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2. Test Summary

Test Iltem Section in CFR 47 Result

Antenna Requirement 15.203/15.247 (c) Pass

AC Power Line Conducted Emission 15.207 Pass
Conducted Peak Output Power 15.247 (b)(1) Pass
20dB Occupied Bandwidth 15.247 (a)(1) Pass
Carrier Frequencies Separation 15.247 (a)(1) Pass
Hopping Channel Number 15.247 (a)(1) Pass
Dwell Time 15.247 (a)(1) Pass
Pseudorandom Frequency Hopping 15.247(b)(4) Pass

Sequence

Radiated Emission 15.205/15.209 Pass

Band Edge 15.247(d) Pass

Power Spectral Density 15.247 (e) Pass

NOTE:
(1)” N/A” denotes test is not applicable in this Test Report




2.1 TEST FACILITY

Shenzhen ZKT Technology Co., Ltd.
Add. : 1/F, No. 101, Building B, No. 6, Tangwei Community Industrial Avenue, Fuhai Street,

Bao'an District, Shenzhen, China

FCC Test Firm Registration Number: 692225
Designation Number: CN1299
IC Registered No.: 27033

2.2 MEASUREMENT UNCERTAINTY
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The reported uncertainty of measurement y + U, where expended uncertainty U is based on a

standard uncertainty multiplied by a coverage factor of

approximately 95 %.

k=2, providing a level of confidence of

No. ltem Uncertainty
3m camber Radiated spurious

1 . U=4.3dB
emission(30MHz-1GHz)
3m chamber Radiated spurious

2 . U=4.5dB
emission(1GHz-18GHz)
3m chamber Radiated spurious

3 . U=3.34dB
emission(18GHz-40GHz)
Conducted Adjacent channel

4 U=1.38dB
power
Conducted output power

5 ) U=1.576dB
uncertainty Above 1G
Conducted output power

6 ) U=1.28dB
uncertainty below 1G

7 humidity uncertainty U=5.3%

8 Temperature uncertainty U=0.59C
Radiated disturbance(30MHz-

9 U=4.8dB
1000MHz)
Radiated disturbance(1GHz-

10 U=4.9dB
6GHz)
Radiated disturbance(1GHz-

11 U=5.0dB
18GHz)

N



3. General Information

3.1 General Description of EUT
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Product Name:

LoRaWAN Gateway

Model No.:

HPOD

Test sample(s) ID:

ZKT-2111266451-1

Sample(s) Status:

Engineer sample

Serial No.: N/A
Hardware Version: N/A
Software Version: N/A

Operation Frequency:

902MHz~928MHz

Channel numbers:

128 for 125KHz bandwidth
77 for 250KHz bandwidth
9 for 500KHz bandwidth

Channel separation:

200KHz for 125KHz bandwidth
330KHz for 250KHz bandwidth
500KHz for 500KHz bandwidth

Modulation type:

FSK

Antenna Type:

fibre-glass epoxy antenna

Antenna gain:

3dBi

Power supply:

DC 12V From AC Adapter

N
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125KHz for FHSS:
Operation Frequency each of channel
Frequency Frequency Frequency Frequency
Channel (MH2) Channel (MH2) Channel (MH2) Channel (MH2)
1 902.3 34 908.9 67 9155 100 922.1
2 902.5 35 909.1 68 915.7 101 922.3
3 902.7 36 909.3 69 915.9 102 922.5
4 902.9 37 909.5 70 916.1 103 922.7
30 908.1 63 914.7 96 921.3 128 927.7
31 908.3 64 914.9 97 9215
32 908.5 65 915.1 98 921.7
33 908.7 66 915.3 99 921.9
250KHz for FHSS:
Operation Frequency each of channel
Frequency Frequency Frequency Frequency
Channel (MH2) Channel (MH2) Channel (MH2) Channel (MH2)
1 902.40 21 909.00 41 915.60 61 922.20
2 902.73 22 909.33 42 915.93 62 922.53
3 903.06 23 909.66 43 916.26 63 922.86
4 903.39 24 909.99 44 916.59 64 923.19
17 907.68 37 914.28 57 920.88 77 927.48
18 908.01 38 914.61 58 921.21
19 908.34 39 914.94 59 921.54
20 908.67 40 915.27 60 921.87
500KHz for DTS:
Operation Frequency each of channel
Frequency Frequency Frequency
Channel (MH2) Channel (MH2) Channel (MH2)
1 923.50 4 925.00 7 926.50
2 924.00 5 925.50 8 927.00
3 924.50 6 926.00 9 927.50

N




Note:
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In section 15.31(m), regards to the operating frequency range over 10 MHz, the Lowest frequency, the middle
frequency, and the highest frequency of channel were selected to perform the test, and the selected channel

see below:
Channel Frequency(125KHz) Frequency(250KHz) Frequency(500KHz)
The lowest channel 902.30MHz 902.40MHz 923.50MHz
The middle channel 915.10MHz 914.94MHz -
The Highest channel 927.70MHz 927.48MHz 927.50MHz

N
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3.2 Test mode

Transmitting mode Keep the EUT in continuously transmitting mode.

Remark: During the test, the test voltage was tuned from 85% to 115% of the nominal rated supply
voltage, and found that the worst case was under the nominal rated supply condition. So the report just
shows that condition’s data.

3.3 Test Setup Configuration

Conducted Emission

AC Line
———| EUT

Radiated Emission

EUT

Conducted Spurious

EUT

3.4 Support Equipment

The EUT has been tested as an independent unit together with other necessary accessories or support
units. The following support units or accessories were used to form a representative test configuration

during the tests.

Item |Equipment Mfr/Brand Model/Type No. Series No. Note
LoRaWAN

E-1 DRAGINO HPOD N/A EUT
Gateway

Iltem |Shielded Type |Ferrite Core Length Note

Note:

(1) The support equipment was authorized by Declaration of Confirmation.

(2) For detachable type 1/0O cable should be specified the length in cm in [Length] column.




3.5 Test Instruments list

Radiation Test equipment

Project No.: ZKT-2111266451E

Page 11 of 66

Item Equipment Manufacturer Type No. Serial No. Last calibration| Calibrated until
Spectrum Analyzer
1 (9KHZz-26.5GHz) KEYSIGHT 9020A MY45109572 | Sep. 22, 2021 | Sep. 21, 2022
Spectrum Analyzer .
2 (1GHz-40GHz) Agilent E4446A 100363 Sep. 22,2021 | Sep. 21, 2022
Test Receiver
3 (9KHZ-7GH2) R&S ESCI7 101169 Sep. 22, 2021 | Sep. 21, 2022
Bilog Antenna
4 (30MHz-1400MHz2) Schwarzbeck VULB9168 00877 Sep. 22,2021 | Sep. 21, 2022
Horn Antenna SCHWARZBEC
5 (1GHz-18GHz) K BBHA9120D 1541 Sep. 22, 2021 | Sep. 21, 2022
Horn Antenna
6 (18GHz-40GHz) A.H. System SAS-574 588 Sep. 22,2021 | Sep. 21, 2022
Amplifier . EM330
7 (30-1000MH2) EM Electronics Amplifier N/A Sep. 22,2021 | Sep. 21, 2022
Amplifier o i
8 (1GHZ-40GH?2) Kik DLE-161 097 Sep. 22,2021 | Sep. 21, 2022
Loop Antenna SCHWARZBEC
9 (9KHZ-30MH2) K FMZB1519B 014 Sep. 22,2021 | Sep. 21, 2022
RF cablesl
10 (9kHZ-30MHz) N/A 9kHz-30MHz N/A Sep. 22,2021 | Sep. 21, 2022
RF cables2
11 (30MHZ-1GHz2) N/A 30MHz-1GHz N/A Sep. 22,2021 | Sep. 21, 2022
RF cables3
12 (1GHz-40GHz) N/A 1GHz-40GHz N/A Sep. 22,2021 | Sep. 21, 2022
13 CMWS500 Test R&S CMW500 106504 Sep. 22,2021 | Sep. 21, 2022
14 Sopsignal Agilent E4421B GB40051203 | Sep. 22, 2021 | Sep. 21, 2022
Generator
15 | Signal Generator Agilent N5182A MY47420215 | Sep. 22,2021 | Sep. 21, 2022
16 | D.C. Power Supply LongWei TPR-6405D \ \ \
17 Software Frad EZ-EMC FA-03A2 RE \ \
Conduction Test equipment
Kind of ) o ) )
Iltem ; Manufacturer Type No. Serial No. Last calibration Calibrated until
Equipment
1 LISN R&S ENV216 101471 Sep. 22,2021 | Sep. 21, 2022
E185040014
2 LISN CYBERTEK EM5040A o Sep. 22,2021 | Sep. 21, 2022
3 Test Cable N/A Co1 N/A Sep. 22,2021 | Sep. 21, 2022
4 Test Cable N/A C02 N/A Sep. 22,2021 | Sep. 21, 2022
EMI Test
5 R&S ESRP3 101946 Sep. 22, 2021 Sep. 21, 2022
Receiver
6 |Absorbing Clamp DZ ZN23201 N/A Sep. 22, 2021 Sep. 21, 2022

N




4. EMC EMISSION TEST

4.1 Conducted Emissions
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Test Requirement:

FCC Partl15 C Section 15.207

Test Method:

ANSI C63.10:2013

Test Frequency Range:

150KHz to 30MHz

Class / Severity:

Class B

Receiver setup:

RBW=9KHz, VBW=30KHz, Sweep time=auto

Limit: Limit (dBuV)
Frequency range (MHz) Quasi-peak Average
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50
* Decreases with the logarithm of the frequency.
Test setup: Reference Plane

LISN

AUX
Equipment E.U.T

40cm 80cm

AC power

EMI
Receiver

Test table/Insulation plane

Remank

EUT Fguipmeant Under Tast

LISN Line impedence Stabilizalion Metwoik
T3l table haighi=( B

Test procedure:

1. The E.U.T and simulators are connected to the main power through a
line impedance stabilization network (L.I.S.N.). This provides a
500hm/50uH coupling impedance for the measuring equipment.

2. The peripheral devices are also connected to the main power through a
LISN that provides a 500hm/50uH coupling impedance with 50o0hm
termination. (Please refer to the block diagram of the test setup and
photographs).

3. Both sides of A.C. line are checked for maximum conducted
interference. In order to find the maximum emission, the relative
positions of equipment and all of the interface cables must be changed
according to ANSI C63.10:2013 on conducted measurement.

Test Instruments:

Refer to section 6.0 for details

Test mode: Refer to section 5.2 for details

Test environment: Temp.: 25 °C Humid.: 52% Press.: 1012mbar
Test voltage: AC 120V, 60Hz

Test results: Pass

We pretest AC 120V and AC 230V, the worst voltage was AC 120V and the data recording in the report.

N
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Test Result:
Temperature: 26.8C Relative Humidity: 63%
Pressure: 101kPa Phase : L
Test Voltage : AC120/60Hz
80.0 dBuv
70
\ FCC Pat15 CE-Class B_qP
60 —~——
—— \L
5
50 ; 3 b . a fCC Fikt]5 CE-Class B_A
B i
b | T [ l |i”
o [ iy L i
. RIALTY YW Y | L
L | '[ W II LI L | 'l' IJL N Al T |M |n~
20 w\hﬁfﬁhﬂ sl 1 ¥ ! |M peak
RS b /
10 M}m ) Al |
LR HJ AVG
0 HH
-10
0.150 (MHz] 30.000
Frequency | Reading | Factor Level Limit |Margin
No. (MH2) (dBuV) (dB) (dBuV) | (dBuv) | (dB) Detecter |P/F | Remark
1 0.6493 37.62 10.48 48.10 56.00 |-790| QP P
2 0.6493 29.62 10.48 40.10 46.00 | -590 | AVG | P
3 1.2974 40.59 10.34 50.93 56.00 |-5.07 | QP P
4 1.2974 28.47 10.34 38.81 46.00 | -719 | AVG | P
5 1.9454 41.49 10.17 51.66 56.00 | 434 | QP P
6 1.9454 30.02 10.17 40.19 46.00 | -581 | AVG | P
7 2.5979 37.08 10.01 47.09 56.00 | -8.91 QP P
8 2.5979 27.03 10.01 37.04 46.00 | -896 | AVG | P
9 3.5700 38.84 9.55 48.39 56.00 | -7.61 QP P
10 3.5700 2571 9.55 35.26 46.00 |-10.74| AVG | P
11 8.7629 42.72 8.47 51.19 60.00 | -8.81 QP P
12 8.7629 2745 8.47 35.92 50.00 (-14.08] AVG | P
Notes:

emission.

3.Mesurement Level = Reading level + Correct Factor

1.An initial pre-scan was performed on the line and neutral lines with peak detector.

2.Quasi-Peak and Average measurement were performed at the frequencies with maximized peak

N
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Temperature: 26.8C Relative Humidity: 63%
Pressure: 101kPa Phase : N
Test Voltage : AC 120V/60Hz
80.0 dBuY
70

x FCOC Pat15 CE-Class B_QP
60 e
w0 3 o o | FCGPant]5 CE-Class B_AVe

¥
H"""ﬁ-—_ ; 3 J i A

40 I‘| ﬁ | | * Il

o i,

stk

20 /\_j].[.'-l‘-’l H Aﬂ.’.,(r‘ln‘\rnllﬂﬂ. AW‘“ | peak
gt g AR

10 ’|| | | AYG
0.0

0.150 [MHz] 30.000
No. | Freauency |Reading | Factor | Lovel | Limit [Margin| oy o/ | Remark

1 0.6493 36.39 10.48 46.87 56.00 |-9.13 | QP P

2 0.6493 26.90 10.48 37.38 46.00 | -8.62 | AVG | P

3 1.2974 40.21 10.34 50.55 56.00 |-545| QP P

4 1.2974 24.40 10.34 34.74 46.00 [-11.26| AVG | P

5 1.9454 39.12 10.17 49.29 56.00 | -6.71 QP P

6 1.9454 27.74 10.17 37.91 46.00 | -8.09 | AVG | P

7 2.5935 23.32 10.01 33.33 46.00 (-12.67| AVG | P

8 2.5979 36.39 10.01 46.40 56.00 |-9.60 | QP P

9 5.1900 40.42 8.61 49.03 60.00 |-10.97| QP P

10 5.1900 279 8.61 36.52 50.00 |-13.48| AVG | P

11 8.1105 43.30 8.50 51.80 60.00 |-8.20 | QP P

12 8.1105 34.46 8.50 42 .96 50.00 |-7.04 | AVG | P
Notes:

1.An initial pre-scan was performed on the line and neutral lines with peak detector.

2.Quasi-Peak and Average measurement were performed at the frequencies with maximized peak

emission.

3.Mesurement Level = Reading level + Correct Factor

N



Project No.:

4.2 Conducted Peak Output Power

ZKT-2111266451E
Page 15 of 66

Test Requirement:

FCC Part15 C Section 15.247 (b)(3)

Test Method:

ANSI C63.10:2013

Limit:

30dBm

Test setup:

Spectrum Analyzer

o i o
Fa o i o
e o o

- e 'i' E.U.T

Fi

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data

Mode e dhare Peak Output Power Limit (dBm) Result
(dBm)
Lowest 20.277
125KHz :
Bandwidth Middle 19.825 30.00 Pass
Highest 19.525
Lowest 20.226
250KHz :
Bandwidth Middle 19.880 30.00 Pass
Highest 19.427

N




Test plot as follows:

Project No.: ZKT-2111266451E

Page 16 of 66

Test mode:

125KHz Bandwidth

Ref 30.00 dBm

Icenter 802300 MHz
es BIW 1.0 MHz

Avg Type: Log-Pwr
Trig: Fres Run Avgitiold > 100008

Arten: 40 0B

Span 5.000 MHz |}

#VEW 3.0 MHz Sweep 1.000 ms (1001 pts)

Lowest channel

Ref 30.00 dBm

Icenter 915,100 MHz
es BWW 1.0 MHz

Avg Type: Log-Pwr
Trig: Fres Run Avgitiold > 100008

Arten: 40 0B

Span 5.000 MHz |}

#VEW 3.0 MHz Sweep 1.000 ms (1001 pts)

Middle channel

Ref 30.00 dBm

[PNTE o

Icenter 927.700 MHz
es BIW 1.0 MHz

Avg Type: Log-Pwr
Trig: Fres Run Avgitiold > 100008

Arten: 40 0B

Span 5.000 MHz |}

#VEW 3.0 MHz Sweep 1.000 ms (1001 pts)

Highest channel

R
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Test mode: 250KHz Bandwidth

Avg Type: LogPwr
Avgiai 100408

Ref 30.00 dBm

iCenter 502,400 MHz Span 5.000 MHz
BW 1.0 MHz #VEW 3.0 MHz Sweep 1.000 ms (1001 pts)

Lowest channel

Avg Type: Log-Pwr
Trig: Fres Run Avgitiold > 100008
Asten: 40 B

Ref 30.00 dBm

Icenter 814,840 MHz 3 Span 5,000 MHz |
W 1.0 Mz FVEW 3.0 MHz Sweep 1,000 ms {1001 pis)

Middle channel

Avg Type: Log-Pwr
Trig: Fres Run Avgitiold > 100008

Arten: 40 0B

Ref 30.00 dBm

s

|t

ter 927,480 MHz 3 Span 5,000 MHz |
W 1.0 Mz FVEW 3.0 MHz Sweep 1,000 ms {1001 pis)

Highest channel




4.3 20dB Emission Bandwidth
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Test Requirement:

FCC Part15 C Section 15.247 (a)(2)

Test Method:

ANSI C63.10:2013

Limit:

N/A

Test setup:

Spectrum Analyzer

Fd

Fi

o i o
o i o
e o o

ocos
oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data

Mode Test channel Z0JELE [ZIERTN [ Riar Result
(KHz)
Lowest 132.8
125KHz -
) Middle 132.8 Pass
Bandwidth -
Highest 134.3
Lowest 261.2
250KHz -
] Middle 258.4 Pass
Bandwidth :
Highest 260.5

N




Test plot as follows:
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Test mode:

125KHz Bandwidth

=
et Ypmam dnebyee - Cncapond £90

Canter Freq: 502450000 MHz Radio 5id: Nonw
Trig: Fres Run AvgiHiold> 1010
#rien: 40 ot

Ref 30.00 dBm

Span 500 kHz
ep BE07 ms
Occupled Bandwidth Total Power
122.99 kHz
Transmit Freq Error =20 Hz % of OBW Power 99.00 %
x dB Bandwidth 132.8 kHz xdB «20.00 dB

Lowest channel

e
[ pe——y
ter Freq §15.100000 MHz Conter Freq: #18.130000 MHz Rado S0 None

Trig: Frea Run Avghiokd>1010
Acien 40 JB R Device:

Ref 30.00 dBm

iCenter 9151 MHz

Res BW 3 kHz
Occupled Bandwidth Total Power
123.02 kHz

Transmit Freq Error 41 Hz % of OBW Power 9.0
x dB Bandwidth 132.8 kHz xdB «20.00 dB

Middle channel

=
et Ypim dmabyrn - Cnaperd £

Ref 30.00 dBm

Occupled Bandwidth Total Power

123.11 kHz
Transmit Freq Error =43 Hz % of OBW Power 99.00 %
x dB width 134.3 kHz xdB -20.00 dB

Highest channel

R
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Test mode:

250KHz Bandwidth

s
=y

Ref 30.00 dBm

nter 902.4 MHz
BW 3 kHz

Occupied Bandwidth

ter Freq 902.400000 MHz - Mz
Avgiioid > 1010

Total Power

243.85 kHz

Transmit Freq Error
x dB Bandwidth

=256 Hz % of OBW Power 9.0

Radia 51d: None

261.2 kHz xdB «20.00 dB

Lowest channel

=
=y

Ref 30.00 dBm

Occupied Bandwidth

Conter Freq: §14.540000 MHz Radia $1d: None

Trig: Frea Run Avghiokd>1010

#Arien: 40 5B Raia Dvice: B

Total Power

243.07 kHz
494 Hz % of OBW Power 99.0
256.4 kHz xdB -20.00 dB

Transmit Freq Error
x dB Bandwidth

Middle channel

=
et Ypim dmabyrn - Cnaperd £

‘Cancer Freq: B27.500000 MMz
Trig: Frea Run Avghiokd>1010

Ref 30.00 dBm

iCenter 927.5 MHz
es BW 3 kHz

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

243.16 kHz

Radio Sid: Nonw

R Dvice: B

Span 1 MHz
p 136.1 ms|

151 Hz % of OBW Power 9.0
260.5 kHz xdB «20.00 dB

Highest channel

R



Project No.: ZKT-2111266451E
Page 21 of 66

4.4 Carrier Frequencies Separation

Test Requirement:

FCC Part15 C Section 15.247 (a)(1)

Test Method:

ANSI C63.10:2013

Receiver setup:

RBW=100KHz, VBW=300KHz, detector=Peak

Limit:

the hopping channel

Frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kHz or the 20 dB bandwidth of

Test setup:

Spectrum Analyzer

o o
Fa N | o

]
(o
— [ o

(= E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data

Mode Test channel Carrier Frequencies Separation Limit (kHz) Result
(kHz)
Lowest 200.00 134.3 Pass
125KHz -
Middle ) ) Pass
Bandwidth _ 200.00 134.3
Highest 200.00 134.3 Pass
Lowest 330.00 261.2 Pass
250KHz -
Middle ) ) Pass
Bandwidth - 930.00 261.2
Highest 330.00 261.2 Pass
Note: According to section 8.2
20dB bandwidth (kHz) Limit (kHz)
Mode . . .
(worse case) (Carrier Frequencies Separation)
125KHz 1343 134.3
Bandwidth
250KHz 261.2 261.2
Bandwidth

N




Test plot as follows:

Project No

. ZKT-2111266451E
Page 22 of 66

Modulation mode:

125KHz Bandwidth

o Trig: Fres Run
Asten: 40 dB

Ref 30.00 dBm

5

Center 802.3000 MHz
#Res BW 3.0 kHz SVEW 10 kHz

Avg Type: Log-Pwr
Avgiiold > 100008

Span 1,000 MHz
Sweep 105.5 ms (1001 pts)

Lowest channel

o Trig: Fres Run
Asten: 40 dB

Ref 30.00 dBm

Center 815,1000 MHz
#Res BW 3.0 kHz SVEW 10 kHz

Avg Type: Log-Pwr
Avgiiold > 100008

Span 1,000 MHz
Sweep 105.5 ms (1001 pts)

Middle channel

Center 927.7000 MHz
#Res BW 3.0 kHz SVEW 10 kHz

Avg Type: LogPwr
Avgiiai 100408

Span 1,000 MHz
Sweep 105.5 ms (1001 pts)

Highest channel

R
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Test mode:

250KHz Bandwidth

Marker 1 A 330.000000 kHz

Ref 30.00 dBm

Center 802.4000 MHz
#Res BW 3.0 kHz

Avg Type: Log-Pwr
o Trig: Fres Run Avgiiold > 100008
Asten: 40 08

Span 1,000 MHz
#VEW 10 kHz Sweep 105.5 ms (1001 pts)

Lowest channel

Ref 30.00 dBm

Center 914.8400 MHz
#Res BW 3.0 kHz

Avg Type: LogPwr
Avgiiai 100408

Span 1,000 MHz
#VEW 10 kHz Sweep 105.5 ms (1001 pts)

Middle channel

Ref 30.00 dBm

Center 927.4500 MHz
#Res BW 3.0 kHz

Avg Type: Log-Pwr
Trig: Frea Run Avgiiold > 100008
Asten: 40 08

Span 1,000 MHz
#VEW 10 kHz Sweep 105.5 ms (1001 pts)

Highest channel

R
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4.5 Hopping Channel Number

Test Requirement: FCC Part15 C Section 15.247 (a)(1)

Test Method: ANSI C63.10:2013

Receiver setup: RBW=100kHz, VBW=300kHz, Frequency range=2400MHz-2483.5MHz,
Detector=Peak

Limit: If the 20 dB bandwidth of the hopping channel is less than 250 kHz, the

system shall use at least 50 hopping frequencies.
If the 20 dB bandwidth of the hopping channel is 250 kHz or greater, the
system shall use at least 25 hopping frequencies

Test setup: Spectrum Analyzer

i i
4 oo
i i
e o

oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass

Measurement Data:

Mode Hopping channel numbers Limit Result
125KHz
. 128 50 Pass
Bandwidth
250KHz
. 77 25 Pass
Bandwidth




4.6 Dwell Time
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Test Requirement:

FCC Part15 C Section 15.247 (a)(1)

Test Method:

ANSI C63.10:2013

Receiver setup:

RBW=10kHz, VBW=30KHz, Span=0Hz, Detector=Peak

Limit: 0.4 Second
Test setup: Spectrum Analyzer
ooo
A~ oo
=r=r=
= oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

N
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Measurement Data

Dwell -
Mode Ton(ms) Tcycle(ms) time(ms) Limit(ms) Result
125KHz
Bandwidth 8.40 37.80 294.00 400 Pass
250KHz
Bandwidth 2.30 19.75 75.90 400 Pass

Note: Transmit numbers= Continue TX Time/Tcycle
Dwell time=Transmit numbers*Ton




Test plot as follows:
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Test Mode:

125KHz Bandwidth

Fhec Wide ~e T710: Frew Run
5 Gainclow Asten: 40 0B

52.00 ma|

Ton&Tcycle

Span 0 Hz |
#VEW 30 kHz Sweep 10.00 5 {1001 pts)

1,320 8] 1A] .51 4B
8as] 2044 9Bim|

Continue TX Time

R
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Test Mode:

250KHz Bandwidth

Span 0 Hz |
Sweep 50.00 ms {1001 pts)

Ton&Tcycle

Marker 1 4 650.000 ms Avg Type: Log-Pwr

¥ Trig: Free Run Avghisid: 11

)
Ref 30.00 dBm

Span 0 Hz
Sweep 10.00 5 {1001 pts)

Continue TX Time

R



4.7 Band Edge

Conducted Emission Method
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Test Requirement:

FCC Part15 C Section 15.247 (d)

Test Method:

ANSI C63.10:2013

Receiver setup:

RBW=100kHz, VBW=300kHz, Detector=Peak

Limit: In any 100 kHz bandwidth outside the frequency band in which the spread
spectrum 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 kHz bandwidth within the band that contains the highest level of
the desired power, based on either an RF conducted or a radiated
measurement.

Test setup: Spectrum Analyzer

e o o
4 e o o
e o o
= E'Z E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

N




Test plot as follows:
125KHz Bandwidth:
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Test channel:

Lowest channel

Trig: Fres Run
Asten: 40 dB

Ref 30.00 dBm

rt 900,000 MHz .
BW 100 kHz #VBW 300 kHz

902277 MHz |
902,000 MHz |

Avg Type: LogPwr
Avgiiai 100408

“Stop 803,000 MHz
Sweep 1.000 ms (1001 pts)f

Crpgt Sy St 81

Avg Type: LogPwr
Trig: Fres Run Avgiiokd > 100108
Asten: 40 dB

Ref 30.00 dBm

- “Stop 803,000 MHz
Sweep 1.000 ms (1001 pts)f

rt 900,000 MHz
BW 100 kHz #VBW 300 kHz

902310 MHz |
902,000 MHz |

No-hopping mode

Hopping mode

Test channel:

Highest channel

Trig: Fres Run
Asten: 40 dB

Ref 30.00 dBm
I$t

rt 927.00 MHz
BW 100 kHz

MHz |
MHz |
0 MHz |

Avg Type: Log-Pwr
Avgiiold > 100008

Crpgt Sy St 81

Avg Type: Log-Pwr
Avgiiold > 100008

Ref 30.00 dBm
I$t

92700 MHz ) N - ) ~ Stop 960.00 MHz
BW 100 kHz 00 ms (1001 prs)jf

No-hopping mode

Hopping mode

R
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250KHz Bandwidth:

Test channel: Lowest channel

Trig: Fres Run Avgiiold > 100008 Trig: Fres Run Avgiiold > 100008

Avg Type: Log-Pwr . Marker 1 902.626000000 MHz Avg Type: LogPwr
AR Wice
¥ Goincl o Astwn: 40 B

Ref 30.00 dBm ) } . Ref 30.00 dBm

rt 800,000 MHz . - “Stop 803,000 MHz Istart 897.500 MHz ] - . “Stop 803,000 MHz
BW 100 kHz #VBIW 300 kHz Sweep 1.000 ms (1001 pts)| BW 100 kHz #VBIW 300 kHz Sweep 1.000 ms (1001 pts)|

No-hopping mode Hopping mode

Test channel: Highest channel

Avg Type: Log-Pwr i Avg Type: Log-Pwr
Trig: Free Run Avghioke > 100408 o , Avghioke > 100408
Asten: 40 0B

Ref 30.00 dBm ) : Ref 30.00 dBm

~ Stop 960.00 MHz

~ Stop 960.00 MHz rt 926,00 MHz )
Sweep 3,267 ms (1001 pts)j

Sweep 3267 ms (1001 pts)j BW 100 kHz #VEW 300 kHz

rt 926,00 MHz ) B

BW 100 kHz #VEW 300 kHz
r d8m| 192‘)!!5!“. =
d8m| 136 g
dBm|

928000 Mz
960,000 MHz |

15458
2

No-hopping mode Hopping mode




Radiated Emission Method
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Test Requirement:

FCC Part15 C Section 15.209 and 15.205

Test Method:

ANSI C63.10:2013

Test Frequency Range:

All of the restrict bands were tested, only the worst band’'s (902MHz to
928MHz) data was showed.

Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Remark
Above 1GHz Peak 1MHz 3MHz Peak Value
Peak 1MHz 10Hz Average Value
Limit: Frequency Limit (dBuV/m @3m) Remark
54.00 Average Value
Above 1GHz 74.00 Peak Value
Test setup:

L
Test Antenna.

< lm
Tum Tablev--g

A

<150cm =,

[ Receiverd H Preamplifiers

Test Procedure:

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

2. The EUT was set 3 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna
tower.

3. The antenna height is 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.

4. 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 rota table was turned from O degrees to 360 degrees to find the
maximum reading.

5. The test-receiver system was set to Peak Detect Function and
Specified Bandwidth with Maximum Hold Mode.

6. If the emission level of the EUT in peak mode was 10dB lower than the
limit specified, then testing could be stopped and the peak values of the
EUT would be reported. Otherwise the emissions that did not have
10dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

N
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Measurement Data

| Test channel: | Lowest channel
QP value:
Read Antenna Cable Preamp L Over
Frequency Level Limit Line S o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
902.00 36.77 22.30 4.87 37.60 26.34 46.00 -19.66 Horizontal
902.00 39.49 22.30 4.87 37.60 29.06 46.00 -16.94 Vertical
| Test channel: | Highest channel
QP value:
Read Antenna Cable Preamp S Over
Frequency Level Limit Line S o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
928.00 34.00 22.41 4.96 37.57 23.80 46.00 -22.20 Horizontal
928.00 32.00 22.41 4.96 37.57 21.80 46.00 -24.20 Vertical
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The emission levels of other frequencies are very lower than the limit and not show in test report.

3. The pre-test were performed on lowest, middle and highest frequencies, only the worst case’s (lowest
and highest frequencies) data was showed.

4. During the test, pre-scan the 125KHz bandwidth and 250KHz bandwidth mode, and found the 125KHz
bandwidth which it is worse case.




4.8 Spurious Emission

Conducted Emission Method
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Test Requirement:

FCC Part15 C Section 15.247 (d)

Test Method:

ANSI C63.10:2013

Limit:

In any 100 kHz bandwidth outside the frequency band in which the spread
spectrum 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 kHz bandwidth within the band that contains the highest level of
the desired power, based on either an RF conducted or a radiated
measurement.

Test setup:

Spectrum Analyzer

o i o
VS o o |

o
[
— o I o f

(==Y E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

N




125KHz Bandwidth:
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Test channel:

Lowest channel

Ref 30.00 dBm
"

Avg Type: Log-Fwr

" Stop 10.000 GHz |
ms (1001 prsjjs

30MHz~10GHz

Test channel:

Middle channel

Ref 30.00 dBm

ms (1001 prsjjs

15.720 aBm|

30MHz~10GHz

Test channel:

Highest channel

Ref 30.00 dBm
%

Avg Type: Log-Pwr
Trig: Fres Run Avgiiokd > 100108
Asten: 40 dB

#VEW 300 kHz

19.364 dBm|

30MHz~10GHz

R



250KHz Bandwidth:
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Test channel:

Lowest channel

Avg Type: LegPwr
Trig: Fres Run Avgiioid: 28100
Asten: 40 0B

Ref 30.00 dBm
#

[t M e e T

Istart 30 MHz ) ) - )
|LDR|:5 BW 100 kHz #VEW 300 kHz

30MHz~10GHz

Test channel:

Middle channel

Marker 1 917.330000000 MH:

Ref 30,00 dBm
r{

Istart 30 MHz ) ) - )
|LDR|:5 BW 100 kHz #VEW 300 kHz

18743 dBm|

usc I File <250-1 png=> saved

30MHz~10GHz

Test channel:

Highest channel

Avg Type: Log-Pwr
Trig: Fres Run Avgiicld: 18100
Asten: 40 dB

Ref 30.00 dBm
%

-smﬁ 30 MHz ) ) - )
lsRes BW 100 kHz #VEW 300 kHz

15317 dBm|

30MHz~10GHz

N




Radiated Emission Method
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Test Requirement:

FCC Part15 C Section 15.209

Test Method:

ANSI C63.10:2013

Test Frequency Range:

9kHz to 25GHz

Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Value
9KHz-150KHz Quasi-peak 200Hz 600Hz Quasi-peak
150KHz-30MHz Quasi-peak 9KHz 30KHz Quasi-peak
30MHz-1GHz Quasi-peak | 120KHz | 300KHz | Quasi-peak
Peak 1MHz 3MHz Peak
Above 1GHz
Peak 1MHz 10Hz Average
Limit Frequency Limit (uVv/m) Value MeDaisSl:;r:eent
0.009MHz-0.490MHz | 2400/F(KHz) QP 300m
0.490MHz-1.705MHz | 24000/F(KHz) QP 30m
1.705MHz-30MHz 30 QP 30m
30MHz-88MHz 100 QP
88MHz-216MHz 150 QP
216MHz-960MHz 200 QP
960MHz-1GHz 500 QP 3m
500 Average
Above 1GHz
5000 Peak
Test setup: For radiated emissions from 9kHz to 30MHz

Tum Table

< 80cm ".

P

2

Tumn Table-

W

I

Receiver-

N
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For radiated emissions from 30MHz to1GHz

< 3m >

+-+—H~H 3
Test Antenna-

A

<lm .. 4m >

v

Tum Table. EUT.

<80cm > §| == [ Tum Table

VI L

-

J Receiver. H Preamplifier. |-‘/

For radiated emissions above 1GHz

<3m>

Tum Tables -

<150cm .

[ Receivers H Preamplifiers

Test Procedure:

1. The EUT was placed on the top of a rotating table (0.8m for below 1G

and 1.5m for above 1G) above the ground at a 3 meter camber. The
table was rotated 360 degrees to determine the position of the highest
radiation.

. The EUT was set 3 meters away from the interference-receiving

antenna, which was mounted on the top of a variable-height antenna
tower.

. The antenna height is 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 rota table was turned from O 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.

. If the emission level of the EUT in peak mode was 10dB lower than the

limit specified, then testing could be stopped and the peak values of the
EUT would be reported. Otherwise the emissions that did not have
10dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test environment:

Temp.: 25°C

Humid.: 52%

Press.: 1012mbar

Test voltage:

AC 120V, 60Hz

Test results:

Pass

N
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Measurement data:

Remarks:
1. Pre-scan all kind of the place mode (X-axis, Y-axis, Z-axis), and found the Y-axis which it is worse case.

B 9kHz~30MHz
The low frequency, which started from 9 kHz to 30 MHz, was pre-scanned and the result which was 20 dB

lower than the limit line per 15.31(0) was not reported.




@

Below 1GHz
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Pre-scan all test modes, found worst case at lowest channel of 125KHz bandwidth, so only show the worst

case on the report.

Horizontal:

20.0 dBu¥/m

70

60

FEC Part15 RE-Clasg B_30-1A0H
50 !-
|
A0 S:C v 15- L]
30 "J\f\wﬂw‘wj i ‘U_/iku ,J'MJL 'u-\u o]
1

” : ST .AVHTLW m’k hﬁwu/ V\J

10

0.0

30.000 [H1] 100 [MHz] 500 1000.0
No Frequency | Reading | Factor Level Limit |Margin o

' (MHz) (dBuV) | (dB/m) |[(dBuV/m)|(dBuV/m)| (dB)

1 81.4970 45.08 -19.58 25.50 40.00 (-14.50| QP
2 195.8219 54.36 -19.57 34.79 4350 |-871 | QP
3 217.5443 59.63 -19.09 40.54 46.00 |-546 | QP
4 241.6763 57.62 -17.63 39.99 46.00 | -6.01 | QP
5 340.1847 58.26 -18.82 39.44 46.00 | -6.56 | QP
6 560.6928 43.21 -11.93 31.28 46.00 ([-14.72] QP




@
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Vertical:
20.0 dBu¥/m
70
60
FEC Part15 RE-Clasg B_30-1A0H
50 !—
|
40 I g’ L
I
]
DN s PN ] T
ik T |
10
0.0
30.000 [H1] 100 [MHz] 500 1000.0
No Frequency | Reading | Factor Level Limit |Margin S
' (MHz) (dBuV) | (dB/m) ((dBuV/m)|(dBuV/m)| (dB)
1 40.4172 53.21 -16.88 36.33 40.00 |-3.67 | QP
2 77.3212 52.18 -21.19 30.99 40.00 |-9.01 | QP
3 201.0402 53.73 -21.69 32.04 4350 [-11.46| QP
4 217.5443 61.73 -21.60 40.13 46.00 |[-5.87 | QP
5 340.1847 52.25 -19.00 33.25 46.00 ([-12.75]| QP
6 560.6928 43.46 -11.27 32.19 46.00 ([-13.81| QP
= & .



B Above 1GHz
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| Test channel:

| Lowest channel

Peak value:
Read Antenna Cable Preamp Lo Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1804.60 41.19 25.35 4.67 34.04 37.17 74.00 -36.83 Vertical
2706.90 34.94 28.26 5.43 33.25 35.38 74.00 -38.62 Vertical
3609.20 33.71 29.18 7.11 37.34 32.66 74.00 -41.34 Vertical
4511.50 * 74.00 Vertical
5413.80 * 74.00 Vertical
6316.10 % 74.00 Vertical
1804.60 39.78 25.35 4.67 34.04 35.76 74.00 -38.24 Horizontal
2706.90 34.99 28.26 5.43 33.25 35.43 74.00 -38.57 Horizontal
3609.20 32.67 29.18 7.11 37.34 31.62 74.00 -42.38 Horizontal
4511.50 * 74.00 Horizontal
5413.80 * 74.00 Horizontal
6316.10 * 74.00 Horizontal
Average value:
Read Antenna Cable Preamp -, Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuV/m) | (dBuv/m) Limit polarization
(dBuV) (dB/m) (dB) (dB) (dB)
1804.60 30.27 25.35 4.67 34.04 26.25 54.00 -27.75 Vertical
2706.90 23.81 28.26 5.43 33.25 24.25 54.00 -29.75 Vertical
3609.20 24.06 29.18 7.11 37.34 23.01 54.00 -30.99 Vertical
4511.50 * 54.00 Vertical
5413.80 * 54.00 Vertical
6316.10 * 54.00 Vertical
1804.60 29.31 25.35 4.67 34.04 25.29 54.00 -28.71 Horizontal
2706.90 23.57 28.26 5.43 33.25 24.01 54.00 -29.99 Horizontal
3609.20 22.42 29.18 7.11 37.34 21.37 54.00 -32.63 Horizontal

N
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| Test channel:

| Middle channel

Peak value:
Frequency g Antenna Cable Predng Level Limit Line Qvgr o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit | polarization
(dBuV) (dB/m) (dB) (dB) (dB)

1830.20 40.23 25.43 4.89 34.12 36.43 74.00 -37.57 | Vertical
2745.30 35.00 28.34 5.68 33.57 35.45 74.00 -38.55 |  vertical
3660.40 34.73 29.42 7.29 37.66 33.78 74.00 -40.22 | vertical
4575.50 * 74.00 Vertical
5490.60 * 74.00 Vertical
6405.70 * 74.00 Vertical
1830.20 40.63 25.43 4.89 34.12 36.83 74.00 -37.17 | Horizontal
2745.30 33.95 28.34 5.68 33.57 34.40 74.00 -39.60 | Horizontal
3660.40 33.99 29.42 7.29 37.66 33.04 74.00 -40.96 | Horizontal
4575.50 * 74.00 Horizontal
5490.60 * 74.00 Horizontal
6405.70 * 74.00 Horizontal

Average value:

Frequency Read Anfegng Cable Preamp Level Limit Line Qvgr o

(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1830.20 31.08 25.43 4.89 34.12 27.28 54.00 -26.72 | vertical
2745.30 23.32 28.34 5.68 33.57 23.77 54.00 -30.23 | vertical
3660.40 23.98 29.42 7.29 37.66 23.03 54.00 -30.97 | vVertical
4575.50 * 54.00 Vertical
5490.60 * 54.00 Vertical
6405.70 * 54.00 Vertical
1830.20 30.74 25.43 4.89 34.12 26.94 54.00 -27.06 | Horizontal
2745.30 23.04 28.34 5.68 33.57 23.49 54.00 -30.51 | Horizontal
3660.40 23.71 29.42 7.29 37.66 22.76 54.00 -31.24 | Horizontal
4575.50 * 54.00 Horizontal
5490.60 * 54.00 Horizontal
6405.70 * 54.00 Horizontal
= H .
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| Test channel:

| Highest channel

Peak value:
Read Antenna Cable Preamp Lo Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1855.40 45.80 25.64 4.75 34.67 41.52 74.00 -32.48 Vertical
2783.10 35.70 28.46 5.87 33.83 36.20 74.00 -37.80 Vertical
3710.80 38.04 29.75 7.59 37.76 37.62 74.00 -36.38 Vertical
4638.50 * 74.00 Vertical
5566.20 * 74.00 Vertical
6493.90 * 74.00 Vertical
1855.40 45.02 25.64 4.75 34.67 40.74 74.00 -33.26 | Horizontal
2783.10 34.91 28.46 5.87 33.83 35.41 74.00 -38.59 | Horizontal
3710.80 33.59 29.75 7.59 37.76 33.17 74.00 -40.83 | Horizontal
4638.50 * 74.00 Horizontal
5566.20 * 74.00 Horizontal
6493.90 * 74.00 Horizontal
Average value:
Read Antenna Cable Preamp Lo Over
Frequency Level Limit Line L o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit | polarization
(dBuV) (dB/m) (dB) (dB) (dB)
1855.40 36.71 25.64 4.75 34.67 32.43 54.00 -21.57 Vertical
2783.10 25.62 28.46 5.87 33.83 26.12 54.00 -27.88 Vertical
3710.80 26.54 29.75 7.59 37.76 26.12 54.00 -27.88 Vertical
4638.50 * 54.00 Vertical
5566.20 * 54.00 Vertical
6493.90 * 54.00 Vertical
1855.40 35.38 25.64 4.75 34.67 31.10 54.00 -22.90 | Horizontal
2783.10 24.29 28.46 5.87 33.83 24.79 54.00 -29.21 | Horizontal
3710.80 22.85 29.75 7.59 37.76 22.43 54.00 -31.57 | Horizontal
4638.50 * 54.00 Horizontal
5566.20 * 54.00 Horizontal
6493.90 * 54.00 Horizontal
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. " means this data is the too weak instrument of signal is unable to test.
3. The emission levels of other frequencies are very lower than the limit and not show in test report.
4. The test data shows only the worst case 125KHz bandwidth mode.

N
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Test Items for DTS
4.9 Conducted Peak Output Power

Test Requirement: FCC Partl15 C Section 15.247 (b)(3)
Test Method: ANSI C63.10:2013 and KDB558074 D01 DTS Meas Guidance v05r02
Limit: 30dBm
Test setup: Spectrum Analyzer

e [y o

Vi e [y o
o |
= =55 E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass

Measurement Data
500KHz Bandwidth:

Test channel Peak Output Power (dBm) Limit(dBm) Result
Lowest 17.686
- 30.00 Pass
Highest 18.330




Test plot as follows:
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[rrr——————rry

o Trig: Fres Run
Asten: 40 dB

Ref 30.00 dBm

Center 923.500 MHz
#Res BW 1.0 MHz #VEW 3.0 MHz

Avg Type: LogPwr
Avgiiai 100408

Span 5.000 MHz
Sweep 1.000 ms (1001 pts)

Lowest channel

[rrr——————rry

Trig: Fres Run
Asten: 40 0B

Ref 30.00 dBm

Icenter 927.500 MHz
es BIW 1.0 MHz #VEW 3.0 MHz*

Avg Type: RMS
Avgiiai 100400

Span 5.000 MHz
Sweep 1.000 ms (1001 pts)

Highest channel

R



4.10 Channel Bandwidth
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Test Requirement:

FCC Partl5 C Section 15.247 (a)(2)

Test Method:

ANSI C63.10:2013 and KDB558074 D01 DTS Meas Guidance v05r02

Limit:

>500KHz

Test setup:

Spectrum Analyzer

e o

il Ooood

~]
o o o

e o
oD

E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data
500KHz Bandwidth:

Test channel Channel Bandwidth (KHz) Limit(KHz) Result
Lowest 621.1

. >500 Pass
Highest 628.1

N




Test plot as follows:
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s
=y

‘Cancer Freq: §20.500000 MMz
Trig: Frea Run

Ref 30.00 dBm

Cen‘(er 923.5 MHz
[#Res BW 100 kHz
Occupled Bandwidth
645.73 kHz
5.340 kHz
621.1 kHz

Transmit Freq Error
x dB Bandwidth

Radio Sid: None
AvgiHiold> 1010

Span 3 MHz |
Sweep 1ms

Total Power

% of OBW Power
xdB

Ref 30.00 dBm

iCenter 927.5 MHz
[#Res BW 100 kHz

Occupled Bandwidth

652.65 kHz
5.251 kHz
626.1 kHz

Transmit Freq Error
x dB width

Total Power

% of OBW Power 99.00 %
xdB -6.00 dB

Highest channel
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4.11 Power Spectral Density
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Test Requirement:

FCC Partl5 C Section 15.247 (e)

Test Method:

ANSI C63.10:2013 and KDB558074 D01 DTS Meas Guidance v05r02

Limit: 8dBm/3kHz
Test setup: Spectrum Analyzer
==l
A | Oooo
ooo
oo
= S E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data

Test channel Power Spectral Density .
(dBm/3kHZ) lelt(dBm/3kHZ) Result
Lowest 5.248
i 8.00 Pass
Highest 5.534

N




Test plot as follows:
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[rrr——————rry

Ref 30.00 dBm

i W
| )

i

i lF'I‘H't

iy
Nk = ""“‘“"f*-*-*‘.l‘ffu.l'-érw.h.'|m

Center 923,500 MHz 3 Span 3,000 MHz |
#Res BW 3.0 kHz FVEW 10 kHz* Sweep 408.4 ms (1001 pts)

Lowest channel

Ref 30.00 dBm

LU
4 "jq,',-fmk'.r',':a"ﬁ‘ﬁ'-}""‘ml |

Span 3,000 MHz,
es BW 3.0 kHz #VEW 10 kHz* Sweep 4084 ms (1001 pis)

Highest channel
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4.12 Band edges

Conducted Emission Method
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Test Requirement:

FCC Partl5 C Section 15.247 (d)

Test Method:

ANSI C63.10:2013 and KDB558074 D01 DTS Meas Guidance v05r02

Limit: In any 100 kHz bandwidth outside the frequency band in which the
spread spectrum 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 kHz bandwidth within the band that contains the
highest level of the desired power, based on either an RF conducted or a
radiated measurement.

Test setup: Spectrum Analyzer

o |
f'\,\ o |
s o o |
ol oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Test plot as follows:

s
w3t e ety - et S

Ref 30.00 dBm

et

1890.00 MHz
i

Marker 1 927.750000000 MHz Aivg Type: AMS
Trig: Free Run Avgiioie > 100900
Asten: 40 0B

Ref 30.00 dBm

Lowest Channel

Highest Channel

R




Radiated Emission Method
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Test Requirement:

FCC Partl5 C Section 15.209 and 15.205

Test Method:

ANSI C63.10:2013

Test Frequency Range:

All of the restrict bands were tested, only the worst band’s (902MHz to
928MHz) data was showed.

Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Value
Peak 1MHz 3MHz Peak
Above 1GHz
RMS 1MHz 3MHz Average
Limit: Frequency Limit (dBuV/m @3m) Value
54.00 Average
Above 1GHz
74.00 Peak
Test setup:

L
Test Antenna«

< Im

Tum Tables - etz
%

<150em =

AAAANRNNANNN

[ Receivers H Preamplifier+

Test Procedure:

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

The EUT was set 3 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna
tower.

The antenna height is 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 rota 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.

If the emission level of the EUT in peak mode was 10dB lower than
the limit specified, then testing could be stopped and the peak values
of the EUT would be reported. Otherwise the emissions that did not
have 10dB margin would be re-tested one by one using peak, quasi-
peak or average method as specified and then reported in a data
sheet.

The radiation measurements are performed in X, Y, Z axis
positioning. And found the X axis positioning which it is worse case,
only the test worst case mode is recorded in the report.

Test Instruments:

Refer to section 6.0 for details

N
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Test mode:

Refer to section 5.2 for details

Test results:

Pass

N
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Measurement Data

| Test channel: | Lowest channel
QP value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(I\(jIHz) y Level Factor Loss Factor (@Buv/m) | (dBuv/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
902.00 35.76 22.30 4.87 37.60 25.33 46.00 -20.67 Horizontal
902.00 33.27 22.30 4.87 37.60 22.84 46.00 -23.16 Vertical
| Test channel: | Highest channel
QP value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(I\(jIHz) y Level Factor Loss Factor (dBuv/m) | (@Buv/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
928.00 36.45 22.41 4.96 37.57 26.25 46.00 -19.75 Horizontal
928.00 39.35 22.41 4.96 37.57 29.15 46.00 -16.85 Vertical
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. The emission levels of other frequencies are very lower than the limit and not show in test report.

3. The pre-test were performed on lowest, middle and highest frequencies, only the worst case’s (lowest
and highest frequencies) data was showed.




4.13 Spurious Emission

Conducted Emission Method
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Test Requirement:

FCC Partl5 C Section 15.247 (d)

Test Method:

ANSI C63.10:2013 and KDB558074 D01 DTS Meas Guidance v05r02

Limit:

In any 100 kHz bandwidth outside the frequency band in which the
spread spectrum 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 kHz bandwidth within the band that contains the
highest level of the desired power, based on either an RF conducted or a
radiated measurement.

Test setup:

Spectrum Analyzer

s Y o s
Vi

=

oD
— [ o |
oo

E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

N
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Test plot as follows:

Test channel: Lowest channel

Avg Type: Log-Pwr
AvgHicid: 89100

Ref 30.00 dBm

I\

(=

Istart 30 MHz ) ) - B ) ] ~Gtop 10.000 GHz |
5 (1 5,

30MHz~10GHz

Test channel: Highest channel

Ref 30.00 dBm

4

,........;—--—-""““"""

Istart 30 MHz

#VEW 300 kHz

574 MHE, 17.904 dBm|

30MHz~10GHz




Radiated Emission Method
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Test Requirement:

FCC Partl15 C Section 15.209

Test Method:

ANSI C63.10:2013

Test Frequency Range:

9kHz to 25GHz

Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Value
9KHz-150KHz Quasi-peak 200Hz 600Hz Quasi-peak
150KHz-30MHz Quasi-peak 9KHz 30KHz Quasi-peak
30MHz-1GHz Quasi-peak | 120KHz | 300KHz | Quasi-peak
Peak 1MHz 3MHz Peak
Above 1GHz
Peak 1MHz 10Hz Average
Limit: -

Frequency Limit (uv/m) Value Megissl:;i?eem
0.009MHz-0.490MHz | 2400/F(KHz) QP 300m
0.490MHz-1.705MHz | 24000/F(KHz) QP 30m

1.705MHz-30MHz 30 QP 30m

30MHz-88MHz 100 QP
88MHz-216MHz 150 QP
216MHz-960MHz 200 QP am

960MHz-1GHz 500 QP

Above 1GHz >0 Average
5000 Peak
Test setup: For radiated emissions from 9kHz to 30MHz

Tum Table..

< §0cm >

i

Test Antenna

2

Tum Table-

W

I

Receiver.

N
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For radiated emissions from 30MHz to1GHz

_--;_'+'_f'+;_| ,
Test Antenna.

A

Tum Table._,

W

< 80¢cm : c_;(:' Tum Table.

i = I = ﬁ

1

J Receiver- H Preamplifier- }‘/

For radiated emissions above 1GHz

<3m>

L
Test Antenna-

< lm
Tum Tablev - gz

<150cm =]

[ Receivery H Preamplifiers

Test Procedure:

7.

The EUT was placed on the top of a rotating table (0.8m for below 1G
and 1.5m for above 1G) above the ground at a 3 meter camber. The
table was rotated 360 degrees to determine the position of the highest
radiation.

. The EUT was set 3 meters away from the interference-receiving

antenna, which was mounted on the top of a variable-height antenna
tower.

. The antenna height is 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 rota 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.

. If the emission level of the EUT in peak mode was 10dB lower than the

limit specified, then testing could be stopped and the peak values of the
EUT would be reported. Otherwise the emissions that did not have
10dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test environment:

Temp.: 25°C Humid.: 52% Press.: 1012mbar

N
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Test voltage: AC 120V, 60Hz

Test results: Pass

Measurement data:

Remark:

Pre-scan all kind of the place mode (X-axis, Y-axis, Z-axis), and found the Y-axis which it is worse case.
B 9kHz~30MHz

The low frequency, which started from 9 kHz to 30 MHz, was pre-scanned and the result which was 20 dB
lower than the limit line per 15.31(0) was not reported.
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B Below 1GHz

Horizontal:

80.0 dBu¥/m
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70
60
FCC Part15 RE-Clasg B_30-[M8dkH:
50 !-
%0 [ 3 4 5 i
[}
) - i LR REEAD
|
20 A t'\(\wl 4 JJ g . M M
w 74| I A P
10
0.0
30.000 60 100 [MHz] 500 1000.0
No Frequency | Reading | Factor Level Limit |Margin ok
' (MHz) (dBuV) | (dB/m) [|(dBuV/m)|(dBuV/m)| (dB)
1 40.7730 38.81 -14.13 24.68 40.00 |-15.32( QP
2 77.3210 48.99 -18.78 30.21 40.00 |-979 | QP
3 217.5442 60.13 -19.09 41.04 46.00 |-496 ( QP
4 241.6762 58.12 -17.63 40.49 46.00 |-5.51( QP
5 340.1847 58.26 -18.82 39.44 46.00 | -6.56 [ QP
6 685.9469 42.92 -9.01 33.91 46.00 |-12.09( QP
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Vertical:

20.0 dBu¥/m

70

60

FCC Part15 RE-Clasg B_30-[M8dkH:
50 !—
A
40 I T L
a 6

30 r/\;ﬁ\m g / i Wik

20 \/ \ﬂNWW \/\M ﬁ{ anﬁarﬂ.ﬂw/ \\W J '\Wuﬂ VJJ M

10

0.0

30.000 60 100 [MHz] 500 1000.0
No Frequency | Reading | Factor Level Limit |Margin ok
' (MHz) (dBuV) | (dB/m) [(dBuV/m)|(dBuV/m)| (dB)
1 40.4170 53.71 -16.88 36.83 40.00 |-3.17 | QP
2 77.3210 51.68 -21.19 30.49 4000 [-951 | QP
3 201.0401 53.73 -21.69 32.04 43.50 |[-11.46| QP
4 217.5442 62.23 -21.60 40.63 46.00 | -537 | QP
5 340.1847 52.75 -19.00 33.75 46.00 |-12.25( QP
6 560.6928 44 46 -11.27 33.19 46.00 |-12.81( QP




B Above 1GHz
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| Test channel:

‘ Lowest channel

Peak value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(I\(lez) y Level Factor Loss Factor (dBuV/m) | (dBuv/m) Limit | polarization
(dBuV) (dB/m) (dB) (dB) (dB)
1806.00 41.35 25.25 4.85 34.08 37.37 74.00 -36.63 Vertical
2709.00 35.00 28.12 5.66 33.68 35.10 74.00 -38.90 Vertical
3612.00 33.64 29.19 7.25 37.37 32.71 74.00 -41.29 Vertical
4515.00 * 74.00 Vertical
5418.00 * 74.00 Vertical
6321.00 & 74.00 Vertical
1806.00 39.90 25.25 4.85 34.08 35.92 74.00 -38.08 | Horizontal
2709.00 34.95 28.12 5.66 33.68 35.05 74.00 -38.95 | Horizontal
3612.00 32.74 29.19 7.25 37.37 31.81 74.00 -42.19 | Horizontal
4515.00 * 74.00 Horizontal
5418.00 * 74.00 Horizontal
6321.00 * 74.00 Horizontal
Average value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(leIHz) y Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit | polarization
(dBuv) (dB/m) (dB) (dB) (dB)
1806.00 30.40 25.25 4.85 34.08 26.42 54.00 -27.58 Vertical
2709.00 23.86 28.12 5.66 33.68 23.96 54.00 -30.04 Vertical
3612.00 23.98 29.19 7.25 37.37 23.05 54.00 -30.95 Vertical
4515.00 * 54.00 Vertical
5418.00 * 54.00 Vertical
6321.00 * 54.00 Vertical
1806.00 29.41 25.25 4.85 34.08 25.43 54.00 -28.57 | Horizontal
2709.00 23.52 28.12 5.66 33.68 23.62 54.00 -30.38 | Horizontal
3612.00 22.48 29.19 7.25 37.37 21.55 54.00 -32.45 | Horizontal
4515.00 * 54.00 Horizontal
5418.00 * 54.00 Horizontal
6321.00 * 54.00 Horizontal
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The emission levels of other frequencies are very lower than the limit and not show in test report.
3. ™ means this data is the too weak instrument of signal is unable to test.

N
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| Test channel: ‘ Highest
Peak value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuV/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1831.60 40.33 25.43 4.89 34.12 36.53 74.00 -37.47 Vertical
2747.40 35.03 28.34 5.68 33.57 35.48 74.00 -38.52 Vertical
3663.20 34.62 29.42 7.29 37.66 33.67 74.00 -40.33 Vertical
4579.00 * 74.00 Vertical
5494.80 * 74.00 Vertical
6410.60 * 74.00 Vertical
1831.60 40.70 25.43 4.89 34.12 36.90 74.00 -37.10 | Horizontal
2747.40 33.87 28.34 5.68 33.57 34.32 74.00 -39.68 | Horizontal
3663.20 34.04 29.42 7.29 37.66 33.09 74.00 -40.91 | Horizontal
4579.00 * 74.00 Horizontal
5494.80 * 74.00 Horizontal
6410.60 * 74.00 Horizontal
Average value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuV/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1831.60 31.15 25.43 4.89 34.12 27.35 54.00 -26.65 Vertical
2747.40 23.33 28.34 5.68 33.57 23.78 54.00 -30.22 Vertical
3663.20 23.87 29.42 7.29 37.66 22.92 54.00 -31.08 Vertical
4579.00 * 54.00 Vertical
5494.80 * 54.00 Vertical
6410.60 * 54.00 Vertical
1831.60 30.80 25.43 4.89 34.12 27.00 54.00 -27.00 | Horizontal
2747.40 22.95 28.34 5.68 33.57 23.40 54.00 -30.60 | Horizontal
3663.20 23.75 29.42 7.29 37.66 22.80 54.00 -31.20 | Horizontal
4579.00 * 54.00 Horizontal
5494.80 * 54.00 Horizontal
6410.60 * 54.00 Horizontal
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The emission levels of other frequencies are very lower than the limit and not show in test report.

3. “*", means this data is the too weak instrument of signal is unable to test.

N
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| Test channel: ‘ Highest
Peak value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuV/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1854.00 46.12 25.56 4.89 34.23 42.34 74.00 -31.66 Vertical
2781.00 35.87 28.23 5.7 33.63 36.17 74.00 -37.83 Vertical
3708.00 38.04 29.25 7.34 37.37 37.26 74.00 -36.74 Vertical
4635.00 * 74.00 Vertical
5562.00 * 74.00 Vertical
6489.00 * 74.00 Vertical
1854.00 45.28 25.56 4.89 34.23 41.50 74.00 -32.50 | Horizontal
2781.00 34.95 28.23 5.7 33.63 35.25 74.00 -38.75 | Horizontal
3708.00 33.73 29.25 7.34 37.37 32.95 74.00 -41.05 | Horizontal
4635.00 * 74.00 Horizontal
5562.00 * 74.00 Horizontal
6489.00 * 74.00 Horizontal
Average value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line . o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuV/m) Limit | polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
1854.00 36.98 25.56 4.89 34.23 33.20 54.00 -20.80 Vertical
2781.00 25.77 28.23 5.7 33.63 26.07 54.00 -27.93 Vertical
3708.00 26.53 29.25 7.34 37.37 25.75 54.00 -28.25 Vertical
4635.00 * 54.00 Vertical
5562.00 * 54.00 Vertical
6489.00 * 54.00 Vertical
1854.00 35.61 25.56 4.89 34.23 31.83 54.00 -22.17 | Horizontal
2781.00 24.33 28.23 5.7 33.63 24.63 54.00 -29.37 | Horizontal
3708.00 22.98 29.25 7.34 37.37 22.20 54.00 -31.80 | Horizontal
4635.00 * 54.00 Horizontal
5562.00 * 54.00 Horizontal
6489.00 * 54.00 Horizontal
Remarks:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. " means this data is the too weak instrument of signal is unable to test.

3. The emission levels of other frequencies are very lower than the limit and not show in test report.

N
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5. Antenna Requirement

Standard requirement: FCC Partl15 C Section 15.203 /247(c)

15.203 requirement:

An intentional radiator shall be designed to ensure that no antenna other than that furnished by the responsible party shall
be used with the device. The use of a permanently attached antenna or of an antenna that uses a unique coupling to the
intentional radiator, the manufacturer may design the unit so that a broken antenna can be replaced by the user, but the

use of a standard antenna jack or electrical connector is prohibited.

15.247(c) (1)(i) requirement:

(i) Systems operating in the 2400-2483.5 MHz band that is used exclusively for fixed. Point-to-point operations may
employ transmitting antennas with directional gain greater than 6dBi provided the maximum conducted output power of

the intentional radiator is reduced by 1 dB for every 3 dB that the directional gain of the antenna exceeds 6dBi.

EUT Antenna:

The antenna is fibre-glass epoxy antenna, the best case gain of the antennas is 3dBi, reference to the appendix Il for

details
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6. Test Setup Photo

Reference to the appendix | for details.

7. EUT Constructional Details

Reference to the appendix Il for details.

FKK XXX END OF REPORT 3% 3% % 3%




