KES Co., Ltd.
C-3701, 40, Simin-daero 365beon-gil, Test report No.:
KS Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0094-R1
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (1) of (22)
www.kes.co.kr

TEST REPORT
Part 15 Subpart C 15.231

Equipment under test
Model name

FCCID

Applicant
Manufacturer

Date of test(s)

Date of issue

Vehicle Security Gateway
ST-900-CF

KL7ST-900-CF

Savi Technology Inc.

Dae Kyung Philippines, Inc.
2016.10.04 ~2016.11.10
2016.11.10

Issued to
Savi Technology Inc.
3601 Eisenhower Avenue, STE 280,
Alexandria VA 22304
Tel: +1-571-227-7950 / Fax: +1-571-227-7960

Issued by
KES Co., Ltd.
C-3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,
Gyeonggi-do, Korea
473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450

Test and report completed by : Report approval by :
\-&-
Hyeon-su Jang Jeff Do
Test engineer Technical manager
This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.
KES-P-5101-14 Rev. 1 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-16T0094-R1
Page (2) of (22)

Revision history

Revision Date of issue Test report No. Description
- 2016.10.17 KES-RF-16T0094 Initial
R1 2016.11.10 KES-RF-16T0094-R 1 Retest a Transmission time and added a test plot

of duty cycle

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.

KES-P-5101-14 Rev. 1

The test results in the report only apply to the tested sample.

KES

A4




Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (3 ) of (22)

KES Co., Ltd. .
C-3701, 40, Simin-daero 365beon-gil, Test report No.:
KB Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0094-R1

www.kes.co.kr

TABLE OF CONTENTS
L. General INFOTTNALION ......eiiuiiiiiiiie ettt ettt e s bt e st e e et e bt e bt e bt e sbtesateenbeebeesbeesaeesnneans 4
1.1. EUT AESCTIPLION ..eeuvveiriiiiieiieiiiete et ere et esteeseesereseseesseesseesseessaessaessseassessseesseesssesssesssesssesssenssens 4
1.2. TSt CONTIGUIALION .....cuviiiieieieeie ettt et e et e e e e teesteestaessaeesseesseesseesaesssesssesnseenseensens 4
1.3. Device MOAITICALIONS. ..ccuueetiiiiieiie ettt ettt e bt e st e st st et e e b e bt e sbeesaeeenteeneeas 4
1.4. Derivation model iNfOrmation ...........coiieieriiiee ettt 4
1.5. Frequency/Channel OPETationS...........ccveveerierieriesieereeieesieeseeseeseeeseressseesseesseessaessaesssessseenses 5
1.6. WOTSt CaSE CONTIGUIALION .....eeeiieiiieieetteieestte ettt ettt e st e st e st esteebe e beesseesatesnteeneeeneeeneeas 5
2. SUMMATY OF TESES ..viiiitiiiiiiieitieeectie ettt esteeeetteestteestbeesreeetbeessbeeessaeassseeassaeessseesssasansseesssseessseessseeenssesansseanes 6
3. Test results
3.1. Field strength of fundamental and the field strength of spurious emission............cc.cceecueeuennen. 7
3.2. Bandwidth of operation freqUENCY ........c.ceiviiiiiiieiciieciie ettt e e eea e e sebeeeseeeenes 16
3.3. TTANSIISSION TIIMIE ....eutiiieieeieeieete ettt e et e e et eeee bt es e e bees e e teebeeneeseeseeneeeseeneenseeneensesseeneans 17
34. Duty cycle COrTECtion FACLOT ......ccuvieieiiieiieiieieeieeree e see e e re e et e e e sebessseesseessaessaessnessnenns 18
3.5. AC CONAUCLEA CIMISSIONS ....eeeuviiiirieeiiieeiieeeieeeeteeeeteeesiteesbeeestreesbeeeteeeseseseseeesssesssseeessseessseeas 19
Appendix A. Measurement SQUIPIMENL ..........ccveiverireerreerreerreesseesteesseessessesseeseesseesseesssesssesssesssesssesssessseessns 21
Appendix B. Test SELUP PROLOS ....eevviiieiiiiiiieeieeie et ste ettt ettt e e st sst e et e ebe e seesteessnesnbeenseesseesseenseennns 22

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 KES A4



KES Co., Ltd.
C-3701, 40, Simin-dacro 365beon-gil, Test report No.:
KE Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0094-R1
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (4) of (22)
www.kes.co.kr

1. General information

Applicant: Savi Technology Inc.

Applicant address: 3601 Eisenhower Avenue, STE 280, Alexandria VA 22304

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

FCC rule part(s): 15.231

FCC ID: KL7ST-900-CF

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

1.1. EUT description
Equipment under test ~ Vehicle Security Gateway

Frequency range Tx :433.92 Mz
Rx :433.92 M
GSM 850 : 824.2 Mz ~ 848.8 M
PCS 1900 : 1850.2 Mz ~1909.8 Mt
Modulation technique  433.92 Mk : FSK
GSM : GMSK
Number of channels 433.92 M : 1ch
GSM 850 : 125¢ch, GSM 1900 : 300ch
Antenna specification  433.92 UHF Antenna type: PCB, Peak gain: -0.97 dBi
GSM 850 Antenna type: PCB, Peak gain: -0.30 dBi
GSM 1900 Antenna type: PCB, Peak gain: -1.70 dBi
Power source External Power : DC 24.0 V/2A

Backup Battery : DC 3.7 V / 1400 mAh Li-polymer battery

Note:

1. Certificated GSM/GPRS module is mounted in the EUT as following
Applicant: Shanghai Simcom Ltd.
FCC Identifier : UDV-20160416
Model: SIM808

2. The installed module is completed identical as original.

1.2. Test configuration

The Savi_Technology, Inc. Vehicle Security Gateway FCC ID: KI.7ST-900-CF was tested per the
guidance of ANSI C63.10-2013 was used to reference the appropriate EUT setup for radiated spurious
emissions testing and AC line conducted testing.

1.3. Device modifications
N/A

1.4. Derivation model information
N/A
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1.5. Frequency/channel operations

Ch. Frequency (M)
01 433.92

1.6. Worst case configuration

The EUT was investigated in each of its External power mode and Battery mode. All radiated test and power
line conducted test was performed with the EUT set to transmit mode. The test results shown in the
following sections represent the worst case emissions for External power mode.
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2. Summary of tests

Reference Parameter Test results
15.209(a) Rafhated emission,

15.231(b) Spurious emission and Pass

) Field Strength of Fundamental

15.231(c) Bandwidth of operation frequency Pass
15.231(a) Transmission time Pass
15.207(a) AC conducted emissions Pass

KES-P-5101-14 Rev. 1
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3. Test results
3.1. Field strength of fundamental and the field strength of spurious emission
Test setup

The diagram below shows the test setup that is utilized to make the measurements for emission from 9 kifz to
30 Mz Emissions.

Turn Table

EUT
? Coaxial

Power Cable 0.8m 44— 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 Mt
to 1 (llz emissions.

Turn Table
im — 4m
EUT
f Coaxial
Power Cable 0.8m Cable

i—— 3m —————P T

Ground Plane
Power

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

i Antenm
i - tower
i
i
EUT RN S ‘j— p Horn
Y antenna
dm /
( B Spectrum
| L‘ N analyzer
¢ i S
| |
Turntable i Im \
Sm
r Pre-amp +—‘_|;|%§
| | | |

Test procedure below 30 M

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 and perpendicular 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 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 M
1. Spectrum analyzer settings for f <1 GHz:
Span = wide enough to fully capture the emission being measured
RBW =100 Kz
VBW = RBW
Detector = Peak detection (PK) or Quasi-peak detection (QP)
Sweep time = auto
Trace = max hold
2. Spectrum analyzer settings for f =1 (llz: Peak
Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
RBW =1 Mk
VBW = 3 Mk
Detector = peak
Sweep time = auto
Trace = max hold
Trace was allowed to stabilize

SISICITACES)

SISISICETACIS)
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Note.
1. f<30 M, extrapolation factor of 40 dB/decade of distance. F4 = 40log(Dw/Ds)
f =30 M, extrapolation factor of 20 dB/decade of distance. F4 = 20log(Dw/Ds)

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

CF(Correction factors(dB)) = Antenna factor(dB/m) + Cable loss(dB) + or Amp. gain(dB) + or Fyq(dB)
Field strength(dBxV/m) = Level(dBxV) + CF (dB) + or DCF(dB)

Margin(dB) = Limit(dB/V/m) - Field strength(dBV/m)

The fundamental of the EUT was investigated in three orthogonal orientations X, Y and Z, it was determined

that Y orientation was worst-case orientation; therefore, all final radiated testing was performed with the
EUT in Y orientation.

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

Gk L
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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 (Mk) Distance (Meters) Radiated (1V/m)
0.009 ~ 0.490 300 2400/F(Kifz)
0.490 ~ 1.705 30 24000/F(Klfz)

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

According to 15.231(b), in addition to the provisions of section 15.205, the field strength of emissions from
intentional radiators operated under this section shall not exceed the following:

Fundamental frequency (Mk)

Field strength of fundamental
(microvolts / meter)

Field strength of spurious emission
(microvolts / meter)

40.66 ~40.70 2,250 225
70 ~ 130 1,250 125
130 ~ 174 1,250 to 3,750** 125 to 375%*
174 ~ 260 3,750 375
260 ~ 470 3,750 to 12,500%** 375 to 1,250**
Above 470 12,500 1,250

**Where F is the frequency in M, the formulas for calculating the maximum permitted fundamental field
strengths are as follows: for the band 130 ~ 174 Mz, V/m at 3 meters = 56.81818(F) — 6136.3636; for the
band 260 ~ 470 Mk, @V/m at 3 meters = 41.6667(F) — 7083.333. The maximum permitted unwanted
emission level is 20 dB below the maximum permitted fundamental level.

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 KES A4



KES Co., Ltd.
C-3701, 40, Simin-daero 365beon-gil, Test report No.:
KS Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0094-R1
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (11 ) of (22)
www.kes.co.kr

Field strength

Test results

Mode: FSK
Distance of measurement: 3 meter
Channel: 1
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBAV) etect mode (H/V) (dB) (dB) (dBN/m) (dB&V/m) (dB)
Peak H 17.43 - 93.05 100.83 7.78
433.92 75.62
Average H 17.43 -20.93 72.12 80.83 8.71
Peak A\ 17.43 - 90.13 100.83 10.70
433,92 72.70
Average A\ 17.43 -20.93 69.20 80.83 11.63
Test plots
Horizontal // Peak Vertical // Peak
e ® E Spectrum 2 @ E
Mi[1] 75,62 dipv| Mi[1] 72.70 dipv|
&0 I I &0 |= Ii
S0 || | S0 '| |
40 . I Il 40 il Il .I
30 Il ||'. 30 ||
¥'-%|.w MHz 691 pts Span 10,0 MHz ¥'-%|.w MHz 691 pts Span 10,0 MHz
il T Heasuring...  NANRANED A8 4 || )il T Heasuring.. RAANAAAED W8 p

Note.
1. 3m Average Limit(dBxV/m) = 20log[41.6667(Fm,)-7083.3333) = 80.83
3m Peak Limit(dBgV/m) = Average limit + 20 = 100.83
Average Field strength = Peak Field strength + Duty Cycle Correction Factor
2. Duty Cycle Correction Factor : 20log(Ton / 100 ms) = 201og(8.986 / 100) = -20.93
TX on time = 8.986 ms
TX ontoft = 100 ms (pulse train is 100 ms)
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Spurious emission
Test results (Below 30 Mi)
Mode: FSK
Distance of measurement: 3 meter
Channel: 1
Frequency Level Ant. Pol. CF Fa Field strength Limit Margin

(Mz) (dBV)

(H/V)

(dB)

(dB)

(dBV/m)

(dBV/m) (dB)

No spurious emissions were detected within 20 dB of the limit

Test plots (Below 30 M)

-

Heasuring...

. .
Horizontal Vertical
e i s T
Spectrum = Spectrum =
Rof Lovel 57.00 dapv & RBW (6d8) 200 Hz Rof Lovel 57.00 dapv & RBW (6d8) 200 Hz
Att 0d8  SWT 134 ms & VBW 3 kHz  Mode auto FFT Att 0d8  SWT 134 ms & VBW 3 kHz  Mode auto FFT
| O | O
mMi[1] 2.71 dBpv| mMi[1] 1.62 dbpv|
S0 dalyr 95.210 kHz S0 dalyr 94,800 kHz
40 By 40 iy
30 dBu e
20 day 20 gy
10 diys 10 diys
LT : LT -
Norsmti sl i i - , i
=10 ciys o o L T8 CTTE T e p——y.F e —— =10 iy ety T e W W= = = e T o T
<20 iy <20 iy
30 a8y 0 o
40 oy 40 ey
Btart 9.0 kHz 691 m Elﬂ 150.0 kHz Btart 9.0 kHz 691 m Elﬂ 150.0 kHz
Marker Marker
Type | Ret | Tre | Stimulus | | Function | Function Result | Type | Ret | Tre | Stimulus | | Function | Function Result |
M1 1 95.21 kHz ~2.71 dipv M1 1 $4.8 kHz -1.62 dipv
)i Heavarng. CIED W ” )i e I
Spectrum 2 (®) = Spectrum 2 () [
Raf Lovel 57.00 dBuv & RBW (608) 9 kHz Ref Lovel 57,00 depv & RBW (608) 9 kHz
Att Od8  SWT 2.1 ms & VBW 100 kHz  Mode Auto FFT Att Od8  SWT 2.1 ms & VBW 100 kHz  Mode Auto FFT
[® 1Pk Max [® 1Pk Max
Mi1] 5.20 dipv| mi[1] 5.91 dipv|
50 gty 172.0 kHz 50 dy 172.0 kHz
40 By 40 iy
30 dBu e
20 day 20 gy
10 dBy 10 diy
Mt 4 Aatdi basa v [ A ol | I\, Ap i L " Maedn dl "
ol s ™ st o sl peid- P add M
=10 diiys =10 diiys
<20 iy <20 iy
30 a8y 0 o
40 oy 40 ey
Htart 150.0 kHz 691 m m 30.0 MHz Htart 150.0 kHz 691 m m 30.0 MHz
Marker Marker
Type | Ret | Tre | Stimulus | | Function | Function Result | Type | Ret | Tre | Stimulus | unction | Function Result |
M1 1 172.0 kHz £.20 dipv M1 1 172.0 kHz £.91 dipv
g

|

e T
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Test results (Below 1 000 M)

Mode:

Distance of measurement:

Channel:

FSK

3 meter

1

Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBV) (H/V) (dB) (dB) (dBV/m) (dBV/m) (dB)
39.10 20.46 Peak v 12.64 - 33.10 40.00 6.90

217.40 20.08 Peak H 12.53 - 32.61 46.00 13.39
479.90 20.75 Peak H 18.15 - 38.90 46.00 7.10
599.90 18.50 Peak H 20.81 - 39.31 46.00 6.69
867.84 51.43 Peak H -7.88 - 45.35 80.83 35.48
867.84 51.87 Peak v -7.88 - 45.79 80.83 35.04
Test plots (Below 1 000 M)
Horizontal Vertical
rSpel:lrum {@] rspel:l.ﬂ.lm :@]
Raf Lavel 87.00 dépv & RBW 100 kHz Ref Lavel 57.00 dauv - RBW 100 kHz
| ARt OdE SWT 948.1 us & VBW 300 kHz  Mode Auto FFT o ARt OdE SWT 948.1 us & VBW 300 kHz  Mode Auto FFT
| O I[®17% Max
MB[1] 18,94 dBpv| MB[1] 16,43 dBpv|
60 cRys B67.30 M| 60 G2 B67.30 Miz]
60 By 60 oy
50 dBy 50 day
A0 day 40 diys
30 dous - 30 a8y
™ IR Y 709 TSGR T 1950, 0 Y Gy ey v e, e pevvoroey [ | A g 1 O (PRSI SRR SRS 0 I, ISNOW PR U 2 g
10 d8y 10 8y
0 By 0 By
=10 8y =10 8y
Start 20,0 MHz 691 pts Stop 1.0 GHz Start 20,0 MHz 691 pts Stop 1.0 GHz
Marker Marker
Type | kef | Trc | stimulus | mesponse | Function | Function Result | Type | kef | Trc | stimulus | mesponse | Function | Function Result |
M1 1 217.4 Mrz 20,08 dByv M1 1 39.1 Mriz 20,46 dByv
M2 1 289.0 MHz 18,51 dBy M2 1 196.3 MHz 15,93 dByy
Mz 1 479.9 MHz 20.75 dBpv Mz 1 217.4 Mz 18.53 dapv
[ I 520.6 MHz 17,23 dByv M4l | 1 581.0 MHz 16,15 dByv |
M5 1 559.9 MHz 18,59 dByv Ms| 1 £39.5 MHz 17,08 dBuv |
M6 1 867.3 Mz 18,34 dBpv M6 1 867.3 Mz 16.43 dBpv
)i Heasaring. @RI W8 ” )i e T
rspel:l.ﬂ.lm :@] rspel:l.ﬂ.lm :@]
Raf Lovel 57,00 dBuy & RBW 100 Kz Raf Lovel 57,00 dBuy & RBW 100 Kz
Att 0da SWT 18.9 ys & VBW 300 kH:  Mode Auto FFT Att 0da SWT 18.9 ys & VBW 300 kH:  Mode Auto FFT
| O @17k Max
mi[1] 51.43 dBpv| mi[1] 51.87 dipv|
B0 ey B6T. 64020 MHz 80 dfys BG7 84310 MHz
70 70 day
60 day 60 day nE
50 dey 7 = 50 dey = -
40 day — . 40 iy _."/ A
- . g b 3 S i 1 | ) 1 ——— -
s = ——— 30 dBy — — — —
20 by 20 by
10 10
LT LT
-10 gy -10 gy
CF B67.8402 MHz 691 pts Span 2.0 MHz CF B67.8402 MHz 691 pts Span 2.0 MHz
arkar arkar
MTvnel Ret | Tre | Stimulus | | Function | Function Result | MTvnel Ret | Tre | Stimulus | | Function | Function Result |
M1 1 B67.8402 MHz £1.43 dBLV M1 1 B67.8431 Mz £1.87 dBpv
)i Heasaring. GRIARANLD W8 ” )i N
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Test results (Above 1 000 Mi)

Mode: FSK
Distance of measurement: 3 meter
Channel: 1
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBaV) etect mode (H/V) (dB) (dB) (dB&V/m) (dB&V/m) (dB)
*1303.90 57.88 Peak H -7.91 - 49.97 74.00 24.03
*1303.90 58.47 Peak A% -7.91 - 50.56 74.00 23.44
1738.10 46.55 Peak H -4.79 - 41.76 80.83 39.07
1738.10 51.34 Peak \% -4.79 - 46.55 80.83 34.28
2172.20 38.33 Peak H -1.49 - 36.84 80.83 43.99
2172.20 40.85 Peak \% -1.49 - 39.36 80.83 41.47
2 606.40 42.34 Peak H 0.74 - 43.08 80.83 37.75
2 606.40 41.24 Peak \% 0.74 - 41.98 80.83 38.85
3 040.50 40.45 Peak H 2.39 - 42.84 80.83 37.99
3 040.50 42.03 Peak \% 2.39 - 44.42 80.83 36.41
3 468.90 49.09 Peak H 2.17 - 51.26 80.83 29.57
3 468.90 47.75 Peak A% 2.17 - 49.92 80.83 30.91
*3908.80 36.67 Peak H 4.17 - 40.84 74.00 33.16
*3908.80 42.54 Peak A% 4.17 - 46.71 74.00 27.29
4337.19 41.09 Peak H 5.46 - 46.55 80.83 34.28
4337.19 37.58 Peak \% 5.46 - 43.04 80.83 37.79
Note.
1. 3m PeakLimit(dBV/m) = 20log[41.6667(F u)-7083.3333) = 80.83
3m Average Limit(dBV/m) = Peak limit - 20 = 60.83
Average Field strength = Peak Field strength + Duty Cycle Correction Factor
2. Correction Factors = Antenna Factor + Cable Loss + Amp.Gain
3. “*’means the restricted band.
4. Average test would not be applied if the peak results were lower than the average limit.
5. Duty Cycle Correction Factor : 20log(Ton / 100 ms) = 201og(8.986 / 100) = -20.93
TX on time = 8.986 ms
TX ontoft = 100 ms (pulse train is 100 ms)
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Test plots (Above 1 000 Mk)

. .
Horizontal Vertical
I f I f
Spectrum k2 Spectrum k2
Rof Level 87.00 dBpv - RBW 1 MHz Rof Level 87,00 deuv - RBW 1 MHz
Att 0d8  SWT 4ms & VBW 3 MH:  Mode Auto Sweep Att 0d8  SWT 4ms & VBW 3 MH:  Mode Auto Sweep
| O | O
MB[1] 41,08 dogv, MB[1] 37,58 dBpv,
B0 i 4.33719 GHz o oty +.33719 GHz
70 a8y m1[1] 57.08 dBpY] 70 day m1[1] 50.47 dBpv]
1.30390 GHz M1 1.30390 GHz
40 diy 40 diy [
50 ey - - 50 ey T
dadh s T T - . i s NIENL | S — o I I =
e =, e e T fu A - r
i Fun, B e T A-‘w-;,__uvl”___ it = pury QEPSVIUS ) B o, _V_L___\A bty 4 |
30 di? 30 di?
20 cay! 20 oay!
10 cays 10 oy
0 diws 0 diws
-10 d2y 10 8y
Start 1.0 GHz 691 pts 3'02 5.0 GHz Start 1.0 GHz 691 pts 3'02 5.0 GHz
Marker Marker
Type | Ret | Tre | stimulus | | Function | Function Result | Type | Ret | Tre | stimulus | | Function | Function Result |
1 1 1.3039 GHz £7.88 dBpv | 1 1 1.3039 GHz £8.47 dBpv |
Mz 1] 1.7381 GHz 46,55 dByv Mz 1] 1.7381 GHiz 51,34 dByv
M3 1 2.1722 oMz 38,33 dByY M3 1 2.1722 oMz 40,85 dByY
M4 1 2.6064 GHz 42,34 dBpy M4 | 2.6064 GHz 41.24 dByv
Mz 1 32,0405 GHz 40,45 dByY Mz 1 32,0405 GHz 42,03 dByv
M6 | 1 3.4689 GHz | 49.09 diyy M6 | 1 3.4689 GHz | 47.75 dipy
(il 1 3.5088 GHz 36.67 dBLV (il 1 3.9088 GHz 42.54 dBLV
Me 1 4.33719 GHz 41.09 dipv Me 1 4.33719 GHz 37.58 dipv
¢ i T | i e
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3.2. Bandwidth of operation frequency
Test setup

EUT Spectrum analyzer

Test procedure

1. Use the following spectrum analyzer setting
2.RBW =10 ki

3. VBW =30 kiz (= RBW)

4. Span =1 Mk

5. Detector function = peak

6. Trace = max hold

Limit
The bandwidth of the emissions shall be no wider than 0.25 % of the center frequency for devices operating

above 70 Mk and below 900 Miz. Bandwidth is determined at the points 20 dB down from the modulated
carrier.

Test results

Frequency(Mk) Bandwidth(ktz) Limit (kHz)

433.92 189.6 1 084.80

(Srearn | SpemEO) &
Ref Level 20.00 dém Offset 10.83 dB & RBW 10 kHz
Att 25 dE  SWT 189.6 ps & VBW 30 kHz Mode Auto FFT
@ 1Pk Max
Mi[1] 6.04 dBm
i 433.97350 MHz
10 dem ¥ ndB 20.00 dB
[ l,-J \ Bw 189.600000000 kHz
0 dem —7 0 factor 2289.1
! L ac coY.
J 07 W
-10 dBm 4 3
u %
-20 dBm —t —
J.f - . ]‘.
!
_ / '
-30 dBm Al e
= S p
-40 dBm y ot
ALY i
-50 dBm v - ‘\F
P MM
R0 dE P Ay
=70 dBm
CF 433.92 MHz 691 pts Span 1.0 MHz
Marker
Type | Ref | Trc ] ¥-value [ ¥-value ] Function ] Function Result |
M1 1 433.9735 MHz 6.04 dBm ndB down 180.6 kHz
T1] 1 433.8245 MHz -14.78 dém ndB | 20,00 d&
T2 1 434.0141 MHz -13.64 dBém Q factor 2289.1
L Jil | Measuring... [ FECEERS N ) y
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3.3.
Test setup

Transmission time

EUT

Test procedure

Spectrum analyzer

1. Place the EUT on the table and set it in transmitting mode.
2. Remove the antenna from the EUT and then connect a low loss RF cable from the antenna port to the

spectrum analyzer.

3. Set center frequency of spectrum analyzer = operating frequency.
4. Set the spectrum analyzer as RBW=100 kiz, VBW=100 Kfz, Span=0 Hz.

Limit

A transmitter activated automatically shall cease transmission within 5 seconds after activation.

Test results

Frequency(Mk) Transmission time (ms) Limit (s)
433.92 8.696 Same or less than 5
rSpel:ln.lm Sp 5 Spectrum2 (@ m—“'
Rof Lovel 20,00 dBm Offsat 10.80 dB & RBW 100 kHz Rof Lovel 20.00 dBm Offsat 10.83 dB & RBW 1 MHz
Att 25 dB - SWT 500 ms & VBW 100 kMz Att 25 dB = SWT 635 @ VBW 1 MMz
SGL SGL
@ 1Pk Clrw @ 1Pk Clrw
o2[1] 00 da| D2i1] T
" 0696 ms 0000 5
10 &8 - mi[1] B.62 ditm| 10 & mi[1] 10,04 ditim|
k1 181,159 mx 240,48 mx
0dB | 0 b
-10 I -10
20 | 20
-30 o8 - -30 {8
40 40
| FEST\ SRS PRI EOPETII PO Y | SPTPRRTE ST S FFUPTRTIUTOSN "IV TR PSR LN N RTEISTRER
5008 | 50 o
sl Ll it VA LAk gteiplo) walpidndns ghys Ao b A oo A Mg s 50
70 70
CF 433.92 MHz 691 pts 50.0 ms/ CF 433.92 MHz 691 pts 600.0 ms/
— —_— — 1
Ready [LECECEIER ] 4 Ready EERRRRNNY WO 4
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34. Duty cycle correction factor
Test setup

EUT Spectrum analyzer

Test procedure

1. The transmitter output is connected to the spectrum analyzer.

2. Set center frequency of spectrum analyzer = operating frequency.

3. Set the spectrum analyzer as RBW=100 kflz, VBW=100 kz, Span=0 Hz and Sweep time =100 ms.

Limit
None (No dedicated Limit specified in the Rules)

Test results

Duty Cycle Correction Factor : 20log(Ton / 100 ms) = 20log(8.986 / 100) = -20.93
TX on time — 8.986 ms

TX ontoft = 100 ms (pulse train is 100 ms)

Spectrum
Ref Level 20.00 dBm Offset 10.80 d& & RBW 100 kHz
Att 25 dBE & SWT 100 ms & VBW 100 kHz
SGL
@ 1Pk Clrw
p2[1] -1.03 dB
8.986 ms
10 dem — - =—mi1[1] 8.62 dBm

45.942 ms

=10 dBm

-20 dém

=30 dBm

-40 dBm

-50 dBm

hﬁlﬂm i ot |“|4J“|,|'x|lﬂllﬁ.""'-‘“‘| "Jlf;llw' “Ill- Ly " | '-[J\ | I d

=70 dBm

CF 433.92 MHz 691 pts 10.0 ms/

[ N T Ready  WNANMANLD WO )

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 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-16T0094-R1
Page (19) of (22)

3.5.

Limit

AC conducted emissions

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 kiz to 30 M, 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 (M)

Conducted limit (dBxV/m)

Quasi-peak Average
0.15-0.50 66 - 56* 56 - 46*
0.50-5.00 56 46
5.00-30.0 60 50

Note.

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

section.

3. Both Cable loss and LISN factor are included in measurement level.(QP Level or AV Level).
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Test results
Hot Line
Final_Result
1007 Freq; Y QuasiP CA il Limit | Margin | Meas. [ Bandwidth | Line | Corr.
| (MHz) (dBZ)) (dBZ1) (@Bz)) | (@B '(rumT (kHz) (dB)
ms,

8 0.245000 - 10.83 51.92 41.09 | 1000.0 9.000 | L1 9.7
k ) 0.245000 15.32 — |_61.92 [ 46.60 | 1000.0 9.000 | L1 9.7
m 60T R 0.485000 — 16.26 | 46.25 | 29.99 | 1000.0 9.000 | L1 9.3
3 - 0.485000 24.83 — 56.25 31.42 | 1000.0 9.000 | L1 9.8
S st 2.460000 13.56 — | 56.00 | _42.44 | 1000.0 9.000 | L1 10.0
s L » 2.460000 — 703 | 46.00 | 38.97 | 1000.0 9.000 | L1 10.0
* 4.905000 — 12.93 46.00 33.07 | 1000.0 9.000 | L1 10.0
201 Y P * 4.905000 19.99 - 56.00 36.01 | 1000.0 9.000 | L1 10.0
4.950000 — 11.85 | 46.00 | 34.15 | 1000.0 9.000 | L1 10.0
ot 4.950000 20.056 = 56.00 35.95 | 1000.0 9.000 | L1 10.0

A (R N U 0 O A SR N U I — 17.270000 29.50 — | 60.00 | 30.50 | 1000.0 9.000 | L1 1041

150k 300 400500 800 1M 2M  3M 4M5M 6 8 10M 20M  30M 17.270000 == 24.24 50.00 25.76 | 1000.0 9.000 | L1 10.1
Frequency in Hz 18.180000 28.88 —| 60.00 31.12 | 1000.0 9,000 | L1 10.1

18.180000 - 23.63 50.00 26.37 | 1000.0 9.000 | L1 101

Neutral Line
Final_Result
100T F Quasil C, ] Limit Margin | Meas. | Bandwidth | Line | Corr.
| (MHz) (@BZ) ©@Bz) | (@Bz) | @B :'m.T (kHz) (dB)
ms

80 0.170000 471 5496 | 50.25 | 1000.0 9.000 | N 9.7

k phrt I5lokas ) . 0.170000 22.77 — | 6496 | 4219 1000.0 9.000 | N 9.7

g 5T F 0.495000 — 1494 | 46.08 | 31.14 | 1000.0 9.000 | N 9.8
g 0.495000 22.50 — | 5608 | 33.58 | 1000.0 8.000 | N 9.3
= 1.555000 1114 — | _56.00 | 44.86 | 1000.0 8.000 | N 10.0
% L - 1.655000 — 4.41 46.00 41.59 | 1000.0 9.000 | N 10.0
& * 4.870000 - 11.11 46.00 34.89 | 1000.0 9.000 | N 10.0

20 P 4.870000 17.58 — | 56.00 | 38.42 | 1000.0 9.000 | N 10.0

r + 4.965000 10.89 | 46.00 | 35.11 | 1000.0 9.000 | N 10.0

of 4.965000 18.96 — | 56.00 | 37.04 | 1000.0 9.000 | N 10.0

+ ot + D S + H 16.620000 27.88 — | 6000 | 3212 | 1000.0 8.000 | N 10.0

150k 300 400500 800 1M 2M  3M 4M5M6 8 10M 20M  30M 16.620000 = 22.59 50.00 27.41 | 1000.0 9.000 | N 10.0
Frequency in Hz 17.275000 27.85 — | 60.00 | 32.15 | 10000 9.000 | N 10.0

17.275000 - 22.41 50.00 27.59 | 1000.0 9.000 | N 10.0
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. C?Illitl; l;i‘}g;’ n Cali(li)ll;ztion
Spectrum Analyzer R&S FSV30 10076 1 year 2017.07.06
83S6igfalsgéiirsa‘tvoerpt HP 836308 3844A00786 lyear | 2017.01.25
Sigjﬁ GA;feli’ior AGILENT E8257C US42340237 lyear | 2017.07.05
DC Power Supply HP 6674A US36370369 1 year 2017.07.04
Attenuator Agilent 8493C 51401 1 year 2017.07.05
Loop Antenna R&S 22_321?:721' 5 826532 2years | 2017.03.03
Trilog-broadband SCHWARZBECK VULB 9163 9168-713 2 years 2017.05.15
antenna
Horn Antenna AH. SAS-571 781 2 years 2017.05.07
High Pass Filter mﬁﬁfﬁgﬁ}r WHJS3000-10TT I lyear | 2017.07.04
Low Pass Filter WEINSCHEL WLKI1.0/18G-10TT 1 1 year 2017.07.04
Preamplifier SCHWARZBECK BBV-9718 9718-246 1 year 2016.10.23
EMI Test Receiver R&S ESR3 101781 1 year 2017.05.03
EMI Test Receiver R&S ESU26 100552 1 year 2017.04.24
EMI Test Receiver R&S ESR3 101783 1 year 2017.05.03
LISN R&S ENV216 101137 1 year 2017.02.04
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook SAMSUNG NT-R519-BA24] ZKPA93ES900086Z
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