INntertek

Total Quality. Assured.

Test report no. 180300101SHA-001
Page 1 of 54

FCC & ISED RF TEST REPORT
No. 180300101SHA-001

Applicant : Kustom Musical Amplification INC.
3015 Kustom Drive, Hebron, Kentucky, 41048, United States

Manufacturer : Hangzhou Samko Electronics Co., Ltd.
No.8,Jiaqgi Road,Xianlin Street,Yuhang District,Hangzhou,

Zhejiang 311122

Product Name : Power Amplifier
Type/Model : HIPAC10PRO, HIPAC12PRO, HIPAC15PRO, PW10PRO, PW12PRO,
PW15PRO

Brand Name : KUSTOM® PQLIJ':‘_LIJ':‘-H_'-“

TEST RESULT : Pass

SUMMARY
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Description of Test Facility

Name: Intertek Testing Service Shanghai

Address: Building No.86, 1198 Qinzhou Road (North), Shanghai 200233, P.R. China

FCC Designation Number: CN1175
IC Assigned Code: 2042B-1

Name of contact: Jonny Jing
Tel: 86 21 61278271
Fax: 86 21 54262353
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1 GENERAL INFORMATION

1.1 Identification of the EUT

Product Name : Power Amplifier

Type/model : HIPAC10PRO, HIPAC12PRO, HIPAC15PRO, PW10PRO,
PW12PRO, PW15PRO

FCCID : 2AAVGHMG1816A

IC : 11349A-HMG1816A

Description of EUT : The EUT is a Power Amplifier, which has Bluetooth function.
There are 6 models. They are electrically identical except for
outside view. Therefore the model PW15PRO was chosen to
perform test as representative.

Rating : 100-120V ~, 50/60Hz, 350W, Class |

Category of EUT : ClassB

EUT type |:| Table top
X] Floor standing

Sample received date : March 26,2018
Date of test : March 26,2018 to April 10, 2018

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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1.2 Technical Specification
Operation Frequency : 2402 - 2480 MHz
Band
Type of Modulation : BT (BR+EDR)
EUT Modes of : GFSK, /4 DQPSK, 8DPSK
Modulation - -
| O = ——O=
| | i
| i il
| sl
n L frequency
GF5K o FE—.
Channel Description : There are 79 channels in all. The designed channel spacing
is 1IMHz.
Channel Frequency
Identifier (MHz)
low 2402
middle 2441
high 2480
Antenna : PCB antenna, OdBi

Antenna Requirement: An intentional radiator shall be designed to ensure that no antenna
other than that furnished by the responsible party shall be used with the device. The use of a
permanently attached antenna or of an antenna that uses a unique coupling to the intentional
radiator shall be considered sufficient to comply with the provisions of this section. The
manufacturer may design the unit so that a broken antenna can be replaced by the user, but
the use of a standard antenna jack or electrical connector is prohibited.

The EUT used a PCB antenna so fulfilled these requirements.

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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1.3 Mode of operation during the test

While testing the transmitter mode of the EUT, the internal modulation is applied.

The test setting software is offered by the manufactory. The pre-scan for the conducted power
with all rates in each modulation and bands was used, and the worst case was found and used
in all test cases.

The worst case modulation configuration:

Worst Modulation Used for Conformance Testing
Bluetooth Mode Packet Type Data Rate Worst Mode
GFSK BR-1Mbps DH1, DH3, DH5 BR-1Mbps DH5
/4 DQPSK EDR-2Mbps 2DH1,2DH3,2DH5 EDR-2Mbps 2DH5
8DPSK EDR-3Mbps 3DH1,3DH3,3DH5 EDR-3Mbps 3DH5

The power setting parameter:
The worst case power setting parameter

Test software BlueTest3

Modulation Mode 2402MHz 2441MHz 2480MHz
BR-1Mbps Default Default Default
EDR-2Mbps Default Default Default
EDR-3Mbps Default Default Default

There have the following test modes:

Radiated test mode:
Mode 1: EUT transmitted signal with BT antenna;

Conducted test mode:
Mode 2: EUT transmitted signal from BT RF port connected to SA directly;

We have verified all test modes, and choose the mode 1 for radiated RF test and mode 2 for
conducted RF test as representatively to list the results in this report.

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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1.4 Test peripherals list
Item No. Name Brand and Model Description
1 Laptop computer HP ProBook 6470b 100-240V AC, 50/60Hz
2 iPod Apple A1199 NA

1.5 Description of Test Facility

Building 86, No. 1198 Qinzhou Road(North), Shanghai 200233,

Name Intertek Testing Service Shanghai
Address
P.R. China
Telephone 86 21 61278200
Telefax 86 21 54262353

The test facility is
recognized, certified,
or accredited by these
organizations

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A

CNAS Accreditation Lab
Registration No. CNAS L0139

FCC Accredited Lab
Designation Number: CN1175
IC Registration Lab

Registration code No.: 2042B-1

VCCI Registration Lab

Registration No.: R-4243, G-845, C-4723, T-2252
NVLAP Accreditation Lab

NVLAP LAB CODE: 200849-0

A2LA Accreditation Lab

Certificate Number: 3309.02

TTRF15.247-02_V1 © 2017 Intertek
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2.1 Instrument list
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Conducted Emission

Used Equipment Manufacturer Type Internal no. Due date
v Test Receiver R&S ESCS 30 EC 2107 2018-10-18
v A.M.N. R&S ESH2-Z5 EC 3119 2018-12-01
~d Shielded room Zhongyu - EC 2838 2019-01-08

Radiated Emission

Used Equipment Manufacturer Type Internal no. Due date
™ Test Receiver R&S ESIB 26 EC 3045 2018-10-18
™ Bilog Antenna TESEQ CBL6112D EC 4206 2018-05-30
I~ Horn antenna R&S HF 906 EC 3049 2018-09-22
W Horn antenna ETS 3117 EC4792-1 | 2018-08-23
W Horn antenna TOYO HAP18-26W EC4792-3 | 2020-07-09
v Pre-amplifier R&S Pre-amp 18 EC5881 2018-06-19
w | Semi-anechoic chamber AL?;E;‘Z:'S - EC3048 | 2018-09-08

RF test

Used Equipment Manufacturer Type Internal no. Due date
v PXA Signal Analyzer Keysight N9030A EC 5338 2018-09-10
I~ Power sensor Agilent U2021XA EC5338-1 | 2019-03-03
I~ Vector Signal Generator Agilent N5182B EC5175 2019-03-06
# |MXG Analog Signal Generator| Agilent N5181A EC5338-2 | 2019-03-03
™ Mobile Test System Litepoint Igxel EC5176 2019-01-11
™ Test Receiver R&S ESCI 7 EC 4501 2019-02-23

Additional instrument

Used Equipment Manufacturer Type Internal no. Due date
v Therom-Hygrograph Z2J1-2A S.M.I.F. EC 3323 2018-06-14
v Therom-Hygrograph Z2J1-2A S.M.L.F. EC 3324 2018-04-09
v Therom-Hygrograph Z2J1-2A S.M.I.F. EC 3325 2019-03-23
v Pressure meter YM3 Shanghai Mengde| EC 3320 2018-06-28

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A

TTRF15.247-02_V1 © 2017 Intertek
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2.2 Test Standard

47CFR Part 15 (2017)

ANSI C63.10 (2014)

DA 00-705

RSS-247 Issue 2 (February 2017)
RSS-Gen Issue 5 (April 2018)

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A
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2.3 Test Summary
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This report applies to tested sample only. The test results have been compared directly with the
limits, and the measurement uncertainty is recorded. This report shall not be reproduced in
part without written approval of Intertek Testing Service Shanghai Limited.

TEST ITEM FCC REFERANCE IC REFERANCE RESULT
. . RSS-247 Issue 2
Carrier Frequency Separation 15.247(a)(1) Clause 5 Pass
RSS-247 Issue 2
Output power 15.247(b)(1) Clause 5 Pass
Radiated Spurious Emissions 15.205 & 15.209 RSS-247 Issue 2 Pass
Clause 5
Conducted Spurious Emissions RSS-247 Issue 2
&Band Edge 15.247(d) Clause 5 Pass
Power line conducted emission 15.207 RSS-Gen lssue 5 Pass
Clause 8.8
. . RSS-247 Issue 2
Number of Hopping Frequencies 15.247(a)(1)(iii) Clause 5 Pass
. RSS-247 Issue 2
Dwell time 15.247(a)(1)(iii) Clause 5 Pass
. . RSS-247 Issue 2
Occupied bandwidth&20 dB 15.247(a)(1) Clause 6 Tested

Bandwidth

Notes: 1: NA =Not Applicable

2: This report is for the exclusive use of Intertek's Client and is provided pursuant to the
agreement between Intertek and its Client. Intertek's responsibility and liability are limited to the terms
and conditions of the agreement. Intertek assumes no liability to any party, other than to the Client in
accordance with the agreement, for any loss, expense or damage occasioned by the use of this report.
Only the Client is authorized to permit copying or distribution of this report and then only in its entirety.
Any use of the Intertek name or one of its marks for the sale or advertisement of the tested material,
product or service must first be approved in writing by Intertek. The observations and test results in this
report are relevant only to the sample tested. This report by itself does not imply that the material,
product, or service is or has ever been under an Intertek certification program.

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A

TTRF15.247-02_V1 © 2017 Intertek
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2.4 Frequency Hopping System Requirement

Test Requirement: Section 15.247 (a)(1), (g), (h) requirement:

The system shall hop to channel frequencies that are selected at the system hopping rate from
a Pseudorandom ordered list of hopping frequencies. Each frequency must be used equally on
the average by each transmitter. The system receivers shall have input bandwidths that match
the hopping channel bandwidths of their corresponding transmitters and shall shift frequencies
in synchronization with the transmitted signals.

Frequency hopping spread spectrum systems are not required to employ all available hopping
channels during each transmission. However, the system, consisting of both the transmitter and
the receiver, must be designed to comply with all of the regulations in this section should the
transmitter be presented with a continuous data (or information) stream. In addition, a system
employing short transmission bursts must comply with the definition of a frequency hopping
system and must distribute its transmissions over the minimum number of hopping channels
specified in this section.

The incorporation of intelligence within a frequency hopping spread spectrum system that
permits the system to recognize other users within the spectrum band so that it individually
and independently chooses and adapts its hop sets to avoid hopping on occupied channels is
permitted. The coordination of frequency hopping systems in any other manner for the express
purpose of avoiding the simultaneous occupancy of individual hopping frequencies by multiple
transmitters is not permitted.

Compliance for section 15.247(a)(1)

According to Bluetooth Core Specification, the pseudorandom sequence may be generated in a
nine stage shift register whose 5th and 9th stage outputs are added in a modulo-two addition
stage. And the result is fed back to the input of the first stage. The sequence begins with the
first ONE of 9 consecutive ONEs;

i.e. the shift register is initialized with nine ones.

e Number of shift register stages: 9

* Length of pseudo-random sequence: 29-1 = 511 bits

* Longest sequence of zeros: 8 (non-inverted signal)

O O0Op 000
(+)+

Linear Feedback Shift Register for Generation of the PRBS sequence

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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An example of Pseudorandom Frequency Hopping Sequence as follow:
20624677777” 7 64 8 73 71675 1

Each frequency used equally on the average by each transmitter.
According to Bluetooth Core Specification, Bluetooth receivers are designed to have input and
IF bandwidths that match the hopping channel bandwidths of any Bluetooth transmitters and
shift frequencies in synchronization with the transmitted signals.

Compliance for section 15.247(g)

According to Bluetooth Core Specification, the Bluetooth system transmits the packet with the
pseudorandom hopping frequency with a continuous data and the short burst transmission
from the Bluetooth system is also transmitted under the frequency hopping system with the
pseudorandom hopping frequency system.

Compliance for section 15.247(h)

According to Bluetooth Core specification, the Bluetooth system incorporates with an adaptive
system to detect other user within the spectrum band so that it individually and independently
to avoid hopping on the occupied channels.

According to the Bluetooth Core specification, the Bluetooth system is designed not have the
ability to coordinate with other FHSS System in an effort to avoid the simultaneous occupancy
of individual hopping frequencies by multiple transmitter.

2.5 Measurement uncertainty

The measurement uncertainty represents an expanded uncertainty expressed at approximately
the 95% confidence level using a coverage factor of k=2.

Test item Measurement uncertainty

Maximum peak output power +0.74dB

Radiated Emissions in restricted frequency

+
bands below 1GHz +4.90d8
Radiated Emissions in restricted frequency +5.02dB
bands above 1GHz
Emission outside the frequency band +2.89dB
Power line conducted emission +3.19dB

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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3 20dB Bandwidth & 99% Bandwidth

Test result: Pass
3.1 Limit

|:| Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

@ Frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping
channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth
of the hopping channel, whichever is greater, provided the systems operate with an output
power no greater than 125mW.

3.2 Test Configuration

Spectrum Analyzer

RF
input

&

EUT

L

Antenna connector

3.3 Test Procedure and test setup

The 20 bandwidth per FCC §15.247(a)(1) is measured using the Spectrum Analyzer with Span =2
to 3 times the 20 dB bandwidth, RBW=>1% of the 20 dB bandwidth, VBW=RBW, Sweep = auto,
Detector = peak, Trace = max hold.

The test was performed at 3 channels (lowest, middle and highest channel).

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems)

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek
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3.4 Test Protocol
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Temperature: 25°C
Relative Humidity: 55%
20dB down
Mode CH Bandwidth Two-thirds of Bandwidth
(kHz) (kHz)
L 840.00 560.00
GFSK M 890.00 593.33
H 890.00 593.33
Channel L
® RBW 30 kHz Marker 1 [T1 ]
VBW 100 kHz -2.85 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.401925000 GHz
10 Offpet 0. dB ndB [TL] 2000 4B
BW 840[.000000pP0O0 kHZz
M ’ -l _2z|en ﬁrzn
== S |
-2z2L 65 dBm

l

. 402355p00 GHz

B M
i .

N\

=

30

-90

Center 2.402 GHz 250 kHz/

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A

Span 2.5 MHz
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Channel M
® RBW 30 kHz  Marker 1 [Tl ]
VBW 100 kHz -2.28 dBm
Ref 10 dBm Att 30 dB SWT & ms 2.440925000 GHz
10 Offket O0.f dB ndB [TL] 20l00 <B

BW 890.000000p00 kHz

o 1 Tarps 10 71 wAak7
—21] 96 <Em
M

z|.440460poo cmz

== |, AN -

T T ]

\A —2z] 31 <Em
. - z|.441350p00 cmz

-0

-90

Center 2.441 GHz 250 kHz/ Span 2.5 MHzZ
Channel H
® RBW 30 kHz  Marker 1 [Tl ]
VBW 100 kHz ~1.33 d&Bm
Ref 10 dBm Att 30 dB SWT 5 ms 2.479%20000 GHz
10 offfet 0.% dB nde [TL] 2o0fo00 @B

BW 890[.000000P00 kHz
1 Tomge 11 [T1 »db1

-0 T T
M 21|25 dBm
] /\J\ 2| 479460p00 cmz
10 TEm

T T ]
\_/‘\ -21}34 dBm
| . T N, T2 2|.480350p00 GHz

Payi U

30

-90

Center 2.48 GHz 250 kHz/ Span 2.5 MHzZ
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Mode CH Bandwidth Two-thirds of Bandwidth
(kHz) (kHz)
L 1230.00 820.00
8DPSK M 1266.00 844.00
H 1260.00 840.00
Channel L
® RBW 30 kHz Marker 1 [T1 ]
vBwW 100 kHz -5.52 4dBm
Ref 10 4dBm Att 30 4B SWT 5 ms 2.401%28000 GHz
10 Offpet 0. dB ndB [TL] 2000 4B

BW 1[.230000p00C MHZ

Lo y Temp 1] [T1 7»—\,—1 1 -

kg o} s01322poo oz

10 J‘ \/VJ W TEmR lJ.J.incL ] N

| .. /\/{M \\/W\'\’\ 2.402522 Eg ﬁz

F A

LT N EEPY.FLN J L.\K’\A 2\ f\f\"[\

[ 75 v *

Center 2.402 GHz 300 kHz/ Span 3 MHz
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Channel M
® RBW 30 kHz  Marker 1 [Tl ]
VBW 100 kHz -4.72 dBm
Ref 10 dBm Att 30 dB SWT & ms 2.440922000 GHz
10 Offket O0.f dB ndB [TL] 20loo g
BWw  1[.266000p00 MEZ
Lo Taps 1l [T1 nb)
L 24} 49 dBm

. 440274p00 GHz

_{ ¥V TEWD T o]
,\f/\""‘ L\/""\,\/\ ~25l08 dem

2.441540p00 GHzZ
f\y »ﬁz
=0
| 10 \'//
PPN ASSY »/\f\/ M I

Alp 2

-0
70
80
-90
Center 2.441 GHz 300 kHz/ Span 3 MHz
Channel H
® REW 30 kHz Marker 1 [T1 ]
VBW 100 kHz -3.74 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.479922000 GHz
10 Offpet 0.% dB ndB [TfL] 20400 dB
BW 1|.2ec000po0 MHZ
o — Tamyo 1l [T1 nobp
-23}48 dBm
2l 479274p00 GH
8 z
=@ |, N N

2. 480534p00 GHz

(YA TETD [T Tcp]
WJ \\/"'/\,\,\ -23l39 dBm
F-20 /J

ML

F-60

70

F-80

-90

Center 2.483 GHz 300 kHz/ Span 3 MHz
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99% Occupied bandwidth
Mode Channel Occupied Bandwidth
(kHz)
L 835.00
GFSK M 840.00
H 840.00
Channel L
® RBW 30 kHz Marker 1 [T1 ]
VBW 100 kHz —-2.74 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.401%25000 GH=z
10 Offpet 0. OBWS835).000000p0O0 kH=z
Temp 1f [T1 CEW]
o 1 - dBm
2|.401510p0o0 GH=z
M Temp 2| [T1 CBW]
| _10 =2T ZiBm
n/\_r} \/\ 2| 402345p00 cEZ
I A
-0
L . /]

//‘\

-850

-390

Center 2.402 GHz

FCCID: 2AAVGHMG1816A

IC: 11349A-HMG1816A

250 kHz/

Span 2.5 MHZ
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Channel M
® RBW 30 kHz  Marker 1 [T1 ]
VEW 100 kEz —2.22 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.440925000 GEz
10 Offket 0.§ dB opwsdol.oooooopoo keEz

Temp 1| [T1 CB¥]
Lo L —ooledl dew

M z|.440490po0 cE=
Temp 2| [Tl CBY]
: 10 /\/\ = TG BT
%/\// \/\ z|.441330p00 cE=
L 20 V\g\/\/\

(IE

70

-850

-390

Center 2.441 GHz 250 kHz/ Span 2.5 MHz
Channel H
® RBW 30 kHz  Marker 1 [T1 ]
VBW 100 kHz ~1.30 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.479925000 GHz
10 Offket 0.3 dB oBwa4al.000000p00 kHZ

Temp 1| [T1 CB¥]
—1aloq Apy

-0
M 2).a79490p00 cE=
[\,\ Temp 2| [T1 CEW]

[--10 =Zv ZEW™
]f\/u \j\ 2| 480330p00 GHz

B kii\n

-0

40 ’\A/\/ \

VJO\JJ\/\ /"/\\\'\

-0

1

'\\
|

-850

-390

Center 2.48 GHz 250 kHz/ Span 2.5 MHz
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Mode Channel Occupied Bandwidth
(kHz)
L 1158.00
8DPSK M 1158.00
H 1158.00
Channel L
@ L

Ref 10 dBm

ALt

30 dB SWT 5 ms

2.

401922000 GHz

-0

10 offpet 0. dB

OBW 1}

Temp 1

158000p00 MH=Z

[T1 OBW]
— il P2 =L

=3,

Temp 2

L 401346pP00 GHz
[T1 OBW]

-20

T3

A ",J[\
/\fﬁ/\/\/\l e ‘\J""\,«V\\ -

—ZIF o7 dBm
- 402504p00 GHz

-30

¢

\f\f’\fm\ NS

--60

AW

--70

--60

-90

Center 2.402 GHz
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300 kHz/

Span 3 MH=z
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Channel M
® RBW 30 kHz  Marker 1 [T1 ]
VBW 100 kEz ~4.62 dBm
Ref 10 dBm Att 30 4B SWT 5 ms 2.440922000 GHz
10 Offfet 0.§ dB oBw 1. 158c00po0 MEZ
Temp 1| [T1 OBW]
o - —2a1li10 apy
2| 440334po0 Grz
Temp 2| [T1 OBW]
== |, N /\ _
-{ w -~ TF 34 dBm
Nakaa \\/"" 2} 441492po0 cE=
4 o
57

B /J \
oLl I

-co
70
-s0
-90
Center 2.441 GHz 300 kHz/ Span 3 MHz
Channel H
® RBW 30 kHz Marker 1 [T1 ]
VBW 100 kHz -3.63 dBm
Ref 10 dBm Att 30 dB SWT 5 ms 2.479%22000 GHz
10 offget O. B OBW 1} 158000p00 MH=z
Temp 1] [T1 OBW]
-0 + 2001 B
2|-479334p00 GHz
mm ([\ /\ Temp 2| [T1 OBW]
: F-10 Ykl =TT 50 oFm
f\f/\"h N 2| 480492p00 cHz
y T2
20 b

--60

--70

--60

-90

Center 2.48 GHz 300 kHz/ Span 3 MH=z

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A
TTRF15.247-02_V1 © 2017 Intertek



mtertek Test report no. 180300101SHA-001

Total Quality. Assured. Page 24 of 54

4 Carrier Frequency Separation
Test result: Pass
4.1 Test limit

|:| Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

|E Frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping
channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth
of the hopping channel, whichever is greater, provided the systems operate with an output
power no greater than 125mW.

4.2 Test Configuration

Power meter

RF input

Q

EUT

-

Antenna connector

4.3 Test procedure and test setup

The Carrier Frequency Separation per FCC §15.247(a)(1) is measured using the Spectrum
Analyzer with Span can capture two adjacent channels, RBW=>1% of the span, VBW>=RBW,
Sweep = auto, Detector = peak, Trace = max hold.

The test was performed at 3 channels (lowest, middle and highest channel).

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems)

FCCID: 2AAVGHMG1816A
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4.4 Test protocol

Temperature: 25°C
Relative Humidity: 55%
Mode CH Frequency Separation Limit
(kHz) (kHz)
L 1002.00 >2/3 of 20dB BW
GFSK M 1002.00 >2/3 of 20dB BW
H 1002.00 >2/3 of 20dB BW
Channel L
® RBW 30 kHz Delta 2 [T1 ]
WVBW 100 kHz 1.z27 4dB
Ref 10 dBm Attt 30 4B SWT 5 m= 1.002000000 MH=Z
10 Offpet 0. dB Marker| 1 [T1
5 —zLe0 dBm

Al w
% £ =,

-390

Center 2.402 GHz 300 kHz/ Span 3 MHz
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Channel M
® RBW 30 kHz Delta 2 [Tl ]
VBW 100 kHz -0.02 dB
Ref 10 dBm Att 30 dB SWT 5 ms 1.002000000 MEZ
10 Offpet 0. dB Marker| 1 [T1
-1l o8 dBm
| o L 24300 00 o

JMA« A
ST Mk
i - "\

s

70

-850

-390

Center 2.44 GHz 300 kHz/ Span 3 MHz
Channel H
® RBW 30 kHz  Delta 2 [T1 ]
VBW 100 kHz 0.07 4B
Ref 10 &Bm Att 30 4B SWI 5 ms 1.002000000 MHZ
10 Offpet 0. dB Marker| 1 [T1
~1415 dBm
1 2

o 4700 00 cE

JMM M
. ML \/\ /v/bJ '\
/ - N

--20

--30

-850

-390

Center 2.47% GHz 300 kHz/ Span 3 MHz
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Mode CH Frequency Separation Limit
(kHz) (kHz)
L 1002.00 >2/3 of 20dB BW
8DPSK M 1008.00 >2/3 of 20dB BW
H 1002.00 >2/3 of 20dB BW
Channel L
® RBW 30 kHz Delta 2 [T1 ]
WVBW 100 kHz 1.37 4dB
Ref 10 dBm Attt 30 4B SWT 5 m= 1.002000000 MH=Z
10 Offpet 0. dB Marker| 1 [T1
—5133 dBm

o=

| A

LA
I YA TR I VN ot e Y
L B

Y A

-390

Center 2.4025 GHz 300 kHz/ Span 3 MHz
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VBW 100 kHz
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Delta 2 [T1 ]
0.03 4B

Ref 10 &Bm Att 30 4B SWI 5 ms 1.008000000 MHZ
10 Offpet 0. dB Marker| 1 [T1
—4L 55 dBm
o dd0c1ohon cE
1 2
== |, A A A
P A
[ N W ,\\\
30 / \
;\0]
VAN
50
VoY
€0
70
-850
-50

Center 2.4415 GHz

300 kHz/

Channel H

RBW 30 kHz
VBW 100 kHz

Span 3 MHzZ

Delta 2 [T1 ]
0.06 dB

Ref 10 dBm Att 30 dB SWT 5 ms 1.00z2000000 MH=Z
10 OQffpet 0. dB Marker| 1 [T1
-3 62 dBm
o A70024bh00 cE
T
A
3 |, A A A /]
/ﬂf““””Pv M S LV”\p
oL \\
20 / \
;[LU
AN
50
\“ N
-¢0
-0
|-50
-90

Center 2.4795 GHz
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Span 3 MHz
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5 Maximum peak output power
Test result: Pass
5.1 Test limit

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75
non-overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz
band: 1 watt

For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts

If the transmitting antenna of directional gain greater than 6dBi is used, the power shall be
reduced by the amount in dB that the directional gain of the antenna exceeds 6dBi.

For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and
5725-5850 MHz bands: 1 Watt.

5.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

-

Antenna connector

5.3 Test procedure and test setup

The power output per FCC §15.247(b) is measured using the Spectrum Analyzer with Span =5
times the 20 dB bandwidth, RBW= the 20 dB bandwidth, VBW>=RBW, Sweep = auto, Detector =
peak, Trace = max hold.

The test was performed at 3 channels (lowest, middle and highest channel).

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems)

FCCID: 2AAVGHMG1816A
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5.4 Test Protocol
Temperature: 25°C
Relative Humidity: 55%
Mode CH Cable loss Conducted Power Limit
(dB) (dBm) (dBm)
L 0.80 -1.23 21
GFSK M 0.80 -0.74 21
H 0.80 0.08 21
Mode CH Cable loss Conducted Power Limit
(dB) (dBm) (dBm)
L 0.80 -3.15 21
8DPSK M 0.80 -2.30 21
H 0.80 -1.35 21

Conclusion: The maximum EIRP = 0.08dBm = 1.019mW which is lower than the limit of

4W listed in RSS-247.

FCCID: 2AAVGHMG1816A
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6 Radiated Emissions

Test result: Pass
6.1 Test limit

The radiated emissions which fall in the restricted bands, as defined in §15.205(a), must also
comply with the radiated emission limits specified in §15.209(a) showed as below:

Frequency Field Strength Measurement Distance
(MHz) (dBuV/m) (m)

30- 88 40.0 3

88 -216 43.5 3

216 -960 46.0 3

Above 960 54.0 3

6.2 Test Configuration

| VVVVVVVVVVVY
S >
> .
>> " Antenna mast Turn Table <

Test receiver

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A
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6.3 Test procedure and test setup

The measurement was applied in a semi-anechoic chamber. While testing for spurious
emission higher than 1GHz, if applied, the pre-amplifier would be equipped just at the output
terminal of the antenna.

Tabletop devices shall be placed on a nonconducting platform with nominal top surface
dimensions 1 m by 1.5 m. For emissions testing at or below 1 GHz, the table height shall be 80
cm above the reference ground plane. For emission measurements above 1 GHz, the table
height shall be 1.5 m.

The turn table rotated 360 degrees to determine the position of the maximum emission level.
The EUT was set 3 meters away from the receiving antenna which was mounted on an antenna
mast. The antenna moved up and down between from 1meter to 4 meters to find out the
maximum emission level.

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems)

The radiated emission was measured using the Spectrum Analyzer with the resolutions
bandwidth set as:

RBW =100 kHz, VBW = 300 kHz (30MHz~1GHz)
RBW = 1MHz, VBW = 3MHz (>1GHz for PK);

Remark: 1. For fundamental emission, no amplifier is employed.
2. Correct Factor = Antenna Factor + Cable Loss (-Amplifier, is employed)
3. Corrected Reading = Original Receiver Reading + Correct Factor
4. Margin = limit — Corrected Reading
5. If the PK reading is lower than AV limit, the AV test can be elided.
6. The emission was conducted from 30MHz to 25GHz.

Example: Assuming Antenna Factor = 30.20dB/m, Cable Loss = 2.00dB,
Gain of Preamplifier = 32.00dB, Original Receiver Reading = 10dBuV.
Then Correct Factor = 30.20 + 2.00 — 32.00 = 0.20dB/m; Corrected Reading = 10dBuV
+ 0.20dB/m = 10.20dBuV/m
Assuming limit = 54dBuV/m, Corrected Reading = 10.20dBuV/m, then Margin = 54 -10.20 =
43.80dBuV/m

FCCID: 2AAVGHMG1816A
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6.4 Test Protocol

Temperature: 25°C
Relative Humidity: 55%
Mode GFSK
CH | Antenna | Frequency | Correct | Corrected Limit Margin | Detector
(MHz) Factor Reading (dBuv/m) | (dB)
(dB/m) (dBuV/m)
H 2402.20 30.70 88.30 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
\ 323.53 15.30 38.80 46.00 7.20 PK
L \" 350.74 16.00 32.50 46.00 13.50 PK
H 1599.19 -10.20 50.90 54.00 3.10 PK
H 2390.00 -8.00 40.60 54.00 13.40 PK
H 4806.18 -1.50 54.10 74.00 19.90 PK
H 4805.87 -1.50 36.60 54.00 17.40 AV
H 2441.07 30.70 88.90 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
\ 323.53 15.30 38.80 46.00 7.20 PK
v \ 350.74 16.00 32.50 46.00 13.50 PK
H 1625.25 -10.10 51.20 54.00 2.80 PK
H 4885.77 -1.10 54.60 74.00 19.40 PK
H 4885.23 -1.10 36.80 54.00 17.20 AV
H 2479.83 30.70 89.80 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
Vv 323.53 15.30 38.80 46.00 7.20 PK
" Vv 350.74 16.00 32.50 46.00 13.50 PK
H 1651.30 -9.90 50.40 54.00 3.60 PK
H 2483.50 -7.80 40.20 54.00 13.80 PK
H 4961.54 -0.80 54.30 74.00 19.70 PK
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H 4960.79 -0.80 36.50 54.00 17.50 AV
Mode 8DPSK
CH | Antenna | Frequency | Correct Corrected Limit Margin | Detector
(MHz) Factor Reading (dBuv/m) | (dB)
(dB/m) (dBuV/m)
H 2402.20 30.70 86.30 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
\ 323.53 15.30 38.80 46.00 7.20 PK
L \ 350.74 16.00 32.50 46.00 13.50 PK
H 1599.19 -10.20 50.90 54.00 3.10 PK
H 2390.00 -8.00 38.60 54.00 13.40 PK
H 4806.18 -1.50 52.10 74.00 19.90 PK
H 4805.87 -1.50 35.60 54.00 17.40 AV
H 2441.07 30.70 86.80 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
Vv 323.53 15.30 38.80 46.00 7.20 PK
v \ 350.74 16.00 32.50 46.00 13.50 PK
H 1625.25 -10.10 51.20 54.00 2.80 PK
H 4885.77 -1.10 53.60 74.00 19.40 PK
H 4885.23 -1.10 35.80 54.00 17.20 AV
H 2479.83 30.70 87.80 Fundamental / PK
H 189.39 10.60 28.30 43.50 15.20 PK
H 321.58 15.30 37.80 46.00 8.20 PK
\ 323.53 15.30 38.80 46.00 7.20 PK
H \ 350.74 16.00 32.50 46.00 13.50 PK
H 1651.30 -9.90 50.40 54.00 3.60 PK
H 2483.50 -7.80 39.70 54.00 13.80 PK
H 4961.54 -0.80 53.50 74.00 19.70 PK
H 4960.79 -0.80 35.80 54.00 17.50 AV

FCCID: 2AAVGHMG1816A
IC: 11349A-HMG1816A

TTRF15.247-02_V1 © 2017 Intertek



mtertek Test report no. 180300101SHA-001

Total Quality. Assured. Page 35 of 54

7 Conducted Spurious Emissions & Band Edge

Test result: Pass
7.1 Test limit
In any 100 kHz bandwidth outside the frequency band in which the spread spectrum
intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that

contains the highest level of the desired power.

7.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

™

Antenna connector

7.3 Test procedure and test setup

The Conducted Spurious Emissions per FCC §15.247(d) is measured using the Spectrum
Analyzer with Span wide enough capturing all spurious from the lowest emission frequency of
the EUT up to 10th harmonics, RBW = 100kHz, VBW=RBW, Sweep = auto, Detector = peak,
Trace = max hold.

The test was performed at 2 channels (lowest and highest channel).

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems)

7.4 Test Protocol
Temperature: 25°C
Relative Humidity: 55%
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Mode GFSK, Channel M

Trig: Free Run
Aren: 10 8

Avg Type: Log-Pwr
Avg|Hold: 8100

Refl 0.00 dBm
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|FGaln:Low

Mode GFSK, Channel H

Amen: 10 B

o i)
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Mkr2 2.
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Mode 8DPSK, Channel H
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Mode GFSK, Hopping mode

BB Gyt Spectnam Ansheeer St G4
Marker 1 2.403842596065 GHz g Avg Type: Log-Pwr
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8 Power line conducted emission

Test result: Pass
8.1 Limit
Conducted Limit (dBuV)
Frequency of Emission (MHz)
QP AV
0.15-0.5 66 to 56* 56 to 46 *

0.5-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency.

8.2 Test configuration

pommmmeeee e ; EUT
i Peripheral
' devices i___

L OLISN LISN EMI receiver

|E For table top equipment, wooden support is 0.8m height table

|:| For floor standing equipment, wooden support is 0.1m height rack.
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8.3 Test procedure and test set up

Measured levels of ac power-line conducted emission shall be the emission voltages from the
voltage probe, where permitted, or across the 50 Q LISN port (to which the EUT is connected),
where permitted, terminated into a 50 Q measuring instrument. All emission voltage and
current measurements shall be made on each current-carrying conductor at the plug end of the
EUT power cord by the use of mating plugs and receptacles on the LISN, if used. Equipment
shall be tested with power cords that are normally supplied or recommended by the
manufacturer and that have electrical and shielding characteristics that are the same as those
cords normally supplied or recommended by the manufacturer. For those measurements using
a LISN, the 50 Q measuring port is terminated by a measuring instrument having 50 Q input
impedance. All other ports are terminated in 50 Q loads.

Tabletop devices shall be placed on a platform of nominal size 1 m by 1.5 m, raised 80 cm
above the reference ground plane. The vertical conducting plane or wall of an RF-shielded
(screened) room shall be located 40 cm to the rear of the EUT. Floor-standing devices shall be
placed either directly on the reference ground-plane or on insulating material as described in
ANSI C63.4. All other surfaces of tabletop or floor-standing EUTs shall be at least 80 cm from
any other grounded conducting surface, including the case or cases of one or more LISNs.

The bandwidth of the test receiver is set at 9 kHz.
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8.4 Test protocol

Test report no. 180300101SHA-001

Page 44 of 54

Temperature: 22 °C
Relative Humidity: 52%
dBuv EN220P EN228Y
100
80

20 : :
0.15 10 100 30.0
MHz
Test Data:
Quasi-peak Average
Frequency Corrected - . Corrected - :
(MHz) . Limit Margin . Limit Margin
Reading | iguvy | (ag) | Red& | mv) | (dB)
(dBuV) (dBuV)
0.26 (N) 46.12 61.35 15.23 44,78 51.35 6.57
0.43 (L) 43.03 57.19 14.16 42.02 47.19 5.17
0.61 (L) 41.34 56.00 14.66 34.00 46.00 12.00
0.78 (L) 40.68 56.00 15.32 35.53 46.00 10.47
1.82 (N) 38.28 56.00 17.72 21.29 46.00 2471
4.26 (L) 38.83 56.00 17.17 23.35 46.00 22.65

measured.

Note: All possible modes of operation were investigated. Only the worst case emissions

FCCID: 2AAVGHMG1816A
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9 Number of Hopping Frequencies

Test result: Pass

9.1 Limit

Test report no. 180300101SHA-001
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Number of Hopping Frequencies in the 2400-2483.5 MHz band shall use at least

15 channels.

9.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

9.3 Test procedure and test setup

™

Antenna connector

The channel number per FCC §15.247(a)(1)(iii) is measured using the Spectrum Analyzer with
RBW=100kHz, VBW=RBW, Sweep = auto, Detector = peak, Trace = max hold.

The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for
Frequency Hopping Spread Spectrum Systems).
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9.4 Test protocol

Temperature
Relative Humidity

25°C
55 %
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Channel Number Limit
79 >15
® REW 100 kEz Delta 2 [Tl ]
VBW 300 kEz ~54.96 dB
Ref 10 dBm Att 30 SWT 10 ms 3.618000000 MEzZ
10 Offpet O dB Marker[ 1 [T1

-2} 72 dBm

42gcoohng b

--60

--70

--60

-90

Start 2.4

GHz

8.35 MHzZ/

Stop 2.4835 GHz
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10 Dwell Time
Test result: Pass

10.1 Limit

The dwell time 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.

10.2 Test Configuration

Spectrum Analyzer

RF input

®

EUT

™

Antenna connector

10.3 Test procedure and test setup

Dwell time per FCC §15.247(a)(1)(iii) is measured using the Spectrum Analyzer with Span = 0,

RBW=1MHz, VBW=RBW, Sweep can capture the entire dwell time, Detector = peak, Trace = max
hold.
The EUT was tested according to DA 00-705 (Filing and Measurement Guidelines for

Frequency Hopping Spread Spectrum Systems).
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10.4 Test protocol
Temperature 25°C
Relative Humidity 55 %
Packet | Occupancy time CH Real observed | Hops among | Dwell time Limit
for single hop period Observed (s)
(ms) (s) period T (s)
(0] P |
L 3.16 33 0.14
3DH1 0.422 M 3.16 33 0.14
H 3.16 33 0.14
L 3.16 17 0.29
3DH3 1.688 M 3.16 17 0.29 <0.4
H 3.16 17 0.29
L 3.16 11 0.32
3DH5 2.924 M 3.16 11 0.32
H 3.16 11 0.32

Remark: 1. There are 79 channels in all. So the complete observed period P=0.4 * 79 = 31.6 s.

2. Average time of occupancy T=0 *1*31.6 /P
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® REW 1 MHz Marker 1 [T1 ]
VBW 3 MHz ~39.99 dBm
Ref 10 dBm Att 30 4B SWT 1 ms 208.000000 ps
10 Offpet 0. dB Delta P [T1 ]
ol10 as
Lo coohoo o

WV VYT Yy
/ \
== |,

Center 2.402 GHz 100 ns/
Channel L
® REW 1 MHz
VEW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 =

10 Offpet O. dB

Tk (-4 (9] apm
-0

-850

-390

Center 2.402 GHz 320 ms/
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Channel M

® RBW 1 MHz
VBW 3 MHz

Ref 10 dBm Att 30 JdB SWT 3.2 s
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10 Offpet O. dB

Tk |-4. (9] apm ||

70

-850

-390

Center 2.441 GHz 320 ms/
Channel H
® REW 1 MHz
VEW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 =

10 Offpet O. dB

i I
Tt |-4. (9| apm
=5

-0

WLl

-850

-390

Center 2.48 GHz 320 ms/
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3DH3
® REBW 1 MHz Delta 2 [T1 ]
VBW 3 MHz 8.84 4B
Ref 10 dBm Att 30 JdB SWT 3 ms 1.688000 ms
10 Offpet 0. dB Marker| 1 [T1
-39} 684 dBm
o bio ooohog g

= || ]

70

-850

-390

Center 2.402 GHz 300 ns/
Channel L
® REW 1 MHz
VEW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 =

10 Offpet O. dB

i I
e —d.lo apm
=5

--10

--20

-850

-390

Center 2.48 GHz 320 ms/
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Channel M

® RBW 1 MHz
VBW 3 MHz

Ref 10 dBm Att 30 JdB SWT 3.2 s

e —d.lo dpm

&3 |,

F—40

s W W W L G L L L L )

70

-850

-390
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RBW 1 MHZ Delta 2 [T1 ]

VBW 3 MHz 11.40 4B
Ref 10 dBm Att 30 JdB SWT & ms 2.9524000 mg
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o RIY ==Y Na e
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¥
20
30
40
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| c0—| MI. &
0 i
70
-850
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Channel M

REW 1 MHzZ
VBW 3 MHz
Ref 10 dBm Att 30 JdB SWT 3.2 s
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