LN

{2 i 45 A1 Report No:UNI-15021501

RF TEST REPORT

Report No.: UNI-15021501
Product Name: Bluetooth Speakerphone
FCC ID: 2ADYHLD-AO01
Model No.: LD -158;LD-188;LD-318
Applicant: SHENZHEN LEEED TECHOLOGY LIMITED

Address: F3,9 Building, Tanglang Industrial B Zone, Xili Town, Nanshan

District, Shenzhen, China

Issued by: Shenzhen United Testing Technology Co.,Ltd

Lab Location: Room 317-319, Block 1, University Town Technology Park, 5th
Zone South Section, Honghualing Industrial Park, Nanshan

District, Shenzhen, PRC

Tel: +86 (0) 755 86180996  Fax: +86 (0) 755 86180156

Page 1 of 72




LN

128 it 4k A1 Report No:UNI-15021501
Test Report

Product Name........................  Bluetooth Speakerphone

Trade Name..........cceceveeveees. - N/A

Applicant.................eeevvvveeeeee.s. - SHENZHEN LEEED TECHOLOGY LIMITED

F3,9 Building, Tanglang Industrial B Zone, Xili Town,

Applicant Address................ : Nanshan District, Shenzhen, China

Manufacturer ......................... SHENZHEN LEEED TECHOLOGY LIMITED

F3,9 Building, Tanglang Industrial B Zone, Xili Town,

Manufacturer Address .......... Nanshan District, Shenzhen, China

Test Standards....................... 47 CFR Part 15 Subpart C: Radio Frequency Devices
ANSI C63.10:2009: American National Standard for
Testing Unlicensed Wireless Devices
DA 00-705: Filing and Measurement Guidelines
for Frequency Hopping Spread Spectrum Systems

Test Result......c.cccceeeeveeeeeeeel - PASS
Tested DY ..coovviiiil _ ]
P . : ~ |
S Vicna €
[ 2015.02.15
Michael Su, Test Engineer
Reviewed by ..........occeel :
Mike Tong_
2015.02.15
Mike Yong, Senior Engineer
Approved by ... f . /
j: ‘ E| .E" .II/"' c.n iy ,I'I
sl Ladd 2015.02.15

Hoffer Lau, Manager

Page 2 of 72



LN

122 et 4 A1 Report No:UNI-15021501

TABLE OF CONTENTS

RF TEST REPORT wucisieiiiinsinsnissenssicssissssssesssisssssssssstssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 1
1. GENERAL INFORMATION ...ccutinuicrerssensuecsanssecssncssssessssssasssssssssssssasssssssssssssssssssssassssssasssssans 4
L1, EUT DESCIIPHION ..ttt ettt ettt ettt sttt ettt sttt st sae et et e sbeebesanesbeebeenneas 4
1.2, Support EQUIPIMENT ......ccouiiiiiieeeiie ettt ettt e ettt e et eeaeeeaaeestaeeestaeesnsaeesnsaeesnseeesnsaeenssens 5
1.3, Test Standards and ReESULILS..........coiiiiiiiriiieiiecee e 5
1.4. Facilities and ACCTEAILATIONS ........co.uiiiuiiiiiiiie ittt ettt ettt st ebeesaee e e 6
2. 47 CFR PART 15C REQUIREMENTS ....cuccviniesuinsensissasssessasssssssssssssssssssssssssssssssassssssasssassns 8
2.1, ANENNA TEQUITEIMENL. ... .eitiieiieitieetiertie et ertteeteesteeebeesteeeeteesseeesseensaeenseenseeenseenssesnseenseessseenseens 8
2.2, Number of HOPPING FIEQUENCY ...cc..eeiuiiiiiiiiieiiece ettt e 9
2.3, Peak OULPUL POWET.......oiiiiiieiie ettt ettt et e st e st e e sare e e saseeesnseeennne 12
2.4, 20dB BandWidth ........cccooiiiiiiiiie et 19
2.5. Carried Frequency SeParation..........ccceeeeueeeriieeiieeeiieeeiiteeeieeesiseeesseeesseeessseesssseesssseesssseesnns 26
2.6. Time of Occupancy (DWell timMe) ........ccccuieiiiiiiiiiiiieiieie et 29
2.7. Conducted Spurious EMISSIONS. .......ccuuieriieeiiieeiiieeiiieeiteeeireeeireeeteeeeseeesseeessreessaseeensseeennns 36
2.8, BANA EAE....eooiiiiiieiieieeeee ettt e b e e b e b e e enbeensaenabeenns 48
2.9, Conducted EMISSION ......coiuiiiiiiiiiieiieiiie ettt ettt sttt e et sie e bt esaeeeabeesaeeenseesaseenne 59
2.10. Radiated EMISSION. ...ccuiiiiiiiiiieiieitieie ettt ettt et ettt et et et eeaeeneeenee e 62
Change History
Issue Date Reason for change
1.0 Feb 15,2015 First edition

Page 3 of 72




LN

12 it 45 28 Report No:UNI-15021501
1. General Information
1.1. EUT Description
EUT Type .ccocvveieiiiieene :  Bluetooth Speakerphone
FCCID ..ot : 2ADYHLD-AO01
Frequency Range.................. :  The frequency range used is 2402MHz - 2480MHz (79 channels, at
intervals of IMHz);
The frequency block is 2400MHz to 2483.5MHz.
Modulation Type .................. : Bluetooth: FHSS (GFSK(1Mbps), n/4-DQPSK(EDR 2Mbps),
8-DPSK(EDR 3Mbps))
Antenna Type.....cccoeeuveeeennnnne. : PCB Antenna
Antenna Gain...........ccceneee. : -1dBi
Note 1: The EUT is a Bluetooth Speakerphone, it contains Bluetooth Module operating at 2.4GHz
ISM band; the frequencies allocated for the Bluetooth Module is F(MHz)=2402+1*n
(0<=n<=78). The lowest, middle, highest channel numbers of the Bluetooth Module used
and tested in this report are separately 0 (2402MHz), 39 (2441MHz) and 78 (2480MHz).
Note 2: For a more detailed description, please refer to Specification or User’s Manual supplied by
the applicant and/or manufacturer.
Note 3: a. When power on, the EUT will scan the whole frequency until a Connection command
from the other BT devices.
b. When receiving the signal from the other BT devices, The EUT transmit are sponse signal.
c. The other devices receive the response signal and recognize it, then send a connection
command to establish the connection.
d. After the connection establish successfully, the data transmission is beginning. At the
same time, the both devices will shift frequencies in synchronization per a same pseudo
randomly ordered list of hopping frequencies, the hopping rate is1600 times per second. This
device conforms to the criteria in FCC Public Notice DA 00-705.
e. The bandwidth of the receiver, which is set to a fixed width by the software.
Note 4: Bluetooth signal has 9 packages DH1, DH3, DHS, 3DHI1, 3DH3, 3DHS, SDH1, 5DH3,

SDHS, DHS package is largest, we are testing DHS in the document.

Note5: The antenna of EUT is designed with permanent attachment and no consideration of

replacement, it is printed on the circuit board with a maximum gain of -1dBi, and it is used
to radiate the RF emissions.

Note 6: The EUT was programmed to be in continuously transmitting mode.
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1.2.  Support Equipment
Equipment type Manufacturer Model FCC ID/Doc
Notebook ASUS AS53S FCC DOC approved

1.3. Test Standards and Results

The objective of the report is to perform testing according to 47 CFR Part 15 Subpart C (Bluetooth,
2.4GHz ISM band radiators) for the EUT FCC ID Certification:

No. Identity Document Title
{ 47 CFR Part 15 Radio F Devi
adio Frequency Devices
Subpart C 2012 queney

American National Standard for Testing

2 ANSI €63.10 2009 Unlicensed Wireless Devices

Test detailed items/section required by FCC rules and results are as below:

No. | Section in CFR 47 Description Result
1 15.203 Antenna Requirement PASS
2 15.247(a) Number of Hopping Frequency PASS
3 15.247(b) Peak Output Power PASS
4 15.247(a) 20dB Bandwidth PASS
5 15.247(a) Carrier Frequency Separation PASS
6 15.247(a) Time of Occupancy (Dwell time) | PASS
7 15.247(d) Conducted Spurious Emission PASS
8 15.247(d) Band Edge PASS
9 15.207 Conducted Emission PASS
10 | 15.209 Radiated Emission PASS
15.247(¢c)

Note 1: The tests were performed according to the method of measurements prescribed in
DA-00-705.

Note 2: The test of Radiated Emission was performed according to the method of measurements
prescribed in ANSI C63.10 2009.
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1.4. Facilities and Accreditations

1.4.1. Facilities

1.4.2.

The test facility is recognized, certified, or accredited by the following organizations:

Shenzhen BCTC Technology Co., Ltd.
Add. : No.101,Yousong Road,Longhua New District, Shenzhen,China
FCC Registered No.: 187086

Test Location

All tests were performed at:

Shenzhen BCTC Technology Co., Ltd.
No.101,Yousong Road,Longhua New District, Shenzhen,China

1.4.3. Test Environment Conditions

During the measurement, the environmental conditions were within the listed ranges:

Temperature (°C):

15-35

Relative Humidity (%):

30 -60

Atmospheric Pressure (kPa):

86KPa-106KPa

1.4.4. Test Instruments list

Cal. D
Description Manufacturer Model Serial No. Cal. Date all)ateue
Test Receiver R&S ESPI 10318 2014.06.07 | 2015.06.06
Spectrum R&S FSEM 848597/001 | 2014.07.03 | 2015.07.02
Analyzer
MY4510804
Spectrum Agilent E4407B 2014.07.06 | 2015.07.05
Analyzer 0
Bilog Antenna TESEQ CBL6111D 31216 2014.07.06 | 2015.07.05
5092 Coaxial Anritsu MP59B 6200264341 1 114.06.07 | 2015.06.06
Switch 6
Spectrum ADVANTES R3132 150900201 | 2014.06.07 | 2015.06.06
Analyzer T
Horn Antenna EM EM'Ag'mlg 2011071402 | 2014.07.06 | 2015.07.05
Horn Ant Schwarzbeck | BBHA9170 | 9170-181 | 2014.07.06 | 2015.07.05
Amplifier EM EM-30180 060538 | 2014.12.22 | 2015.12.21
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Description Manufacturer Model Serial No. Cal. Date C%a];ue

Loop Antenna ARA PLA-1030/B 1029 2014.06.08 | 2015.06.07
Power Meter R&S NRVS 100696 | 2014.07.06 | 2015.07.05
g;::zrr R&S URV5-Z4 0395(;;619' 2014.07.06 | 2015.07.05
RF cables R&S RS001 20150105 | 2014.07.06 | 2015.07.05
Coaxial Cable BCTC BCTCO1 20150106 | 2014.07.06 | 2015.07.05
Test Receiver R&S ESCI 101160 | 2014.06.06 | 2015.06.05
LISN R&S ENV216 101313 | 2014.08.24 | 2015.08.23
LISN EMCO 3816/2 00042990 | 2014.08.24 | 2015.08.23
> Ogszvii’f;‘ial Anritsu MP59B | 6200264417 | 2014.07.06 | 2015.07.05
PaSSi;reO:(e’ltage R&S ESH2-73 100196 | 2014.06.07 | 2015.06.06
Absorbing clamp R&S MOS-21 100423 | 2014.06.08 | 2015.06.07
RF cables R&S RS002 20150107 | 2014.06.07 | 2015.06.06
Coaxial Cable BCTC BCTC02 20150108 | 2014.06.07 | 2015.06.06

1.4.5. Measurement Unertainty

The reported uncertainty of measurement y+U, where expended uncertainty U is based on a
standard uncertainty multiplied by a coverage factor of k=2, providing a level of confidence of
approximately 95 %.

No. Item Uncertainty

1 Conducted Emission Test +1.38dB

2 Temperature +0.5C

3 Humidity +2.0%

4 RF power, conducted +0.16dB

5 Spurious emissions, conducted +0.21 dB

6 All emissions, radiated(<1G) +4.68 dB

7 All emissions, radiated(>1G) +4.89 dB
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2. 47 CFR Part 15C Requirements
2.1. Antenna requirement

2.1.1. Applicable Standard

According to FCC 15.203, 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 shall be
considered sufficient to comply with the provisions of this section.

And according to FCC 47 CFR Section 15.247(c), if transmitting antennas of directional gain greater
than 6dBi are used, the power shall be reduced by the amount in dB that the directional gain of the
antenna exceeds 6dBi.

2.1.2. Antenna Information
Antenna Category: Internal antenna

An Internal antenna was soldered to the antenna port of EUT via an adaptor cable, can’t be removed.

Antenna General Information:

No. EUT Model Ant. Cat. Ant. Type Gain(dBi)

1 Bluetooth Speakerphone Internal PCB -1

2.1.3. Result: comply

The EUT has a permanently and irreplaceable attached antenna. Please refer to the EUT internal
photos.
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2.2. Number of Hopping Frequency
2.2.1. Requirement

According to FCC §15.247(a)(1)(iii), frequency hopping systems operating in the 2400MHz to
2483.5MHz bands shall use at least 15 hopping frequencies.

2.2.2. Test Description

Test Setup:
EUT~
Spectrum o
Analvzere X computer
™,
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the Spectrum
Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During the
measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is set to
operate under test mode transmitting 339 bytes DHS packages at maximum power.

2.2.3. Test Procedure

The EUT must have its hopping function enabled. Use the following spectrum analyzer settings:
Span = the frequency band of operation

RBW > 1% of the span

VBW > RBW

Sweep = auto

Detector function = peak

Trace = max hold

Allow the trace to stabilize

2.2.4. Test Result

The Bluetooth Module operates at hopping-on test mode; the frequencies number employed is
counted to verify the Module’s using the number of hopping frequency.
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A. Test Verdict:
Frequency Measured Channel Co. :
Test Mod Min. Limit Refer to Plot Verdict
est Mode Block (MHz) Numbers in. Limi efer to Plo erdic
GFSK 2400 - 2483.5 79 15 Plot A PASS
w/4-DQPSK | 2400 - 2483.5 79 15 Plot B PASS
8-DPSK 2400 - 2483.5 79 15 Plot C PASS
Test Plots:
® RBW 100 kHz Delta 2 [T1 ]
VBW 100 kHz 0.77 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 78.200000000 MH=Z
10 <offpet 0. dB Marker| 1 [T1
1 fles dBm
[, DLl by L 00 GHz
Bl |
l--20 1
’ e
Center 2.441 GH=z 10 MH=/ Span 100 MH=z

(Plot A: GFSK)
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® RBW 100 kHz Delta 2 [Tl ]
VBW 100 kHz 0.48 dB
Ref 10.5 dBm dB SWT 10 ms 75.200000000 MHz
10 Ooffzet 0. Marker| 1 [T1
. Gl 02 dBm
| . Iy b b e s s e s e eidbanoo ces
[ iy
mE | u
20
30
—40
50
|70
—80
Center 2.441 GH=z 10 MH=z/ Span 100 MH=z
(Plot B: n/4-DQPSK)
@ RBW 100 kHz Delta 2 [T1 ]
VBW 100 kHz 1.22 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 78.400000000 MHz
10 COffget 0. dB Marker| 1 [T1
1 ®. 30 dBm
o TR A 00 GHz
AM
!
mE | il Wy
20
20
40
|

Center 2.441 GHz 10 MHz/ Span 100 MH=z

(Plot C: 8- DPSK)
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2.3.  Peak Output Power

2.3.1. Requirement

According to FCC §15.247(b)(1), for frequency hopping systems that operates in the 2400MHz to
2483.5MHz band employing at least 75 hopping channels, the maximum peak output power of the

intentional radiator shall not exceed 1Watt. For all other frequency hopping systems in the 2400MHz
to 2483.5MHz band, it is 0.125Watts.

2.3.2. Test Description

Test Setup:
EUT«
Spectrum o
Analyzere \ computer
™,
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the Spectrum
Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During the
measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is set to
operate under test mode transmitting 339 bytes DH5 packages at maximum power.

2.3.3. Test Result

The Bluetooth Module operates at hopping-off test mode. The lowest, middle and highest channels
are selected to perform testing to verify the conducted RF output peak power of the Module. The
lowest, middle and highest channel were tested by Spectrum Analyzer.
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2.3.3.1. GFSK Mode

A. Test Verdict:

Measured Output .
Limit Refer to .
Channel | Frequency (MHz) Peak Power Verdict
(dBm) Plot
(dBm)
0 2402 1.00 Plot Al PASS
39 2441 1.21 30 Plot A2 PASS
78 2480 2.53 Plot A3 PASS
Test Plots:
® RBW 3 MHzZ Marker 1 [T1 ]
VBW 3 MHZz 1.00 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.401760000 GHz

10 Offpet 0. dB

70

Center 2.402 GH=z 2 MH=z/ Span 20 MH=z

Plot A1l: GFSK
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@ RBW 3 MHz Marker 1 [T1 ]
YWBW 3 MHz 1.21 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.440720000 GH=z

10 Cffpet 0. dB

/| AN

F-20

./

|- 50
70
—80
Center 2.441 GH=z 2 MHz/ Span 20 MH=z
Plot A2: GFSK
® REW 3 MH=z Marker 1 [T1 ]
VBW 3 MHz Z2.53 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.479840000 GH=z

10 offpet 0. dB

/|
RN
/

F-60
|- 70
—80
Center 2.48 GHz 2 MH=z/ Span 20 MH=z

Plot A3: GFSK
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2.3.3.2. n/4-DQPSK Mode

A. Test Verdict:

Measured Output Limit
Channel | Frequency (MHz) Peak Power (dBm) Refer to Plot Verdict
(dBm)
0 2402 1.12 Plot B1 PASS
39 2441 1.46 30 Plot B2 PASS
78 2480 1.67 Plot B3 PASS
Test Plots:
® RBW 3 MHz Marker 1 [T1 ]
VBW 3 MH=z 1.12 dBm

Ref 10.5 dBm

Att 20 dB

SWT 2.5 ms

2.401880000 GH=

10 Qffpet 0.5 dB

N

/]

Ve

-80

Center 2.402 GHz

2 MHz/

Plot B1: 1/4-DQPSK

Span 20 MH=z
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RBW 3 MH=z
YWBW 3 MH=z

Marker 1 [T1 ]
1.46 dBm

Ref 10.5 dBm Attt 20 dB SWT 2.5 ms 2.440760000 GH=z
10 Cffpet 0.
1
o /""-'_
» //
| -0 \\\\\
—30 \
—40

- 50

60

Center 2.441 GH=z

Ref

10

.5 dBm

2 MHzZ/

Plot B2: n/4-DQPSK

RBW 3 MH=z
VBW 3 MHz
Att 20 dB SWT 2.5 ms

Span 20 MHEH=z

Marker 1 [T1 ]
1.67 dBm
2.480040000 GH=z

10

off

set O,

F-320

70

Center 2.48 GHz

2 MH=z/

Plot B3: n/4-DQPSK

Span 20 MH=z
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2.3.3.3. 8-DPSK Mode

A. Test Verdict:

Measured Output .
Limit Refer to )
Channel | Frequency (MHz) Peak Power Verdict
(dBm) Plot
(dBm)
0 2402 1.33 Plot C1 PASS
39 2441 1.54 30 Plot C2 PASS
78 2480 1.29 Plot C3 PASS
Test Plots:
® RBW 3 MHZz Marker 1 [T1 ]
VBW 3 MH=z 1.33 dBm
Ref 10.5 dBm Attt 20 dB SWT 2.5 ms 2.401760000 GHz

10 Offgpet 0. dB

/|
L/
|/ N\

Center 2.402 GHz 2 MH=z/ Span 20 MH=z

Plot C1: 8-DPSK
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® RBW 3 MH=z Marker 1 [T1 ]
VBW 3 MH=z 1.54 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.440760000 GHz

10 Cffpet O. dB

== |

20

N\

o

F-60
|70
—80
Center 2.441 GHz Z2 MHz/ Span 20 MHz
Plot C2:8-DPSK
® EBW 3 MH=z Marker 1 [T1 ]
VEW 3 MHz 1.29 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.480120000 GH=z

10 Cffpet O. dB

=3 |

N

70

--80

Center 2.48 GH=z 2 MHzZ/ Span 20 MH=zZ

Plot C3: 8-DPSK
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2.4. 20dB Bandwidth
2.4.1. Definition

According to FCC §15.247(a)(1), the 20dB bandwidth is known as the 99% emission bandwidth, or
20dB bandwidth (10*log1% = 20dB) taking the total RF output power.

2.4.2. Test Description

Test Setup:
EUT«
Spectrum o
Analvzere X computer
N\
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the Spectrum
Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During the
measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is set to
operate under test mode transmitting 339 bytes DHS packages at maximum power.

2.4.1. Test Procedure

Use the following spectrum analyzer settings:

Span = approximately 2 to 3 times the 20 dB bandwidth, centered on a hopping channel

RBW > 1% of the 20 dB bandwidth

VBW > RBW

Sweep = auto

Detector function = peak

Trace = max hold
2.4.2. Test Result

The Bluetooth Module operates at hopping-off test mode. The lowest, middle and highest channels
are selected to perform testing to record the 20dB bandwidth of the Module.

2.4.2.1. GFSK Mode
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A. Test Verdict:

The maximum 20dB bandwidth measured is 1.134MHz according to the table below.

Channel Frequency (MHz) 20dB Bandwidth (MHz) Refer to Plot
0 2402 1.134 Plot A
39 2441 1.122 Plot B
78 2480 1.116 Plot C
Test Plots:
® RBW 100 kHz Marker 1 [T1 ]
VBW 300 kH=z 1.62 dBm
Ref 10.5 dBm Attt 20 dB SWT 2.5 ms 2.401850000 GH=z
10 Offket 0.% dB ndB [TL] 2oloo aB
1 BW 1.134000p00 MH=Z
Lo ;\H" AN Termp 1| [T1 ndpB]
-18L55 dBm
/ 2401430000 GHz

s8]

10 Tt “ptondly
. b -18L51 dBm
L 402564D00 GHz
- 20

Ny

L
oo \W‘“w

Center 2.402 GH=z 300 kHz/ Span 3 MH=z

(Plot A: Channel = 2402 @ GFSK)
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® RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 1.36 dBm
Ref 10.5 oBm Att 20 dB SWT 2.5 ms 2.440850000 GHz
10 Offfet 0.5 dB nde [T[] z0loo aB
1 BW  1.122000p00 MHz
| o /'\ﬂ/ ay Temp 1] [T1 ndB]
-18L45 dBm
L Py
e 2. 440436p00 GHz

L RE ]
[RE S s T

10 et
T Tt -18L 5% dBm
2.441558p00 GH=z
L 20
| _ 30 /

4
M \N

|- 60
|- 70
80
Center 2.441 GH=z 300 kH=z/ Span 3 MH=z
(Plot B: Channel = 2441 @ GFSK)
® BEW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 2.77 dBm
Ref 10.5 dBm Att 20 dB SWI 2.5 ms 2.479856000 GHz
10 Offfet 0.5 dB nds [TL] coloo das
Ll BW  LL1L6000p00 MEz
| o /'\"‘“/\‘\‘fr\\ Temp 1| [T1 ndB]
-17L42 4B
/ 2l.4a79436p00 GHm
- z
MAXH| A 1

10 e
T T -17}14 <Bm
248055200 cHz

—20

My

T N

Center 2.48 GHz 300 kH=z=/ Span 3 MH=z

(Plot C: Channel = 2480 @ GFSK)
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2.4.2.2. n/4-DQPSK Mode

A. Test Verdict:

The maximum 20dB bandwidth measured is 1.368MHz according to the table below.

Channel Frequency (MHz) 20dB Bandwidth (MHz) Refer to Plot
0 2402 1.362 Plot D
39 2441 1.362 Plot E
78 2480 1.368 Plot F
Test Plots:
® RBW 100 kHz Marker 1 [T1 ]
VBW 300 kH=z 1.13 dBm
Ref 10.5 dBm Att 20 dB SWT 10 ms 2.402012000 GH=z
10 Offpet O. dB ncdB [THL] 20f00 dB
| BW 1l.362000p00 MH=z
— Py Temp 1| [T1 ndb]

-18}74 dBm

1
/\/\\/ \/_\ 2401322000 GHz

10 S e =

-18}73 dBm
T T2
Z2|-402684000 GH=z

L L
e’ SN

70

Center 2.402 GH=z 300 kH=z/ Span 3 MH:=z

(Plot D: Channel = 2402 @n/4-DQPSK)
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® FBW 100 kHz Marker 1 [T1 ]

VBW 300 kEz 1.61 dBm

Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.441006000 GH=z

10 Offfet 0.% dB ndE [TH]  20}00 dE

! BW 11362000000 MA=
L o r—J!\ Fant Temp 1| [T1 ndB]

~19}12 cPm

ﬁ/\/ \,/\ 2440322000 GH=
=y . T e =

T o -18L19 dBm
2441684000 GCHz

20
| ., /w/“’/ ey

- 50
|- 60
- 70
- 380
Center 2.441 GHz 300 kHz/ Span 3 MH=z
(Plot E: Channel = 2441 @n/4-DQPSK)
® REW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 1.77 dBm
Ref 10.5 dBm Att 20 4B SWT 2.5 ms 2.430000000 GH=z
10 Offfet 0.5 dB ndB [T[L] zoloo am
! BW  1/.368000p00 MHzZ
L o /"*-;\/'\ Temp 1| [T1 ndB]

\/ ~18}39 dem
e /‘\/‘ /'\-\ 2l 478322000 cHz
10 . PR N

SSRMMIEN I T SHNE: L
. - -18/38 dBm
\‘? 2. 480690000 GHZ
20 / \
--30 /J \M\
Mt h\Jﬁ\

70

--80

Center 2.48 GH=z 300 kHz/ Span 3 MH=z

(Plot F: Channel = 2480 @n/4-DQPSK)
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2.4.2.3. 8-DPSK Mode

A. Test Verdict:

The maximum 20dB bandwidth measured is 1.284MHz according to the table below.

Channel Frequency (MHz) 20dB Bandwidth (MHz) Refer to Plot
0 2402 1.278 Plot G
39 2441 1.284 PlotH
78 2480 1.278 Plot I
Test Plots:
® RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 1.459 dBm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.402150000 GHz
10 Offgpet O. dB ndB [T[L] 20L00 dB
1 EBW 1278000000 MH=z
T /'\ Temp 1| [T1 ndB]

-18L 01 dBm

70 vy
_/ \
2.401358000 GHz
TEE aAe "\

10 e e
-18L52 dBm

w// \\\
A ]

Center 2.402 GH=z 300 kH=z/ Span 3 MH=z

(Plot G: Channel = 2402 @ 8-DPSK)
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® RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 1.73 dEm
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 2.441156000 GHz
10 Offfet 0.5 oB ncdE [TL] 20l 00 dB
1 BW 1284000000 MHEz
AN /'\ Temp 1] [T1 ndB]

-0
/ \' ~17L86 dBm
P
24403583000 GH=z
brnxa] / Vv ~— N\
L 10 e e

oA - -18130 dBm
2441642000 GHz

N e

F-50
|--60
|70
80
Center 2.441 GH=z 300 kHz/ Span 3 MH=z
(Plot H: Channel = 2441 @ 8-DPSK)
® EBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 1.80 dBm
Ref 10.5 dBm Att 20 4B SWT 2.5 ms 2.480162000 GH=
10 Cffpet O. dB ndg [T[L] 20L00 dB
1 BW 1-278000p00 MH=
L o ™, A Temp 1| [T1 ndB]
-17.92 dBPm
/
24759364000 GHz
= | p— I S
o o -18/09 dBm
2.480642000 GHz

70

--80

Center 2.48 GH=z 300 kHz/ Span 3 MH=z

(PlotI: Channel = 2480 @ 8-DPSK)

Page 25 of 72




LN

128 it 4k A1 Report No:UNI-15021501

2.5. Carried Frequency Separation
2.5.1. Definition
According to FCC §15.247(a)(1), frequency hopping systems shall have hopping channel carrier

frequencies separated by a minimum of 25kHz or two-thirds of the 20dB bandwidth of the hopping
channel, whichever is greater.

2.5.2. Test Description

Test Setup:
EUT«
Spectrum
Analyzere @: computer
N\
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the
Spectrum Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During
the measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is
set to operate under test mode transmitting 339 bytes DHS5 packages at maximum power.

2.5.3. Test Procedure

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

Allow the trace to stabilize. Use the marker-delta function to determine the separation between the

peaks of the adjacent channels.
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2.5.4. Test Result

The Bluetooth Module operates at hopping-on test mode.

For any adjacent channels (e.g. the channel 39 and 40 as showed in the Plot A), the Module does
have hopping channel carrier frequencies separated by a minimum of 25kHz or two-thirds of the
20dB bandwidth of the hopping channel (1.134MHz for GFSK mode, 1.368MHz for n/4-DQPSK
mode and 1.284MHz for 8-DPSK mode, refer to section 2.4.1), whichever is greater. So, the verdict
is PASSING

® RBW 300 kHz Delta 2 [T1 ]
VBW 300 kHz 0.07 dB
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 1.002000000 MH=zZ
10 Offpet 0. 4B Marker| 1 [T1
1 2 0L 86 dBm

net— . aRa R0 0 GHZ

F-30

-80

Center 2.441 GH=z 300 kHz/ Span 3 MH=z

(Plot A: GFSK)
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® RBW 300 kHz Delta 2 [T1 ]
VBW 300 kHz ~0.04 dB
Ref 10.5 dBm Att 20 dB SWT 2.5 ms 1.008000000 MHz
10 offget O. dB Marker| 1 [T1
1 2 2117 dBm
" T ZIAEDTE0 _GEz
/‘_’ | —
ZEg |
20
20
—40
|- 50
-0
|70
—80
Center 2.441 GHz 300 kHz/ Span 3 MH=z

(Plot B: m/4-DQPSK)

® RBW 300 kHz Delta 2 [T1 |
VBW 300 kHz 0.01 dB

Ref 10.5 dBm Att 20 dB SWT 2.5 ms 1.014000000 MH=

10 offpet 0. dB Marker| 1 [T1
il 2 1t24 dBm

p————— T RO rTPA0 GEz

F-10

F-320

50

70

Center 2.441 GH=z 300 kH=/ Span 3 MH=z

(Plot C: 8-DPSK)
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2.6. Time of Occupancy (Dwell time)
2.6.1. Requirement

According to FCC §15.247(a) (1) (ii1), frequency hopping systems in the 2400 - 2483.5MHz band
shall use at least 15 non-overlapping channels. The average time of occupancy on any channel shall
not be greater than 0.4 seconds within a period of 0.4 seconds multiplied by the number of hopping
channels employed. Frequency hopping systems may avoid or suppress transmissions on a particular
hopping frequency provided that a minimum of 15 channels are used.

2.6.2. Test Description

Test Setup:
EUT«
Spectrum
Analyzer @:\ computer
*,
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the
Spectrum Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During
the measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is
set to operate under test mode transmitting 339 bytes DH5 packages at maximum power.

2.6.3. Test Procedure

The EUT must have its hopping function enabled. Use the following spectrum analyzer settings:
Span = zero span, centered on a hopping channel

RBW =1 MHz

VBW > RBW

Sweep = as necessary to capture the entire dwell time per hopping channel

Detector function = peak

Trace = max hold
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2.6.4. Test Result

The average time of occupancy on any channel within the Period can be calculated with formulas (for
DHS package type):

{Total of Dwell} = {Pulse Time} * (1600 /6)/ {Number of Hopping Frequency} * {Period}
{Period} = 0.4s * {Number of Hopping Frequency}

The lowest, middle and highest channels are selected to perform testing to record the dwell time of
each occupation measured in this channel, which is called Pulse Time here.

2.6.4.1. GFSK Mode

A. Test Verdict:

Channel Frequency Pulse Time Total of Dwell Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.90 Plot A 309.333 PASS
39 2441 2.88 Plot B 307.200 400 PASS
78 2480 2.90 Plot C 309.333 PASS
Test Plots:

Note: the following plots record the Pulse Time of the Module carrier.

® RBW 1 MH=z Delta 3 [Tl ]
VBW 1 MH=Z -0.00 4B
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 offpet 0. dB Marker| 1 [T1
1 2 3 1123 dBm
- 1.480pt0—Tm
Delta P [T1 ]

—-0fz0 4B

10 DR Asasa Easns o vat

F-20

30

60

Center 2.402 GHz 1 ms/

(Plot A: Channel = 2402 @ GFSK)
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® REBW 1 MHZz Delta 3 [T1 ]
VEW 1 MHZz -0.02 4B
Ref 10.5 dBm Att 20 4B SWT 10 ms 3.760000 ms
10 Qfffpet O. dB Marker| 1 [T1
1 2 3 1l04 &Bm
= 4534000 G
Delta B [11 ]
CLRWR “0p1d B
10 o gy
20
l-20
40
- 50
--60
. MWUA Wdly! ﬁuw«l,-
-850
Center 2.441 GHz 1 ms/
(Plot B: Channel = 2441 @ GFSK)
® RBW 1 MHz Delta 3 [T1 ]
VBW 1 MHz 0.15 ds
Ref 10.5 dBm Att 20 4B SWT 10 ms 3.780000 ms
10 Cffpet 0. dB Marker| 1 [T1
1 2 218 dBm
] 1 1.240000 ms
DeltalP [T1|(]
o J0L03 aB
1 — b

Center 2.48 GHz 1l ms/

(Plot C: Channel = 2480 @ GFSK)
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2.6.4.2. 1/4-DQPSK Mode

A. Test Verdict:

F Pulse Ti Total of Dwell
Channel ey e e ot OF TWe Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.89 Plot D 308.267 PASS
39 2441 2.90 Plot E 309.333 400 PASS
78 2480 2.88 Plot F 307.200 PASS
Test Plots:
Note: the following plots record the Pulse Time of the Module carrier.
® REW 1 MH=z Delta 3 [T1 ]
VBW 1 MHz -0.03 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.750000 ms
10 cffpet 0. dB Marker| 1 [T1
1 5 3 0L 65 dBm
o b2 \ 1.550080 ms
elta 2|[TL ]
| b W e

Center 2.402 GHz

1l ms/

(Plot D: Channel = 2402 @mn/4-DQPSK)
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® RBW 1 MHz Delta 3 [T1 ]
VBW 1 MHz ~0.06 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 Cffget 0. dB Marker| 1 [T1
1 5 3 1l23 dBm
| . hal \ 2.660000 ms
Delta 2 [T1 ]
cLRW B e
-10 S NN e
20
L 20
L 40
L _so
|- 50
N {+ LN
L 50
Center 2.441 GHz 1 ms/
(Plot E: Channel = 2441 @n/4-DQPSK)
<§§> REW 1 MHz Delta 3 [T1 ]
VBW 1 MHz 0.00 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 Offpet 0. dB Marker| 1 [T1
1 - 3 1l 41 dBm
| ) £ 1.860000M s
Delta 2 [MY1 ]
T ~1)zz| aB
--10 B EER TR MR B
L 20
30
L 40
L _so
60
[ o s WUy M O
50
Center 2.48 GHz 1l ms/

(Plot F: Channel = 2480 @m/4-DQPSK)
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2.6.4.3. 8-DPSK mode

A. Test Verdict:

F Pulse Ti Total of Dwell
Channel ey e e ot OF TWe Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.90 Plot G 309.333 PASS
39 2441 2.90 Plot H 309.333 400 PASS
78 2480 2.90 Plot I 309.333 PASS
Test Plots:
Note: the following plots record the Pulse Time of the Module carrier.
@ RBW 1 MH=zZ Delta 3 [T1 ]
VBW 1 MH=z -0.01 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 Offget 0. dB Marker| 1 [T1
1 3 0F23 dBm
o * - 1.520p0 ms
h \ Delta | [T1 ] —
-1fz0 dB
|, T m Mo
Center 2.402 GH=z 1 ma/

(Plot G: Channel = 2402 @ 8-DPSK)
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® PEW 1 MHz Delta 3 [Tl ]
VBW 1 MHz -0.05 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 Offset 0. dB Marker| 1 [T1
il 5 3 1123 <Bm
| T \ 1.960p00 mys |
Delta P [T_7]1 s
CLEWE) 10 I
| - O L=y 1T
- 20
- 30
|- 40
- 50
--60
| oMy ey /M
|- a0
Center 2.441 GH=z 1 ms/
(Plot H: Channel = 2441 @ 8-DPSK)
® RBW 1 MHz Delta 3 [T1 ]
VBW 1 MHz 0.02 dB
Ref 10.5 dBm Att 20 dB SWT 10 ms 3.760000 ms
10 Offpet 0. dB Marker| 1 [T1
1 5 3 122 dBm
|, hal 1.660D4H ms
: : Delta 2 [T1 ]
i
CLRWR “lpil B
--10 I N
- 20
- 30
|- 40
- 50
|60
- raply N
- 70 4
-850
Center 2.48 GHz 1l ms/

(PlotI: Channel = 2480 @ 8-DPSK)
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2.7. Conducted Spurious Emissions
2.7.1. Requirement

According to FCC §15.247(d), in any 100kHz bandwidth outside the frequency band in which the
spread spectrum or digitally modulated intentional radiator is operating, the radio frequency power
that is produced by the intentional radiator shall be at least 20dB below that in the 100kHz bandwidth
within the band that contains the highest level of the desired power, based on either an RF conducted
or a radiated measurement.

2.7.2. Test Description

Test Setup:
EUT~
Spectrum
Analvzer~ %: computer
™,
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the Battery, is connected to the
Spectrum Analyzer (SA), the path loss as the factor is calibrated to correct the reading. During
the measurement, the Bluetooth Module of the EUT is activated and controlled by the PC, and is
set to operate under test mode transmitting 339 bytes DHS packages at maximum power.

2.7.3. Test Procedure

Use the following spectrum analyzer settings:

Span = wide enough to capture the peak level of the in-band emission and all spurious emissions (e.g.,
harmonics) from the lowest frequency generated in the EUT up through the 10th harmonic. Typically,

several plots are required to cover this entire span.
RBW =100 kHz

VBW > RBW

Sweep = auto

Detector function = peak

Trace = max hold

Allow the trace to stabilize.

Page 36 of 72




LN

128 it 4k A1 Report No:UNI-15021501

2.7.4. Test Result

The Bluetooth Module operates at hopping-off test mode. The measurement frequency range is from
30MHz to the 10™ harmonic of the fundamental frequency. The lowest, middle and highest channels
are tested to verify the spurious emissions.

2.7.4.1. GFSK Mode

A. Test Verdict:

F Limit
Channel rg\c/llﬁ;l; Y Refer to Plot ( dl;l: ) Verdict
0 2402 Plot A.1 -20 PASS
39 2441 Plot B.1 -20 PASS
78 2480 Plot C.1 -20 PASS

B. Test Plots:

Note: the power of the Module transmitting frequency should be ignored.

® REW 100 kHz Marker 4 [T1 ]

VBW 300 kH=z -57.%2 dBm
Ref 10.5 dBm Attt 20 dB SwWT 100 ms 887.480000000 MH=Z

10 Coffgpet 0. dB Marker| 1 [T1
-58L83 dBm
-0 D1 1.23] dBm = e OO U U OO I

Marker| 2 [T1

3

m -58L12 dBm
F-10 A Lo e g e = 25

Marker| 3 [T1
57130 dBm
79B240000p00 MEZ

D2 —13.77 dBm

30

50

1 2 3 4
i SN o b m i A . AL R ll-hLT Ardrdolhodioectpadiandas i uL.II A .1111.. 24 gy e
% e et ok A ) oA AR b T o e
70
80
Start 30 MH= 97 MHz/ Stop 1 GH=z
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® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kH=z -54.31 dBm
Ref 10.5 dBm Attt 20 dB SWT 2.4 = 20.872000000 GH=z
10 Offset 0. dB Marker| 1 [T1
1 1123 dBm
] D1 1.23] dBm PN P RvRVE LRV RV A
Marker| 2 [T1
m -53L26 dBm
10 AR LA s A aiata e
Marker| 3 [T1
5 D2 |18.77 dpm =53 77 obm
[ T6l. 456000000 GH=z
F-30
F-40
F-50 T
| ot il o Ao i Ll e )
Eﬁ%m Rk AV aicd mad Voiaas T ire St FrAr-oh g
|- 70
--80
Start 1 GH=z 2.4 GHz/ Stop 25 GH=z
(PlotA.1:  Channel = 0, 30MHz to 25GHz @ GFSK Mode)
® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -58.27 dBm
Ref 10.5 dBm Att 20 dB SwT 100 ms 863.080000000 MHZ
10 Cffget 0. dB Marker| 1 [T1
-58L73 dBm
= D1 0.85 dBm 500 60006000 1T
Marker| 2 [T1
[ L7LS8 dB
-57L 1m
Z= | i sy
Marker| 3 [T1
— D2 —{19.15 dpm —S58136 dbm
736l.160000p00 MHZ
F-30
|- 40
— 50
1 2 3 4
TP TTTRN I YR T\ & TN W T Y ¥ T Y e | .I\..n o d Lol A b LA el A b A
G L8 iy A% LT J e L L L e e P et W AT A A A
70
30
Start 30 MH=zZ &7 MHz/ Stop 1 GH=z
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<§g> RBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz —53.80 dBm
Ref 10.5 dBm Att 20 dB SWT 2.4 s 24.664000000 GHz
10 offget O. dB Marker| 1 [T1
1 0F85 dBm
= D1 0.85 dBm e
Marker| 2 [T1
L
-53.67 dBm
10 g ===
Marker| 3 [T1
— D2 -[19.15 dbm —54p38 <Bm
14458000000 GHz
20
a0
5o 5 1
MWMWMM’ st i o
MMMI\L&. T UTTR WS N YU P TY O oA,
A" g A4 et
70
50
Start 1 GHz 2.4 GHz/ Stop 25 GHz
(Plot B.1:  Channel = 39, 30MHz to 25GHz @ GFSK Mode)
<§§> RBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -58.47 &Bm
Ref 10.5 dBm Att 20 4B SWT 100 ms 472.140000000 MHz
10 Offpet 0.5 OB Marker| 1 [T1
-58L94 dBm
| 5 TS N 173560000000 MHz
Marker| 2 [T1
L
-52[37 dBm
-10 -
Marker| 3 [T1
-53[55 &Bm
—%0 B fI2—lpn SO ZoU000000 M=
-30
40
50
1 4 2 3
PIP NS PN GNP VY PR . TE N SR S TR VPR R D (YA S A
|70
50
Start 30 MHEH=z 7 MHz/ Stop 1 GH=z
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REW 100 kH=z

Marker 4 [T1 ]

VBW 300 kH=z -54.30 dBm
Ref 10.5 dBm Att 20 dB SWT 2.4 = 24.232000000 GH=z
10 Offset 0. dB Marker| 1 [T1
1 —-0k32 dBm
| o E B 2.480000000 GH=
Bt S —ah
Marker| 2 [Té3 S
-53}L bl
vIEW]
-10 e tH—SH
Marker| 3 [T1
-53L87 dBm
—<0 B 52— T ES0000p00 GH=
F-30
F-40
F-50 i i
Lﬂﬁd@}l ull-\ln..l..nl.lul. .lI.N.I.I.., Ly ot gbins,am, J
b hadiad ) had
- 70
| -50

Start 1 GH=z

(Plot C.1:

2.7.4.2. n/4-DQPSK

A. Test Verdict:

Mode

2.4 GHz/

Step 25 GHz

Channel = 78, 30MHz to 25GHz @ GFSK Mode)

Channel Fr(el\(/l;;;l)cy Refer to Plot ?dl]glcl; Verdict
0 2402 Plot D.1 -20 PASS
39 2441 Plot E.1 -20 PASS
78 2480 Plot F.1 -20 PASS

B. Test Plots:

Note: the power of the Module transmitting frequency should be ignored.
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@ EBW 100 kHz Marker 4 [T1 ]
WBW 300 kHz -58.14 dBm
Lef 10.5 dBm Att 20 dB SWT 100 ms T767.200000000 MHEH=z
10 Offget 0. dB Marker| 1 [T1
-58L14 dBm
] D1 1.27 dBm S S e O OO O OO
Marker| 2 [Tl
b -58162 dBm
10 =S~ =) T
Marker| 3 [T1
— D2 -[15.73 dbm —58p34 cBm
&99l.300000p00 ME=z
—30
40
50
1 2 3 4
s o, A, Aebipan, r..;u.wh ;"nln]tw; nlan PPN N F3Y T PR WY sl FpT IUMJH‘ PN NN B AW
- 70
80
Start 30 MH=z 7 MHz/ Step 1 GH=z
® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -54.26 dBm
Ref 10.5 dBm Att 20 dB SWT 2.4 s 23.608000000 GHz
10 Ooffpet O. dB Marker| 1 [T1
1 1t27 dBm
o r 01 1.27 dBm PR RPN RN 11 N S in
T Marker| 2 [T1
% -53191 dBm
F-10 S5 o5
Marker| 3 [T1
- D2 18.73 dBm —54.34 dbm
[ 14[.152000000 GH=z
— 30
40
F-50 5 T
uidh b JL\;%J'.;‘.". hig ks l\wl_wnl J\IIMA’,”LI‘J‘M
70
—80
Start 1 GHz 2.4 GHz/ Stop 25 GHz

(Plot D.1:  Channel =0, 30MHz to 25GHz @n/4-DQPSK)
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® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -59.27 dBm
Ref 10.5 dBm Att 20 4B SWT 70 ms 917.400000000 MHZ
10 Cffget 0. dB Marker| 1 [T1
58174 dBm
o D1 0.7 dBm e
Marker| 2 [T1
m -58L70 dBm
F-10 e R A S NS S
Marker| 3 [T1
| . oo a3 aph -58L50 dBm
725 600000p00 MH=Z
--30
—40
- 50
1 2 J 4
PREPH TR P .-X. A A Ia—l!}.n. MV Y I I ...1.! poad LA ) A I 4 W
w oYy Graiae T ASL e et b i AT o e e oy WA e vy
-70
--80
Start 300 MH=zZ 70 MHzZ/ Stop 1 GH=z
® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -53.%3 dBm
Ref 10.5 dBm Att 20 4B SwWT 2.4 = 13.864000000 GH=z
10 Offget O. dB Marker| 1 [T1
1 0L70 dBm
- — D1 0.7 HBm -  ,,-
Marker| 2 T1
:
=0 -534.32 dBm
10 i =
Marker| 3 [T1
- 02 _h9.3 4B -54.01 dBm
17.17e000D00 GH=z

F-30

--40

PPYY | ISV NIRRT V. B R VSEWIN TS WYY

70

Start 1 GH=z 2.4 GHz/ Stop 25 GH=z

(Plot E.1: ~ Channel = 39, 30MHz to 25GHz @n/4-DQPSK)
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® RBW 100 kHz Marker 4 [T1 ]
WBW 300 kH=z -57.91 dBm
Ref 10.5 dBm Att 20 dB SWT 100 ms 935.,980000000 MHZz
10 COffget 0. dB Marker| 1 [T1
-57}182 dBm
= D1 0.67 dPm e
Marker| 2 T1
:
=0 57152 dBm
F-10 B e O e AC AR SN SR ann
Marker| 3 [T1
[ .. Lo o33 - -58L14 dBm
&00[.360000p00 MH=
— 30
—40
— 50
4 1 3 4
i I Ay u.nA.I...m aliAd ARSI A4 FPNETII W P | ﬂ.J\LY Ao LA b b AL aa L A , AI-- Y
T L SR Lo w T ™ L <= ol
— 70
80
Start 30 MH=z g7 MHz/ Stop 1 GH=z
® EEW 100 kHz Marker 4 [T1 ]
VBW 300 kH=z -54.29 dBm
Ref 10.5 dBm Att 20 dB SWT 2.4 s 14.632000000 GH=z
10 Offpet 0. dB Marker| 1 [T1
1 0Lé67 dBm
= Dl 0_67 dBIT' _/\ [ANANANAN AN AN ANk =
Marker| 2 [Té3 S
== -53} m
F-10 SO0 0—GH
Marker| 3 [T1
- D2 -[19.33 dpm “Sopfe dbm
z24.856000p00 GH=z
-30
—40
>0 7 E
Ay u I‘M‘uﬁluh IRpLIWe | PETTY A -dn’\lJ\ LA, A
W ATy hade o e S AL L
—70
-80
Start 1 GHz 2.4 GHz/ Stop 25 GH=z

(Plot F.1:  Channel = 78, 30MHz to 25GHz @n/3-DQPSK)
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2.7.4.3. 8-DPSK Mode

A. Test Verdict:

F Limit .
Channel r(el\(};g;l)cy Refer to Plot (dl]r;;) Verdict
0 2402 Plot G.1 -20 PASS
39 2441 Plot H.1 -20 PASS
78 2480 PlotI.1 -20 PASS
Test Plots:

Note: the power of the Module transmitting frequency should be ignored.

@ RBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -57.58 dBm
Ref 10.5 dBm Att 20 dB SWT 100 ms 823.460000000 MH=z
10 Offpet 0. dB Marker| 1 [T1
-58L54 dBm
5 D1 0.9 HBEm SR
Marker| 2 [T;8 B
IEW [
10 S o2 00—
Marker| 3 [Tl
-58L26 dPm

D2 -[19.1 dBm

--20

656620000000 MHZ

1
W{_UwJ |J||Y Yok A.llY. al k. 3 ad Ilt;a. i TN I R, I T
b R T A g R T ook T PO W o Mk A

3

Start 30 MH=z 97 MHz/ Stop 1 GHz
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® RBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -53.08 dBm
Ref 10.5 dBm Att 20 dB SWT 2.4 s 23.080000000 GHz
10 offget O. dB Marker| 1 [T1
1 0FS0 dBm
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(Plot G.1:  Channel = 0, 30MHz to 25GHz @ 8-DPSK)
® EBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -58.12 dBm
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® RBW 100 kHz Marker 4 [T1 ]
VBW 300 kHz -54.33 &Bm
Ref 10.5 dBm Att 20 dB SWT 2.4 = 14.920000000 GHz
10 Cffget 0. dB Marker| 1 [T1
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® RBW 100 kHz Marker 4 [T1 ]
VEBW 300 kH=z -53.73 dBm

Ref 10.5 dBm Attt 20 dB SWT 2.4 s 19.864000000 GH=z

10 Offset 0. dB Marker| 1 [T1

1 0133 dBm
¥ 1 0.33 Jdbm 490000000 CH

Marker| 2 [TéB e
-55} bidl
e

F-10 e e =2
Marker| 3 [T1
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- 70

Start 1 GH=z 2.4 GHz/ Step 25 GHz

(Plot I.1: Channel = 78, 30MHz to 25GHz @ 8-DPSK)
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2.8. Band Edge

2.8.1. Requirement

According to FCC section 15.247(d), in any 100kHz bandwidth outside the frequency band in which
the spread spectrum or digitally modulated intentional radiator is operating, the radio frequency
power that is produced by the intentional radiator shall be at least 20dB below that in the 100kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement.

2.8.2. Test Description

Test Setup:
Distance = 3m
| Computer
o || | ‘ ‘ Pre -Amplifier
H ||I | ~ ‘
EUT
[ ]
-+ Turn-table
T Receiver

Ground Plane

The Bluetooth Module of the EUT is powered by the Battery. The Module is located in a 3m
Semi-Anechoic Chamber; the antenna factors, cable loss and so on of the site as factors are calculated
to correct the reading. During the measurement, the Bluetooth Module is activated and controlled by
the Bluetooth Service Supplier (SS) via a Common Antenna, and is set to operate under hopping-on
test mode transmitting 339 bytes DHS packages at maximum power.

For the Test Antenna:

Horn Test Antenna is 3m away from the EUT. Test Antenna height is varied from 1m to 4m above the
ground to determine the maximum value of the field strength.

2.8.3. Test Procedure

Span = wide enough to capture the peak level of the emission operating on the channel closest to the
bandedge, as well as any modulation products which fall outside of the authorized band of operation

Span = wide enough to capture the peak level of the emission operating on the channel closest to the
bandedge, as well as any modulation products which fall outside of the authorized band of operation
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For radiated test

RBW =1MHz ,VBW=3MHz PK detector for PK value ,
RBW=1MHz VBW=10Hz , PK detector for AV value
Trace = max hold

Allow the trace to stabilize

2.8.4. Test Result

The Bluetooth Module operates at hopping-off test mode. The lowest and highest channels are tested
to verify the band edge emissions.

The measurement results are obtained as below:

E [dBuV/m] =UR + AT + AFactor [dB], AT =LCable loss [dB]-Gpreamp [dB]
Ar: Total correction Factor except Antenna

Ur: Receiver Reading

Gpreamp: Preamplifier Gain

Aracior: Antenna Factor at 3m

Note: Restricted Frequency Bands were performed when antenna was at vertical and horizontal
polarity, and only the worse test condition (vertical) was recorded in this test report.

2.8.4.1. GFSK Mode

Test Verdict:
(Un-hopping)
Correction
Frequency | Detector | Read Level Level Limit Over Limit
channel| = iz (dBuV) Factor @dBuv/m) | (dBuvV/m) (dB)
z m m
PK/ AV - (dB) H H

0 2388.347 PK 57.68 -12.84 44.84 74.00 -29.16

0 2388.347 AV 45.32 -12.84 32.48 54.00 -21.52

39 2499.821 PK 55.83 -12.77 43.06 74.00 -30.94

39 2499.821 AV 44.04 -12.77 31.27 54.00 -22.73
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Test Plots:
® RBW 100 kHz Marker 2 [T1 ]
VBW 300 kHz -56.51 dBm
Ref 10.5 dBm Att 20 dB SWT 10 ms 2.399488000 GHz
10 offget 0. dB Marker| 1 [T1
1142 4B
, D1 1.42| dBm 035 0epoo ]
7 z= I [

F-30

F-40

- 50

2
LAyt lqm P Y Y I T N N RV W " R T FUI I TY IV TU .AJ
LAVIACA MRV A \v4 RV Al it M b sl U RS AT LV B

|--70
|--50
FZ
Fl ‘
Start 2.31 GH=z 9.4 MHzZ/ Stop 2.404 GHz
(Plot Al:  Channel = 0 PEAK @ GFSK)
® RBW 100 kHz Marker 2 [T1 ]
VBW 300 kHz -58.27 dBm
Ref 10.5 dBm Att 20 dB SWI 5 ms 2.505584000 GHz
10 Offset . dB Marker| 1 [T1
1 2106 dBm
n D1 2.08 dBm ZLI79850000 Gz
[ D2l -17.94 dBm
2
| 0o L\mwl b (AN AL AR e PN A gt g f s A, Pl gp AMQ..NM..MALA A A (et
70
|50
F2
Fl ‘
Start 2.478 GHz 3.2 MHz/ Stop 2.51 GHz

(Plot B1:  Channel = 78 PEAK @ GFSK)
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(hopping)
Correction
Frequency | Detector | Read Level Level Limit Over Limit
Channel (MHz) (dBLV) Factor (@Buv/m) | (dBuVv/m) (dB)
z m m
PK/ AV - (dB) H H
0 2366.637 PK 59.36 -12.84 46.52 74.00 -27.48
0 2366.637 AV 48.22 -12.84 35.38 54.00 -18.62
39 2488.324 PK 56.97 -12.77 44.20 74.00 -29.80
39 2488.324 AV 47.09 -12.77 34.32 54.00 -19.68
Test Plots:
® RBW 100 kHz Marker 2 [T1 ]
WBW 300 kHz -56.8% dBmn
Ref 10.5 dBm Attt 20 dB SWT 10 me 2.397420000 GHz
10 Ooffpet O. dB Marker| 1 [IT1
1158 4dBm
n D1 1.59 dBm — _
= | MI
— D2 -[12.41 dPm
|- z0
|- a0
|- 50
2
L Wb, b s fd i A A AR A, ot e AR Al L e s A i A A, A
|70
|80
FZ
Tl
Start 2.31 GH=z S.4 MHzZ/ Steop 2.404 GHz

(Plot A1-1: Channel = 0 PEAK)

Page 51 of 72




LN

152 it 4 2R

Report No:UNI-15021501

RBW 100 kH=z
YWBW 300 kH=z

Marker 2

[T1 ]
-58.19 dBm

Ref 10.5 dBm Att 20 dB SWT 5 ms 2.504432000 GHz
10 Offget dB Marker| 1 [T1
2 2107 dBm
5 Dl 2.107 <Bm T aTEEII000 Gz
A x|

1“
A——DZ -17.93 dBm
20

F-60

80

T2
Fl ‘

Start 2.478 GHz 3.2 MH=z/ Stecp 2.51 GHz

(Plot B1-1: Channel = 78 PEAK)
2.8.4.2. 1/4-DQPSK Mode

Test Verdict:

(Un-hopping)

Correction
Frequency | Detector | Read Level Level Limit Over Limit
channel| i) (dBuV) Factor @Buv/m) | (dBuv/m) (dB)
z m m
PK/ AV - (dB) H H
0 2388.839 PK 58.47 -12.84 45.63 74.00 -28.37
0 2388.839 AV 47.69 -12.84 34.85 54.00 -19.15
39 2496.472 PK 57.89 -12.77 45.12 74.00 -28.88
39 2496.472 AV 46.95 -12.77 34.18 54.00 -19.82
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Test Plots:
® REW 100 kHz Marker 2 [Tl ]
VBW 300 kHz ~£§.63 dBm
Ref 10.5 dBm Att 20 dB SWT 10 ms 2.397984000 GHz
10 offget O. dB Marker| 1 [T1
0l 96 dBm
o D1 0.96 dBm R0 RRet R phehs] IIF
v Ew) e
—— D2 [19.04 dpm
30
40
|50
| 2
.L ) 11 - “MU!HH A ﬂ l o~ | |Jq’!ﬁfv%h#w
|- 70
80
)
Fl ‘
Start 2.31 GHz 9.4 MHz/ Stop 2.404 GHz
(Plot C1:  Channel = 0 PEAK @n/4-DQPSK)
® RBW 100 kHz Marker 2 [T1 ]
VBW 300 kHz -57.98 <Bm
10.5 dBm Att 20 dB SWT 5 ms 2.508720000 GHz
et . dB Marker| 1l [T1
1L 62 dBm
Ll 1./62| dBm CTEUTTZ U0 GHE
1 Ew)

D2 —19.38 dPm

-
4
1
o
-y
3
13
-3
-
=
Y
&
.
=
Ko

o N A A S A . A M AA yl Ay n
P gt A P e A B PR e Vg AUk VAl RN T T L T S e VY
|70
-80
FZ
Tl
Start 2.478 GH=z 3.2 MH=z/ Stop 2.51 GH=z

(Plot D1:  Channel = 78 PEAK @mr/4-DQPSK)
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(hopping)
Correction
Frequency | Detector | Read Level Level Limit Over Limit
Channel (MHz) (dBLV) Factor (@Buv/m) | (dBuVv/m) (dB)
z m m
PK/ AV - (dB) H H
0 2382.579 PK 58.89 -12.84 46.05 74.00 -27.95
0 2382.579 AV 48.21 -12.84 35.37 54.00 -18.63
39 2493.642 PK 59.04 -12.77 46.27 74.00 -27.73
39 2493.642 AV 48.59 -12.77 35.82 54.00 -18.18
Test Plots:
® RBW 100 kHz Marker 2 [T1 ]
VBW 300 kH=z -57 .96 dBm
Ref 10.5 dBm Att 20 dB SWT 10 ms 2.398300000 GH=z
10 Offpet 0. dB Marker| 1 [T1
1128 ¢iBin
= D1 1.23 dBm PRI SN VU P =3
E=
Lo 02 ha dBm
- 20
|- 40
50
2
LN RRENY At prtbhph o o perrg heth y Al P podt s p b A s o gt o irer MMW
- 70
l-s0
F2
Fl
Start 2.31 GH=z 9.4 MHz/ Stop 2.404 GHz
(Plot C1-1: Channel = 0 PEAK)
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® REBW 100 kHz Marker 2 [T1 ]
WVBW 300 kH=z -57.21 dBm
Ref 10.5 dBm Att 20 dB SWT 5 ms 2.503152000 GH=z
10 Cffget dB Marker| 1 [T1
1 1171 dBm
sA—A—pPl 1.52 dBm OO 00 GHE
\AF’\A
o=
- \ D2l [19.38 dbm
| - 20 \
N
]
L :
| _co b sty e s AR AL s han gy,
-70
|--s0
F2
Fl ‘
Start 2.478 GH=z 3.2 MH=z/ Stop 2.51 GHz
(Plot D1-1: Channel = 78 PEAK)
2.8.4.3. 8-DPSK Mode
Test Verdict:
(Un-hopping)
Correction
Frequency | Detector | Read Level Level Limit Over Limit
Channel (MHz) (dBuv) Factor (dBuv/m) | (dBuVv/m) (dB)
z m m
PK/ AV - (dB) H H
0 2356.349 PK 58.83 -12.84 45.99 74.00 -28.01
0 2356.349 AV 47.62 -12.84 34.78 54.00 -19.22
39 2491.237 PK 58.35 -12.77 45.58 74.00 -28.42
39 2491.237 AV 47.04 -12.77 34.27 54.00 -19.73
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Test Plots:

Ref 10.5 dBm

Attt

REW 100 kHz
VBW 300 kHz
20 dB SWT 10 ms

Marker 2 [T1 ]
-57.97 dBm
2.399676000 GH=z

10 Ooffget 0. dB Marker| 1 [T1
1115 giBin
-5 D1 1.19 dPm ]
10
— D2 -18.81 dBm
30
40
50
A
F . Ll aa AR s b u\q‘Ln 2N, 1 Bopdi e ah bh s oala hig I_J.N’
Ao R  r e = L A S
-0
380
F2
Fl ‘

Start 2.31 GHz

(Plot E1:

Ref 10.5 dBm

ALt

9.4 MHz/

RBW 100 kHz
VBW 300 kHz
20 dB SWT 5 ms

Steop 2.404 GHz

Channel = 0 PEAK @ 8-DPSK Mode)

Marker 2 [T1 ]
-58.38 dBm
2.505776000 GHz

10 Offpet . dB

Marker| 1 [T1
1170 dBm

[ AS0TT7000 CH=Z

=3
o

DZ| —-[18.3 dB

- 50 \‘A\‘ilw.r Asdnrach

S TN Y A skt

F-80

Fl

F2

Start 2.478 GHz

3.2 MHz/

Step 2.51 GH=z

(Plot F1:  Channel = 78 PEAK @ 8-DPSK Mode)
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(hopping)
Correction
Frequency | Detector | Read Level Level Limit Over Limit
Channel (MHz) (dBLV) Factor (@Buv/m) | (dBuVv/m) (dB)
z m m
PK/ AV - (dB) H H
0 2356.738 PK 59.07 -12.84 46.23 74.00 -27.77
0 2356.738 AV 48.94 -12.84 36.10 54.00 -17.90
39 2498.826 PK 58.86 -12.77 46.09 74.00 -27.91
39 2498.826 AV 48.09 -12.77 35.32 54.00 -18.68
Test Plots:
® RBW 100 kHz Marker 2 [T1 ]
WBW 300 kHz -57.21 dBm
Ref 10.5 dBm Att 20 dB SWT 10 ms 2.393472000 GHz
10 Ooffpet O. dB Marker| 1 [IT1
150 q¢Brd
= D1 1.5 dBm oo mEy,
= |
— D2 -18.]5 dBm
|- z0
|- a0
|- 50
2
I 9 NG POy | FLV TRV VTN PPrY | . VT TN N Pl iy fim, pinmetth oM
|70
|80
F2
Tl
Start 2.31 GH=z S.4 MHzZ/ Steop 2.404 GHz
(Plot EI-1: Channel = 0 PEAK)
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® RBW 100 kHz Marker 2 [T1 ]
VBW 300 kHz -56.96 dBm
Ref 10.5 dBm Att 20 dB SWT 5 ms 2.500272000 GHz
10 Offset . dB Marker| 1 [T1
1 193 dBm

D1 1.(93| dBm

- 4230112D00 GHz

f
Ly
—

D2| —[18.07 dpm

"
L\/\ ]
| _s0 P e aAe gt A i At A n-dukanm-Jl bny Ll it

— 70
|80
F2
Fl ‘
Start 2.478 GH=z 3.2 MH=z/ Stop 2.51 GH=z

(Plot F1-1: Channel = 78 PEAK)
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2.9. Conducted Emission
2.9.1. Requirement

According to FCC section 15.207, 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 within the band 150kHz to 30MHz shall not exceed the limits in the following
table, as measured using a S0uH/50€ line impedance stabilization network (LISN).

Conducted Limit (dBpV)
Frequency range (MHz) .
Quai-peak Average
0.15-0.50 66 to 56 56 to 46
0.50-5 56 46
5-30 60 50
NOTE:

(a) The lower limit shall apply at the band edges.
(b) The limit decreases linearly with the logarithm of the frequency in the range 0.15 - 0.50MHz.

2.9.2. Test Description

Test Setup:

< 4 > < 80cm =« oy
(_J:o(_;n}_:}‘ :(_____________f _____ > Communication
1 ] I

Antenna«

Pulse Limitere

E LISN«
Receiver
—] O_—-

= Service
Suppliere

The Table-top EUT was placed upon a non-metallic table 0.8m above the horizontal metal
reference ground plane. EUT was connected to LISN and LISN was connected to reference
Ground Plane. EUT was 80cm from LISN. The voltage of the test is 120V/60Hz.The set-up and
test methods were according to ANSI C63.10:2009:2009
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2.9.3. Test Result

2000 dBu¥

E"x

FOC Pat15 CE-Cla:z B_OP

0.150 0.5 [MHz] ] J0.000
(Plot A: L Phase)
Reading Correct Measure-
No. Mk. Freq. Level Factor ment Limit  Owver
MHz dsuv dB dBuv dBuy d=2 Detector Comment
1 0.1740 3547 10.12 4559 6476 -19.17 peak
2 0.1780 2023 10.12 3035 54 57 -2422 AVG
3 0.2740 27.93 10.11 38.04 60.99 -22.95 peak
4 0.2740 16.28 10.11 26.39 5099 -24.60 AVG
5 0.4940 2018 10.09 027 5610 -25.83 peak
& 0.4580 10.46 10.09 2055 4603 -2548 AVG
7 0.6100 16.03 10.07 26.10 46.00 -19.90 AVG
a8 0.6140 2565 10.07 3572 56.00 -20.28 peak
9 3.6940 1017 10.12 2029 4600 -25.71 AVG
10 3.9420 21.86 10.12 3188 56.00 -2402 peak
1 * 136780 21.57 10.29 31.86 50.00 -18.14 AVG
12 13.8180 a0.22 10.29 40.51 60.00 -19.49 peak
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1200 dBu¥

FCC Part1s CE-Claz< B_0OF

peak

AYE

0.150 0S [MHz] i 30.000
(Plot B: N Phase)
Reading Correct Measure-
No. Mk.  Freq.  Level Factor ~ment Limit  Over
MHz dBuv dB dBuY dBuv dB Detector Comment

1" 0.1500 44 37 10.13 5450 6599 -11.49 peak

2 0.1500 27.80 10.13 37.93 5599 -18.06 AVG

3 01819 2554 10.12 3566 5439 -1873 AVG

4 0.1900 39.83 10.12 49 95 G4.03 -14.08 peak

5 0.3020 13.96 10.11 2407 50.19 -26.12 AVG

& 0.3060  -10.11 10.11 0.00 60.08 -60.08 QP

7 0.6060 16.79 10.07 26.86 46.00 -19.14 AVG

g 0.6180 24 81 10.07 34 .88 56.00 -21.12 peak

9 4.0100 10.14 10.13 2027 46.00 -2573 AVG

10 41180 2513 10.13 35.26 56.00 -20.74 peak

11 13.6820 36.83 10.29 4712 60.00 -12.88 peak

12 13.8140 26.91 10.29 37.20 50.00 -12.80 AVG

Test Result: PASS
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2.10. Radiated Emission
2.10.1. Requirement

According to FCC section 15.247(c) and RSS-A8.5, radiated emission outside the frequency band
attenuation below the general limits specified in FCC section 15.209(a) is not required. In addition,
radiated emissions which fall in the restricted bands, as defined in FCC section 15.205(a), must also
comply with the radiated emission limits specified in FCC section 15.209(a).

According to FCC section 15.209 (a), except as provided elsewhere in this subpart, the emissions
from an intentional radiator shall not exceed the field strength levels specified in the following table:

Frequency (MHz) Field Strength (WV/m) Measurement Distance (m)
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
Note:

1. For Above 1000MHz, the emission limit in this paragraph is based on measurement
instrumentation employing an average detector, measurement using instrumentation with a
peak detector function, corresponding to 20dB above the maximum permitted average limit.

2. For above 1000MHz, limit field strength of harmonics: 54dBuV/m@3m (AV) and
74dBuV/m@3m (PK)

In addition, radiated emissions which fall in the restricted bands, as defined in Section 15.205(a), also
should comply with the radiated emission limits specified in Section 15.209(a)(above table)

2.10.2. Test Description

A. Test Setup:

1) For radiated emissions from 9kHz to 30MHz
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Distance = 3m

Computer

Pre -Amplifier
EUT

+—— lurn table

Receiver

Ground Plane

2) For radiated emissions from 30MHz tol GHz

] ]
P — ‘

Turntable :

Im todm
Spectrum \ EUTl .
Analyzer _|:|_ JO.Sm i I
| — - ——
fl}round Plane — 4
Coaxial Cable

3) For radiated emissions above 1GHz

Turntable + 3m — I
\ EUT
Spectrum
0.8m|1lmtod4m /7 Analyzer
/
Ground Plane ; Coazial Cable
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The test site semi-anechoic chamber has met the requirement of NSA tolerance 4dB according to the
standards: ANSI C63.4 (2009). The EUT was set-up on insulator 80cm above the Ground Plane. The
set-up and test methods were according to ANSI C63.4.

The Bluetooth Module of the EUT is powered by the Battery. The Module is located in a 3m
Semi-Anechoic Chamber; the antenna factors, cable loss and so on of the site as factors are calculated
to correct the reading. During the measurement, the Bluetooth Module is activated and controlled by
the Bluetooth Service Supplier (SS) via a Common Antenna, and is set to operate under hopping-on
test mode transmitting 339 bytes DHS packages at maximum power.

For the Test Antenna:

(a) In the frequency range of 9kHz to 30MHz, magnetic field is measured with Loop Test Antenna.
The Test Antenna is positioned with its plane vertical at 1m distance from the EUT. The center of the
Loop Test Antenna is 1m above the ground. During the measurement the Loop Test Antenna rotates
about its vertical axis for maximum response at each azimuth about the EUT.

(b) In the frequency range above 30MHz, Bi-Log Test Antenna (30MHz to 2GHz) and Horn Test
Antenna (above 2GHz) are used. Test Antenna is 3m away from the EUT. Test Antenna height is
varied from 1m to 4m above the ground to determine the maximum value of the field strength. The
emission levels at both horizontal and vertical polarizations should be tested.

B. Test Procedure

Use the following spectrum analyzer settings:

Span = wide enough to fully capture the emission being measured
RBW =1 MHz for f > 1 GHz, 100 kHz for f <1 GHz

VBW > RBW

Sweep = auto

Detector function = peak

Trace = max hold

2.10.3. Test Result

According to ANSI C63.4 selection 4.2.2, because of peak detection will yield amplitudes equal
to or greater than amplitudes measured with the quasi-peak (or average) detector, the measurement
data from a spectrum analyzer peak detector will represent the worst-case results, if the peak
measured value complies with the quasi-peak limit, it is unnecessary to perform an quasi-peak
measurement.

The measurement results are obtained as below:
E [dBpV/m] =Ug + Cractor[dB] , Cractor= Lcabie 1oss [AB]-Gpreamp [dB] + AFractor [dB]
Cractor: Correction Factor
Ur: Receiver Reading
Gpreamp: Preamplifier Gain
AFracior: Antenna Factor at 3m
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During the test, the Cpacror Were built in test software.

Note: All radiated emission tests were performed in X, Y, Z axis direction. And only the worst axis
test condition was recorded in this test report.

Note: 1.The radiated measurement are performed the each test mode (GFSK/ 7 /4-DQPSK

/8-DPSK) and channel (low/mid/high), the datum recorded below (GFSK mode, the middle
channel) is the worst case for all the test mode and channel.

Test plots for the whole measurement frequency range:

X axis for below 1 GHz

For 9KHz to 30MHz

The test has been performed, and the Radiated Emission level is too low to the limit.

For 30MHz to 1000MHz

2.0 JdBu¥/m
FOC_FART15 B 03m QF
E i}
3t s
1 , g L W;W'
v ._l'l'\p’n- . LW A’JI\M ]:"' '
“HW.WWMAMM‘HF i JWW 1
0.0
30000 40 50 G0 70 B0 [MHz] 300 400 S00 G600 F0O 1000000
Ant
Frequency | QuasiPeak | Bandwidth hr;ier;lria Limit Antenna Verdict
(MHz) | (dBuV/m)| (kHz) 8% (@B uVim)
(cm)
170.7926 32.81 120.000 100.0 43.50 Vertical Pass
239.1473 32.11 120.000 100.0 46.00 Vertical Pass
266.6089 37.95 120.000 100.0 46.00 Vertical Pass
282.9852 39.28 120.000 100.0 46.00 Vertical Pass
312.1794 36.78 120.000 100.0 46.00 Vertical Pass
346.8092 31.47 120.000 100.0 46.00 Vertical Pass

(Plot A: 30MHz to 1GHz, Antenna Vertical)

Page 65 of 72




LN

22 it 4 3R Report No:UNI-15021501

200 dBu¥/m

FCC PART1S B 03m 0P

[

40

J0.000 40 50 60 7D B0 [MHz) 300 400 00 GO0 70O 1000000

Frequency | QuasiPeak | Bandwidth ir:fgr;ia Limit Antenna Verdict

(MHz) | (dB 1 V/m) (kHz) (cm) (dB 1 V/m)

72.0843 29.49 120.000 100.0 40.00 Horizontal | pass
267.5455 29.83 120.000 100.0 46.00 Horizontal | pass
281.9946 31.47 120.000 100.0 46.00 Horizontal | pass
304.6099 28.59 120.000 100.0 46.00 Horizontal | Pass
356.6758 28.46 120.000 100.0 46.00 Horizontal | pass
383.9318 28.60 120.000 100.0 46.00 Horizontal | Pass

(Plot B: 30MHz to 1GHz, Antenna Horizontal)

Z. axis for above 1 GHz

For 1GHz to 25GHz

GFSK Mode
ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (0CH_2402MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. Read Level (dBuV

© (MHg)  |Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4804.00 45.86 PK -3.64 42.22 74.00 -31.78
1 4804.00 33.17 AV -3.64 29.53 54.00 -24.47
2 7206.00 44.23 PK -0.95 43.28 74.00 -30.72
2 7206.00 32.59 AV -0.95 31.64 54.00 -22.36
3 9608.00 46.13 PK 0.79 46.92 74.00 -27.08
3 9608.00 33.09 AV 0.79 33.88 54.00 -20.12
4 12010.00 * PK * * 74.00 *
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4 12010.00 AV 54.00
5 14412.00 PK 74.00
5 14412.00 AV 54.00

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3M (0CH_2402MHz)

Frequency Correction Factor| Level Limit Line |Over Limit
No. Read Level (dBuV)
(MHz) (dB) (dBuV/m) | (dBuV/m) (dB)
1 4804.00 46.02 PK -3.64 42.38 74.00 -31.62
1 4804.00 33.17 AV -3.64 29.53 54.00 -24.47
2 7206.00 45.96 PK -0.95 45.01 74.00 -28.99
2 7206.00 32.84 AV -0.95 31.89 54.00 -22.11
3 9608.00 45.83 PK 0.79 46.62 74.00 -27.38
3 9608.00 32.79 AV 0.79 33.58 54.00 -20.42
4 12010.00 * PK * * 74.00 *
4 12010.00 * AV * o 54.00 *
5 14412.00 * PK * * 74.00 *
5 14412.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (39CH_2441MHz)

No. Frequency Read Level (dBuV) Correction Factor| Level Limit Line |Over Limit
(MHz) (dB) (dBuV/m) | (dBuV/m) (dB)
1 4882.00 45.83 PK -3.67 42.16 74.00 -31.84
1 4882.00 32.88 AV -3.67 29.21 54.00 -24.79
2 7323.00 45.76 PK -0.82 44.94 74.00 -29.06
2 7323.00 31.59 AV -0.82 30.77 54.00 -23.23
3 9764.00 44.67 PK 0.84 45.51 74.00 -28.49
3 9764.00 30.27 AV 0.84 31.11 54.00 -22.89
4 12205.00 % PK * % 74.00 *
4 12205.00 % AV * * 54.00 *
5 14646.00 * PK * * 74.00 *
5 14646.00 % AV % % 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3 M (39CH_2441MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHg)  |Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4882.00 45.66 PK -3.67 41.99 74.00 -32.01
1 4882.00 32.13 AV -3.67 28.46 54.00 -25.54
2 7323.00 46.07 PK -0.82 45.25 74.00 -28.75
2 7323.00 31.82 AV -0.82 31.00 54.00 -23.00
3 9764.00 44.02 PK 0.84 44.86 74.00 -29.14
3 9764.00 30.89 AV 0.84 31.73 54.00 -22.27
4 12205.00 * PK * * 74.00 *
4 12205.00 * AV % * 54.00 *
5 14646.00 * PK % * 74.00 *
5 14646.00 * AV * * 54.00 *
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ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (78CH_2480MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  [Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4960.00 47.26 PK -3.59 43.67 74.00 -30.33
1 4960.00 33.13 AV -3.59 29.54 54.00 -24.46
2 7440.00 46.82 PK -0.68 46.14 74.00 -27.86
2 7440.00 32.95 AV -0.68 32.27 54.00 -21.73
3 9920.00 45.83 PK 0.91 46.74 74.00 -27.26
3 9920.00 30.86 AV 0.91 31.77 54.00 -22.23
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3M (78CH_2480MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. MHz) | Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4960.00 45.67 PK -3.59 42.08 74.00 -31.92
1 4960.00 31.78 AV -3.59 28.19 54.00 -25.81
2 7440.00 46.23 PK -0.68 45.55 74.00 -28.45
2 7440.00 32.03 AV -0.68 31.35 54.00 -22.65
3 9920.00 44.17 PK 0.91 45.08 74.00 -28.92
3 9920.00 31.26 AV 0.91 32.17 54.00 -21.83
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *

1/4-DQPSK  Mode

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (0CH_2402MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  [Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4804.00 46.43 PK -3.64 42.79 74.00 -31.21
1 4804.00 33.76 AV -3.64 30.12 54.00 -23.88
2 7206.00 4591 PK -0.95 44.96 74.00 -29.04
2 7206.00 32.38 AV -0.95 31.43 54.00 -22.57
3 9608.00 45.96 PK 0.79 46.75 74.00 -27.25
3 9608.00 32.87 AV 0.79 33.66 54.00 -20.34
4 12010.00 * PK * * 74.00 *
4 12010.00 * AV * * 54.00 *
5 14412.00 * PK * * 74.00 *
5 14412.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3 M (0CH_2402MHz)

No.

Frequency
(MHz)

Read Level (dBuV)

Correction Factor
(dB)

Level
(dBuV/m)

Limit Line
(dBuV/m)

Over Limit
(dB)
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1 4804.00 45.76 PK -3.64 42.12 74.00 -31.88
1 4804.00 32.39 AV -3.64 28.75 54.00 -25.25
2 7206.00 46.10 PK -0.95 45.15 74.00 -28.85
2 7206.00 31.20 AV -0.95 30.25 54.00 -23.75
3 9608.00 45.53 PK 0.79 46.32 74.00 -27.68
3 9608.00 31.38 AV 0.79 32.17 54.00 -21.83
4 12010.00 * PK * * 74.00 *

4 12010.00 * AV * * 54.00 *
5 14412.00 * PK * * 74.00 *
5 14412.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (39CH_2441MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  [Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4882.00 45.87 PK -3.67 42.20 74.00 -31.80
1 4882.00 33.30 AV -3.67 29.63 54.00 -24.37
2 7323.00 45.74 PK -0.82 44.92 74.00 -29.08
2 7323.00 31.64 AV -0.82 30.82 54.00 -23.18
3 9764.00 44.81 PK 0.84 45.65 74.00 -28.35
3 9764.00 30.83 AV 0.84 31.67 54.00 -22.33
4 12205.00 % PK % s 74.00 *
4 12205.00 % AV % * 54.00 *
5 14646.00 * PK * * 74.00 *
5 14646.00 * AV * % 54.00 *

ANTENNA POLARITY & TEST DIS

TANCE: VERTICALAT 3 M (

39CH_2441MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz) | Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4882.00 45.87 PK -3.67 42.20 74.00 -31.80
1 4882.00 31.24 AV -3.67 27.57 54.00 -26.43
2 7323.00 44.70 PK -0.82 43.88 74.00 -30.12
2 7323.00 31.38 AV -0.82 30.56 54.00 -23.44
3 9764.00 44.94 PK 0.84 45.78 74.00 -28.22
3 9764.00 31.84 AV 0.84 32.68 54.00 -21.32
4 12205.00 * PK * * 74.00 *
4 12205.00 * AV % * 54.00 *
5 14646.00 * PK % * 74.00 *
5 14646.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (78CH_2480MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. Read Level (dBuV)
(MHz) (dB) (dBuV/m) | (dBuV/m) (dB)
1 4960.00 46.28 PK -3.59 42.69 74.00 -31.31
1 4960.00 32.35 AV -3.59 28.76 54.00 -25.24
2 7440.00 45.15 PK -0.68 44.47 74.00 -29.53
2 7440.00 31.57 AV -0.68 30.89 54.00 -23.11
3 9920.00 46.56 PK 0.91 47.47 74.00 -26.53
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3 9920.00 32.49 AV 0.91 33.40 54.00 -20.60
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3M (78CH_2480MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. MHz) | Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4960.00 46.74 PK -3.59 43.15 74.00 -30.85
1 4960.00 32.51 AV -3.59 28.92 54.00 -25.08
2 7440.00 45.58 PK -0.68 44.90 74.00 -29.10
2 7440.00 31.01 AV -0.68 30.33 54.00 -23.67
3 9920.00 45.21 PK 0.91 46.12 74.00 -27.88
3 9920.00 31.53 AV 0.91 32.44 54.00 -21.56
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *
8-DPSK Mode

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (0CH_2402MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  |Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4804.00 46.83 PK -3.64 43.19 74.00 -30.81
1 4804.00 33.54 AV -3.64 29.90 54.00 -24.10
2 7206.00 45.28 PK -0.95 44.33 74.00 -29.67
2 7206.00 32.17 AV -0.95 31.22 54.00 -22.78
3 9608.00 46.01 PK 0.79 46.80 74.00 -27.20
3 9608.00 33.35 AV 0.79 34.14 54.00 -19.86
4 12010.00 * PK * * 74.00 *
4 12010.00 * AV * * 54.00 *
5 14412.00 * PK * * 74.00 *
5 14412.00 * AV * * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3 M (0CH_2402MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHg)  |Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)

1 4804.00 45.83 PK -3.64 42.19 74.00 -31.81

1 4804.00 32.76 AV -3.64 29.12 54.00 -24.88

2 7206.00 45.89 PK -0.95 44.94 74.00 -29.06

2 7206.00 31.69 AV -0.95 30.74 54.00 -23.26

3 9608.00 45.63 PK 0.79 46.42 74.00 -27.58

3 9608.00 31.37 AV 0.79 32.16 54.00 -21.84

4 12010.00 * PK * * 74.00 *

4 12010.00 AV * 54.00
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5 14412.00 PK 74.00
5 14412.00 AV 54.00

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (39CH_2441MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  [Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4882.00 46.36 PK -3.67 42.69 74.00 -31.31
1 4882.00 33.38 AV -3.67 29.71 54.00 -24.29
2 7323.00 45.33 PK -0.82 44.51 74.00 -29.49
2 7323.00 31.44 AV -0.82 30.62 54.00 -23.38
3 9764.00 45.14 PK 0.84 45.98 74.00 -28.02
3 9764.00 31.29 AV 0.84 32.13 54.00 -21.87
4 12205.00 % PK % * 74.00 %
4 12205.00 % AV % * 54.00 *
5 14646.00 * PK % * 74.00 *
5 14646.00 % AV % % 54.00 *

ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3M (39CH_2441MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz)  [Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4882.00 45.94 PK -3.67 42.27 74.00 -31.73
1 4882.00 30.96 AV -3.67 27.29 54.00 -26.71
2 7323.00 44.62 PK -0.82 43.80 74.00 -30.20
2 7323.00 31.3 AV -0.82 30.48 54.00 -23.52
3 9764.00 44.94 PK 0.84 45.78 74.00 -28.22
3 9764.00 31.64 AV 0.84 32.48 54.00 -21.52
4 12205.00 * PK * * 74.00 *
4 12205.00 * AV * * 54.00 *
5 14646.00 * PK * * 74.00 *
5 14646.00 * AV % * 54.00 *

ANTENNA POLARITY & TEST DISTANCE: HORIZONTALAT 3 M (78CH_2480MHz)

Frequency Correction Factor Level Limit Line |Over Limit
No. (MHz) | Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4960.00 45.89 PK -3.59 42.30 74.00 -31.70
1 4960.00 32.85 AV -3.59 29.26 54.00 -24.74
2 7440.00 45.61 PK -0.68 44.93 74.00 -29.07
2 7440.00 31.64 AV -0.68 30.96 54.00 -23.04
3 9920.00 46.66 PK 0.91 47.57 74.00 -26.43
3 9920.00 32.17 AV 0.91 33.08 54.00 -20.92
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *
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ANTENNA POLARITY & TEST DISTANCE: VERTICALAT 3 M (78CH_2480MHz)
Frequency Correction Factor Level Limit Line |Over Limit
No. Read Level (dBuV
© (MHz)  |Read Level (dBuV) (dB) (dBuV/m) | (dBuV/m) | (dB)
1 4960.00 46.44 PK -3.59 42.85 74.00 -31.15
1 4960.00 32.7 AV -3.59 29.11 54.00 -24.89
2 7440.00 45.61 PK -0.68 44.93 74.00 -29.07
2 7440.00 31.4 AV -0.68 30.72 54.00 -23.28
3 9920.00 44.71 PK 0.91 45.62 74.00 -28.38
3 9920.00 31.07 AV 0.91 31.98 54.00 -22.02
4 12400.00 * PK * * 74.00 *
4 12400.00 * AV * * 54.00 *
5 14880.00 * PK * * 74.00 *
5 14880.00 * AV * * 54.00 *

REMARKS: 1. Emission level (dBuV/m) =Raw Value (dBuV) +Antenna Factor (dB/m) + Cable
Factor (dB) +Pre-amplifier Factor
2. The other emission levels were very low against the limit.
3. The other emission levels were very low against the limit.
4. Margin value = Limit value- Emission level.

5. The limit value is defined as per 15.247
6. “ * “: Fundamental frequency

** END OF REPORT **
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