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1. GENERAL INFORMATION

1.1. PRODUCT DESCRIPTION

Report No.: HUAK180823882E

The EUT is “CAMERA” designed as a “Communication Device”. It is designed by way of utilizing the FHSS
technology to achieve the system operation.

A major technical description of EUT is described as following:

Operation Frequency

2.402 GHz to 2.480GHz

Bluetooth Version

V4.1(BR&EDR)

Modulation

GFSK, 1 /4-DQPSK, 8DPSK

Number of channels

79(For BR/EDR)

Hardware Version 1439.02
Software Version V232
Antenna Designation PCB Antenna
Antenna Gain 0.5dBi
Power Supply DC 9~36V
Test Power Supply DC 12v

1.2. TABLE OF CARRIER FREQUENCYS

Frequency Band Channel Number Frequency
0 2402MHZ

1 2403MHZ

38 2440 MHZ

2400~2483.5MHZ 39 2441 MHZ
40 2442 MHZ

77 2479 MHZ

78 2480 MHZ
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1.3. RECEIVER INPUT BANDWIDTH

The input bandwidth of the receiver is 1.3MHZ,In every connection one Bluetooth device is the

master and the other one is slave. The master determines the hopping sequence. The slave follows this
sequence. Both devices shift between RX and TX time slot according to the clock of the

master. Additionally the type of connection(e.g. single of multislot packet) is set up at the beginning of the
connection. The master adapts its hopping frequency and its TX/RX timing according to the packet type of the
connection. Also the slave of the connection will use these settings.

Repeating of a packet has no influence on the hopping sequence. The hopping sequence generated

by the master of the connection will be followed in any case. That means, a repeated packet will not

be send on the same frequency, it is send on the next frequency of the hopping sequence.

1.4. EXAMPLE OF A HOPPING SEQUENCY IN DATA MODE

Example of a 79 hopping sequence in data mode:
40,21,44,23,42,53,46,55,48,33,52,35,50,65,54,67
56,37,60,39,58,69,62,71,64,25,68,27,66,57,70,59
72,29,76,31,74,61,78,63,01,41,05,43,03,73,07,75
09,45,13,47,11,77,15,00,64,49,66,53,68,02,70,06
01, 51, 03, 55, 05, 04

1.5. EQUALLY AVERAGE USE OF FREQUENCIES AND BEHAVIOUR
The generation of the hopping sequence in connection mode depends essentially on two input values:

1. LAP/UAP of the master of the connection.

2. Internal master clock

The LAP(lower address part) are the 24 LSB’s of the 48 BD_ADDRESS. The BD_ADDRESS is an
unambiguous number of every Bluetooth unit. The UAP(upper address part) are the 24MSB’s of the
48BD_ADDRESS

The internal clock of a Bluetooth unit is derived from a free running clock which is never adjusted and is never
turned off. For ehavior zation with other units only offset are used. It has no relation to the time of the day. Its
resolution is at least half the RX/TX slot length of 312.5us.The clock has a cycle of about one day(23h30).In
most case it is implemented as 28 bit counter. For the deriving of the hopping sequence the entire. LAP(24
bits),4LSB’s(4bits)(Input 1) and the 27MSB’s of the clock(Input 2) are used. With this input values different
mathematical procedures(permutations, additions, XOR-operations)are performed to generate te Sequence.
This will be done at the beginning of every new transmission.

Regarding short transmissions the Bluetooth system has the following8ehavior:

The first connection between the two devices is established, a hopping sequence was generated. For
Transmitting the wanted data the complete hopping sequence was not used. The connection ended.

The second connection will be established. A new hopping sequence is generated. Due to the fact the
Bluetooth clock has a different value, because the period between the two transmission is longer(and it
Cannot be shorter) than the minimum resolution of the clock(312.5us).The hopping sequence will always
Differ from the first one.

Page 8 of 45



Report No.: HUAK180823882E

1.6. RELATED SUBMITTAL(S)/ GRANT (S)

This submittal(s) (test report) is intended for FCC ID: 2AM6L-C6D filing to comply with Section 15.247 of the
FCC Part 15, Subpart C Rules.

1.7. TEST METHODOLOGY

Both conducted and radiated testing was performed according to the procedures in ANSI C63.10 (2013).
Radiated testing was performed at an antenna to EUT distance 3 meters.

1.8. SPECIAL ACCESSORIES

Refer to section 4.2.

1.9. EQUIPMENT MODIFICATIONS

Not available for this EUT intended for grant.
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2. MEASUREMENT UNCERTAINTY
o Measurer.nent Nafiess
Uncertainty
Transmitter power conducted +0.57 dB @
Transmitter power Radiated +2.20 dB @
Conducted spurious emission 9KHz-40 GHz +2.20 dB @
Occupied Bandwidth +0.01ppm @
Radiated Emission 30~1000MHz +4.10dB ()
Radiated Emission Above 1GHz +4.32dB (1)
Conducted Disturbance0.15~30MHz +3.20dB ()

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence

level using a coverage factor of k=2.
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3. DESCRIPTION OF TEST MODES

z
©

TEST MODE DESCRIPTION

Low channel GFSK

Middle channel GFSK

High channel GFSK

Low channel 11 /4-DQPSK

Middle channel 1 /4-DQPSK

High channel 1 /4-DQPSK

Low channel 8DPSK

Middle channel 8DPSK

O© | 0| N | 0| bW [N

High channel 8DPSK

[EEN
o

Normal Hopping

Note:

1. All the test modes can be supply by Built-in Li-ion battery, only the result of the worst case was recorded in

the report, if no other cases.

2. For Radiated Emission, 3axis were chosen for testing for each applicable mode.
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4. SYSTEM TEST CONFIGURATION

4.1. CONFIGURATION OF EUT SYSTEM

Configuration:

EUT

Accessory

4.2. EQUIPMENT USED IN EUT SYSTEM

Report No.: HUAK180823882E

ltem Equipment Model No. ID or Specification Remark
1 CAMERA Cc6D 2AM6L-C6D EUT
2 Antenna N/A N/A Accessory
4.3. SUMMARY OF TEST RESULTS

FCC RULES DESCRIPTION OF TEST RESULT
8§15.247 Peak Output Power Compliant
§15.247 20 dB Bandwidth Compliant
§15.247 Spurious Emission Compliant
§15.209 Radiated Emission Compliant
§15.247 Band Edges Compliant
§15.207 Power Line Conduction Emission Compliant
§15.247 Number of Hopping Frequency Compliant
§15.247 Time of Occupancy Compliant
§15.247 Frequency Separation Compliant
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5. TEST FACILITY

Report No.: HUAK180823882E

Test Firm Shenzhen HUAK Testing Technology Co., Ltd.
1F, B2 Building, Junfeng Zhongcheng Zhizao Innovation Park, Fuhai Street, Bao'an
Address District, Shenzhen City, China
Designation Number | CN1229
Registration Number | 616276

ALL TEST EQUIPMENT LIST

Equipment Manufacturer Model SIN Cal. Due
Receiver R&S ESCI 7 HKE-010 Dec. 28, 2018
LISN R&S ENV216 HKE-002 Dec. 28, 2018
Conducted test software Tonscend TS+ Rev 2.5.0.0 HKE-081 N/A
Power meter Agilent E4417B HKE-107 Dec. 28, 2018
Power Sensor Agilent E9327A HKE-113 Dec. 28, 2018
RF cable Times 1-40G HKE-034 Dec. 28, 2018
RF automatic control unit Tonscend JS0806-2 HKE-060 Dec. 28, 2018
Spectrum analyzer Agilent N9020A HKE-048 Dec. 28, 2018
RF Cable
(90KHZ-26.5GH2) Tonscend 170660 N/A Dec. 28, 2018
Signal generator Agilent N5183A HKE-071 Dec. 28, 2018
Receiver R&S ESCI-7 HKE-010 Dec. 28, 2018
Preamplifier EMCI EMCO051845SE HKE-015 Dec. 28, 2018
Preamplifier Agilent 83051A HKE-016 Dec. 28, 2018
Loop antenna Schwarzbeck FMZB 1519 B HKE-014 Dec. 28, 2018
Broadband antenna Schwarzbeck VULB 9163 HKE-012 Dec. 28, 2018
Horn antenna Schwarzbeck 9120D HKE-013 Dec. 28, 2018
Antenna Mast Keleto CC-A-4M N/A N/A
Position controller Taiwan MF MF7802 HKE-011 Dec. 28, 2018
RF cable
Times 381806-001 N/A N/A

(9KHz-1GHz2)
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6. PEAK OUTPUT POWER
6.1. MEASUREMENT PROCEDURE

For peak power test:
1. Connect EUT RF output port to the Spectrum Analyzer through an RF attenuator

2. Set the EUT Work on the top, middle and the bottom operation frequency individually.

3. Use the following spectrum analyzer settings:
1) Span : Approximately five times the 20 dB bandwidth, centered on a hopping channel.

2) RBW > 20 dB bandwidth of the emission being measured.
3) VBW = RBW.
4) Sweep: Auto.
5) Detector function: Peak.
6) Trace: Max hold.
4. Record the maximum power from the Spectrum Analyzer.

Note: The EUT was tested according for compliance ANSI C63.10 (2013) requirements.

6.2. TEST SET-UP (BLOCK DIAGRAM OF CONFIGURATION)

PEAK POWER TEST SETUP
Spectrum Analyzer

r A
[
E [

. A
1 O ©

F 3

RF attenuator+

RF Cable
EUT



6.3. LIMITS AND MEASUREMENT RESULT

Report No.: HUAK180823882E

Peak Power i imi
Mode Frequency Applicable Limits Pass or Fail
(GHz) (dBm) (dBm)
2.402 3.823 30 Pass
GFSK 2.441 4.327 30 Pass
2.480 4.481 30 Pass
Frequency Peak Power Applicable Limits _
Mode Pass or Fail
(GHz) (dBm) (dBm)
2.402 5.258 30 Pass
™ /4-DQPSK 2.441 5.823 30 Pass
2.480 5.885 30 Pass
Frequency Peak Power Applicable Limits _
Mode Pass or Fail
(GHz) (dBm) (dBm)
2.402 5.588 30 Pass
8DPSK 2.441 6.039 30 Pass
2.480 6.095 30 Pass
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Test Graph
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8DPSK-HCH
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7. 20DB BANDWIDTH
7.1. MEASUREMENT PROCEDURE

1. Connect EUT RF output port to the Spectrum Analyzer through an RF attenuator

2, Set the EUT Work on the top, the middle and the bottom operation frequency individually.

3. Set Span = approximately 2 to 3 times the 20 dB bandwidth, centered on a hoping channel
RBW > 1% of the 20 dB bandwidth, VBW > RBW; Sweep = auto; Detector function = peak

4. Set SPA Trace 1 Max hold, then View.

7.2. TEST SET-UP (BLOCK DIAGRAM OF CONFIGURATION)

RF attenuators Spectrum Analyzer

3 3
[
g [

s

[1 ) ©
t
RF Cable
EUT

7.3. LIMITS AND MEASUREMENT RESULTS

Mode Channel. 20dB Bandwidth [KHZz] Verdict
GFSK LCH 998.7 PASS
GFSK MCH 994.9 PASS
GFSK HCH 1009 PASS
m/4DQPSK LCH 1296 PASS
m/4DQPSK MCH 1295 PASS
m/4DQPSK HCH 1297 PASS
8DPSK LCH 1311 PASS
8DPSK MCH 1311 PASS
8DPSK HCH 1311 PASS
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Test Graph
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[— Xepight Spectrum Ansyas: - Occupied BW.

Center Freq 2.441000000 GHz

Ref 20.00 dBm

Center 2.441 GHz
#Res BW 30 kHz

Occupied Bandwidth

09:53:44 20 0l 25, 2018
Center Freq: 2.441000000 GHz Radio Std: None
AvglHeld:>1010

Radio Device: BTS

§pan 3 MHz
#VBW 100 kHz Sweep 3.2ms

Total Power 11.8 dBm

1.1830 MHz

Transmit Freq Error
x dB Bandwidth

3.679 kHz
1.295 MHz x dB

% of OBW Power 99.00 %

-20.00 dB

STATUS

Frequency

(= Kepight Spectrum Analyzes - Occupied BW

Center Freq 2.480000000 GHz

HIFGsin:Low

Ref 20.00 dBm

Center 2.48 GHz
#Res BW 30 kHz

Occupied Bandwidth

Center Freq: 2.480000000 GH:

#Aren: 20 dB

#VBW 100 kHz

Total Power

1.1838 MHz

Transmit Freq Error
x dB Bandwidth

3.706 kHz % of OBW Power
1.297 MHz x dB

2
Trig: Free Run AvgiHold:*10/10

Frequency

Radio Device: BTS

CenterFreq
2.480000000 GHz|

Span 3 MHz
Sweep 3.2ms

11.9 dBm

99.00 %
-20.00 dB

sTATUS

8DPSK-LCH

8DPSK-MCH

[ Kevsight Spectrum finshyeer - Occupied BW

Center Freq 2.402000000 GHz

FIFGain:Low

Ref 20.00 dBm

ICenter 2.402 GHz
#Res BW 30 kHz

Occupied Bandwidth

z
" Trig: Free Run AvglHold:> 1010

09:55:10 44 10l 25, 2018

Center Frag: 2.402000000 GH; Radie Std: None

#Atten: 20 dB Radio Device: BTS

FELLE
#VBW 100 kHz Sweep 3.2ms

Total Power 11.6 dBm

1.1846 MHz

Transmit Freq Error
x dB Bandwidth

8.201 kHz
1.311 MHz xdB

% of OBW Power 99.00 %

-20.00 dB

STaTus

Frequency

[ Keigh Spectrum Amalyzes - Gccupied BW

Center Freg 2.441000000 GHz

FIFGainLow

Ref 20.00 dBm

Center 2.441 GHz
#Res BW 30 kHz

Occupied Bandwidth

Center Freg: 2441000000 GHz
¥ Trig: Free Run AvgHold:
#Atten: 20 dB

#VBW 100 kHz

Total Power

1.1856 MHz

Transmit Freq Ermmor
x dB Bandwidth

9.137 kHz % of OBW Power
1.311 MHz xdB

09:55:31 A Jul 25, 2018

Radio 5td: None Frequency

Radio Device: BTS

Span 3 MHz
Sweep 3.2 ms

12.2 dBm

99.00 %
-20.00 dB

STatus

8DPSK-HCH

[ Kevsight Spectrum finshyeer - Occupied BW

Center Freq 2.480000000 GHz

FIFGain:Low

Ref 20.00 dBm

#Res BW 30 kHz

Occupied Bandwidth
1.1859 MHz
8.707 kHz
1.311 MHz x dB

Transmit Freq Error
x dB Bandwidth

z
" Trig: Free Run AvglHold:> 1010

09:56:16 44 1ul 25, 2018

Center Frag: 2.450000000 GH; Radie Std: None

#Atten: 20 dB Radio Device: BTS

Span 3 MHz

#VBW 100 kHz Sweep 3.2ms

Total Power 12.3 dBm

% of OBW Power 99.00 %

-20.00 dB

STaTus

Frequency
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Report No.: HUAK180823882E

8. CONDUCTED SPURIOUS EMISSION

8.1. MEASUREMENT PROCEDURE

1. Connect EUT RF output port to the Spectrum Analyzer through an RF attenuator
2. Set the EUT Work on the top, the Middle and the bottom operation frequency individually.
3. Set the Span = wide enough to capture the peak level of the in-band emission and all spurious emissions
from the lowest frequency generated in the EUT up through the 10th harmonic.
RBW =100 kHz; VBW > RBW; Sweep = auto; Detector function = peak.
4. Set SPA Trace 1 Max hold, then View.
Note: The EUT was tested according for compliance ANSI C63.10 (2013) requirements. Owing to satisfy the
requirements of the number of measurement points, we set the RBW=1MHz, VBW >RBW, scan up through
10th harmonic, and consider the tested results as the worst case, if the tested results conform to the

requirement, we can deem that the real tested results(set the RBW=100KHz, VBW >RBW) are conform to the
requirement.

8.2. TEST SET-UP (BLOCK DIAGRAM OF CONFIGURATION)

The same as described in section 7.2
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8.3. MEASUREMENT EQUIPMENT USED

The same as described in section 5

8.4. LIMITS AND MEASUREMENT RESULT

Report No.: HUAK180823882E

LIMITS AND MEASUREMENT RESULT

Applicable Limits

Measurement Result

Test Data Criteria

In any 100 KHz Bandwidth Outside the At least -20dBc than the limit
frequency band in which the spread spectrum Specified on the BOTTOM PASS
intentional radiator is operating, the radio frequency Channel
power that is produce by the intentional radiator shall
be at least 20 dB below that in 100KHz bandwidth
within the band that contains the highest level of the
desired power. - imi

p At least -20dBc than the limit PASS

In addition, radiation emissions which fall in the
restricted bands, as defined in §15.205(a), must also
comply with the radiated emission limits specified
in815.209(a))

Specified on the TOP Channel
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Test Graph

Report No.: HUAK180823882E

GFSK-LCH

GFSK-LCH

[ Xepight Spectrum Ansbyas: - Swegt SA

Marker 1 960.230000000 MHz
P

Ref Offset 1 dB
Ref 11.00 dBm

Frbib s ot

‘Start 0.0300 GHz
Res BW 100 kHz

0 Fast TN Trig: Free Run

IFGain-Low

#VBW 300 kHz

% Y TN Tiow W
96023 MHz | -66.890 dBm | -

Avg Type: Log-Pwr
AvglHold:>10110
#nen: 20 B
0.23 MHZ
6.890 dBm|

Next Pk Right|

"I

i R e AR b

Stop 1.0000 GHz
Sweep 92.73 ms (1001 pts))

FUNCTION VALUE =

[— Kepight Spectrum Analyzes - Swest 54 =
Start Freq 1.000000000 GHz Avg Type: Log-Pwr
AvglHol

oNG:Fast g Trig: FreeRun - 10110
IFGainlow _#Amen: 20 B

Ref Offset 1 di
Ref 11.00 dBm
2

StartFreq|
1.000000000 GHz|

h

% A Hov esoo S GRS

o

Start 1.000 GHz

‘Stop 10.000 GHz
‘Res BW 100 kHz

Sweep 860.1ms (1001 pts)

#VBW 300 kHz

4,807 GHz, 50,094 dBm
2.404 GHz. 5 dBm’

GFSK-LCH

GFSK-MCH

[ Xepight Spectrum Ansbyas: - Swegt SA

Marker 1 24.985000000000 GHz
P

O: Fast

IFGain-Low

Ref Offset 1 dB
Ref 11.00 dBm

N Trig: Free Run

Avg Type: Log-Pwr
Avg|Held:>1010
#atten: 20 dB

Next Pk Right|

Stop 25.000 GHz
Sweep 1434 s (1001 pts)

FUNCTION VALUE

[— Kepight Spectrum Analyzes - Swest 54 5 ]
1

7 Peak Search
: .
e T i
IFGain-L ow #Anen: 20 dB

NextPeak|
Ref Offset 1 di
Ref 11.00 dBm

Next Pk Right|

e e e e e

Start 0.0300 GHz ‘Stop 1.0000 GHz

#VBW 300 kHz Sweep 92.73 ms (1001 pts)|

= Y FUWCTION_| 7

960,23 MHz. -66,837 dBm

SComuamswns g
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Report No.: HUAK180823882E

GFSK-MCH

GFSK-MCH

[ ¥epight Spectrum Analyaer - Swept SA

Avg Type: Log-Pwr
Start Freq 1.000000000 GHZ N . Free AmHn\d.aioao
IFGain-Low #Atten: 20 dB

Jffset 1 d
Rer 11.00 dﬂm

StartFreq
1.000000000 GHz|

#VBW 300 kHz

4,879 GHz. 48,444 dBm.

[ Kersight Spectrum fnalyrer - Swept 54
) Log Peak Search
L Avg Type: Log-Pwr
Markor 124.985000000000 GHz____ SRS Rcdris
IFGain-Low #Atten: 20 dB
NextPeak

Akr1 24.985 GHz|
Ref Offset 1
PR:[ 1:0’0 ;Em -56.442 dBm

Next Pk Right|

= —
e TR DTSR R S
. JRGEIRES TR

Slal‘l 10.000 GHz
#VBW 300 kHz

GFSK-HCH

GFSK-HCH

[ ¥epight Spectrum Analyaer - Swept SA

E Peak Search
Avg Type: Log-Pwr

Marker 1 960.230000000 MH N . Free AmHn\d.aioao

IFGain-Low #Atten: 20 dB

Ref Offset 1 dB
Ref 11.00 dBm

Next Pk Right]

+
A

e, o

3[3[1 0.0300 GHz Stop 1.0000 GHz
#VBW 300 kHz Sweep 92.73 ms (1001 pts)

96023 MHz| __-64.727 dBm |

WKF, MODE TRC SCL

’ Avg Typs: Log-Pwr
et Ered 00000000 CHz ¥ Trig: FraeRun AvgHaEA010
#Atten: 20 dB

Ref Offset 1 dB
Ref 11.00 dBm
L 7]

StartFreq)
1.000000000 GHz|

o ,_«M‘_nm_w,_.[ B s PRSP N o

Stop 10.000 GHz
#VBW 300 kHz Sweep 260.1 ms (1001 pts)

4,960 GHz, 48,502 dBm
2.476 GHz. 3.928 dBm

GFSK-HCH

[ Koot Spectum Ansyee - Swest 54
Peak Search
Avg Ty Log-P
Marker 1 24.430000000000 m o reeun A“‘Hm-“:nmwr
[FGain-Low *__#Atten: 20 dB
Ref Offset 1 dB Mkr1 24.430 GHZ
Ref 11.00 dBm 57.176 dBm

Next Pk Right|

i e g M ALy i o

Stop 25.000 GHz
#VBW 300 kHz Sweep 1.434 s (1001 pts)|

[ Fepight Spectrum Anehyze: - Swest 54

7 Peak Search
" Avg Type: Log-
garker 950230000000 U st O Trig: Free Run AvgHald 00

Low | #Atten: 20 dB
Ref Offset 1 dB
Ref 11.00 dBm

Next Pk Right|

A B i it R ol e A T

Start 0.0300 GHz ‘Stop 1.0000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 92.73 ms (1001 pts)|

96023 MHz| 65937 dBm |
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Report No.: HUAK180823882E

m/4ADQPSK-LCH

m/4ADQPSK-LCH

[T ———rTY

g Type: Log-Pwr
Start Freg 1.000000000 w ratt B\ Trig: Free Run Avg|Hold:> 1010
IFGain-low _ #ATEn: 20 dB

Ref Offset 1 dB
Ref 11.00 dBm

StartFreq
1.000000000 GHz|

e AP

Stop 10.000 GHz
#VBW 300 kHz Sweep 860.1 ms (1001 pts)

oM WOTH FUNCTION VALUE

4807 GHz| 49,688 dBm |
2.404 GHz. 3213dBm

[— Kepight Spectrum Analyzes - Swest 54

3 Avg Type: Log-P
Marker 1 25.000000000000 z Trig: Frea Run A\g“:{:";ﬂn g

#Aren: 20 dB

Peak Search
o

orfee Mikr1 25.000 GHz

Rer 1700 dBm -56.620 dBm

Next Pk Right|

e s T

Stop 25.000 GHz
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m/4DQPSK-MCH

[ ¥epight Spectrum Analyaer - Swept SA

3 Peak Search
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#Atten: 20 dB
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Ref Offset 1 dB 3.570 dBm|

Ref 11.00 dBm
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StartFreq)
1.000000000 GHz|

Stop 10.000 GHz
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[ Keysight Spectrum Ansbyzer - Swept SA.
3 Peak Search
Avg Type: Log-Pwr
Marker 1 25.000000000000 m B 1 Freemun A::Hn\d.nosio
\FGainLow ©_ HAtten: 20 dB
ef Offset 1 dB kr1 25.000 GHz

Eer 11.00 dBm -57.016 dBm|

Next Pk Right]
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Stop 25.000 GHz
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By =
i Peak Search
L Avg Type: Log-Pwr
Berker 1 950.230000700 D. Pont Ty Trig: FreeRun Axuom_uaﬂn
IFGain-Low #Atten: 20 dB
Mir1 960.23 MHZ LTS

Ref Offset 1 dB
R:l 1:00 dBm 4.686 dBm

Next Pk Right|

’1

s meaer e

Start 0.0300 GHz Stop 1.0000 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 92.73 ms (1001 pts)

x FURCT G
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A
S E—
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Report No.: HUAK180823882E

m/4DQPSK-HCH

m/4DQPSK-HCH
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Report No.: HUAK180823882E

8DPSK-MCH

8DPSK-MCH
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Report No.: HUAK180823882E

9. RADIATED EMISSION
9.1. MEASUREMENT PROCEDURE

1. The EUT was placed on the top of the turntable 0.8 or 1.5 meter above ground. The phase center of the
receiving antenna mounted on the top of a height-variable antenna tower was placed 3 meters far away
from the turntable.

2. Power on the EUT and all the supporting units. The turntable was rotated by 360 degrees to determine the
position of the highest radiation.

3. The height of the broadband receiving antenna was varied between one meter and four meters above
ground to find the maximum emissions field strength of both horizontal and vertical polarization.

4. For each suspected emissions, the antenna tower was scan (from 1 M to 4 M) and then the turntable was
rotated (from O degree to 360 degrees) to find the maximum reading.

5. Set the test-receiver system to Peak or CISPR quasi-peak Detect Function with specified bandwidth under
Maximum Hold Mode.

6. For emissions above 1GHz, use 1MHz VBW and RBW for peak reading. Then 1MHz RBW and 10Hz VBW
for average reading in spectrum analyzer. Place the measurement antenna away from each area of the
EUT determined to be a source of emissions at the specified measurement distance, while keeping the
measurement antenna aimed at the source of emissions at each frequency of significant emissions, with
polarization oriented for maximum response. The measurement antenna may have to be higher or lower
than the EUT, depending on the radiation pattern of the emission and staying aimed at the emission source
for receiving the maximum signal. The final measurement antenna elevation shall be that which maximizes
the emissions. The measurement antenna elevation for maximum emissions shall be restricted to a range
of heights of from 1 m to 4 m above the ground or reference ground plane.

7. When the radiated emissions limits are expressed in terms of the average value of the emissions, and
pulsed operation is employed, the measurement field strength shall be determined by averaging over one
complete pulse train, including blanking intervals, as long as the pulse train does not exceed 0.1 seconds.
As an alternative (provided the transmitter operates for longer than 0.1 seconds) or in cases where the
pulse train exceeds 0.1 seconds, the measured field strength shall be determined from the average
absolute voltage during a 0.1 second interval during which the field strength is at its maximum values.

8.1f the emissions level of the EUT in peak mode was 3 dB lower than the average limit specified, then testing
will be stopped and peak values of EUT will be reported, otherwise, the emissions which do not have 3 dB
margin will be repeated one by one using the quasi-peak method for below 1GHz.

9. For testing above 1GHz, the emissions level of the EUT in peak mode was lower than average limit (that
means the emissions level in peak mode also complies with the limit in average mode), then testing will be
stopped and peak values of EUT will be reported, otherwise, the emissions will be measured in average
mode again and reported.

10. In case the emission is lower than 30MHz, loop antenna has to be used for measurement and the

recorded data should be QP measured by receiver. High - Low scan is not required in this case.
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Report No.: HUAK180823882E

9.2. TEST SETUP

RADIATED EMISSION TEST-SETUP FREQUENCY BELOW 30MHZ

| R Antenna
- Im |

Metal Full Soldered Ground Plane

=
] e

Spectrum Analyzer / Receiver
System Simulator

RADIATED EMISSION TEST SETUP 30MHz-1000MHz

RX Antenna

Ant. feed
point

! '
i< 3m - -
1]

T

1
Metal Full Soldered Ground Plane

o [~]58

Spectrum Analyzer ; i
System Simulator P hyzer / Receiver

RADIATED EMISSION TEST SETUP ABOVE 1000MHz

Metal Full Soldered Ground Plane

System Simulator
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9.3. LIMITS AND MEASUREMENT RESULT

15.209(a) Limit in the below table has to be followed

Report No.: HUAK180823882E

Frequencies Field Strength Measurement Distance
(MHz) (micorvolts/meter) (meters)
0.009~0.490 2400/F(KHz) 300
0.490~1.705 24000/F(KHz) 30
1.705~30.0 30 30
30~88 100 3
88~216 150 3
216~960 200 3
Above 960 500 3
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9.4. TEST RESULT

Report No.: HUAK180823882E

RADIATED EMISSION BELOW 30MHZ

No emission found between lowest internal used/generated frequencies to 30MHz.

RADIATED EMISSION BELOW 1GHZ

RADIATED EMISSION TEST- (30MHZ-1GHZ) -HORIZONTAL

66.9 dBu¥/m
Limit: —
Margin:
. -
_|1—2| % ‘8 ! 1
X
. y -
13
J0.000 12700 22400 321.00 418.00 515.00 612.00 f09.00 806.00 1000.00 MH=z
No. Mk Freq. Reading| Factor |Measurement| Limit | Over Detector Aﬂ:gﬂ? DTEZELEE Comment
MHz dBuv dB/m dBuVim dBuVim | dB cm degree
11| 110.8333 | 30.97 7.98 38.95 4350 |-455| peak
2 (1| 1852000 | 27.92 | 11.:1 39.23 43.50 |-4.27 | peak
30| 3711167 | 22.76 | 18.88 41.64 46.00 | -4.36 | peak
4 [ * | 5004500 | 2299 | 21.14 4413 46.00 |-1.87 | peak
51| 519.8500 | 20.81 21.67 42.48 46.00 |-3.52 | peak
6|1 | 557.0333 | 1891 22.66 41.57 46.00 | -4.43 | peak
71| 7429500 | 1456 | 2643 40.99 46.00 |-5.01| peak
8 966.0500 | 1449 [ 29.85 44 .34 54.00 |-9.66 | peak

RESULT: PASS
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Report No.: HUAK180823882E

RADIATED EMISSION TEST- (30MHZ-1GHZ) -VERTICAL

669 dBuv/m
Limik: —_—
Margin:
4 c |
b r .+
2
X
27
12
30.000 127.00 22400 3100 418.00 515.00 B1Z2.00 F09.00 806.00 1000.00 MH=z
. . Antenna| Table
Freq. Readin Factor |Measurement| Limit | Over .
No.| MK 5 g Detector | Height | Degree Comment
MHz dBuv dB/m dBuvim dBuVim | dB cm degree
111 47 7832 2922 8.39 37.671 4000 |-2.39| peak
20" 68.8000 3464 473 39.37 40.00 |-0.63 | peak
31| 1431667 | 26.70 15.22 4192 4350 |-158| peak
4 | 1 | 2498667 | 31.39 13.89 4528 4600 |-0.72| peak
5 1| 3339332 | 26.05 1767 4372 4600 |-228 | peak
6 | 1| 3711167 | 24.35 18.88 4323 46.00 |-277 | peak
RESULT: PASS

Note: 1. Factor=Antenna Factor + Cable loss, Margin=Measurement-Limit.

2. The “Factor” value can be calculated automatically by software of measurement system.

3. All test modes for different EUT are pre-tested. The low channel for GFSK mode is the worst case and

recorded in the report.
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Report No.: HUAK180823882E

RADIATED EMISSION TEST- (ABOVE 1GHZ)

Frequency Emission Level Limits Margin Detector

(MHz) (dBuV/m) (dBuV/m) (dB) Type Comment
Low Channel (2402 MHz)

4804 48.14 74 -25.86 Pk Vertical

4804 41.96 54 -12.04 AV Vertical

4804 48.93 74 -25.07 Pk Horizontal

4804 41.76 54 -12.24 AV Horizontal
Mid Channel (2441 MHz)

4882 48.65 74 -25.35 Pk Vertical

4882 41.41 54 -12.59 AV Vertical

4882 48.81 74 -25.19 Pk Horizontal

4882 41.67 54 -12.33 AV Horizontal
High Channel (2480 MHz)

4960 48.39 74 -25.61 pk Vertical

4960 41.95 54 -12.05 AV Vertical

4960 48.93 74 -25.07 pk Horizontal

4960 41.77 54 -12.23 AV Horizontal

RESULT: PASS
Note:
1. 1GHz~25GHz:(Scan with GFSK, 11/4-DQPSK,8DPSK, the worst case is GFSK Mode, No
recording in the test report at least have 20dB margin)

2. Margin = Emission Level - Limit
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10. BAND EDGE EMISSION

10.1. MEASUREMENT PROCEDURE

Report No.: HUAK180823882E

1. The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is set to 100kHz.The

video bandwidth is set to 300kHz.
2. Transmitter set to the normal hopping mode at 2.4 and 2.4835 GHz.

10.2. TEST SET-UP

Radiated same as 9.2

Conducted set up

EUT

cable

Spectrum analyzer
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10.3. RADIATED TEST RESULT

Report No.: HUAK180823882E

Frequency Emission Level Limits Margin Detector
(MHz) (dBuV/m) (dBpV/m) (dB) Type Comment
GFSK
2399.9 51.31 74 -22.69 peak Vertical
2399.9 37.42 54 -16.58 AVG Vertical
2399.9 51.44 74 -22.56 peak Horizontal
2399.9 39.29 54 -14.71 AVG Horizontal
2483.6 52.45 74 -21.55 peak Vertical
2483.6 39.75 54 -14.25 AVG Vertical
2483.6 53.62 74 -20.38 peak Horizontal
2483.6 40.63 54 -13.37 AVG Horizontal
/4-DQPSK
2399.9 51.15 74 -22.85 peak Vertical
2399.9 37.24 54 -16.76 AVG Vertical
2399.9 51.28 74 -22.72 peak Horizontal
2399.9 39.12 54 -14.88 AVG Horizontal
2483.6 52.27 74 -21.73 peak Vertical
2483.6 39.58 54 -14.42 AVG Vertical
2483.6 53.45 74 -20.55 peak Horizontal
2483.6 40.46 54 -13.54 AVG Horizontal
8DPSK
2399.9 51.28 74 -22.72 peak Vertical
2399.9 37.4 54 -16.6 AVG Vertical
2399.9 51.36 74 -22.64 peak Horizontal
2399.9 39.28 54 -14.72 AVG Horizontal
2483.6 52.44 74 -21.56 peak Vertical
2483.6 39.69 54 -14.31 AVG Vertical
2483.6 53.57 74 -20.43 peak Horizontal
2483.6 40.6 54 -134 AVG Horizontal
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Report No.: HUAK180823882E

RESULT: PASS
Note: The other modes radiation emission have enough 20dB margin.

Margin = Emission Level — Limit
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10.4. CONDUCTED TEST RESULT

Test Graph

Report No.: HUAK180823882E
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Report No.: HUAK180823882E

m/4DQPSK/LCH/No Hop

m/4DQPSK /HCH/No Hop
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Note: All modes were tested, only the worst case record in the report.
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11. NUMBER OF HOPPING FREQUENCY
11.1. MEASUREMENT PROCEDURE

1. Place the EUT on the table and set it in transmitting mode.

Report No.: HUAK180823882E

2. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum

analyzer.
3. Set the spectrum analyzer Start = 2.4GHz Stop = 2.4835GHz
4. Setthe Spectrum Analyzer as RBW>=1%span, VBW>=RBW.

11.2. TEST SETUP (BLOCK DIAGRAM OF CONFIGURATION)
Same as described in section 6.2

11.3. MEASUREMENT EQUIPMENT USED
The same as described in section 5

11.4. LIMITS AND MEASUREMENT RESULT

Mode Channel. Number of Hopping Channel

Verdict

GFSK Hop 79

PASS

Note: All modes were tested, only the worst case record in the report.

Page 40 of 45




Test Graph

Report No.

- HUAK180823882E

Graphs
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Report No.: HUAK180823882E

12. TIME OF OCCUPANCY (DWELL TIME)
12.1. MEASUREMENT PROCEDURE

The EUT shall have its hopping function enabled. Use the following spectrum analyzer settings:

1. Span: Zero span, centered on a hopping channel.

2. RBW shall be<cchannel spacing and where possible RBW should be set >> 1/ T, where T is the expected
dwell time per channel.

3. Sweep: As necessary to capture the entire dwell time per hopping channel; where possible use a video
trigger and trigger delay so that the transmitted signal starts a little to the right of the start of the plot. The trigger
level might need slight adjustment to prevent triggering when the system hops on an adjacent channel.

4. Detector function: Peak. Trace: Max hold.

5. Use the marker-delta function to determine the transmit time per hop.

6. Using the following equation:

The dwell time is calculated with the following formula:
Dwell time = tpyse X Npggs/ NUMber of channels x 31.6 s

Where:
thuse is the measured pulse time (pls. refer the plots of the spectrum analyser above) [s],
Nhps IS the number of hops per second in the actual operating mode of the transmitter [1/s].

The hopping rate of the system is 1600 hops per second and the system uses 79 channels. For this reason
one time slot has a length of 625 ps.

With the used hopping mode (DH3) a packet need 35 timeslots for transmitting and the next timeslot for
receiving. So the system makes in worst case 266,67 hops per second in transmit mode (N = 266.667
1/8)

12.2. TEST SETUP (BLOCK DIAGRAM OF CONFIGURATION)

Same as described in section 6.2

12.3. MEASUREMENT EQUIPMENT USED

The same as described in section 5
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12.4. LIMITS AND MEASUREMENT RESULT

Report No.: HUAK180823882E

Channel.

Burst Width [ms/hop/ch]

Dwell Time[ms]

Limit
(ms)

Verdict

LCH

2.900

309.3337

PASS 400

MCH

2.900

309.3337

PASS 400

HCH

2900

309.3337

PASS 400

Note: The DH5 for GFSK modulation is the worst case and recorded in the report.
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{} Report No.: HUAK180823882E

13. FREQUENCY SEPARATION

13.1. MEASUREMENT PROCEDURE

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 RF cable from the antenna port to the
spectrum analyzer

3. Set Span = wide enough to capture the peaks of two adjacent channels Resolution (or IF)
Bandwidth (RBW) > 1% of the span Video (or Average) Bandwidth (VBW) > RBW; Sweep = auto;
Detector function = peak; Trace = max hold

13.2. TEST SETUP (BLOCK DIAGRAM OF CONFIGURATION)

Same as described in section 6.2
13.3. MEASUREMENT EQUIPMENT USED

The same as described in section 5
13.4. LIMITS AND MEASUREMENT RESULT

Mode Channel. Carrier Frequency Separation [MHz] Verdict

GFSK Hop 0.999 PASS

Note: All modes were tested, only the worst case record in the report.
Test Graph
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ﬁ} Report No.: HUAK180823882E

APPENDIX A: PHOTOGRAPHS OF TEST SETUP

RADIATED EMISSION TEST SETUP

el OO
| f“r “!“"':

RADIATED EMISSION ABOVE 1G TEST SETUP
i

----END OF REPORT----
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