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1 General Information

1.1. EUT Description

EUT Type .ocovevieeiieeieeien : IP Phone

Serial NO.......cooviieiiieieene : (n.a, marked #1 by test site)
Hardware Version................. : N/A

Software Version .................. : N/A

Applicant .........cccoevveeiiennnne :  Grandstream Networks, INC

SF, Bldg #1, No.2 Kefa Rd., Science & Technology Park,
Shenzhen, China

Manufacturer .........cccvvvvveeees :  Grandstream Networks, INC
SF, Bldg #1, No.2 Kefa Rd., Science & Technology Park,
Shenzhen, China

Frequency Range.................. : The frequency range used is 2402MHz - 2480MHz (79 channels, at
intervals of IMHz);

Modulation Type .................. : Bluetooth: FHSS (GFSK(1Mbps), [ [/4-DQPSK(EDR 2Mbps),
8-DPSK(EDR 3Mbps))

Antenna Type.....cccccovveeeennenn. . PIFA

Antenna Gain..........cceeueeee. : 2.0dBi

Note 1: The EUT is a IP Phone, 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: The EUT has two different mainboards , both of which have been tested, only the worse
results are reported in this report.

For a more detailed description, please refer to the differences description.

Note 3: For a more detailed description, please refer to Specification or User’s Manual supplied by
the applicant and/or manufacturer.

Note 4: 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 aresponse 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 5: Bluetooth signal has 9 packages DH1, DH3, DHS, 3DHI1, 3DH3, 3DHS5, 5SDHI1, 5DH3,
SDHS, DHS package is largest, we are testing DHS in the document.
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1.2.  Support Equipment
No. Equipment Brand Name | Model Name Manufacturer Serial No.
1 PC DELL PPI11L DELL H5914A03
2 Keyboard lenovo KU-0989 (n.a.) (n.a.)
3 Mouse logitech (n.a.) (n.a.) (n.a.)

Remark: PC ,Keyboard and Mouse all have FCC DOC approval

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

1 47 CFR Part 15
Subpart C 2012

Radio Frequency Devices

2 ANSIC63.10-2009

American National Standard for Testing

Unlicensed Wireless Devices

3 ANSI C63.4-2009

American National Standard for
Methods of Measurement of Radio-
Noise Emissions from Low-Voltage
Electrical and Electronic Equipment
in the Range of 9 kHz to 40 GHz

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 and Conducted Spurious Emission were 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

CNAS-Lab Code: L1659

CCIC Southern Electronic Product Testing (Shenzhen) Co., Ltd. CCIC is a third party testing
organization accredited by China National Accreditation Service for Conformity Assessment (CNAS)
according to ISO/IEC 17025. The accreditation certificate number is L1659. A 12.8%6.8%6.4 (m)
fully anechoic chamber was used for the radiated spurious emissions test.

FCC-Registration No.: 406086

CCIC Southern Electronic Product Testing (Shenzhen) Co., Ltd. EMC Laboratory has been registered
and fully described in a report filed with the FCC (Federal Communications Commission). The
acceptance letter from the FCC i1s maintained in our files. Registration 406086, Renewal date Nov. 19,
2011, valid time is until Nov. 18, 2014.

1.4.2. 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

CCIC-SET/T (00) Page 6 of 85
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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: External antenna
An External antenna was soldered to EUT via an adaptor cable, can’t be removed away.

Antenna General Information:

No. EUT Model Ant. Type Ant. Model Manufacturer Gain(dBi)
SHEN ZHEN
VLG WIRELESS
1 GXP2140 PIFA V1195 TECHNOLOGY 2.0
CO.,LTD

2.1.3. Result: comply
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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

A. Test Setup:

EUT«
Spectrum
Analvzere @: 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 DH5 packages at maximum power.

B. Equipments List:

Description Manufacturer | Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 2014.06.10
2.2.3. 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.

A. Test Verdict:

Test Mode BlltilcilzeMn;{yz) Measlllllr;;ib(il;nnel Min. Limit Refer to Plot Verdict
GFSK 2400 - 2483.5 79 15 Plot A PASS
/4-DQPSK | 2400 - 2483.5 79 15 Plot B PASS
8-DPSK 2400 - 2483.5 79 15 Plot C PASS
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B. Test Plots:

*RBW 30 kHz Delta 2 [T1 ]
*YBW 100 kHz 0.77 dB
Ref 10 dBm *Aatt 20 dB SWT 115 ms 78.200000000 MHZ
10 Offget 1 dB Marker| 1 [T1
1 2}75 dBm
| o TIIIIIIII L b e e e e v e e v e POV ROIAD OO0 SH o “
10 LVL
20 3 "U“ ML
30
40
3DB
- so \L
Il
-70
80
-50
Center 2.441 GHz 10 MEz/ Span 100 MHz
(Plot A: GFSK)
*RBW 30 kHz Delta 2 [T1 ]
*VBW 100 kHz -1.12 4B
Ref 10 dBm *Att 20 dB SWT 115 ms 78.200000000 MH=z
10 Offset 1 4B Marker| 1 [T1
1 -0} 63 dBm
Lo - ol g02008hon cee|EN
10 LVL
--20 '
-30
——40
3DB
70
-80
-390
Center 2.441 GHz 10 MH=z/ Span 100 MHz

(Plot B: []/4-DQPSK)

CCIC-SET/T (00

Page 9 of 85




)

Report No.:

SET2013-06746

*RBW 30 kHz Delta 2 [T1 ]
*VBW 100 kHz -1.11 dB
Ref 10 dBm *Att 20 dB SWT 115 ms 78.200000000 MH=z
10 Offset 1 4B Marker| 1 [T1
) -0F77 dBm
-0 - 2l 40200@p00 GE
T
ZE | BT, ‘IHM LR LR AP TTLALLELIL AT D LY “I
|I|[||IllIllll[[llllllllllIIllHII|IIIIIH’llll”l”lll”l”llll'lIllHll I
20
L-30
40
50
50
]
70
-50
-390

Center 2.441 GHz

10 MHzZ/

(Plot C: 8- DPSK)

Span 100 MHz

LVL

3DB

CCIC-SET/T (00

Page 10 of 85




(@)

CIiC
&/ Report No.: SET2013-06746

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

A. Test Setup:

EUT«
Spectrum T
Analyzere 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 DH5 packages at maximum power.

B. Equipments List:

Description Manufacturer | Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 2014.06.10

CCIC-SET/T (00) Page 11 of 85
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2.3.3. Test Result

2.3.3.1. GFSK Mode

A. Test Verdict:

lowest, middle and highest channel were tested by Power meter.

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

(Plot A: Channel = 2402 @ GFSK)

Measured Output Limit Refer t
. efer to
Channel | Frequency (MHz) Peak Power Verdict Plot
0
dBm dBm
0 2402 1.23 PASS Plot A
39 2441 0.40 30 PASS Plot B
78 2480 0.41 PASS Plot C
B. Test Plots:
*RBW 3 MHz Marker 1 [Tl ]
*VBW 3 MH=z 1.23 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.40220000 GHzZ
(10" Offfet 1 4B
L, =
== | o / o
-40 “"Jﬂ/ \\\
\N\'\"\m 3DB
Center 2.40208 GHz 2 MHz/ Span 20 MH=z

CCIC-SET/T (00

Page 12 of 85




)

Report No.: SET2013-06746

=4 I3
I~
b |
k-

Ref 11 dBm

*Att 20 dB

*RBW 3 MH=z
*WBW 3 MH=z
SWT 2.5 ms

Marker 1 [T1 ]

0.40 dBm
2.441120000 GHz

[10” Offfet 1 diB

[
.

F-10

~
™~

Center 2.441 GHz

(Plot B: Channel = 2441 @ GFSK)

Ref 11 dBm

*Att 20 dB

2 MHz/

*RBW 3 MHz
*YBW 3 MHz
SWT 2.5 ms

Span 20 MHz

Marker 1 [T1 ]

0.41 dBm

2.479960000 GH=z

[10” Offpet 1 ¢B

-0

-10

F-20

1V

€0

Center 2.48 GHz

(Plot C: Channel = 2480 @ GFSK)

2 MHz/

Span 20 MHz
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2.3.3.2. [1/4-DQPSK Mode

A. Test Verdict:

Measured Output Limit Refer to
Channel | Frequency (MHz) Peak Power Verdict Plot
dBm dBm
0 2402 0.42 PASS Plot A
39 2441 -0.52 30 PASS Plot B
78 2480 -0.59 PASS Plot C

B. Test Plots:

*RBW 3 MHz
*VBW 3 MH=z

Markex: 1. [Tl ]

2.402040000 GH=z

(Plot A: Channel = 2402 @] [/4-DQPSK)

Ref 11 dBm *Att 20 dB SWT 2.5 ms

[10” Offfet 1 4B

-0

N

—-10 LVL

20 /

30 / \

40— ~
\\_\ﬁsrg

50

- 60

70

80

Center 2.402 GHz 2 MHz/ Span 20 MHz
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=
]

*RBW 3 MH=Z Marker 1 [T1 1]

*VBW 3 MHz -0.52 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.441120000 GHz
[10” Offfet 1 dB

L [~ |

/] ™~

F-30

50
l--60
70
-50
Center 2.441 GHz 2 MHz/ Span 20 MHz
(Plot B: Channel = 2441 @ []/4-DQPSK)
*RBW 3 MH=z Marker 1 [T1 ]
*VBW 3 MHz -0.59 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.480000000 GHz

| 10" Offpet 1 dB

A EaE N
. pd ™~

4 N
MY N\

|- 50

Center 2.48% GHz 2 MHz/ Span 20 MHz

(Plot C: Channel = 2480 @ [][/4-DQPSK)
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2.3.3.3. 8-DPSK Mode

A. Test Verdict:

Ref 11 dBm

*Att 20 dB

SWT 2.5 ms

Measured Output Limit Refer t
imi efer to
Channel | Frequency (MHz) Peak Power Verdict Plot
0
dBm dBm
0 2402 0.42 PASS Plot A
39 2441 -0.52 30 PASS Plot B
78 2480 -0.57 PASS Plot C
B. Test Plots:
*RBW 3 MH=z Marker 1 [T1 ]
*VBW 3 MHz 0.42 dBm

2.402160000 GHz

[10” Gfffet 1 ¢iB
: [ ]
Lo il
N
A H / \
| 10 / VL
|30 / \\
-\"‘-\\_NELE
50
- 60
-70
80
Center 2.402 GHz 2 MHz/ Span 20 MHz

(Plot A: Channel = 2402 @8-DPSK)
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*RBW 3 MHz Marker 1 [T1
*YVBW 3 MEz -0.52 dBm
Ref 11 d&Bm *Att 20 dB SWT 2.5 ms 2.440880000 GHz
10" Offset 1 4B
1

Lo
/_n\
‘

LV \

— 50
60
|70
|--80
Center 2.441 GHz 2 MHz/ Span 20 MHz
(Plot B: Channel = 2441 @ 8-DPSK)
*RBW 3 MHz Marker 1 [T1 ]
*VBW 3 MH=z -0.57 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.480000000 GHz

10" Offfet 1 4B

N

B / DN
|V N\

- 50

-60

70

H-80

Center 2.48 GHz 2 MHzZ/ Span 20 MH=z

(Plot C: Channel = 2480 @ 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

A. Test Setup:

EUT«
Spectrum
Analvzer« %: 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 DH5 packages at maximum power.

B. Equipments List:

Description Manufacturer | Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 2014.06.10

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

CCIC-SET/T (00) Page 18 of 85
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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

A. Test Verdict:

The maximum 20dB bandwidth measured is 1.104MHz according to the table below.

Channel Frequency (MHz) 20dB Bandwidth (MHz) Refer to Plot
0 2402 1.104 Plot A
39 2441 1.104 Plot B
78 2480 1.104 Plot C

C. Test Plots:

*RBW 100 kHz Marker 1 [T1 ]

*VBW 300 kHz 1.40 dBm
Ref 11 dBm *Att 20 4B SWT 2.5 ms 2.401838000 GHz
10" Offpet 1 ¢B ndB [Tf] 20100 4B

1 BW 1.104000p00 MHZ

-0 /'\ Y Temp 1| [T1 ndB] ﬂ

Lo d
18f77 dBm
-401454p00 GHz
Ean ] VO G

-10 Tamp 20 [T1 ndR] LVL

8184 dBm

2. 4025528000 GEHz

L~ N
7 L

Center 2.402 GHz 300 kHz/ Span 3 MHz

(Plot A: Channel = 2402 @ GFSK)
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*RBW 100 kHEz Marker 1 [T1 ]

*VYBW 300 kH=z 0.54 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.440838000 GHz
(10" Offhet 1 diB ndB [T[L] 20L00 dB
3 BW 1.104000p00 MH=zZ

) 1 Temp 1| [T1 ndB]
-19.57 dBm
/ \ 2-440454000 GHz

—10 N Temp 20 [T1 ndRl ey

B

;k’ﬂ// ww\\\él ;.4;1;é?J£; SHz
20

30 / \
MY L

- 60
|70
80
Center 2.441 GHz 300 kHz/ Span 3 MH=z
(Plot B: Channel = 2441 @ GFSK)

*RBW 100 kHz Marker 1 [T1 ]

*VBW 300 kHz 0.47 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.479838000 GHz
[10” Gffpet 1 ¢B ndB [T[L] 20000 dB

1 BW 1. 104000p00 MH=z

o ¥ Temp 1| [T1 ndB] =1

=181 71 .dBm
2[.479454p00 GHz
| 10 Temp 2| [T1 ndB]
-191 47 dBm
T} T 2. 480558p00 GHz
-20
[ / \
-40
’ﬂ}/ \\\\ 3DB
0

4 VAN
|60
70
80
Center 2.48 GHz 300 kHz/ Span 3 MHz

(Plot C: Channel = 2480 @ GFSK)
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2.4.2.2. 1/4-DQPSK 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 1.284 Plot A
39 2441 1.284 Plot B
78 2480 1.284 Plot C
Test Plots:
*RBW 100 kHz Marker 1 [T1 ]
*VBW 300 kHz 0.33 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.401838000 GHz
107 Offpet 1 diB “J: [? ~Zofoo
o L\/_fv Temp 1| [T 1.4 -
[AAXH . /,H\\ "”—~\\ Teme [T1 ndR] Lyt
N> .

|
/ )
I

Center 2.402 GHz 300 kHz/ Span 3 MHz

(Plot A: Channel = 2402 @ /4-DQPSK)
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*RBW 100 kHz Marker 1 [T1 ]

*VBW 300 kHz -0.59 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.440838000 GHz
[10” Offfet 1 4B ndB [T[] 20L00 4B
BW 11.284000p00 MH=z
Lo i Temp 1| [T1 ndB] n
-20.46 dBm
2.440352000 GHz
-10 /\ /""\ Tomas 21 [T1 ndB] LVL
A 56 dBm
y‘ N2 2}441636p00 eHz
—-20 / \
--30
| 40 £ / \ o~
S S
-\\‘ﬂ 3DpB
-—50
-—60
70
--80
Center 2.441 GHz 300 kHz/ Span 3 MHz
(Plot B: Channel = 2441 @ 1/4-DQPSK)
*RBW 100 kH=z Marker [l ]
*VBW 300 kH=z -0.60 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.479838000 GHz
10" Offbet 1 4B [TH] 20100 dB
B 1.284000p00 MHZ]
_I Temp 1| [T1 ndB]

=3
Wl

-0
m 20133 dBm
2.479352p00 GH=z
5, ki 4
|--10 Tomp 21 [T1 ndpR] o

\/ - —;0.61 dBm 2

2 2.4B0636p00 GH=z
|20
/ \
ik n WV
"\\ / \J/V 3pB

|- 60

R
i

—70

--80

Center 2.48 GHz 300 kHz/ Span 3 MHz

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

A. Test Verdict:

The maximum 20dB bandwidth measured is 1.278MHz according to the table below.

Channel Frequency (MHz) 20dB Bandwidth (MHz) Refer to Plot
0 2402 1.278 Plot A
39 2441 1.278 Plot B
78 2480 1.278 Plot C
B. Test Plots:
*RBW 100 kH=z Marker 1 [T1
*WBW 300 kHz 0.34 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.402156000 GHz
10~ Offket 1 4B ndB [Tf]
} v,\;\ S e Sl
3| /\ / "\ - - ‘ o ? ]

Center 2.402 GHz 300 kHz/ Span 3 MHz

(Plot A: Channel = 2402 @ 8-DPSK)
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*RBW 100 kHz Marker 1 [T1 ]
*VBW 300 kHz -0.62 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.441162000 GHz
10" Offset 1 4B ndB [TL] 20L00 dB
BW 1/.278000p00 MHz
1 Temp 1| [T1 ndB] Ex

)

N -
/\/j/\’ -20L 85 dBm
P
2l a40358p00 cHz
LA H
10 /\ ™"\t mp 20 [T1 ndbl —
\./ -20L 69 dBm
7 \i; 2l.441636p00 GHZ
—-20

60
70
-50
Center 2.441 GHz 300 kHz/ Span 3 MHz
(Plot B: Channel = 2441 @ 8-DPSK)

*RBW 100 kHz Marker 1 [T1 ]

*VBW 300 kHz -0.62 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 ms 2.480162000 GHz
[ 107 Offset 1 dB ndB [T[L] 20100 4B

) BW 1{.278000p00 MHZ

Lo L Temp 1] [T1 ndB] n

~20}74 dBm
B P
A XH 2[.479358p00 GHz
-10 /\ 7 [\ RN TH TS B B T e LVL

\/ -20143 dBm

\T’z 2l.as0esapoe cEz

—20

|— 30

\\u‘

— 70

80

Center 2.48 GHz 300 kH=zZ/ Span 3 MHz

(Plot C: Channel = 2480 @ 8-DPSK)
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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

A. Test Setup:

EUT«
Spectrum
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.

B. Equipments List:

Description Manufacturer | Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 2014.06.10

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 (1.104MHz for GFSK mode, 1.284MHz for [][/4-DQPSK
mode and 1.278MHz for 8-DPSK mode, refer to section 2.4.1), whichever is greater. So, the verdict
is PASSING

*RBW 300 kHz Delta 2 [Tl ]

*VBW 300 kHz 0.01 dB
Ref 11 dBm *Att 20 dB SWT 2.5 ms 1.014000000 MHz
(10" Offket 1 dIB Marker| 1 [T1 |

[ \\ / \//

3DB

[— 50

|—70

Center 2.441 GHz 300 kHz/ Span 3 MHz

(Plot A: GFSK)
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*RBW 300 kHz Delta 2 [T1 ]
*VBW 300 kHz -0.02 dB
Ref 11 dBm *Att 20 4B SWT 2.5 ms 1.020000000 MH=Zz
[10” Offset 1 dB Marker| 1 [T1
—-1104 dBm
Lo 2,.441000000 G?
|-10 VL
20
- 20
40
3DE
=0
|- 60
|70
|--80
Center 2.441 GHz 300 kHz/ Span 3 MHz
(Plot B: /4-DQPSK)
*RBW 300 kHz Delta 2 [Tl ]
*VBW 300 kHz 0., 03 ‘g8
Ref 11 dBm *Att 20 4B SWT 2.5 ms 1.026000000 MH=z
107 OffEet 1 4B Marker| 1 [Tl
o 0L55 dBm
il 2
. E 4 2l g4apopanoo cuz |EM
L —] ——
L_10 LVL
F-20
--30
-40
3DpB
F-50
--60
70
-80
Center 2.441 GHz 300 kHz/ Span 3 MHz

(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) (iii), 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

A. Test Setup:

EUT+
Spectrum T
Analyzere X computer
N
(Bluetooth Module)

The Bluetooth Module of the EUT, which is powered by the PC 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.

B. Equipments List:

Description Manufacturer Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 | 2014.06.10

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} =
{Period} = 0.4s * {Number of Hopping Frequency}

{Pulse Time} * (1600 / 6) / {Number of Hopping Frequency} * {Period}

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:

Frequency Pulse Time Total of Dwell . :
Channel Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.92 Plot A 311.467 PASS
39 2441 2.92 Plot B 311.467 400 PASS
78 2480 2.92 Plot C 311.467 PASS
B. Test Plots:
Note: the following plots record the Pulse Time of the Module carrier.
RBW 1 MHz Delta 3 [T1 ]
*VBW 1 MHz 0.67 dB
Ref 10 dBm *Att 20 dB SWT 20 ms 11.280000 ms
10 Cffpet B Mar e
0133 dBm
Lo 0N00 ms
_” Delta  [T1 ‘JJ N sen
e bty L o Ao Ry
Cienter 2.402 GHz 2 ms/

(Plot A: Channel = 2402 @ GFSK)
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RBW 1 MHE=z Delta 3 [T1 ]
*VBW 1 MH=z 0.07 dB
Ref 10 dBm *Att 20 dB SWT 20 ms 11.280000 ms
10 Offpet 1 4B Marker| 1 [T1
1 g 0t20 dBm|
L o 2. 640000 me
_—t Delta P [[rl ] sen
-0113 dB
EEER |, IZOPU0 W™ |1y
2[- 920 o mS | vy
--20
--320
F-40
3DB
-so
--60
A VA I s bt o Al
-70
F-80
o 7]
Center 2.441 GHz 2 ms/
(Plot B: Channel = 2441 @ GFSK)
REW 1 MHz Delta 3 [T1 ]
*YBW 1 MH=z -0.09 4B
Ref 10 dBm *Att 20 dB SWT 20 me 11.280000 ms
10 Offpet 1 @B Marker| 1 [T1
1 2 3 0L29 dBm
-0 b " 1 s u
SGIL
Delth p [T1 ] o
- ;
CLRWE i =
-10 oo s | Lve
—20
30
—40
3DB
50
— &0
—70
—80
-850
Tfantar 2 A2 CHo 2 mal/t

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

A. Test Verdict:

Channel Frequency Pulse Time Total of Dwell Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.92 Plot A 311.467 PASS
39 2441 2.92 Plot B 311.467 400 PASS
78 2480 2.92 Plot C 311.467 PASS

B. Test Plots:

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

*VBW 1 MH=z 0.00 dB
Ref 10 dBm *Att 20 dB SWT 15 ms .510000 ms
10 Offget 1 dB Marker| 1 [T1
1 B 0(23 dBm _
L o 3 10000 ¢
Delta P [T1 ] el
o "
cLRWR »
—10 PR P4 E O 1m

—20

3DB

ey FEERT WA, bbb

-%0

Center 2.402 GHz 1.5 ms/

(Plot A: Channel = 2402 @ /4-DQPSK)
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RBW 1 MH=z Delta 3 [T1 ]
*VBW 1 MHz -0.01 dB
Ref 10 dBm *Att 20 dB SWT 15 ms 7.540000 ms
10 Offset 1 dB Marker| 1 [T1
1 3 -0}73 dBm
o - - 1670000 me |IEM
Delta [T1 ] sern
O - o} 95 a
10 2. JZ0pU0 mEs | LvL
20
—30
40
3DB
50
|60
LA kb AL A L
|--70
|80
-50
Center 2.441 GH=z 1.5 ms/
(Plot B: Channel = 2441 @ 1/4-DQPSK)
REW 1 MHz Delta 3 [T1 ]
*VBW 1 MH=z 0.00 dB
Ref 10 dBm *Att 20 dB SWT 15 ms 7.510000 ms
10 Offset 1 giB Marker| 1 [T1
1 - -0L75 dBm
Lo £ i 2 4z0b0n e |EH
ke = SGL
Delta TLs ]
. - ki
-1} 01 db
—10 ZL[FZ0p00 M vy
20
30
40
3DB
50
| &0
_V_ M W "‘kf"W W
80
~90
Center 2.48 GHz 1.5 ms/

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

A. Test Verdict:

Channel Frequency Pulse Time Total of Dwell Limit (ms) | Verdict
(MHz) ms Refer to Plot (ms)
0 2402 2.84 Plot A 302.933 PASS
39 2441 2.84 Plot B 302.933 400 PASS
78 2480 2.82 Plot C 300.800 PASS

B. Test Plots:

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

RBW 1 MHz Delta 3 [T1 ]
*VBW 1 MH=z -0.01 dB
Ref 10 dBm *Att 20 dB SWT 10 ms 3.770000 ms
10 Offset 1 ¢B Marker| 1 [T1 |
1 3 0 dBm|
v : \ ) :
h - SGL
t T4
A - el ([ .
C LRWR e
T T 1 I 1T 1 T q-8490 ms |uvyL
- 20
30
—40
3DB
50
|- 60
Wlnfpa ! \}‘\Nﬂﬂ
70
80
-5%0
Center 2.402 GHz 1l ms/

(Plot A: Channel = 2402 @ 8-DPSK)
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REW 1 MHz Delta 3 [T1 ]
*VBW 1 MH=z -0.05 dB
Ref 10 dBm *Att 20 dB SWT 10 ms 3.770000 ms
10 Offpet 1 4B Marker| 1 [T1
1 — 9 dBm
L o e = 1 740000 me |EN
b SGI
T 1 bBelta & [TL i
5 s
=10 000 ™5 |Lvn
20
30
—40
3DB
|50
-60
s LTk Ny
80
-30
Center 2.441 GHz 1l ms/
(Plot B: Channel = 2441 @ 8-DPSK)
RBW 1 MHz Delta 3 [T1 ]
*VBW 1 MH=z =0.02 dB
Ref 10 dBm *Att 20 dB SWT 10 ms 3.770000 ms
10 Offget 1 4B Marker| 1l [T1
i R . -0}L91 dBm
| - i 1 _enohon me |EM
= de SGL
I - Delta R|[T1 ]
‘ -0L[L9 4dB
210 SEAUET] UM o]
Z-820PP0 S v
20
30
|—40
3DB
[—50
|-60
Whinghy g !
70
80
-90
Center 2.48 GH=z 1 ms/

(Plot C: 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

A. Test Setup:

EUT«~
Spectrum T
Analvzere q 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 DHS5 packages at maximum power.

B. Equipments List:

Description Manufacturer Model Serial No. Calibration
Due. Date
Spectrum Analyzer R&S FSP40 1164.4391.40 | 2014.06.10

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.
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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:

Measured Max. Limit (dBm)
Frequency . .
Channel (MH?2) Out of Band Refer to Plot Carrier Calculated | Verdict
EmissiondBm) Level -20dBc Limit
0 2402 -52.88 Plot A 1.18 -18.82 PASS
39 2441 -52.88 Plot B 0.41 -19.59 PASS
78 2480 -53.79 Plot C 0.35 -19.65 PASS

B. Test Plots:

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

*RBW 100 kHz
*VBW 300 kHz

Ref 10 dBm *Att 20 dB SWT 2.5 s 052
10 Offpet 1 4B Mark i T i
1 18 dBm
5 D1 1.18| dBm e e
R
1 [ %
== D2 -1 2 dBm
|30
- 40
3DB
=50 =
WN»WMJ‘;IU‘“ M
W *ILL_N.L_ ¥ TN N hh..'WvA mv...lt.a..
L 70
80
-90
Start 30 MHz 2.497 GHz/ Stop 25 GHz

(Plot A: Channel =0, 30MHz to 25GHz @ GFSK Mode)
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8 =
o

*RBW 100 kHz Marker 2 [T1
*VBW 300 kHz -52.88 dBm
Ref 10 dBm *Att 20 dB SWT 2.5 s 21.504200000 GHz
10 Offzet 1 ¢dB Marker| 1 [T1
1 41 dBm
= D1 0.41] dBm et B el e Bt =
—10
|——=0 D2 -N9.59 dRw
|20
40
50 =
WWMMM‘HM“W‘“
% y‘,l'mx‘.wh TS| TV TV S PR O T
|70
80
-%0
Start 30 MHz 2.497 GHz/ Stop 25 GHz

(Plot B: Channel = 39, 30MHz to 25GHz (@ GFSK Mode)

*RBW 100 kHz Marker 2 [T1 ]

*VBW 300 kHz -53.79 dBm
Ref 10 dBm *Att 20 dB SWT 2.5 = 16.510200000 GHz
10 Offpet 1 4B Marker| 1 [T1

0f35 dBm
Lo i1 035 dEn . o
-10
I N2> -Na.65 dem
30
40
50 -
= I | h,lj I IR PR T TR TIOY WP (PR N .n.l..l'
v (ST R A ok w L s

|70
-80
-50

Start 30 MH=z

2.497 GHz/

Stop 25 GH=z

(Plot C: Channel = 78, 30MHz to 25GHz @ GFSK Mode)

CCIC-SET/T (00

Page 37 of 85




(=)

CIiC
&/ Report No.: SET2013-06746

2.7.4.2. [ [/4-DQPSK Mode

A. Test Verdict:

Measured Max. Limit (dBm)
Frequency ; ;
Channel (MH2) Out of Band Refer to Plot Carrier Calculated Verdict
z .. ..

Emission (dBm) Level -20dBc Limit
0 2402 -52.68 Plot A -0.37 -20.37 PASS
39 2441 -51.89 Plot B -0.81 -20.81 PASS
78 2480 -52.27 Plot C -2.19 -22.19 PASS

B. Test Plots:

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

*RBW 100 kHz Marker 2 [T1 ]
*YBW 300 kHz -52.68 dBm
Ref 10 dBm *Att 20 dB SWT 2.5 = 22.303240000 GHz
10 Offset 1 dB Marker| 1 [T1
-0{37 dBm
2 I — 2 222100000 o | EN
=y |, )
VL
20 =
30
40
DB
[ M‘*x
At 1 st adl s Al ahaba, A At )
Ml ishegf - il
-70
80
-390
Start 30 MH=z 2.497 GHz/ Stop 25 GHz

(Plot A: Channel = 0, 30MHz to 25GHz @ /4-DQPSK)

CCIC-SET/T (00) Page 38 of 85




CIiC
&/ Report No.: SET2013-06746

*RBW 100 kHz Marker 2 [Tl ]
*VBW 300 kHz -51.89 dBm
Ref 11 dBm *Att 20 dB SWT 2.5 s 22.103480000 GHz
10" Offfet 1 diB Marker| 1 [T1
0L81 dBm
L o - 2.427120000 GH=z n
D1 —0.8[L dBm
10 LVL
20 D2 U8 T dfm
20
-40
3DB
50 2
WMWMW
T I YRR | RV I
60
-70
80
Start 30 MHz 2.497 GHz/ Stop 25 GH:z
(Plot B: Channel =39, 30MHz to 25GHz @ 1/4-DQPSK)
*RBW 100 kHz Marker 2 [T1 ]
*VBW 300 kHz -52.27 dBm
Ref 10 dBm *Att 20 dB SWT 2.5 s 22.003600000 GHz
10 Offget 1 d¢iB Marker| 1 [T1l
2t19 dBm
n 1 ol 497060h00 cne |EE
b1 -2.199 dBm
[vZE]
10 LVL
20
D2z —R2.15 dpm
30
40
3DB
. rasl
Mm ) rw“ "-';"\}'av \L"\H'liu 1 IIL\-A e A LA
70
-50
-50
Start 30 MHz 2.497 GHz/ Stop 25 GHz

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

A. Test Verdict:

Measured Max. Limit (dBm)
Frequency . .
Channel (MH2) Out of Band Refer to Plot Carrier Calculated | Verdict
v/

Emission (dBm) Level -20dBc Limit
0 2402 -52.67 Plot G.1 -1.12 -21.12 PASS
39 2441 -53.09 Plot H.1 -2.11 -22.11 PASS
78 2480 -52.91 Plot I.1 -2.22 -22.22 PASS

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

*RBW 100 kHz Marker 2 [T1 ]
£

*VBW 300 kH=z -52.67 dBm
Ref 10 dBm *Att 20 dB SWT 2.5 s 22.403120000 GHz
10 Offget 1 4B Marker| 1l [T1
: -1{12 dBm
-0 DI —-1.1 2 dBm 2377180000 GHE
fret LVL
=20 DZ =Z1.1Z dbm
30
|—40
3DB
| 50 <
oMb _,'M.IM'\'J\_'A A L Bt o m'_nl. *p A.’lv
70
80
-90

Start 30 MH=z 2.497 GH=z/ Stop 25 GHz

(Plot G.1:  Channel = 0, 30MHz to 25GHz @ 8-DPSK)
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