053 GHz | 71.61 dBpV Type | Ref | Trc | X-value 1 ¥-value | Function | Function Result |
M2 1 2.4835775 GHz 71.37 dBpv M1 1 2.4835173 GHz 53.62 dBpv
M3 1 2.475 GHz 58.58 dBpV M2 1 2.4837426 GHz 53.07 dBpV

Restricted band // Horizontal // Average

Restricted band // Vertical // Average

Spectrum 4 (%)
Ref Level 88.00 depv
Att 0de
SGL Count 100/100

I!)Rm AvgPwr

® RBW 1 MHz

SWT 32.1ms @ VBW 3 MHz Mode Swesp

m2[1] 38.74 dBpY|
2.48357750 GHz]

38.98 depv]
2.48350530 GHz,

m1[1]
.y

A
1\

0day

-10 dBy t !

Start 2.475 GHz 32001 pts

Marker

Type | Ref | Tre |
M1 1

Stop 2.51 GHz

¥-value 1
2.4835053 GHz
2.4835775 GHz

Y-value | Function |
38.98 dBpuY

38.74 dBpv

Function Result |

M2 L

N/A

Horizontal // Peak for 1 iz to 3 (i

Vertical // Peak for 1 Gz to 3 (i

Spectrum k2 Spectrum 2 (® a
Ref Level 97.00 d8pv ® RBW 1 MHz Ref Leval 91.00 dayv ® RBW 1 MHz
Att 10 dB  SWT 32.1 ms @ VBW 3 MHz Mode Auto Sweep Att 0 de SWT 32.1ms & VBW 3 MHz Mode Auto Sweep
[@ 1Pk Max (@ 1Pk Max
mM2[1] 50.55 dBpv| Ma[1] 48.56 dBpV|
90 dBu! 2.2679920 GHz M1 1.4472050 GHz
m1[1] 50.67 dBpv| B0 dey! 1[1] 78.22 dBpv|
8o d 2.2759290 GHz 2.4796730 GHzZ
it
70 dey
70 dB
v £0 dey!
M2 M
60 dBy T e vouemery ™ n
§ e M . el T
8 40 day
40 day 30 dey
30 dBy 20 dey
20 dByt 10 dBys
10 dey 0 dBy:
0 day Start 1.0 GHz 32001 Es Slng 3.0 GHz
Start 1.0 GHz 32001 pts Stop 3.0 GHz Marker
Marker Type | Ref | Trc| X-value 1 Y-value |__Function | Function Result |
Type | Ref | Trc | X-value | Y-value | Function | Function Result | M1 2.479673 GHz 78.22 dBpv
M1 1 2.275929 GHz 50.67 dBpv M2 1 1.051717 GHz 49.34 dBpv
M2 1 2.267992 GHz £0.55 dBpV M3 1 1.447208 GHz 48.56 ﬂBpV
—r- — — —
L JU Measuring...  EERERERND S VARl JU Measuring... ERANERRND S 4
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Horizontal // Peak for 3 Gz to 18 Gz

Vertical // Peak for 3 Gz to 18 Gz

Ref Level 90.00 depv

Spectrum 2 63} (x]
® RBW 1 MHz
Att Ddé  SWT 60 ms @ VBW 3 MHz Mode auto Sweep Att

Ref Level 90.00 dépv ® RBW 1 MHz

Spectrum 2

®

0dB  SWT 60 ms & VBW 3 MHz  Mode auto Sweep

(x)

@ 1Pk Max

@ 1Pk Max

80 dey

80 dey

70 dBy

70 dBy

60 dBy

60 dBy

S0 dBy!

e LR -

30 dBuv

30 dBuv

20 dey!

20 dey!

10 dBy

10 dBy

0 dBys

0 dBys

Start 3.0 GHz 32001 pts Stop 18.0 GHz Start 3.0 GHz 32001 pts Stop 18.0 GHz
)i T mearurmg. RTINS W ~ T T rearna WO 0
Note.
1. No spurious emission were detected above 3 (ifz.
2. 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 GHz) — Worst case

Mode: ZigBee
Distance of measurement: 3 meter
Channel: 00 (Worst case)

Horizontal Peak

Vertical Peak

Spectrum 3 (0
Ref Level 62.00 d8pv ® RBW 1 MHz
Att 0dB  SWT 48ms @ VBW 3 MHz Mode Auto Sweep

o
v

Att

Ref Level 82.00 depv

Spectrum 3 (0
® RBW 1 MHz
0dB  SWT 48 ms @ VBW 3 MHz Mode Auto Sweep

@ 1Pk Max

@ 1Pk Max

70 dBy

60 dBy!

70 dBy

60 dBy!

S0 diy!

30 dey

20 depv

30 dey u M

10 dBy

20 depv

0 dBys

10 dBy

-10 depv

0 dBys

-10 depv

Start 18.0 GHz
-

32001 pts

Stop 30.0 GHz

Start 18.0 GHz

32001 pts

Measuring...

4

-

Measuring...

Stop 30.0 GHz

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

Test procedure

Band edge

ANSI C63.10-2013 - Section 11.11

Start and stop frequency were set such that the band edge would be placed in the center of the plot
Span was set large enough so as to capture all out of band emissions near the band edge
Set the RBW = 100 kiz

Set the VBW = [3 X RBW].

Detector = Peak

Sweep time = auto

Trace mode = max hold

Allow trace to fully stabilize.

N h WD

Out of band emissions
ANSI C63.10-2013 - Section 11.11

1. Start frequency was set to 30 Mz and stop frequency was set to 25 Gz for 2.4 (Hz frequencies and
40 (flz for 5 Gz frequencies

Set the RBW = 100 kifz

Set the VBW = [3 X RBW].

Detector = Peak

Sweep time = auto

Trace mode = max hold

Allow trace to fully stabilize.

Nookwn

Limit

According to 15.247(d), in any 100 kiz bandwidth outside the frequency band in which the spread spectrum
or digitally modulated intentional radiator is operating, the radio frequency power that is produced by the
intentional radiator shall be at least 20 dB below that in the 100 kilz bandwidth within the band that contains
the highest level of the desired power, based on either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies
with the conducted power limits based on the use of RMS averaging over a time interval , as permitted under
paragraph(b)(3) of this section , the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in section 15.209(a) is not required. In addition, radiated
emission which in the restricted band, as define in section 15.205(a), must also comply the radiated emission
limits specified in section 15.209(a) (see section 15.205(c))
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According to RSS-247 5.5, In any 100 kHz bandwidth outside the frequency band in which the spr
ead spectrum or digitally modulated device is operating, the RF power that is produced shall 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 t
ransmitter 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 time inter
val, as permitted under Section 5.4(d), the attenuation required shall be 30 dB instead of 20 dB. At
tenuation below the general field strength limits specified in RSS-Gen is not required.
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Test resul

ts

ZigBee

2405 M

2440 M

Ref Level -2.00 dém

& RBW 100 kHz

Ref Level -2.00 dém

Spectrum né- Spectrum né-
Ref Level -8.00 dém & RBW 100 kHz Ref Level -8.00 dém - 100 kHz
Att 10dE  SWT 10.1ms @ VBW 300 kHz Mode Sweep Att 10d8  SWT 10.1ms @ VBW 300 kHz Mode Sweep
TOF TOF
[@ 1Pk Max (@ 1Pk Max
3[1] X Bm| T 11] 10.33 dBm)|
Hokd 2.44037000 GHZz|
20 1[1] 4 gBm| 20 2[1] 42.82 dBm
5 Hz| f H 2.45424360 GHz|
-l D1 -30.330 dBm ﬂ "\ 0-cIB D1 -30.330 dBm N V\
-40 df 40d = Mz
. J a1 SR
50 H m -50 ‘ i 1 w—-\
e
» Al 0 ' i
b N T - A JWA .
s - el s
-80 di -80 d
90 df <90 d
-100 dB -100 dB
Start 2.3 GHz 10001 pts Stop 2.41 GHz CF 2.44 GHz 10001 pts Span 50.0 MHz
Marker Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M| 1| 2.4D5573 GHz | -10.33 dém M1 1 2.44D37 GHz -10.33 dém
M2 1 2.3953 GHz -60.50 dBm M2 1 2.4542436 GHz -42.82 dém
M3 1 2.385863 GHz -62.70 dBm M3 1 2.4240216 GHz -46.89 dBm
Spectrum 4 @L — Spectrum 4 (@ -

& RBW 100 kHz

Ref Level -2.00 dém

® RBW 1 MHz

Ref Level -2.00 dém

Att 10d8  SWT 10.1ms @ VBW 300 kHz Mode auto Sweep Att 10dé  SWT 10.1ms @ VBW 300 kHz  Mode Auto Sweep
TOF TOF
[@1Pk Max @17k Max
m2[1] -65.04 dBm) m2[1] -65.70 dBm)|
891.9620 MHZ| 875.2640 MHZ|
20 d M1[1] 64.39 dBm 20 d M1[1] 64.58 dBm
778.0740 MHz| 879.1630 MHz|
L D1 -30.330 dBrm 8 D1 -30.330 dém
-40 di -40 d
-50 d -50
60 di Py ™ 60 df 2531
. k S o — s f
80 d -80 d
-90 dei -90 dei
-100 d -100 di
Start 9.0 kHz 10001 pts Stop 1.0 GHz Start 9.0 kHz 10001 pts Stop 1.0 GHz
marker marker
Type | Ref | Trc| X-value | Y-value |__Function | Function Result | Type | Ref | Trc | X-value 1 ¥-value |__Function__| Function Result |
ML 1 778.074 MHz -64.39 dém M1 1 879.163 MHz -64.58 dém
M2 1 891.962 MHz -65.04 dém M2 1 875.264 MHz -65.70 dém
Spectrum 2 ®] 7 Spectrum 2 ®1 =

® RBW 1 MHz

Att 1SdE  SWT 95 ms @ VBW 3MHz Mode auto Sweep Att 15d8  SWT 96 ms @ VBW 3 MHz  Mode auto Sweep
TOF TODF
[@1Fk Max [@ 1Pk Max
” Mz[1] 44.64 dBm " Ma[1] 5.39 dBm|
10 defn 9.52730 GHz| 10 def ™ 130 GHz,
Mi[1] 6.16 dBm) M1[1] 6.41 dBm)|
200 2.40510 GHz 204 2.44110 GHz]
- 1 -30.330 dBm -8 1 -30,330 dem
-40 d M -40 dB) -
Y
rlas My i oy - o A ...L!...m.. A il
o PP T \Sdeas o hbe WA -5 - e Y
-60 de 60 diBs
70 df -70 d
-80 d8 -80 dB:
-390 -390
-100 -100
Start 1.0 GHz 10001 pts Stop 25.0 GHz Start 1.0 GHz 10001 pts Stop 25.0 GHz
Marker | Marker |
Type | Ref | Trc| X-value | Y-value | _Function | Function Result | Type | Ref | Trc | X-valug 1 ¥-value | _Function | Function Result |
M1 1| 2.4051 GHz | -6.16 dBm M1 1 2.4411 GHz -6.41 dém
M2 1 10,5273 GHz -44.64 dBm M2 1 6.4751 GHz -44.32 dBm
M3 1 6.9622 GHz -44.17 dBm M3 1 19.5513 GHz -45.33 dBm
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LE 1M

2480 Mz

Spectrum
Ref Leval -8.00 dém
At 10 d8

[®]

& RBW 100 kHz
SWT 10.1 ms @ VBW 300 kHz

Mode Sweep

NS

M3L1]

M1[1]

57.66 dBm)|

11.80 dBm)|
2.48055320 GHz|

(@ 1Pk Max
AR
1

800 dBm

i

-40 d —¥ ¥

1,

T

-100 dBm:

Start 2.475 GHz

10001 pts

Stop 2.5 GHz

Marker

X-valug | ¥-

value | _Function |

Function Result |

Type | Ref | Trc|
M1

M2 1
M3 1

2.4850877 GHz
2.4863551 GHz

2.4805532 GHz -
-56.63 dBm
-57.66 dém

11.80 dém

BLANK

Spectrum 4 (@
Ref Level -2.00 dém

(®]

& RBW 100 kHz

Ref Level -2.00 dém
Att 15 de.
TOF

® RBW 1 MHz
SWT 95 ms @ VBW 3 MHz

Mode Auto Sweep

[@ 1Pk Max

-10 degn 0

m2[1]

Mi[1]

45.73 dBm)|
19.54890 GHz

7.93 dBm)|
2.47950 GHz

—D1 -31.800 dBm

ke d
!

T o
Vo

-100 dB

Start 1.0 GHz

10001 pts

Stop 25.0 GHz

Marker

X-value | Y-value |

Function |

Function Result |

Type | Ref | Tre |
M1 2.4795 GHz
M2 1 10,5489 GHz

M3 1

6.8206 GHz =

-7.93 dém

-45.73 dém

45,08 dBm

Att 10 d8 SWT 10.1ms @ VBW 300 kHz Mode Auto Sweep
TOF
(@ 1Pk Max
M2[1] -65.66 dBm|
921.0590 MHz,
-20d Mi[1] 65.22 dBm
880.1630 MHz
-30 dBm—1,, 31,500 dbm
40 di
-50 d
c0d i BLANK
. mwmhm%
<80 df
-90 e
-100 dBm:
Start 9.0 kHz 10001 pts Stop 1.0 GHz
Marker
Type | Ref | Tre | X-value | v-volue | Function | Function Result
M1 880.163 MHz -65.22 dém
M2 1 921.059 MHz -65.66 dém
Spectrum 2 @] k2

BLANK
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. C:_:\Ilbratlon el
interval due.
Spectrum Analyzer R&S FSV40-N 102194 1 year 2021.07.02
83608 Series Swept HP 83630B 3844A00786 1year 2022.01.15
Signal Generator
SYNTHESIZED
SIGNAL GENERATOR KEYSIGHT N5182B MY59100115 1 year 2021.05.12
Power Meter Anritsu ML2495A 2010001 1 year 2021.05.12
Pulse Power Sensor Anritsu MA2411B 1911111 1 year 2021.05.12
Attenuator Mini-Circuits BW-S10-2W263+ 1 1 year 2022.01.18
Attenuator F04-C1206-01 SRT 20022403 1 year 2022.01.15
Loop Antenna Schwarzbeck FMZzB1513 225 2 years 2023.01.18
BILOG ANTENNA Schwarzbeck VULB 9168 9168-461 2 years 2022.12.22
Horn Antenna AH SAS-571 414 1 years 2022.01.22
Horn Antenna SCHWARZBECK BBHA9170 9?78()'_5"2‘0 1 years 2022.01.18
. SONOMA
Amplifier INSTRUMENT 310N 401123 1 year 2021.06.08
PREAMPLIFIER Agilent 8449B 8008A01640 1 year 2021.04.01
BROADBAND
AMPLIEIER SCHWARZBECK BBV9721 PS9721-003 1 year 2022.01.19
EMI Test Receiver R&S ESU26 100552 1 year 2021.04.01
DC Power supply Agilent 6632B MY43004090 1 year 2021.06.22
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook computer LG Electronics Inc., 15ND530-GX50K 311QCFT567147
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