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2 Test Summary
Test Items Test Requirement Result
15.205(a)
Spurious Radiated Emissions 15.209 PASS
15.247(d)

Band edge Emissions 15.247(d) PASS
Spurious RF Conducted Emissions from 15.247(d) PASS

out of band
Duty Cycle 15.35 PASS
Conducted Emissions 15.207 PASS
20dB Bandwidth 152150 PASS

15.247(a)(1)
Maximum Peak Output Power 15.247(b)(1) PASS
Frequency Separation 15.247(a)(1) PASS
Number of Hopping Frequency 15.247(a)(1)(iii) PASS
Dwell time 15.247(a)(1)(iii) PASS
Maximum Permissible Exposure
. 1.1307(b)(1) PASS
(Exposure of Humans to RF Fields)
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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4  General Information

4.1 General Description of E.U.T.

Product Name

Model No.

Brand Name

Model Description

Operation Frequency

Type of Modulation

Oscillator

Antenna installation

Antenna Gain

4.2 Details of E.U.T.

Technical Data

4.3 Channel List

Page 5 of 69

: Outdoor Bluetooth Speaker
. $-22,S-28,S-21,S-27,S-29,S-30

- N/A

SMI-Tek

: The models are exactly the same everything except model name.

: 2402MHz ~ 2480MHz,79 channels in total, separated by 1MHz

: GFSK, Pi/4ADQPSK, 8DPSK

: Crystal 26MHz

: PCB Printed Antenna

: OdBi

: DC Input 5.0V; Battery 1000mAh.

Channel Frequency Channel Frequency | Channel | Frequency | Channel Frequency
No. (MHz2) No. (MHz) No. (MHz) No. (MH2z)
1 2402 2 2403 3 2404 4 2405
5 2406 6 2407 7 2408 8 2409
9 2410 10 2411 11 2412 12 2413
13 2414 14 2415 15 2416 16 2417
17 2418 18 2419 19 2420 20 2421
21 2422 22 2423 23 2424 24 2425
25 2426 26 2427 27 2428 28 2429
29 2430 30 2431 31 2432 32 2433
33 2434 34 2435 35 2436 36 2437
37 2438 38 2439 39 2440 40 2441
41 2442 42 2443 43 2444 44 2445
45 2446 46 2447 47 2448 48 2449
49 2450 50 2451 51 2452 52 2453
53 2454 54 2455 55 2456 56 2457
57 2458 58 2459 59 2460 60 2461
61 2462 62 2463 63 2464 64 2465
65 2466 66 2467 67 2468 68 2469
69 2470 70 2471 71 2472 72 2473
73 2474 74 2475 75 2476 76 2477
77 2478 78 2479 79 2480 - -

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
http://www.smi-tek.com
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4.4 Test Facility

All the tests were performed at:

All tests were performed by Shenzhen Academy of Metrology and Quality Inspection EMC
Laboratory (SMQ) at No.4 TongFa Road, Xili Town Nanshan District, Shenzhen, China. At
the time of testing, the following bodies accredited the Laboratory.

FCC - Registration No.: 994606

Shenzhen Academy of Metrology and Quality Inspection EMC Laboratory EMC Laboratory
(SMQ) has been registered and fully described in a report filed with the (FCC) Federal
Communications Commission. The acceptance letter from the FCC is maintained in SMQ
files. Registration 994606.

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
http://www.smi-tek.com
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5 Equipment Used during Test
5.1 Equipments List
Conducted Emissions
Last Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration Due Date
Date
1. EMI Test Receiver R&S ESCI 101178 Aug. 13,2014 | Aug. 12,2015
2, LISN R&S ENV216 101215 | Aug. 13,2014 | Aug. 12,2015
3. Cable HUBER+SUHNER | CBL2-NN-3M 2230300 Aug. 13,2014 | Aug. 12,2015
3m Semi-anechoic Chamber for Radiation Emissions
Last . .
Calibration Calibration
Item . . Due Date
Equipment Manufacturer Model No. Serial No. Date
1. EMC Analyzer Agilent E7405A MY45114943 Aug. 13,2014 | Aug. 12,2015
2. Active Loop Antenna Beijing Dazhi ZN30900A - Aug. 13,2014 | Aug. 12,2015
Trilog Broadband
3 Antenna SCHWARZBECK | VULB9163 336 Aug. 13,2014 | Aug. 12,2015
Broad-band Horn
4. Antenna SCHWARZBECK | BBHA 9120 D 667 Aug. 13,2014 | Aug. 12,2015
Broad-band Horn
5. Antenna SCHWARZBECK | BBHA 9170 399 Aug. 13,2014 | Aug. 12,2015
Broadband
6. Preamplifier SCHWARZBECK | BBV 9719 | 9719-254 | 5y 132014 | Aug. 12,2015
Broadband
7. Preamplifier SCHWARZBECK | BBV 9718 | 9718-148 | 4 132014 | Aug. 12,2015
10m Coaxial Cable
8. with N- plug SCHWARZBECK |~ AK 9515 H - Aug. 13,2014 | Aug. 12,2015
10m 50 Ohm Coaxial
9. | Cablewith N-plug | SCHWARZBECK | AK 9513 - Aug. 13,2014 | Aug. 12,2015
10. Positioning Controller C&C LAB CC-C-IF - Aug. 13,2014 | Aug. 12,2015
11. Color Monitor SUNSPO SP-14C - Aug. 13,2014 | Aug. 12,2015
5.2 Measurement Uncertainty
Parameter Uncertainty
Radio Frequency +1x10°
Bandwidth +1.5x10°
RF Power +1.0dB
RF Power Density +22dB
Temperature 1 °C
DC Source +0.05%
+5.03dB
. o (Bilog antenna 30M~1000MHz)
Radiated Emissions test + 474 dB
(Horn antenna 1000M~25000MHz)
Conducted Spurious + 0.5 dB (9KHz~1000MH2z)
Emissions test 1 1 dB(1000M~26500MHz)
Conducted Emissions test 1 3.64 dB (AC mains 150KHz~30MHz)

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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6 Conducted Emission
Test Requirement: FCC CFR 47 Part 15 Section 15.207
Test Method: ANSI C63.4:2003
Test Result: PASS
Frequency Range: 150kHz to 30MHz
Class: Class B
Limit: 66-56 dBnV between 0.15MHz & 0.5MHz
56 dBnV between 0.5MHz & 5MHz
60 dBnV between 5MHz & 30MHz
Detector: Peak for pre-scan (9kHz Resolution Bandwidth) Quasi-

Peak & Average if maximised peak within 6dB of Average
Limit
6.1 E.U.T. Operation
Operating Environment:
Temperature:25.5 °C
Humidity: 51 % RH
Atmospheric Pressure: 1012 mbar
EUT Operation:
The EUT was tested in Power On+Bluetooth linking mode. The test data were shown as follow.
The EUT was tested according to ANSI C63.4:2003. The frequency spectrum from 150kHz to
30MHz was investigated.
The maximised peak emissions from the EUT was scanned and measured for both the Live and
Neutral Lines. Quasi-peak & average measurements were performed if peak emissions were
within 6dB of the average limit line.
6.2 EUT Setup

The EUT was placed on the test table in shielding room.

I 80cm =>80cm IA)‘"MI
40cm :
EUT
]
S0fm LISN
o o
: =
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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6.3 Conducted Emission Test Result
An initial pre-scan was performed on the live and neutral lines.
Test Mode: Power On+Bluetooth linking
Live line:
80.0 dBuv
E E i E ; ' ' Lo AVGE —
b —_— i —— i
L = | 5
50
o : L 5
5 ih g oo
0 i fi ! - - :
» Il'||I .r | r | FI‘ li“ Ir hM".;m\u\flq\'lu I|I|I|\‘L:r"'| rqul‘tt\ilhqéjllllnf']I"Hlﬂr‘\"
: : : " AL w4,
20 “Z( x AaLs i | H H-l }'w‘l "J - L"“\Ll
A ].\ 8 L AL W A e
10 Feme A T
0.0 P i E .
0150 05 5 W0 MHs
Freq. Reading | Factor | Result | Limit (Margin| . R
No- | mHz) | @Bwv) | (@B) | (dBuV) | dBuv |(dB) el
1 0.6300] 37.00 9.94 46.94 5600 -5.06| apP
2 0.6300| 25.70 9.94 35.64 46.00 (-10.36] AVG
3 06700 3553 9.95 4548 56.00 [-1052| QP
4 0.6700| 2457 9.95 3452 46.00 [-11.48] AVG
5 1.2700 29.10 10.00 39.10 56.00 [-16.90| QP
6 1.2700) 16.48 10.00 26.48 46.00 | -19.52| AVG
7 2.3060( 31.44 10.01 41.45 56.00 | -1455( QP
& 2.3060| 20.95 10.01 30.95 46.00 [-15.04] AVG
9 3.7620| 3028 10.06 40.34 56.00 | -1566( QP
10 37620 17.36 10.06 2742 46.00 [-18.58) AVG
1" 6.5860| 34.25 10.26 44 51 60.00 | -15.49( QP
12 6.5860| 20.21 10.26 30.47 5000 | -19.53] AVG

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
http://www.smi-tek.com
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Neutral line:
800  dBuv
H Limit: -
: : P 5 : : Pl AVG: —
60 : - i i ’ f
5 L A | 5
g0 | i Lo .
: : N : : | 5
i | g AEESIEE 5
i ; pe i 2 !
30 ; - i RN || B e'k}ﬁ- o -
TR TARARYN . v I i it b, :
) E | | r ﬂiﬁf R A I L
20 \ HJ 1 “ ' l*ﬁ lm‘"‘rw\I]
J ]|I1 Hl' '|} ! ! e b oL
10 "”'“-.,'-:.":'4 L .?"-l,'.;l| Ty ' T . T
oo | | I i
0150 05 5 300 MH:
Freq. Reading | Factor | Result | Limit |Margin| . 8
No- I mHz) | (dBuv) | (dB) | (dBuv) | dBuv |(@B) |°T=N| T
1 0.6260| 34.70 9.94 44 64 56.00 | -11.35] QP
2 0.6260| 28.22 9.94 38.18 46.00 | -7.84 [ AVG
3 0.6540| 32.M 9.95 4285 56.00 | -1314] QP
4 0.6540| 2352 9.95 3347 46.00 |-1253] AVG
5 1.2300| 2764 10.00 3764 56.00 | -18.35] QP
6 1.2300| 1495 10.00 2495 46.00 | -21.05[ AVG
7 2.3060( 30.78 10.01 40.79 56.00 | -1521] QP
8 23060 2092 10.01 3093 46.00 |-1507| AVG
9 37380 2746 10.06 3752 5600 |-18.48) QP
10 3.7380| 1636 10.06 26.42 4600 |-1958] AVG
11 6.6620| 2949 1027 39.76 60.00 | -20.24| QP
12 6.6620| 18.53 1027 28.80 50.00 | -21.200 AVG

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
http://www.smi-tek.com
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7  Spurious Radiated Emissions
Test Requirement: FCC CFR47 Part 15 Section 15.209 & 15.247
Test Method: DA 00-705
Test Result: PASS
Frequency Range: 26MHz to 25GHz
Measurement Distance: 3m
Limit:
Field Strength Field Strength Limit at 3m Measurement Dist
Frequency .
(MHz) uv/m pistance uv/m dBuVv/m
(m)
0.009 ~ 0.490 | 2400/F(kHz) 300 10000 * 2400/F(kHz) 20log 4% kH2) 4 80
0.490 ~ 1.705 | 24000/F(kHz) 30 100 * 24000/F(kHz) 20log4*%FkH2) 4 40
1.705 ~ 30 30 30 100 * 30 20log® + 40
30 ~ 88 100 3 100 20log*®?
88 ~ 216 150 3 150 20log**”
216 ~ 960 200 3 200 20log®®”
Above 960 500 3 500 20log®®
7.1 EUT Operation :
Operating Environment:
Temperature: 25.5°C
Humidity: 51 % RH
Atmospheric Pressure:1012 mbar
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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7.2 Test Setup

The radiated emission tests were performed in the 3m Semi- Anechoic Chamber test site, using the
setup accordance with the ANSI C63.4: 2003.
The test setup for emission measurement below 30MHz.

Semi-anechoic 3m Chamber
Turn Table From 0° to 360°

“ pectrum AMP ombining
System Analyzer Network

The test setup for emission measurement from 30 MHz to 1 GHz.

»>|

Semi-anechoic 3m Chamber
Antenna Elevation Varies From 1 to 4 m
Turn Table From 0° to 360°
> |
0.8m Turn Table

<---

1 1
=
System Analyzer Network
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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The test setup for emission measurement above 1 GHz.

Aechoic 3m Chamber

Antenna Elevation Varies From 1to 4 m
Turn Table From 0° to 360°

0. 8m. Turn Table
Absorbers

i AAAA

N EetWOorkK

ANa e

7.3 Spectrum Analyzer Setup

According to FCC Part15 Rules, the system was tested 26MHz to 25000MHz.

Below 30MHz
Sweep Speed.......ocveeeieiiiiiiie e Auto
IF Bandwidth .........cooooviiiiiiniiicees 10KHz
Video Bandwidth ... 10KHz
Resolution Bandwidth ............cccccceeeveeennnns 10KHz
30MHz ~ 1GHz
SWeep SPEEA........uuueiiiiiieaeeiiiiiieeee e Auto
IF Bandwidth .........ccovveeiiiiiiiiieeeeeee, 120 KHz
Video Bandwidth ..........ccccooiiiiiniincnnn, 100KHz
Quasi-Peak Adapter Bandwidth.................. 120 KHz
Quasi-Peak Adapter Mode...........cccveeeeennee. Normal
Resolution Bandwidth ...........ccccceeiiiiiieennns 100KHz
Above 1GHz
Sweep Speed.......ocvveeieiiiiiiieee e Auto
IF Bandwidth .........cooooviiiiiiniiicees 120 KHz
Video Bandwidth ... 3MHz
Quasi-Peak Adapter Bandwidth.................. 120 KHz
Quasi-Peak Adapter Mode..............cccuuveeee. Normal
Resolution Bandwidth ...............ccccceeeenn. 1MHz
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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Test Procedure

1. The EUT is placed on a turntable, which is 0.8m above ground plane.

2. The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.

3. EUT is set 3m away from the receiving antenna, which is moved from 1m to 4m to find out the
maximum emissions.

4. Maximum procedure was performed on the six highest emissions to ensure EUT compliance.

5. And also, each emission was to be maximized by changing the polarization of receiving antenna

both horizontal and vertical.

6. Repeat above procedures until the measurements for all frequencies are complete.

7. The radiation measurements are tested under 3-axes(X,Y,Z) position(X denotes lying on the table,

Y denotes side stand and Z denotes vertical stand), After pre-test, It was found that the worse

radiation emission was get at the X position. So the data shown was the X position only.

Corrected Amplitude & Margin Calculation

The Corrected Amplitude is calculated by adding the Antenna Factor and Cable Factor, and

subtracting the Amplifier Gain from the Amplitude reading. The basic equation is as follows:

Corr. Ampl. = Indicated Reading + Antenna Factor + Cable Factor - Amplifier Gain

The “Margin” column of the following data tables indicates the degree of compliance with the
applicable limit. For example, a margin of -7dB means the emission is 7dB below the maximum limit
for Class B. The equation for margin calculation is as follows:

Margin = Corr. Ampl. — Limit

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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7.6 Summary of Test Results
Test Frequency :Below 30MHz
The measurements were more than 20 dB below the limit and not reported.
Test Frequency : 30MHz ~ 1000MHz
Remark: the EUT was pretested at the high, middle and low channel, and the worse case was the
middle Channel, so the data show was the middle channel only.
Antenna polarization: Vertical
0D Bl A
E ' ' ' Ik -
i i i i \ M argim: —_
i s
30 2 3
.y [ R S o . LA | '__ ] - ||| | o " i
0.0 | ; ; Lo
J0.000 A0 50 w0 70 B8O 200 400 500 &DO0 f00 1000.0 WHz
Freq. Reading | Factor Result Limit [Margin
No- | MHz) |(dBuvim)| (dB) |(dBuVim)|(dBuvim)| (dB) |DEtECr| Remerk
1 504614 7.29 14.56 21.85 40.00 ([-18.15] QP
2 822363 17.80 953 2733 40.00 |-1267| QP
3 128.0356| 15.88 11.81 2769 4350 |-1581] QP
4 137 3565 17.45 11.90 29.35 4350 |-14.15] QP
5 2286173 1357 16.25 29.82 46.00 |-16.18| QP
& 2359622 15.74 15.70 31.44 46.00 |-14.56| QP

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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Antenna polarization: Horizontal
GO0 dBul fm
- - - - ! limit1:
W argin —_
20 i i 1 o 1 | j H I i i _: 1
10 - . — RN i -
0.0 : : : : : Lo
30.000 40 a0 &0 70 80 oo 400 H00 600 F00 10000 MHz
Freq. Reading | Factor Result Limit |Margin
No- | MHz) |(dBuVim)| (dB) |(dBuVim) |(dBuvim)| (dB) |D=t=ctor| Remark
1 30.0000( 16.75 16.15 32.90 4000 [ -710( QP
2 329854 1326 16.57 2983 4000 [-1007) QP
3 52.0826( 10.05 14.48 24 53 40.00 [-1547( QP
4 742696 17.82 9.29 2711 40.00 ([-12.89( QP
5 107.4074| 16.50 14.01 30.51 4350 ([-1299( QP
6 128.4861| 18.61 11.85 30.45 4350 [-13.04| QP
Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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Test Frequency: 1GHz ~ 18GHz

All the modulation modes were tested, the data of the worst mode (GFSK) were

following pages.

SMI-Tek

recorded in the

AV = Peak +20Logo(duty cycle) =PK+(-8)=PK-8 [refer to section 9 for more detail]

Test mode: transmitting at lower channel

Antenna polarization: Vertical

95.9  dBuY/m
- - liwt 1
67 I
57
47
37
27
&1 ; ; ; :
1000.0000 2700.00 440000  EI00.00 760000 950000 1120000 12900.00 1460000  16300.0013000.00MHz
Freq. Reading | Factor Result Limit  [Margin
Noo 1 maHz)  |@Buvim)| (dB) |(dBuvim) |(@Buvim)| (dB) | Dt | Remark
2402.000| 94.75 -9.28 85.47 74.00 | 11.47| peak
2 4504.000| 55.03 =37 51.86 74.00 |-22.14| peak
Freq. Duty Factor Result Limit Margin
No. (MH2) (dB) (dBuv/im) | (dBuV/m) (dB) Detector Remark
2 4804.000 -8 43.86 54.00 -10.14 AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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Antenna polarization: Horizontal
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96.9

2 3

67

L2 O O S U SV S SR B

dBuN Fm

ot ] -

7 f f
21 | |
31 ; ; .
1000.0000 2700.00  4400.00  E100.00 780000 9500.00 1120000 12900.00 1460000  16300.0018000.00MHz
Freq. Reading | Factor Result Limit  [Margin
No- | MHz)  |(dBuvim)| (dB) |(dBuvim)|(dBuvim)| (aB) | Dtecter| Remark
1 2402.000( B1.55 -9.28 7227 7400 | -1.73| peak
2 4804.000| 44.55 =317 41.38 74.00 |[-32.62| peak
Freq. Duty Factor Result Limit Margin
No. (MHz) (dB) (dBuv/im) | (dBuVv/m) (dB) Detector Remark
2 4804.000 -8 33.38 54.00 -20.62 AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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Test mode: transmitting at middle channel

Antenna polarization: Vertical
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SMI-Tek

9.9

7 O S S SR S [

67

dBuY 'm

3F ]

¥

T

-3

1000, 0000 2700.00 440000

E100.00

TEDO.0O

950000

T11200.00

12900.00

T4ED0_00

16300.00718000_0D0KMHz

MNo.

Freq.
(MHz)

Reading
(dBuVim)

Factor
(dB)

Result
(dBuim)

Limit
(dBuV/m)

Margin
(dB)

Dietector

Remark

2441.000

98.09

-9.32

88.77

74.00

1477

4882.000

55.58

-3.04

52.54

74.00

-21.46

peak

No.

Freq.
(MHz)

Duty Factor

(dB)

Result
(dBuV/m)

Limit
(dBuVv/m)

Margin
(dB)

Detector

Remark

4882.000

-8

44.54

54.00

-9.46

AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
http://www.smi-tek.com

FCC ID: 2ABQES-2X



http://www.smi-tek.com

Reference No.: SMI11503065788E Page 20 of 69
SMI-Tek

Antenna polarization: Horizontal

96.9 dEud Fm

It :

&7

L

e

-3 H H H
1000. 0000 270000 440000 E100.00 FEDD.DD 9500.00 1120000 12350000  T4600.00 1630000013000 D0MHz

Freq. Reading | Factor Result Limit  [Margin

No- | (MHz) |(dBuvim)| (dB) |(dBuVim)|(dBuVim)| (dB)

Detector | Remark

1 2441.000| 93.34 -9.32 54.02 74.00 | 10.02| peak

2 4882000 4471 -3.04 41.67 74.00 |-32.33| peak

Freq. Duty Factor Result Limit Margin
No. (MH2) (dB) (dBuVv/m) | (dBuV/m) (dB) Detector Remark

2 4882.000 -8 33.67 54.00 -20.33 AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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Test mode: transmitting at upper channel

Antenna polarization: Vertical

SMI-Tek

9.9 dBE ud Fm
H H | H | lomik 1 :
i i i i i i
2 S O Oy U P

67

L 2 T s A St Ut SR B

3F b

27
a1
1000.0000 2700.00 440000  E100.00  7B00.00 950000 1120000 12900.00 14600.00  16300.0013000.00MHz
Freq. Reading | Factor Result Limit  [Margin
No- | iMHz)  |(dBuvim)| (dB) |(dBuVim)|(dBuvim)| (dB) | DetEEter| Remark
1 2479.000| 92.71 -9.22 83.49 74.00 | 949 | peak
2 4960.000( 43.61 -2.81 40.80 74.00 |-33.20| peak
Freq. Duty Factor Result Limit Margin
No. (MHz) (dB) (dBuv/im) | (dBuVv/m) (dB) Detector Remark
2 4960.000 -8 32.8 54.00 -21.2 AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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Antenna polarization: Horizontal
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96.9

22 e e g gy U Pt R

&7

dBul fm

g
2
]
]
]

725 O Ot S S S,

IF o

2
17 | - - - - - S
31 ; ; ; ;
1000.0000 2700.00 440000 610000 7E00.00 950000 11200.00 12900.00 1460000 1630000 12000.U0MHz
Freq. Reading | Factor Result Limit  |Margin
No- | MHz) |(dBuvim)| (dB) |(dBuvim) |(dBuvim)| (aB) |Detector| Remark
1 2480.000( 94.88 -9.22 85.66 7400 | 1166 peak
2 4960.000( 49.34 -2.81 46.53 74.00 |-27.47| peak
Freq. Duty Factor Result Limit Margin
No. (MH2) (dB) (dBuv/im) | (dBuVv/m) (dB) Detector Remark
2 4960.000 -8 38.53 54.00 -15.47 AV

Test Frequency :Above 18GHz

All emissions were more than 20 dB below the limit and therefore not reported

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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8 Spurious RF Conducted Emissions from out of band

Test Requirement: FCC Part 15.247(d) In any 100 kHz 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 20 dB below that in the 100 kHz bandwidth within
the band that contains the highest level of the desired power, based on
either an RF conducted or a radiated measurement, provided the transmitter
demonstrates compliance with the peak conducted power limits.

Test Mothed: DA 00-705

Test Status: TX mode

8.1 Test Procedure

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

2. Set to span from the lowest frequency generated in the device up to and including the tenth
harmonic of the highest fundamental frequency.

3. Set RBW = 100kHz and VBW = 300kHz.Sweep =auto.

4. Mark the worst point and record.

8.2 Test Result
Test Frequency: Below 30MHz

Remark: For emissions below 30MHz,no emission higher than background level, so the data does not
show in the report.

Test Frequency: 30MHz ~ 25GHz

Test result plots shown as follows:

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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Modulation:GFSK

Lower Channel

R T

Mkrl 898.2 MHz

Ref 10.5 dBm #Atten 30 dB -37.59 dBm

T

Start 30 MHz
#Res BW 100 kHz

Stop 1 GHz

#VBW 300 kHz  Sweep 100.5 ms (401 pts)

Mkrl 2.38 GHz
-3.455 dBm

Start 1 GHz
#Res BW 100 kHz

Stop 25 GHz

#VBW 300 kHz Sweep 2.486 s (401 pts)

SMI=Tek

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
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Ref 10.5 dBm #Atten

. miwm

Start 30 MHz
#Res BW 100 kHz

Start 1 GHz
#Res BW 100 kHz

Page 25 of 69

Middle Channel

30dB

SMI=Tek

Peak Search

Mkrl 898.2 MHz

-37.59 dBm

SO e i M

#VBW 300 kHz

#VBW 300 kHz

Stop 1 GHz
Sweep 100.5 ms (401 pts)

Mkrl 2.44 GHz
-5.286 dBm

Stop 25 GHz
Sweep 2.486 s (401 pts)

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Display

Full Screen

Display Line
-25.00 dBm

On Off

Limits*

Active Fctn
Position *
Center

Title »

Preferences *

C:INTUL.WMF file saved
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Upper Channel

R T

Mkrl 898.2 MHz

Ref 10.5 dBm -37.59 dBm

#Atten 30 dB

N O
_m----I-
mn

e e s s R R

Start 30 MHz
#Res BW 100 kHz

Stop 1 GHz

#VBW 300 KHz  Sweep 100.5 ms (401 pts)

Mkrl 2.50 GHz
#Atten 30 dB -7.254 dBm

Ref 10.5dBm

Start 1 GHz Stop 25 GHz
#Res BW 100 kHz Sweep 2.486 s (401 pts)

#VBW 300 kHz

SMI=Tek

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Display

Full Screen

Display Line
-27.00 dBm

On Off

Limits*

Active Fctn
Position *
Center

Title »

Preferences *

C:INTUL.WMF file saved
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SMI=Tek

Modulation: Pi/4ADQPSK

Lower Channel

Peak Search

Mkrl 898.2 MHz
Ref 10.5dBm #Atten 30 dB -37.59 dBm

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

Start 30 MHz Stop 1 GHz J\Ao?rze
#Res BW 100 kHz #VBW 300 kHz ~ Sweep 100.5 ms (401 pts)

Display
Mkrl 2.38 GHz
-4.14 dBm

Full Screen

Display Line
-24.00 dBm
On Off

Limits*

Active Fctn
Position *
Center

Title »

Start 1 GHz SieJwiYelsbd Preferences *
#Res BW 100 kHz #VBW 300 kHz Sweep 2.486 s (401 pts)

C:INTUL.WMF file saved
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Middle Channel

SMI=Tek

Peak Search

Mkrl 165.8 MHz

Ref 10.5 dBm #Atten 30 dB

-40.4 dBm

M1 wwmnuunﬂﬂ

Start 30 MHz

Stop 1 GHz
#Res BW 100 kHz

#VBW 300 KHz  Sweep 100.5 ms (401 pts)

Mkrl 2.44 GHz
-6.049 dBm

Start 1 GHz

Stop 25 GHz
#Res BW 100 kHz

#VBW 300 kHz Sweep 2.486 s (401 pts)

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

C:INTUL.WMF file saved
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Upper Channel

R T

Mkrl 165.8 MHz

Ref 10.5 dBm -40.4 dBm

#Atten 30 dB

SMI=Tek

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

Start 30 MHz
#Res BW 100 kHz

Stop 1 GHz

#VBW 300 KHz  Sweep 100.5 ms (401 pts)

Mkrl 2.50 GHz
#Atten 30 dB -8.041 dBm

Ref 10.5dBm

Start 1 GHz
#Res BW 100 kHz

Stop 25 GHz

#VBW 300 kHz Sweep 2.486 s (401 pts)

More
1of2

Display

Full Screen

Display Line
-27.00 dBm

On Off

Limits*

Active Fctn
Position *
Center

Title »

Preferences *

C:INTUL.WMF file saved
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SMI=Tek

Modulation: 8DPSK

Lower Channel

R T Peak Search

Mkrl 165.8 MHz
Ref 10.5 dBm #Atten 30 dB -40.4 dBm

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

Start 30 MHz Stop 1 GHz J\Ao?rze
#Res BW 100 kHz #VBW 300 kHz ~ Sweep 100.5 ms (401 pts)

Display
Mkrl 2.38 GHz
-5.541 dBm

Full Screen

Display Line
-25.00 dBm
On Off

Limits*

Active Fctn
Position *
Center

Title »

Start 1 GHz SieJwiYelsbd Preferences *
#Res BW 100 kHz #VBW 300 kHz Sweep 2.486 s (401 pts)

C:INTUL.WMF file saved
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Middle Channel

= Agilent R T

Mkrl 165.8 MHz
Ref 10.5 dBm #Atten 30 dB -40.4 dBm

Peak Search

Meas Tools*
Next Peak

Next Pk Right

Next Pk Left

'mmm------
ol I A N

M1 mlwuﬂu

Min Search

Pk-Pk Search

Start 30 MHz Stop 1 GHz J\Ao?rze
#Res BW 100 kHz #VBW 300 kHz ~ Sweep 100.5 ms (401 pts)
Display
Mkrl 2.44 GHz
-5.636 dBm
L —
EEEN
-25.00 dBm
BN - -
NN
EEEN
e
Position *
L
NN Tite»
Start 1 GHz SieJpiYelsbd Preferences *

#Res BW 100 kHz #VBW 300 kHz Sweep 2.486 s (401 pts)

C:INTUL.WMF file saved
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Upper Channel

Mkrl 165.8 MHz

Ref 10.5 dBm #Atten 30 dB -42.03 dBm

oar | | HEEN
165800000 MHz | | | | | ||
?ﬂ-------

e I Lot e e

Start 30 MHz
#Res BW 100 kHz

Stop 1 GHz

#VBW 300 kHz  Sweep 100.5 ms (401 pts)

Mkrl 2.50 GHz

Ref 10.5 dBm #Atten 30 dB -9.033 dBm

GHz | | | |

| -----..-..-
Fih e oo sl NN it il
I

Start 1 GHz
#Res BW 100 kHz

Stop 25 GHz

#VBW 300 kHz Sweep 2.486 s (401 pts)

SMI=Tek

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

Peak Search

Meas Tools*

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1of2

C:INTUL.WMF file saved
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9 Duty Cycle

Test Requirement: FCC Part 15.35
Test Mothed: ANSI| C63.4:2003
Test Status: TX mode.

9.1 Test Procedure

1. The EUT was placed on a turntable which is 0.8m above ground plane
2. Set EUT as normal working mode
3. Set SPA center frequency = fundamental frequency, RBW = 1000 kHz, VBW = 3000 kHz, Span =0

Hz, Adjacent sweep time.

9.2 Test Result

(a) transmission period is 1.24ms

Offs 0.50 dB RBW 1 MHz
Att 40 dB VBW 3 MHz D1[1] 0.12 dB
Ref 20.00 dBm SWT 10ms 1.240000000 ms

‘ M1[1] -35.11 dBm
5.460000000 ms

1Pk
View

ety ety [y vy ety i, -.vv‘

It T VWP YT P A | - 3 LU R A TR

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 2.402 GHz 1.0 ms/

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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(b)Single pulse time is 0.48ms

Offs 0.50 dB RBW 1 MHz
Att 40 dB VBW 3 MHz D1[1] -2.07 dB
Ref 20.00 dBm SWT 10ms 480.000000000 ps
‘ M1[1] -35.64 dBm
4.600000000 ms
1Pk |44 dBm
View
0 dBm

— i I, I._..m —

CF 2.48 GHz 1.0 ms/

The EUT is auto. operation for transmitter, it is declared by the manufacturer as a duty cycle ratio
of less than 100%.

The EUT’s work time : T,, =pulse time=0.48 ms

The EUT’s work period :T=Ton*+Tore= transmission period =1.24 ms

The EUT’s duty cycle : D = T, /T = 0.48/1.24*100% =38.7%

Duty Cycle Correction Factor(dB)=20 * Log;o(Duty Cycle)=20* Log;0(38.7% )

=-8dB

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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10 Band Edge Measurement

Test Requirement: Section 15.247(d) In addition, radiated emissions which fall in the
restricted bands. as defined in Section 15.205(a), must also comply
with the radiated emission limits specified in Section 15.209(a) (see
Section 15.205(c)).

Test Method: DA 00-705

Limit: 40.0 dBuV/m between 30MHz & 88MHz;

43.5 dBuV/m between 88MHz & 216MHz;
46.0 dBuV/m between 216MHz & 960MHz;
54.0 dBuV/m above 960MHz.

74.0 dBuV/m for peak above 1GHz

54.0 dBuV/m for AVG above 1GHz

10.1 Test Procedure

1. The EUT was placed on a turntable which is 0.8m above ground plane

2. Measurement Distance is 3m

3. Detector: For Peak value:
RBW =1MHzforf =1GHz
VBW = RBW,; Sweep = auto
Detector function = peak
Trace = max hold
For AVG value:
RBW =1MHzforf =1GHz
VBW = 10Hz; Sweep = auto
Detector function = AVG
Trace = max hold

4.Continuous transmitting

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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10.2 Test Result:

All the modulation modes were tested, the data of the worst mode (GFSK) were recorded in the

following pages.

Modulation: GFSK
Lower Channel — Peak, Vertical

96.9 dBud /m

lirmat 1 : —_
Tr
(v

i O o SO U S M N

’
=1 : ; ; ; ;
2700000 21930 232860  2XT90 24220 235650 236580 237500 230440 239270 240200 MHz
Freq. Reading | Factor Result Limit  |Margin| no oo | Remark
No- | MAz)  |@Buvim)| (dB) |(dBuVim) |(dBuvim)| (dm) | | e
1 2400.000| 66.43 -15.58 50.85 7400 |[-23.15| peak
2 2401.884| 100.09 | -15.58 84.51 74.00 [ 1051 peak
Freq. Duty Factor Result Limit Margin
No. (MH2) (dB) (dBuV/m) (dBuV/m) (dB) Detector Remark
1 2400.000 -8 42.85 54.00 -11.15 AV
2 2401.840 -8 76.51 54.00 22.51 AV
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Lower Channel — Peak, Horizontal

SMI-Tek

969

dBu¥ /m

7

O O O St S S S L

Tormit :

M angin:

&7

37

-3

- S Uy SRR SRR I

2N0.0000 231930

232860

2337.90

234720

2356.50

236580

237510

230440

239370 2403.00 HHz

Freq.

No. (MHz)

Reading
(dBuV/m)

Factor
(dB)

Result
(dBuim)

Limit
(dBuVim)

Margin
(dB)

Detector | Remark

1 2400.000

76.44

-15.58

60.86

74.00

-13.14

peak

2 2401.884

104.88

-15.58

89.30

74.00

15.30

peak

Freq.
(MHz)

Duty Factor

(dB)

Result
(dBuV/m)

Limit
(dBuV/m)

Margin
(dB)

Detector

Remark

1 2400.000

-8

52.86

54.00

-1.14

AV

2 2401.884

-8

81.3

54.00

27.3

AV

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd
http://www.smi-tek.com

FCC ID: 2ABQES-2X



http://www.smi-tek.com

Reference No.: SMI11503065788E Page 38 of 69
SMI-Tek

Upper Channel — Peak, Vertical

969  dBuM/m

larmik] —_—

M angin: —

7

67

37

T 0 0 0 i 0
| - o
24790000 2481.60 240420 2406.60 241040 249200 249460 249720 2499.00 250240 250500 HMHz

Mo Freq. Reading | Factor Result Limit  |Margin

(MHz)  |(dBuvim)| (dB) |(dBuVim) |(dBuvim)| (aB) | 7= | "

2480222 9492 -15.68 79.24 74.00 524 | peak

2 2483.500| B6.36 -15.67 50.69 74.00 |-23.31| peak

Freq. Duty Factor Result Limit Margin
No. (MHz) (dB) (dBuV/m) (dBuV/m) (dB) Detector Remark

1 2480.222 -8 71.24 54.00 17.24 AV

2 2483.500 -8 42.69 54.00 -11.31 AV
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Upper Channel — Peak, Horizontal

SMI-Tek

96.9

7

L4

L 2 S~ oS S S N

37

7

-3

dblu¥ 'm

[t : —_

2479.0000 246760 2484.20

2486.80

2489.40

249200

2494.60

249720

249900

2502 40 2505.00 HHz

MNa.

Freq.
(MHz)

Reading
(dBuYim)

Factor
(dB)

Result
(dBuVim)

Limit
(dBuV/m)

Margin
(dB)

Detector

Remark

2480170

102.84

-15.68

B7.16

74.00

13.16

peak

2483.500

73.44

-15.67

bT.T7

T74.00

-16.23

peak

Freq.
(MHz)

Duty Factor
(dB)

Result
(dBuV/m)

Limit
(dBuV/m)

Margin
(dB)

Detector

Remark

2479.858

-8

79.16

54.00

25.16

AV

2483.500

-8

49.77

54.00

-4.23

AV
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SMI-Tek
11 20 dB Bandwidth Measurement
Test Requirement: FCC CFRA47 Part 15 Section 15.247
Test Method: DA 00-705
Test Mode: Test in fixing operating frequency at low, Middle, high channel.

11.1 Test Procedure:

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

2. Set the spectrum analyzer: RBW = 100kHz, VBW = 100kHz
11.2 Test Result:

Modulation Test Channel Bandwidth(MHz)
Lower 1.0778
GFSK Middle 1.1048
Upper 1.1048
Lower 1.4461
Pi/ADQPSK Middle 1.4551
Upper 1.4551
Lower 1.4451
8DPSK Middle 1.4501
Upper 1.4641

Test result plot as follows:
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SMI-Tek

Modulation: GFSK

Lower Channel

Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] -0.04 dB
Ref 20.00 dBm SWT 2.5ms 1.077800000 MHz
| M1[1] -23.10 dBm
1Pk 2.401416200 GHz
10 dBm
Max M2[1] -3.31 dBm
| 2.401955100 GHz
0 dBm| 1
f"“\
-20 dBm e T
D1 -23.310 dBm Jf'( A\
'30 dBIII "Nf' \w
0B s T
-50 dBm
-60 dBr|r.
-70 dBm

CF 2.402 GHz

Span 4.5 MHz

Middle Channel

Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz M2[1] -5.17 dBm
Ref 20.00 dBm SWT 2.5ms 2.440964100 GHz
| M1[1] -25.45 dBm
1Pk 2.440398200 GHz
Max | 10 dBm D1[1] -0.08 dB
| 1.104800000 MHz
0 dBm | MY
-10 dBm MW\{M
-20 dBm - i
D1 -25.170 dBm J' A"
-30 dBm
L0l Batr va' P, LI VJ,( \h b, 3 L
-50 dBm
-60 dBm
-70 dBm

CF 2.441 GHz

Span 4.5 MHz
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SMI-Tek

Upper Channel

@ Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] 0.46 dB
Ref 20.00 dBm SWT 2.5ms 1.104800000 MHz
| M1[1] -23.51 dBm
1Pk 2.479407200 GHz
Max | 10 dBm M2[1] ~3.69 dBm
N 2.479946100 GHz

OdBm|

M

v/“\

\

—

-10 dBm /

-20 dBm "9'
D1 -23.690 dBm J}J

-30 dBm

A el b

AP Al "
AU

-50 dBm
-60 dBr|n
-70 dBm
CF 2.48 GHz Span 4.5 MHz
Modulation: Pi/4DQPSK
Lower Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] 0.61 dB
Ref 20.00 dBm SWT 2.5ms 1.446100000 MHz
‘ M1[1] -24.90 dBm|
1Pk 2.401263500 GHz
10 dBnm
Max ' M2[1] -4.09 dBm
‘ 2.401982000 GHz
0 dBm ‘ Mb
10 dBr|n v\"‘\
-20 dBm - T
D1 -24.170 dBm.;f Qﬁ“
-30 dBm arvy MW
-%JL"J.. “\»M
-50 dB||||
-60 dBr|n
-70 dBr‘n

CF 2.402 GHz

Span 4.5 MHz
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1Pk
Max
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Middle Channel

Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] 0.33 dB
Ref 20.00 dBm SWT 2.5ms 1.455100000 MHz
‘ M1[1] -24.45 dBm|
2.440254500 GHz
10 dBm M2[1] -3.61 dBm
‘ 2.440982000 GHz
0 dBm ‘ -
10 dBTﬁ / /w/\j‘\,r\_-\\
-20 dBm i
D1 -23.610 dBm;‘l 31\
-30 dBm—umimrm
W\\n .
= e hd
-50 dB.|..
-60 dBm
70 dBm

CF 2.441 GHz

Span 4.5 MHz

1Pk
Max

Upper Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] 0.09 dB
Ref 20.00 dBm SWT 2.5ms 1.455100000 MHz
‘ M1[1] -24,21 dBm
2.479254500 GHz
10 dBm M2[1] -3.46 dBm
‘ 2.479991000 GHz
0 dBm ‘ 42
10 dBr|“ / /.__f"/!w\....\\
-20 dBm -
D1 -23.460 dBm y b1
-30 dB.|.. A KWl
%"é‘za“|/ S
-50 dB||||
-60 dBr|n
-70 dBr‘n
CF 2.48 GHz Span 4.5 MHz
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SMI-Tek
Modulation: 8DPSK
Lower Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] -0.17 dB
Ref 20.00 dBm SWT 2.5ms 1.445100000 MHz
‘ M1[1] -24.35 dBm|
1Pk 2.401263500 GHz
10 dB
Max m M2[1] -4.08 dBm
‘ 2.402149700 GHz
0 dBm ‘ s
-10 dBr|n / w'\""
-20 dBm e
D1 -23.960 dBmf B1
-30 dBT:/WW‘ wf‘\. \\u‘
w“t’U ULUT'I WW“
-50 dB.|..
-60 dBr|n
-70 dBr‘n
CF 2.402 GHz Span 4.5 MHz
Middle Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz M1[1] -24.09 dBm
Ref 20.00 dBm SWT 2.5ms 2.440254500 GHz
‘ M2[1] -3.65 dBm
1Pk 2.440982000 GHz
10 dBm
Max D1[1] 0.32 dBj
‘ 1.450100000 MHz
0 dBm ‘ -
-10 dBr|n / f"'/\}\/\“"\
-20 dBm 143 NT
—tDl -23.650 dij ,,&
-30 dB|||‘|/"vw'\u Ky \
f"-‘zrw'e.,ir. Pty
-50 dB.|..
-60 dBr|n
-70 dBr‘n
CF 2.441 GHz Span 4.5 MHz
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SMI-Tek
Upper Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] -0.10 dB
Ref 20.00 dBm SWT 2.5ms 1.464100000 MHz
‘ M1[1] -24.45 dBm|
1Pk 2.479245500 GHz
10 dBm
Max M2[1] -3.28 dBm
‘ 2.479991000 GHz
0 dBm ‘ N/‘JI’
-10 dBr|n / \\
20 dBm M
D1 -23.440 dBm;f B{
AN T\
v o L, Mook o,
-50 dB||||
-60 dBr|n
-70 dBr‘n
CF 2.48 GHz Span 4.5 MHz
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12 Maximum Peak Output Power

Test Requirement:
Test Method:
Test Limit:

Test mode:

12.1 Test Procedure:

FCC CFRA47 Part 15 Section 15.247

DA 00-705

SMI-Tek

Regulation 15.247 (b)(1), 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.

Refer to the result “Number of Hopping Frequency” of this

document. The 1watts (30 dBm) limit applies.

Test in fixing frequency transmitting mode.

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

spectrum.

2. Set the spectrum analyzer: RBW = 3 MHz. VBW =3 MHz. Sweep = auto; Detector Function = Peak.

3. Keep the EUT in transmitting at lowest, medium and highest channel individually. Record the max

value.

12.2 Test Result:

Modulation Test Channel Output Power (dBm) Limit (dBm)
Lower -2.23 30
GFSK Middle -1.92 30
Upper -2.52 30
Lower -2.01 30
Pi/4ADQPSK Middle -3.05 30
Upper -2.81 30
Lower -3.34 30
8DPSK Middle -3.03 30
Upper -3.80 30

Test result plot as follows:
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Modulation:GFSK

Lower Channel

Offs 0.50 dB RBW 3 MHz
Att 40 dB VBW 3 MHz M1[1]
Ref 10.00 dBm SWT 55ms

SMI-Tek

-2.23 dBm
2.401820000 GHz

1Pk M1

0 dBm A 4
Max [

-10d
=il

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.4017 GHz

Span 6.0 MHz

Middle Channel

Offs 0.50 dB RBW 3 MHz
Att 40 dB VBW 3 MHz M1[1]
Ref 10.00 dBm SWT 55ms

-1.92 dBm
2.440856000 GHz

1Pk M1

M OdBIII Y.
ax |

MBT

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

Span 6.0 MHz
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1Pk
Max

Offs 0.50 dB
Att 40 dB
Ref 10.00 dBm

VBW 3 MHz M1[1] -2.52 dBm

Page 48 of 69
SMI-Tek

Upper Channel
RBW 3 MHz

SWT 55ms 2.479976000 GHz

0 dBm

,-;MT’/

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.48 GHz

Span 6.0 MHz

1Pk
Max

Offs 0.50 dB
Att 40dB
Ref 10.00 dBm

Modulation: Pi/4DQPSK

Lower Channel

RBW 3 MHz

VBW 3 MHz M1[1] -2.01 dBm
SWT 55ms 2.402144000 GHz

0 dBm

M|n

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.402 GHz

Span 6.0 MHz
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1Pk
Max

Offs 0.50 dB
Att 40dB
Ref 10.00 dBm

Page 49 of 69

Middle Channel

RBW 3 MHz
VBW 3 MHz
SWT 55ms

M1[1]

SMI-Tek

-3.05 dBm
2.440976000 GHz

0 dBm

4=

-10 T

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

Span 6.0 MHz

1Pk
Max

Offs 0.50 dB
Att 40dB
Ref 10.00 dBm

Upper Channel

RBW 3 MHz
VBW 3 MHz
SWT 55ms

M1[1]

-2.81 dBm
2.479976000 GHz

0 dBm

yl=

-1 Y

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.48 GHz

Span 6.0 MHz
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Offs 0.50 dB
Att 40dB
Ref 10.00 dBm
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Modulation: 8DPSK

Lower Channel

RBW 3 MHz
VBW 3 MHz
SWT 55ms

M1[1]

-3.34 dBm
2.402144000 GHz

Pk 4gm

Max

-10 T

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.402 GHz

Span 6.0 MHz

Offs 0.50 dB
Att 40 dB
Ref 10.00 dBm

Middle Channel

RBW 3 MHz
VBW 3 MHz
SWT 55nms

M1[1]

-3.03 dBm
2.440868000 GHz

Pk 4Bm

M1

Max

-1 f

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

Span 6.0 MHz
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1Pk
Max

Offs 0.50 dB
Att 40dB
Ref 10.00 dBm

Page 51 of 69

Upper Channel

RBW 3 MHz
VBW 3 MHz M1[1]
SWT 55ms

SMI-Tek

-3.80 dBm
2.480000000 GHz

0 dBm

-10 dBe—=="1
/PQBT

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.48 GHz

Span 6.0 MHz
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13

131

SMI-Tek
Hopping Channel Separation
Test Requirement: FCC CFR47 Part 15 Section 15.247
Test Method: DA 00-705
Test Limit: Regulation 15.247(a)(1) 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. Alternatively, frequency hopping systems operating in the
2400-2483.5MHz 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 1W.

Test Mode: Test in hopping transmitting operating mode.

Test Procedure:

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port

to the spectrum.

2. Set the spectrum analyzer: RBW = 100KHz. VBW = 300KHz , Span = 6MHz. Sweep = auto;
Detector Function = Peak. Trace = Max hold.

3. Allow the trace to stabilize. Use the marker-delta function to determine the separation between the
peaks of the adjacent channels. The limit is specified in one of the subparagraphs of this Section

Submit this plot.

13.2 Test Result:

Modulation Test Channel Separation (MHz)
Lower 1.008
GFSK Middle 1.008
Upper 1.008
Lower 1.008
Pi/ADQPSK Middle 1.018
Upper 1.005
Lower 1.008
8DPSK Middle 1.008
Upper 1.008

Test result plot as follows:
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Modulation:GFSK
Lower Channel

Offs 0.50 dB RBW 100 kHz

Att 40 dB VBW 300 kHz D1[1] -0.07 dB

Ref 20.00 dBm SWT 2.5ms -1.008000000 MHz

M1[1] -5.32 dBm

1Pk 2.403039000 GHz

10 dBm
Max

0 dBm

i1 ’ni/\
CARSTARA
-30 dBm

-50 dBm

-60 dBm

-70 dBm

CF 2.4025 GHz

Span 5.0 MHz

Middle Channel

Offs 0.50 dB RBW 100 kHz
Att 40dB VBW 300 kHz D1[1] -0.02 dB
Ref 20.00 dBm SWT 2.5ns 1.008000000 MHz
M1[1] -4.54 dBm
2.441041000 GHz
1Pk 10 dBm
Max
0 dBm it b1

| VIV

AL A

-20 dBr|n /
-30 dBm

PRe R = Ty |
A QRN

-50 dBm

-60 dBm

-70 dBm

CF 2.4415 GHz

Span 5.0 MHz
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SMI-Tek
Upper Channel

Offs 0.50 dB RBW 100 kHz

Att 40 dB VBW 300 kHz D1[1] -0.08 dB

Ref 20.00 dBm SWT 2.5ms 1.008000000 MHz

M1[1] -5.33 dBm
2.479051000 GH

1PK 110 dBm z
Max

0 dBm

) /‘*”3\ A
s
-10 dBm
| VIV Y

-30 dBm / \

o Pugl By L Pullar o T S S

-50 dBm

-60 dBr|r.

-70 dBm

CF 2.47955 GHz Span 5.0 MHz

Modulation: Pi/4DQPSK
Lower Channel

Offs 0.50 dB RBW 100 kHz

Att 40dB VBW 300 kHz D1[1] -0.05 dB

Ref 20.00 dBm SWT 2.51m5 -1.008000000 MHz

M1[1] -4.44 dBm

1Pk 2.402989000 GHz

10 dBm
Max

0 dBm B ﬁ/ﬁ}:

-10 dBr|n VWW“&L \J\"""\

-20 dBr|r. // \

-30 dBjp

»@Tﬂw ot

-50 dBm

-60 dBm

-70 dBm

CF 2.4025 GHz Span 5.0 MHz
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Middle Channel
Offs 0.50 dB RBW 100 kHz
Att 40dB VBW 300 kHz D1[1] -0.05 dB
Ref 20.00 dBm SWT 2.5ms -1.018000000 MHz
M1[1] -3.90 dBm|
2.441999000 GHz
1PK 146 4Bm
Max
3
0 dBm DI ‘m
-30 dBJy
MM/'M MMH
BI|II y
-50 dBm
-60 dBm
-70 dBm
CF 2.4415 GHz Span 5.0 MHz
Upper Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] -0.11 dB
Ref 20.00 dBm SWT 2.5ms 1.005000000 MHz
| M1[1] -3.43 dBm
2.478981000 GHz
1Pk 10 dBm
Max
0 dBm | ~t
-10 dBm //‘/V‘V\#\
-20 dBm

::jmw il T
M,
-50 CIB||||

-60 dBm

-70 dBm

CF 2.4795 GHz

Span 5.0 MHz
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SMI-Tek
Modulation: 8DPSK
Lower Channel
Offs 0.50 dB RBW 100 kHz
Att 40dB VBW 300 kHz D1[1] -0.45 dB
Ref 20.00 dBm SWT 2.5ms -1.008000000 MHz
M1[1] -4.08 dBm
1Pk 2.402979000 GHz
10 dBm
Max
0 dBm St err\j;l
10 dBr|n N-/\"‘\J\»«./‘\ \J\\.—f\
::E)r:wm \,»wk\ﬂ\
B|||| hapaae
-50 dBm
-60 dBm
-70 dBm
CF 2.4025 GHz Span 5.0 MHz
Middle Channel
Offs 0.50 dB RBW 100 kHz
Att 40 dB VBW 300 kHz D1[1] -0.72 dB
Ref 20.00 dBm SWT 2.5ms 1.008000000 MHz
M1[1] -3.30 dBm
1Pk 2.441001000 GHz
10 dBm
Max
1
0 dBm JN' o1
r
-10 dBr|n /U /VJV
::j?irﬁvw ' RT e
dBI|II \\lk.‘u.l’lhm«
-50 dBm
-60 dBr|n
-70 dBr|n
CF 2.4415 GHz Span 5.0 MHz
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1Pk
Max

Offs 0.50 dB
Att 40 dB
Ref 20.00 dBm
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Upper Channel

RBW 100 kHz
VBW 300 kHz
SWT 2.5ms

D1[1]

SMI-Tek

-0.29 dB

1.008000000 MHz

M1[1]

-3.12 dBm

2.478991000 GHz

10 dBm

-10 dBm

M

-20 dBm

dBIII

-30 djp TP

-50 dBm

-60 dBm

-70 dBm

CF 2.4795 GHz

Span 5.0 MHz
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14 Number of Hopping Frequency

Test Requirement:
Test Method:
Test Limit:

Test Mode:
14.1 Test Procedure:

DA 00-705

SMI-Tek

FCC CFRA47 Part 15 Section 15.247

Regulation 15.247 (a)(1)(iii) Frequency hopping systems in the
2400-2483.5 MHz band shall use at least 15 channels.

Test in hopping transmitting operating mode.

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

spectrum.

2. Set the spectrum analyzer: RBW = 1MHz. VBW = 1MHz. Sweep = auto; Detector Function = Peak.

Trace = Max hold.

3. Allow the trace to stabilize. It may prove necessary to break the span up to sections. in order to

clearly show all of the hopping frequencies. The limit is specified in one of the subparagraphs of this

Section.

4. Set the spectrum analyzer: Centre Frequency = 2.441GHz, Span = 86MHz. Sweep=auto;

14.2 Test Result:

Total Channels are 79 Channels.

®

Modulation: GFSK

Offs 0.50 dB RBW 1 MHz

Att 30 dB VBW 1 MHz M2[1] -3.39 dBm

Ref 10.00 dBm SWT 2.5ms 2.480140000 GHz
M1[1] 0.78 dBm|

1Pk

2.401690000 &E

Max

B

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

Span 86.0 MHz
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Modulation: Pi/4DQPSK

Offs 0.50 dB RBW 1 MHz
Att 30dB VBW 1 MHz M2[1]
Ref 10.00 dBm SWT 2.5ms

-3.30 dBm
2.480140000 GHz

SMI-Tek

1 M1[1]
1Pk |, ¥

0.93 dBm
2.401690000 GHiz

B
MaX Iy

[ m

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

Span 86.0 MHz

Modulation: 8DPSK

Offs 0.50 dB RBW 1 MHz

Att 30dB VBW 1 MHz M2[1] -3.07 dBm

Ref 10.00 dBm SWT 2.5ns 2.480140000 GHz

M1 M1[1] 0.35 dBm|

1Pk 0 Femnkon . 2.401520000 Gz
Max "“"""‘"‘M"Wrww'\

-20 dBm k

-30 dBm \

-40 dBm o

-50 dBm

-60 dBm

-70 dBm

-80 dBT“u

CF 2.441 GHz

Span 86.0 MHz
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15 Dwell Time

Test Requirement:

Test Method:
Test Limit:

Test Mode:

15.1 Test Procedure:

FCC CFRA47 Part 15 Section 15.247

Page 60 of 69

DA 00-705

SMI-Tek

Regulation 15.247(a)(1)(iii) Frequency hopping systems in
the 2400-2483.5 MHz band shall use at least 15 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.

Test in hopping transmitting operating mode.

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

spectrum.

2.Set spectrum analyzer span = 0. centred on a hopping channel;

3.Set RBW = 1MHz and VBW = 3MHz. Sweep = as necessary to capture the entire dwell time per

hopping channel.

4. Use the marker-delta function to determine the dwell time. If this value varies with different modes of

operation (e.g.. data rate. modulation format. etc.). repeat this test for each variation. The limit is

specified in one of the subparagraphs of this Section. Submit this plot(s).

15.2 Test Result:

Mode Hopping Hops Over | Package Dwell Time | Limits Pass/Fail
Channel Occupancy Transfer (sec) (sec)
Number Time(hops) Time(msec)
Normal 79 106.67 2.94 0.314 0.4 Pass
AFH 20 53.34 2.94 0.157 04 Pass
Remark:

1. In normal mode, hopping rate is 1600hops/s with 6 slots in 79 hopping channels. With channel

hopping rate (1600 / 6 / 79) in Occupancy Time Limit (0.4 x 79) (s), Hops Over Occupancy Time
comes to (1600 /6 /79) x (0.4 x 79) = 106.67 hops.

2. In AFH mode, hopping rate is 800hops/s with 6 slots in 20 hopping channels. With channel

hopping rate (800 / 6 / 20) in Occupancy Time Limit (0.4 x 20) (s), Hops Over Occupancy Time
comes to (800 / 6/ 20) x (0.4 x 20) = 53.34 hops.

3. Dwell Time(s) = Hops Over Occupancy Time (hops) x Package Transfer Time

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd

http://www.smi-tek.com

FCC ID: 2ABQES-2X



http://www.smi-tek.com

Reference No.: SM11503065788E

1Pk
View

Page 61 of 69

SMI-Tek
Measurement Plot
Data Packet:DH5
Offs 0.50 dB RBW 1 MHz
Att 40 dB VBW 3 MHz D1[1] -0.11 dB
Ref 20.00 dBm SWT 10ms 2.940000000 ms
M1[1] -35.07 dBm
3.340000000 ms
10 dBm
0 dBm
A, 'y
-10 dBm
-20 dBm
-30 dBm ML b
o i g
-40 dBm
-50 dBm
-60 dBm
-70 dBm

CF 2.402 GHz

1.0 ms/
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16 Antenna Requirement

According to the FCC Part 15 Paragraph 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. This

product has a PCB printed antenna, fulfil the requirement of this section.

Shenzhen SMI-Tek Standards Laboratory Co.,Ltd FCC ID: 2ABQES-2X
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17 RF Exposure

Test Requirement: FCC Part 1.1307
Test Mode: The EUT work in test mode(Tx).

17.1 Requiments:

Systems operating under the provisions of this section shall be operated in a manner that ensures that
the public is not exposed to radio frequency energy levels in excess limit for maximum permissible
exposure. In accordance with 47 CFR FCC Part 2 Subpart J, section 2.1091 this device has been
defined as a mobile device whereby a distance of 0.2 m normally can be maintained between the user

and the device.

17.2 The procedures / limit

(A) Limits for Occupational / Controlled Exposure
Magnetic Field

Averaging Time

ey pnge oot | Steman 19 | ooty ] g
0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/ f 4.89/f (900 / f)* 6
30-300 61.4 0.163 1.0 6

300-1500 F/300 6
1500-100,000 5 6

(B) Limits for General Population / Uncontrolled Exposure
Magnetic Field

Averaging Time

e gy Senain ()| P e )| T r'
0.3-1.34 614 1.63 (100)* 30
1.34-30 824/f 2.19/4 (180/f)* 30
30-300 275 0.073 0.2 30
300-1500 F/1500 30
1500-100,000 1.0 30
Note: f = frequency in MHz ; *Plane-wave equivalent power density
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17.3 MPE Calculation Method

- - 2

Ewm =Y30 P G Power Density: Pd (W/m?) — =
377
E = Electric field (V/m)
P = Peak RF output power (W)
G = EUT Antenna numeric gain (numeric) ,Gaingymeric=
d = Separation distance between radiator and human body (m)
The formula can be changed to
_ 30" PG
377" d?

From the peak EUT RF output power, the minimum mobile separation distance, d=0.2m, as well as the

10(8i110)

Pd

gain of the used antenna, the RF power density can be obtained

Limit of
Modulation Antenna Gain | Antenna Gain [ Max. Output | Peak Output | Power Density Power
(dBi) (numeric) Power (dBm) | Power (mW) | (S) (mW/cmz) Density (S)
(mwW/cm?)
GFSK 0 1 -1.92 0.643 0.000127856 1
Pi/ADQPSK 0 1 -2.01 0.630 0.000125233 1
8DPSK 0 1 -3.03 0.498 0.0000990193 1
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18 Photographs — Test Setup

18.1 Conducted Emissions

18.2 Radiated Emissions
Below 30MHz
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From 30-1000MHz

Above 1GHz
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19 Photographs - Constructional Details

19.1 EUT - External View

19.2 EUT - External View

+VOL- OFF/ION |4q [*Y] »l  MODE
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19.3 EUT - Internal View

19.4 EUT - Internal View
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195 EUT - Internal View

End of test report
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