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No. 160600522SHA-001

Applicant : Chongqging Zongshen General Power Machine
Co., Ltd.
Zongshen Industry Zone Chaoyouchang
Banan District, Chongqing, China

Manufacturer Chongqging Zongshen General Power Machine
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Product Name : APP Controller
Type/Model : RG-BLE-12

TEST RESULT : PASS

SUMMARY
The equipment complies with the requirements agogr the following standard(s):

47CFR Part 15 (2015): Radio Frequency Devices

RSS-247 (Issue 1, 2015): Digital Transmission Systems (DTSs), Frequency Hugpp
Systems (FHSs) and Licence-Exempt Local Area Ne®WIOE-LAN) Devices

RSS-Gen Issue 4 (November 2014): General Requirements and Information for the
Certification of Radiocommunication Equipment

ANSI C63.10 (2013): American National Standard of Procedures for Coamgle Testing of
Unlicensed Wireless Devices
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1. General Information

1.1 Applicant Information

Applicant

Name of contact :
Tel
Fax
Email

Manufacturer :

1.2 Identification of the EUT

Product Name :
Type/model :
FCCID
IC

1.3 Technical specification

Operation Frequency:
Band
Type of Modulation :

EUT Modes of :
Modulation
Channel Number :

Description of EUT :
Port identification :

Antenna

Rating

FCC ID: 2AIRGBTCO01
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Chongging Zongshen General Power Machine
Co., Ltd.

Zongshen Industry Zone Chaoyouchang
Banan District, Chongging, China

Rong Luo
+86-13983885759
/

luorong@zsengine.com

Chongging Zongshen General Power Machine
Co., Ltd.

Zongshen Industry Zone Chaoyouchang
Banan District, Chongging, China

APP Controller
RG-BLE-12
2AIRGBTCO1
/

2402 - 2480 MHz

FHSS
GFSK, Pi/4 DQPSK, 8DQPSK

79 channels with spacing of 1IMHz.
There is one model only.

N/A

PCB antenna, 0dBi

DC 12V

TTRF15.247_V1 © 2015Intertek
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Declared Temperature:
Category of EUT :
EUT type :

Sample received date
Sample Identification :

Date of test :
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/
Class B

X] Table top
[ ] Floor standing
June 6, 2016

/
June 6, 2016 — Aug 4, 2016

2. TEST SPECIFICATIONS

2.1 Test Standard

47CFR Part 15 (2015)
RSS-247 (Issue 1, 2015)

RSS-Gen Issue 4 (November 2014)

ANSI C63.10 (2013)

DA 00-705 (March 30, 2000)

2.2 Mode of operation during thetest / Test peripherals used

While testing transmitting mode of EUT, the intdrmedulation was applied. The EUT is
powered by external DC power supply.

Test softwar e setting: Highest power 0 among the softwaieieTool.

Test mode:

Mode 1: Hopping off, GFSK_DH5
Mode 2: Hopping off, BDQPSK_DH5
Mode 3: Hopping on, GFSK_DH5
Mode 4: Hopping on, 8DQPSK_DH5

Test Channdl:

L 2402
M 2441
H 2480

FCC ID: 2AIRGBTCO01
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Frequency Hopping System Requirement

DCompliance for Section 15.247 (a)(1), (9), (h) requirement

The system shall hop to channel frequencies tiease@ected at the system hopping rate from
a Pseudorandom ordered list of hopping frequenEiash frequency must be used equally
on the average by each transmitter. The systenwvegseshall have input bandwidths that
match the hopping channel bandwidths of their @moeding transmitters and shall shift
frequencies in synchronization with the transmiggghals.

Frequency hopping spread spectrum systems arequited to employ all available

hopping channels during each transmission. Howékersystem, consisting of both the
transmitter and the receiver, must be designednapty with all of the regulations in this
section should the transmitter be presented withréinuous data (or information) stream. In
addition, a system employing short transmissiostsunust comply with the definition of a
frequency hopping system and must distribute @ssgmissions over the minimum number of
hopping channels specified in this section.

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

<] Compliancefor Section 15.247 (a)(1)

According to Bluetooth Core Specification, the pfmandom sequence may be generated in
a ninestage shift register whose 5th and 9th siatpits are added in a modulo-two addition
stage. And the result is fed back to the inputeffirst stage. The sequence begins with the
first ONE of 9 consecutive ONESs; i.e. the shiftiségr is initialized with nine ones.

* Number of shift register stages: 9

« Length of pseudo-random sequence:12= 511 bits

* Longest sequence of zeros: 8 (non-inverted sjgnal

FEHZH]&DTEPEFD&H
e
d‘f‘

Linear Feedback Shift Register for Generation of the PRBS sequence

An example of Pseudorandom Frequency Hopping Seguasnfollow:
20_624!_37? - ___T_Bd__ 8?3__ - __1_675_1_

. -

|
! I
! |
! |

|
: |
! 1

Each frequency used equally on the average byteaatmitter.

According to Bluetooth Core Specification, Bluetootceivers are designed to have input
and IF bandwidths that match the hopping channedwalths of any Bluetooth transmitters
and shift frequencies in synchronization with tfamsmitted signals.

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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X] Compliance for section 15.247(g)

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

X] Compliancefor section 15.247(h)

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

According to the Bluetooth Core specification, Bleetooth system is designed not have the
ability to coordinate with other FHSS System inedfiort to avoid the simultaneous
occupancy of individual hopping frequencies by mpldttransmitter.

2.3 Test softwarellist

Conducted
emission ESxS-K1 R&S V2.1.0
Radiated
emission ES-K1 R&S V171

24 Test peripheralslist

1 DC power supply | Chroma, 62024P-100150 NA

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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25 Instrument list
Equipment Type Manu. Internall Cal. Date Due date
no.
Test Receiver ESCS 30 R&S EC 2107 2015-10-2016-10-20
Test Receiver ESIB 26 R&S EC 3046 2015-10;2D16-10-19
A.M.N. ESH2-75 R&S EC 3119 2016-1-9 2017-1-8
Bilog Antenna CBL 6112D TESEQ EC 4206 2016-4-28 720127
Horn antenna HF 906 R&S EC 3040 2016-4-28 2017-4-27
Pre-amplifier Pre-amp 18 R&S EC 3220  2016-4-12 204171
Semi-anechoic - Albatross EC 3048 | 2016-5-12 2017-5-11
chamber project
High Pass Filter| WHKX 1.0/15G+ Wainwright | EC4297-1 2016-1-8 2017-1-7
10SS
Power sensor / | N1911A/N1921A Agilent EC4318 | 2016-04-122017-04-11
Power meter
Temperature SETH-E tayasaf EC4315 2016-4-9 2017-4+8
Camber
Spectrum E7402A Agilent EC2254 | 2015-08-162016-08-15
analyzer

FCC ID: 2AIRGBTCO01
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2.6 Test Summary

Test report no. 160600522SHA-001

Page 10 of 52

Thisreport appliesto tested sample only. Thisreport shall not be reproduced in part
without written approval of Intertek Testing Service Shanghai Limited.

[ TESTIEM [ FCCREFERANCE [ ICREFERANCE[ RESULT |

20 dB Bandwidth 15.247(a)(1) RSS-247 Issue 1 Tested
Annex 5.1

Carrier Frequency Separatior| 15.247(a)(1) RSS-247 Issue|l Pass
Annex 5.1

Output power 15.247(b)(1) RSS-247 Issue 1 Pass
Annex 5.4

Radiated Spurious Emission§  15.205 & 15.209 RSS-Gen Issue/4  Pass
Clause 8.10

Band Edge Emission 15.247(d) RSS-247 Issue 1 Pass
Annex 5.5

Power line conducted emission 15.207 RSS-Gen Issue 4 Pass
Clause 8.8

Number of Hopping 15.247(a)(1)(iii) RSS-247 Issue Pass

Frequencies Annex 5.1

Dwell time 15.247(a)(1)(iii) RSS-247 Issue (1 Pass
Annex 5.1

Note: “NA” means “not applied”.

FCC ID: 2AIRGBTCO01
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3. 20 dB Bandwidth

Test result: Tested

3.1Limit

[] Frequency hopping systems shall have hopping ehaanrier frequencies separated by
a minimum of 25kHz or the 20 dB bandwidth of theppimg channel, whichever is greater.

X] Frequency hopping systems operating in the 24088-84VIHz band may have hopping
channel carrier frequencies that are separated IxyH2 or two-thirds of the 20 dB
bandwidth of the hopping channel, whichever is gnegrovided the systems operate with
an output power no greater than 125mWw.

3.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

™

Antenna connector

3.3 Test Procedure and test setup

The 20 bandwidth per FC® 15.247(a)(1) is measured using the Spectrum Analyith
Span = approximately 2 to 3 times the 20 dB bantwi@dBW>1% of the 20 dB bandwidth,
VBW>RBW, Sweep = auto, Detector = peak, Trace = mad.hol

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

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

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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3.4 Test Protocol
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Temperature 2y
Relative Humidity 55 %
Mode CH Bandwidth Two-thirds of Bandwidth
(kHz) (kH2)
L 958 639
1 M 834 556
H 887 591
Channel L
oy e et | SENSE:INT] [ ALIGN AUTO  [09:07:50 AM Aug 04, 2016

Avg Type: Log-Pwr
Trig: Free Run Avg|Hold:>100/100

Atten: 10 dB

PNO: Wide G
IFGain:Low

Mkr1 2.402 048 GHz

Ref Offset 1.5 dB

1LO gBldw Ref 0.00 dBm

--"----i‘
-ﬂﬂ----lvﬁ-
i S S O (O R O i

Center 2.402000 GHz
#Res BW 30 kHz

MSG

#VBW 100 kHz

Avg/Hold Num

100
-30.491 dBm

Avg Type
g-Pwr (Video) »
Man

Lo
ut

|Ib
o

Limits»

N dB Points
-20.00 dB

|
| (=]
E]

PhNoise Opt
Wide-offset»
Man

g

uto

ADC Dither
Medium @
uto Man

More
10f2

FCC ID: 2AIRGBTCO01
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Intertek

Channel M

BE Keysight Spectrum Analyzer - Swept 54
e 3 P
[ I oc | !

Marker 1 2.440970000000 GHz e

PNO: Wide () Trig: Free Run
IFGain:Low Atten: 10 dB

Mkr1 2.440 970 GHz NextPeak
Ref Offset 1.5 dB 440 970 GHz

= =

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Span 3.000 MHz
#VBW 100 kHz Sweep 1.533 ms (1001 pts)

MSG STATUS

Channel H

[N
Peak Search

ﬁ Keysight Spectrum Analyzer - Swept SA

w | RF DC | | | SENSE:INT] ‘ A 109:08:38 AM Aug 04, 2016

Marker 1 2.479967000000 GHz ===

PNO: Wide L, Trig: Free Run
IFGain:Low Atten: 10 dB

Avg Typé: Log-F'wri
Avg|Hold:>100/100

Mkr1 2.479 967 GHz NextPeak

Ref Offset 1.5 dB 4
Ref 0.00 dBM -29.735 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr-»CF

Mkr—RefLvi

More
10f2

Span 3.000 MHz

#VBW 100 kHz Sweep 1.533 ms (1001 pts) ;

MSG STATUS

FCC ID: 2AIRGBTCO1
TTRF15.247_V1 © 2015Intertek



|ntertek Test report no. 160600522SHA-001
Page 14 of 52

Mode CH Bandwidth Two-thirds of Bandwidth
(kH2) (kH2)
L 1348 899
2 M 1343 895
H 1311 874
Channel L

i Keysight Spectrum Analyzer - Swept SA
2 | RF  [s00 oC | \ — [ senseINT] [ AIGNATO  [09:10:00 AM
Marker 1 2.402099000000 GHz ) Avg Type: Log-Pwr TRAC
PNO: Wide L, 1fig: FreeRun Avg|Hold:>100/100 TYP
IFGain:Low Atten: 10 dB

Mkr1 2.402 099 GHz NextPeak
Ref Offset 1.5 dB
sz O.Eeo dBm .33 644 dBm
Next Pk Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Span 3.000 MHz
#VBW 100 kHz Sweep 1.533 ms (1001 pts)

MSG STATUS

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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Intertek

Channel M

BE Keysight Spectrum Analyzer - Swept 54
e 3 P
[ I oc | !

Marker 1 2.440934000000 GHz e

PNO: Wide () Trig: Free Run
IFGain:Low Atten: 10 dB

Mkr1 2.440 934 GHz NextPeak
Ref Offset 1.5 dB 440 34 GHz

==

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Span 3.000 MHz
#VBW 100 kHz Sweep 1.533 ms (1001 pts)

MSG STATUS

Channel H

ﬁ Keysight Spectrum Analyzer - Swept SA

(=N =
(7] | AF pc | [ | SENSE:INT] | A |09:09:11 AM Aug 04, 2016

Marker 1 2.479967000000 GHz P Trace FERERE ki

PNO: Wide L, Trig: Free Run
IFGain:Low Atten: 10 dB

Avg Typé: Log-F'wri
Avg|Hold:>100/100

Mkr1 2.479 967 GHz NextPeak

Ref Offset 1.5 dB 4
Ref 0.00 dBM -29.735 dBm

Next Pk Right

Next Pk Left

Marker Delta
-20.00/dB
g I

1.311 MHz

Mkr-»CF

Mkr—RefLvi

More
10f2

Span 3.000 MHz

#VBW 100 kHz Sweep 1.533 ms (1001 pts) ;

MSG STATUS

FCC ID: 2AIRGBTCO1
TTRF15.247_V1 © 2015Intertek
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3.5 Measurement uncertainty

Measurement uncertainty:3 %
The measurement uncertainty is given with a confideof 95%, k=2.

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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4. Carrier Frequency Separation

Test result: Pass

4.1 Limit

[] Frequency hopping systems shall have hopping ehaanrier frequencies separated by
a minimum of 25kHz or the 20 dB bandwidth of theppimg channel, whichever is greater.

X] Frequency hopping systems operating in the 24088-84VIHz band may have hopping
channel carrier frequencies that are separated IxyH2 or two-thirds of the 20 dB
bandwidth of the hopping channel, whichever is gnegrovided the systems operate with
an output power no greater than 125mWw.

4.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

™

Antenna connector

4.3 Test Procedure and test setup

The Carrier Frequency Separation per FE€T5.247(a)(1) is measured using the Spectrum
Analyzer with Span can capture two adjacent chaniRBW>1% of the span, VBWRBW,
Sweep = auto, Detector = peak, Trace = max hold.

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

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

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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4.4 Test Protocol

Temperature : 2y
Relative Humidity : 55 %
Mode CH Frequency Separation Limit
(kH2) (kHz)
L 1002.00 > 2/3 of 20dB BW
1 M 1002.00 > 2/3 of 20dB BW
H 1002.00 > 2/3 of 20dB BW
Channel L
® RBW 30 kHz Delta 2 [T1 ]
1eo Off etm 0.% 4B — Marker-l [T1 -

Lo 1 2ﬂﬂ1D o0 oH

AW MR
7 ST KN

-90

Center 2.402 GHz 300 kHz/ Span 3 MH=z

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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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 1 24300 00 o
e ﬂﬂjx /VVKVM
IMAXH| 10 ]\/\

A P
s

30 F/
40

70

-90

Center 2.44 GHz 300 kHz/ Span 3 MHz
Channel H
® RBW 30 kHz Delta 2 [T1 ]
VBW 100 kHz 0.07 de
Ref 10 dBm Att 30 dB SWT 5 ms 1.002000000 MH=z
10 Offpet O0.§ 4B Marker[ 1 [T1
—1}15 dBm
-0 L 2/\ fu] 00 cE

[~ [
. W \/\w A AN
/ N
/

- 50

- 60

70

80

-90

Center 2.479 GHz 300 kHz/ Span 3 MH=z

FCC ID: 2AIRGBTCO01
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Mode CH Frequency Separation Limit
(kH2) (kH2)
L 1002.00 > 2/3 of 20dB BW
2 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 Att 30 d4dB SWT 5 mz 1.002000000 MH=Z
10 Offpet 0. dB Marker| 1 [T1
—5133 dBm

=) A0192AR00 GH

o LA

AT e T R
L N

1/ A

an

-90

Center 2.4025 GHz 300 kHz/ Span 3 MHz

FCC ID: 2AIRGBTCO01
TTRF15.247_V1 © 2015Intertek
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Channel M

® RBW 30 kHz Delta 2 [T1 ]
VBW 100 kHz 0.03 dB
Ref 10 dBm Att 30 dB SWT 5 ms 1.008000000 MHZ
10 Offfet 0. dB Marker| 1 [T1
—41 55 dBm
=) AA00G7] 00 cH
1 2

=1 I
]

n

N A A
VO I AN
JN il e e \\

70

-90

Center 2.4415 GHz 300 kHz/ Span 3 MHz
Channel H
® RBW 30 kHz Delta 2 [T1 ]
VBW 100 kHz 0.06 dB
Ref 10 dBm Att 30 dB SWT 5 ms 1.002000000 MH=z
10 Offpet O0.§ 4B Marker[ 1 [T1
-3} 62 dBm
-0 Vil coAbon oE

 in J A

JN AR i VW\\

- 60

70

80

-90

Center 2.4795 GHz 300 kHz/ Span 3 MH=z
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4.5 M easurement uncertainty

Measurement uncertainty:3 %
The measurement uncertainty is given with a conftdeof 95%, k=2.
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5. Maximum peak output power

Test result: Pass

5.1 Test limit

[] For frequency hopping systems operating in théd22483.5 MHz band employing at
least 75 non-overlapping hopping channels, anfitedjliency hopping systems in the 5725-
5850 MHz band: 1 watt

X For all other frequency hopping systems in the022883.5 MHz band: 0.125 watts

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

[_] For systems using digital modulation in the 908-88Hz, 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 FCQ 15.247(b) is measured by setting the Spectrum Aealgs

RBW = 1MHz, VBW = 3MHz, Sweep = auto, Detector -apeTrace = max hold.

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

The test method is following DA 00-705 (Filing aMgasurement Guidelines for Frequency
Hopping Spread Spectrum Systems).
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5.4 Test protocol

Temperature : 25C
Relative Humidity : 55 %
M ode CH Cableloss Conducted Power Limit
(dB) (dBm) (dBm)
L 0.80 -2.30 21
1 M 0.80 -2.80 21
H 0.80 -3.40 21
M ode CH Cableloss Conducted Power Limit
(dB) (dBm) (dBm)
L 0.80 -0.30 21
2 M 0.80 -0.70 21
H 0.80 -1.10 21

5.5 M easurement uncertainty

Measurement uncertainty:0.74dB
The measurement uncertainty is given with a confideof 95%, k=2.
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6. Radiated Spurious Emissions
Test result: PASS
6.1 Test limit

The radiated emissions which fall in the restridi@dds, as defined §15.205(a), must also
comply with the radiated emission limits specifie¢15.209(a) showed as below:

Frequency Field Strength Measurement Distance
(MH2z) (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

> Turn Table

AAAA

NAAAAAAALAAL,
o

EUT

\ Antenna mast

Test receiver

FCC ID: 2AIRGBTCO01
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6.3 Test procedure and test setup

The measurement was applied in a semi-anechoicldraihile testing for spurious
emission higher than 1GHz, if applied, the pre-afieplwould be equipped just at the output
terminal of the antenna and the EUT was placed bbrma height.

The EUT and simulators were placed on a 0.8m higbde&n turntable above the horizontal
metal ground plane. The turn table rotated 360eak=yto determine the position of the
maximum emission level. The EUT was set 3 metesydvom the receiving antenna which
was mounted on an antenna mast. The antenna mpweadudown between from 1meter to
4 meters to find out the maximum emission level.

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

RBW = 100kHz, VBW = 300kHz (30MHz~1GHz)
RBW = 1MHz, VBW = 3MHz (>1GHz for PK);
RBW = 1MHz, VBW = 10Hz (>1GHz for AV);

If the dwell time per channel of the hopping sigisdess than 100 ms, then the reading
obtained with the 10 Hz VBW may be further adjudtgd “duty cycle correction factor”.
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6.4 Test protocol

Mgge 1Antenna Frequency | Correct | Corrected Limit Margin | Detector
(MH2) Factor Reading (dBuVv/m) | (dB)
(dB/m) | (dBuV/m)
H 2402.20 30.70 90.30 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK]
\% 239.93 14.20 39.70 46.00 6.30 PK]
) \% 335.19 17.40 40.90 46.00 5.10 PK]
H 797.83 24.40 31.60 46.00 1440 PK
H 2389.15 34.30 52.20 54.00 1.80 PK
H 4804.59 -3.60 39.40 54.00 14.60 PK
H 2441.07 30.70 89.60 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK
M \% 239.93 14.20 39.70 46.00 6.30 PK]
\% 335.19 17.40 40.90 46.00 5.10 PK]
H 797.83 24.40 31.60 46.00 1440 PK
H 4882.23 -3.40 39.20 54.00 14.80 PK
H 2479.83 30.70 88.70 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK
\% 239.93 14.20 39.70 46.00 6.30 PK
" \% 335.19 17.40 40.90 46.00 5.10 PK
H 797.83 24.40 31.60 46.00 1440 PK
H 2485.39 34.60 51.60 54.00 2.40 PK
H 4963.92 -3.20 42.80 54.00 11.20 PK
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Mgge 2Antenna Frequency | Correct | Corrected Limit Margin | Detector
(MH2) Factor Reading (dBuVv/m) | (dB)
(dB/m) | (dBuV/m)
H 2401.98 30.70 92.40 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK
\% 239.93 14.20 39.70 46.00 6.30 PK
) \% 335.19 17.40 40.90 46.00 5.10 PK]
H 797.83 24.40 31.60 46.00 1440 PK
H 2379.73 34.30 51.00 54.00 3.00 PK
H 4804.59 -3.60 41.20 54.00 12.80 PK
H 2441.07 30.70 92.00 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK
M \% 239.93 14.20 39.70 46.00 6.30 PK]
\% 335.19 17.40 40.90 46.00 5.10 PK]
H 797.83 24.40 31.60 46.00 1440 PK
H 4882.23 -3.40 40.90 54.00 13.10 PK
H 2480.28 30.70 91.10 Fundamental / PK
H 61.10 7.80 33.00 40.00 7.00 PK
\% 168.01 12.00 35.20 43.50 8.30 PK
\% 239.93 14.20 39.70 46.00 6.30 PK
" \% 335.19 17.40 40.90 46.00 5.10 PK
H 797.83 24.40 31.60 46.00 1440 PK
H 2487.91 34.60 51.10 54.00 2.90 PK
H 4963.92 -3.20 43.10 54.00 10.90 PK
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Remark: 1. For fundamental emission, no ampliBezmployed.
2. Correct Factor = Antenna Factor + Cable Lossnphier, is employed)
3. Corrected Reading = Original Receiver Readit@ptrect Factor
4. Margin = limit — Corrected Reading
5. If the PK reading is lower than AV limit, the Aést can be elided.
6. The emission was conducted from 30MHz to 25GHz.

Example: Assuming Antenna Factor = 30.20dB/m, Cabks = 2.00dB,
Gain of Preamplifier = 32.00dB, Original Receiverading = 10dBuV.
Then Correct Factor = 30.20 + 2.00 — 32.00 = 0.20dE orrected Reading =
10dBuV + 0.20dB/m = 10.20dBuV/m
Assuming limit = 54dBuV/m, Corrected ReadingG:20dBuV/m, then Margin =
54 -10.20 = 43.80dBuV/m

6.5 M easurement uncertainty

Measurement uncertainty of radiated emission (30MB@OMHz) is:+ 4.90dB
Measurement uncertainty of radiated emission (1082M000MHz) is:+ 5.02dB
The measurement uncertainty is given with a confideof 95%, k=2.
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7. Band Edge Emission

Test result: PASS

7.1Limit
In any 100 kHz bandwidth outside the frequency hanshich the spread spectrum
intentional radiator is operating, the radio fregeyepower that is produced by the

intentional radiator shall be at least 20 dB betbat in the 100 kHz bandwidth within
the band that contains the highest level of thee@power.

7.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

N

Antenna connector

7.3 Test procedure and test setup

The Band Edge Emissions per FGQ5.247(d) is measured using the Spectrum Analyzer
with Span wide enough capturing all spurious friwa lbwest emission frequency of the
EUT up to 10th harmonics, RBW = 100kHz, VBWRBW, Sweep = auto, Detector = peak,
Trace = max hold.

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

The EUT was tested according to DA 00-705 (Filing Measurement Guidelines for
Frequency Hopping Spread Spectrum Systems)
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u Keysight SpECtrum Ana\yzer Swept SA

| SENSE:INT| ALIGN AUTO
Avg Type: Log-Pwr

AvglHold: 571100

[09:13:49 AM Aug 04, 2016

Marker 3 4.803124953124 GHz
PNO: Fast ()
IFGain:Low

Trig: Free Run
Atten: 10 dB

Ref Offset 1.5 dB
Ref 0.00 dBm

MKR MODE TRC| 5CL FUNCTION FUNCTION 'WIDTH FUNCTION VALUE =
1mnn_zmm I
2 [§]  32025GHz| 62889 dBm| 1
3 F]  48031GHz|  65478dBm) |
4 ] |
8 - B
6 . 1
7 ] |
8 ] |
o ] 1

10 . I

11 S N O S N W— N -

4 3

=0 =

Trace/Detector

Select Trace

-
v

Clear Write

Trace Average

Max Hold

Min Hold

View Blank ~
Trace On

u Keysight SpECtrum Ana\yzer Swept SA

| SENSE:INT| ALIGN AUTO
Avg Type: Log-Pwr

Avg|Hold:>100/100

|09:20:23 AM Au

Marker 3 2.483500000000 GHz
PNO: Fast ()
IFGain:Low

Trig: Free Run
Atten: 10 dB

Ref Offset 1.5 dB

1LO dBidiv  Ref 0.00 dBm

MKR MODE TRC| 5CL FUNCTION FUNCTION 'WIDTH FUNCTION VALUE =
1IIII]I]___
2 | £  2400000GHz| -77377dBm| | | |
3 | f]  2483500GHz| 80643dBm[ | [ |
4 I ]
5 I N I N -
6 I I R A
7 ] [ [
8 I ]
9 I I I

10 I I (N A

11 I ]

Z =

4
-
N

=2 =

Select Marker

- =
= =] =
g L = B
v 8 2 v

o]
=

Properties»

=
w
(5]
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Mode 1, Channel M

i Keysight Spectrum Analyzer - Swept SA |£”i‘&l

17 | RF DC | ]

| ] | 31 AM Aug 04, 2016

Marker 3 4.881551788795 GHz - Avg Typ AL
PNO: Fast L, Trig: Free Run Avg|Hold: 82/100
IFGain:Low Atten: 10 dB
Next Peak
Ref Offset 1.5 dB
Ref 0.00 dBin { [—
Next Pk Right
|
Next Pk Left
]
Marker Delta
R
#VBW 300 kHz Mkr—CF
MKR MODE TRC| SCL X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE -
0 N | 1]f|  24410GHz|  27594dBm| | T
N 1] 1] 32647GHz|  61694dBm| [ [ |
[ 48816GHz|  65512dBm| | | |
A N [1]f] 4.8816 GHz -65.512 dBm MKr—RefLvi
4 I I
5 N I -
6 I s
7 N .
9 I N More
10 N N 10f2
1 ! [ ! [ B

4
g
{n]
g
5
o
£

i

Peak Search

—_—— NextPeak
Mkr4 1.903 5 GHz
Ref 0.00 dBim -62.464 dBm

Next Pk Right
e
Next Pk Left
]
Marker Delta
[
Mkr—CF
MKR MODE TRC| SCL x Y FUNCTION FUNCTION WIDTH FUNCTION VALUE -

AN | 1f] 24797GHz|  -27.368 dBm I SS—

2 | 3.3066 GHz| 60.472 dBm ]

3 49597 GHz 65.736 dBm ]

4 198035GHz| 62464 dBm | ML eI

5 I -

6 I | (R—

7 ]

s —
10 ] 10f2
11 I -

‘ = I = = 5

=
7]
o

STATUS
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ﬁ Keysight Spectrum Analyzer - Swept SA

| ®F 500 DC | |

T ‘ E —
Marker 1 2.480029500738 GHz
G

Trig: Free Run
Atten: 10dB

PNO: Fa

IFGain:Low

Ref Offset 1.5 dB
Ref 0.00 dBm

Start 2.3000 GHz

#Res BW 100 kHz #VBW 300 kHz

Type:
AvgiHoId >100/100

) [09:20:46 AM Aug 04, 2016

Mkr1 2.480 030 GHz

-27.490 dBm

"~ Stop 2.5000 GHz
Sweep 2.667 ms (40000 pts

=
o
=
=
(1]
=y
o
@
i

MKR MODE TRC| SCL.

2 MEERER 2.400 000 GHz -80.522 dBm

3
4 _
5 ]
6 ]
7 ]
8 ]
9 ]
10 ]
11 ]

S0 N [ 1[f] 2. 4an 030 GHz -27. 490 dBm| |

FUNCTION

FUNCTION WIDTH

FUNCTION VALUE

T

==
Peak Search

Next Peak

Next Pk Right

Next Pk Left

Mkr-»CF

Mkr—RefLvi

More
10f2

STATUS

Mode 2, Channel L

u Keysight Spectrum Ana\yzer Swept SA
Dc |

SENSE:INT|

ALIGN AUTO

|09:18:07 AM

x RF |

PNO: Fast L, Irig: FreeRun
IFGain:Low Atten: 10 dB

Ref Offset 1.5 dB
Ref 0.00 dBm

Avg Type: Log-Pwr
Avg|Hold: 851100

TRACE
TYPE

#VBW 300 kHz
MKR MODE TRC| SCL X Y
i N [1[f] = 24022GHz| -28.999 dBm
)l N [ 1] f] 3.202 8 GHz 63.025 dBm
3 4.8041 GHz 63.410 dBm
4 ]
5 ]
6 I R
7 I
8 I
9 ]
10 I R
11 I B

FUNCTION

FUNCTION WIDTH

FUNCTION \

VALUE

=2 =

Select Marker

-
v

Normal

Delta

Fixed>

(o]

=

Properties»

More
10of2
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ﬁ Keysight Spectrum Analyzer - Swept SA
[ | RF B |

[N

Marker 1 2.402092552314 GHz o ' Avg Typ r Peak Search
st () Trig: FreeRun Avg|Hold:>100/100
Atten: 10 dB
NextPeak
Ref Offset 1.5 dB
Ref 0.00 dEm L
Next Pk Right
| e e
Next Pk Left
]
Marker Delta
[
Mkr—CF
MKR MODE TRC| SCL x Y FUNCTION FUNCTION WIDTH FUNCTION VALUE -
S0 N [ 1[f] 2.402 093 GHz -29.338 dBm I —
2 NEERER 2.400 000 GHz -81.264 dBm ]
]
i 2483 6500 GHz 81.635 dBm Mkr—RefLvi
5 I I -
6 I I
7 ] ]
e — —
10 I ] 1of2
11 | [ [ [ B

MSG STATUS

ﬁ Keysight Spectrum Analyzer - Swept SA
W | AF pC | [ =
Marker 4 1.885971724293 GHz )
PNO: Fast (5. 1rig: FreeRun Avg|Hold: 86/100
Atten: 10 dB

Peak Search

i

' NextPeak
Mkré 1.886 0 GHz
Ref 0.00 dBim 63.357 dBm|

Next Pk Right
. S e B S e m— P
Next Pk Left
P
Marker Delta
Start 1 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 82.66 ms (40000 pts Mkr—CF
MKR MODE TRC| SCL x Y FUNCTION FUNCTION WIDTH FUNCTION VALUE -
0 N | 1/f|  24410GHz|  -28676dBm)| I —
A N Sosrchal  sirafdem ]
N ]
I N [1[f]  18860GHz| | ML eI
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=
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Mode 2, Channel H

i Keysight Spectrum Analyzer - Swept SA
W | RF DC | [

Marker 1 2.4 0 GHz M

= =
Peak Search

46 AM Aug 04, 2016

PNO: Fast L, Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 10dB
NextPeak
Ref Offset 1.5 dB
Ref 0.00 dBm [
Next PK Right
[
Next Pk Left
[
Marker Delta
[
Mkr—CF
MKR| MODE TRC| SCL X s FUNCTION FUNCTION WIDTH FUNCTION VALUE =
1 MEENEE 24797GHz|  28202dBm| | |
" N [1[f] 33066 GHz] 60320dBm| [ ]
| 49597GHz| -66704dBm| [ [ ]
3III-H 4.9597 GHz -66.704 dBm MKr—RefLvi
5 I I -
6 I | [
7 I
: N
10 I 10f2
11 I R B . -
« = I - - ¥

ﬁ Keysight Spectrum Analyzer - Swept SA
B | RF DC | | I
Marker 1 2.480079501988 GHz )
PNO: Fast (5. 1rig: FreeRun Avg|Hold:>100/100
Atten: 10 dB

Peak Search

i

' NextPeak
Mkr1 2.480 080 GHz
Ref 0.00 dBm. 28.494 dBm

Next Pk Right

Next Pk Left

Marker Delta

Start 2.3000 GHz Stop 2.5000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.667 ms (40000 pts Mkr-»CF

MKR MODE TRC| SCL x Y FUNCTION FUNCTION WIDTH FUNCTION VALUE
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| N [ 1] f] 2.400 000 GHz -81.922 dBm
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»
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BE Keysight Spectrum Analyzer - Swept SA e )

oL | RF oc | |

Marker 3 2.478666666667 GHz [ ' Avg Type: Log-Pwr
PNO: Fast L,) 1rig: FreeRun Avg|Hold:>100/100
IFGain:Low #Atten: 20 dB
Mkr3 2.478 7 GHZ NEKEEdk
Ref 0.00 dBm -12.312 dBm .
S R U I
ATy T Next Pk Right
L
Next Pk Left
L
Marker Delta
Start 2.3000 GHz Stop 2.5000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (601 pts) MKr—-CF
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. 12312 dBm| I
ilIl-l] 24787 GHz 1 Mkr—RefLvl
5 I -
6 I [
7 I
: —
10 ] 10f2
MSG STATUS
Mode 4
=l )

i Keysight Spectrum Analyzer - Swept SA
|7 ] RF C

‘ bC | | —
Marker 3 2.480000000000 GHz

Peak Search

3
1E
3B

PNO: Fast L, Trig: Free Run Avg|Hold:>100/100
IFGain:Low #Artten: 20 dB
NextPeak
Ref0.00 dBm | I—
Next Pk Right
[
Next Pk Left
[
Marker Delta
[
Stop 2.5000 GHz
Sweep 1.000 ms (601 pts) Mkr—CF
MKR MODE TRC| SCL X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE =
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7.5 M easurement uncertainty

Measurement uncertainty:0.74dB
The measurement uncertainty is given with a confideof 95%, k=2.
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8. Power line conducted emission

Test result: Pass

8.1 Limit

Conducted Limit (dBuV)
Frequency of Emission (MHz

0.15-0.5
0.5-5
5-30

* Decreases with the logarithm of the frequency.

8.2 Test configuration

EUT

' Peripheral !

i devices | __

" LSN | LISN EMI receiver

X For table top equipment, wooden support is 0.8ighte¢able

[_] For floor standing equipment, wooden support 1srOheight rack.
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8.3 Test procedure and test set up

The EUT are connected to the main power througheaimpedance stabilization network
(LISN). This provides a 50/50uH coupling impedance for the measuring equignigre
peripheral devices are also connected to the naiepthrough a LISN that provides a
50Q/50uH coupling impedance with &0ermination.

Both sides (Line and Neutral) of AC line are chetk® maximum conducted interference.
In order to find the maximum emission, the relapesitions of equipment and all of the
interface cables must be changed according to AMSL4 on conducted measurement.
The bandwidth of the test receiver is set at 9 kHz.
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8.4 Test protocol

dBpy EMZZ0P2 ERZ2AWD

20 i | Illllli | i IIIIII:

015 10 100 a0.0
MHz
Frequency| Correct Factor Corrected Reading Limit Margin
(dB) (dBuV) (dBuV) (dB)
QP AV QP AV QP AV

0.15 (N) 3.00 45.36 23.75 66.0056.00 | 20.64| 32.25

0.17 (L) 3.00 42.13 22.21 64.8454.84 | 22.71| 32.63

0.24 (N) 3.00 35.47 26.34 62.1052.10 | 26.63| 25.76

0.43 (N) 3.00 37.89 3252 57.1947.19 | 19.30| 14.67

1.61 (N) 3.00 30.01 20.92 56.0046.00 | 25.99| 25.08

4.67 (L) 3.00 25.73 17.50 56.00 46.00 | 30.27| 28.50
Remark: 1. Correction Factor (dB) = LISN Factor Y@BCable Loss (dB).

2. Margin (dB) = Limit - Corrected Reading.

8.5 M easurement uncertainty

Measurement uncertainty:3.19dB
The measurement uncertainty is given with a confideof 95%, k=2.
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9. Number of Hopping Frequencies

Test result: Pass
9.1 Limit

Number of Hopping Frequencies in the 2400-2483.5%zMEInd shall use at least
15 channels.

9.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

N

Antenna connector

9.3 Test procedure and test setup

The channel number per FGT5.247(a)(1)(iii) is measured using the Spectrunalgrer
with RBW=1MHz, VBW>RBW, Sweep = auto, Detector = peak, Trace = mad.hol
The EUT was tested according to DA 00-705 (Filing easurement Guidelines for
Frequency Hopping Spread Spectrum Systems).
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9.4 Test protocol

Mode Channel Number Limit

3 79 >15

i Keysight Spectrum Analyzer - Swept SA

g L RF 500 DC | SENSE:INT] | ALIGN AUTO |
Stop Freq 2.483500000 GHz . Avg Type: Log-Pwr
PNO: Fast L, Trig: Free Run Avg|Hold:>100/100
IFGain:Low #Atten: 20 dB
Auto Tune
10 dBidiv Ref 0.00 dBm e
Log
— —" 2.441750000 GHz
e
kel sabitnt MMM RN
2.400000000 GHz
--
Stop Freq
2.483500000 GHz
| B
-- CF Step
8.350000 MHz
Auto Man
[
-- FreqOffset

#VBW 3.0 MHz Sweep 1.000 ms (601 pts)

MSG STATUS

FCC ID: 2AIRGBTCO01
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Mode Channel Number Limit

4 79

>15

i Keysight Spectrum Analyzer - Swept SA

| SENSE:INT]

[ ALIGN AUTO |

RF g
p Freq 2.483500000 GHz
PNO: Fast ()
IFGain:Low

Trig: Free Run
#Atten: 20 dB

Avg Type: Log-Pwr TRACE
Avg|Hold:>100/100 v

Select Trace

#VBW 3.0 MHz

=
v

Clear Write

Trace Average

Max Hold

Min Hold

View Blank
Trace On

9.5 M easurement uncertainty

Measurement uncertainty:3%

The measurement uncertainty is given with a confideof 95%, k=2.

FCC ID: 2AIRGBTCO01
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10. Dwell Time

Test result: Pass

10.1 Limit

The dwell time on any channel shall not be greidu@n 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping chameeiployed. Frequency hopping
systems may avoid or suppress transmissions ortiaypar hopping frequency provided
that a minimum of 15 channels are used.

10.2 Test Configuration

Spectrum Analyzer

RF input

&

EUT

N

Antenna connector

10.3 Test procedure and test setup

Dwell time per FCC§ 15.247(a)(1)(iii) is measured using the Spectrumalgaer with Span
=0, RBW=1MHz, VBW>-RBW, Sweep can capture the entire dwell time, Detet peak,

Trace = max hold.
The EUT was tested according to DA 00-705 (Filing Measurement Guidelines for
Frequency Hopping Spread Spectrum Systems).

FCC ID: 2AIRGBTCO01
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Packet| Occupancytime, CH Real observed Hops among| Dwell time | Limit
for single hop period Observed (s)
(ms) (s) period T (s)
O P I
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 thepteta observed period P = 0.4 * 79 =

31.6s.

FCC ID: 2AIRGBTCO01

2. Average time of occupandy=0 *| * 31.6/ P
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3DH1

® RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz -39.99 dBm
Ref 10 dBm Att 30 4B SWI 1 ms 208.000000 ps
10 Offget 0. dB Delta B [T1 ]
010 4B
| o pooboo

T
%
|

i

Center 2.402 GHz 100 nps/
Channel L
® RBW 1 MHz
VBW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 s

10 Offpet 0.3 dB

-0

TG | -d.[0| dpm

70

80

-90

Center 2.402 GHz 320 ms/

FCC ID: 2AIRGBTCO01
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Channel M

RBW 1 MHzZ
VBW 3 MHzZ
Att 30 dB SWT 3.2 s
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TG |-4.[o

70

-90

Center 2.441 GHz 320 ms/
Channel H
® REBW 1 MHz
VBW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 s
10 offfet 0.f 4B
-0
THG |- 9|
perci g P 8
--40
= [
- o
S [s
| LU LGS LR
- 50
70
30
-90

Center 2.48 GHz

FCC ID: 2AIRGBTCO01

320 ms/
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Ref 10 dBm

Att
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3DH3

RBW 1 MHzZ Delta 2 [T1 ]
VBW 3 MHzZ 8.84 dB
30 dB SWT 3 ms 1.688000 ms

10 Offget O. dB

Marker| 1 [T1
-39} 684 dBm
bao ocoohog o

=1 I
2l
M
i
]

-

-90

Center 2.402 GHz

Ref 10 dBm

Att

300 ns/

Channel L

REW 1 MHz
VEBW 3 MHz
30 dB SWT 3.2 =

10 Ooffpet 0.

-0

e -0

=R |,

--20

F-30

F-40

- 60

MW&“MWNJMN“J L) JJJ

70

80

-90

Center 2.48 GHz

FCC ID: 2AIRGBTCO01

320 ms/
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=1 I
]

Ref 10 dBm

Channel M

RBW 1 MHzZ
VBW 3 MHzZ
Att 30 dB SWT 3.2 s
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10 Offget O. dB

TRG -9.1° dpm

10

r—40

o W L U T

70

-90

Center 2.441 GHz

Ref 10 dBm

320 ms/

Channel H

REW 1 MHz
VEBW 3 MHz
Att 30 dB SWT 3.2 =

10 Offpet 0.3 dB

-0

TRG —H.19 dbm

--10

F-20

F-30

r—40

- 60

70

80

-90

Center 2.402 GHz

FCC ID: 2AIRGBTCO01

320 ms/

TTRF15.247_V1 © 2015Intertek



Intertek

Test report no. 160600522SHA-001
Page 50 of 52

3DH5

® REW 1 MHz Delta 2 [Tl ]
VBW 3 MHz 11.40 4B
Ref 10 dBm Att 30 dB SWT © ms 2.924000 ms
10 Offpet 0. dB Marker| 1 [T1
-13}L 34 dBm
| o 1.zceho0 v
L Px
IMAXH|
10
v
20
30
L 40
5o
50— hll. &
0 i
70
50
~90
Center 2.402 GHz 600 nps/
Channel L
<3§;> RBW 1 MHz
VBW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 s

10 Offpet 0.3 dB

-0

TrG -d.[o dBm

=R |,

F-20

+— 30

—40

- 60

70

80

-90

Center 2.402 GHz

FCC ID: 2AIRGBTCO01

320 ms/
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Channel M

® RBW 1 MHz
VEW 3 MHz

Ref 10 dBm Att 30 dB SWT 3.2 s

10 Offget O. dB

TRG —H[.|9 dBm
10

20

F-30

—40

%OJL\AJMJMJWJMWJ,J L LY

|- 60

70

80

-90

Center 2.441 GHz 320 ms/
Channel H
® RBW 1 MHz
VBW 3 MHz
Ref 10 dBm Att 30 dB SWT 3.2 s

10 Offpet 0.3 dB

-0

TrG -0 dBm
=3 |,

--20

F-30

F-40

L Lol L U LU T S T G T

- 60

70

80

-90

Center 2.48 GHz 320 ms/
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10.5 M easurement uncertainty

Measurement uncertainty:3%
The measurement uncertainty is given with a confideof 95%, k=2.
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