Reference No. .....ccceeeenne...

Applicant .......cccooeeeeeeee,
Address ......coccviieeieeieen,

Model(S)..ccveveviiiiiieeeeeeen
Standards........ccccoeeeeeennnn
Date of Receipt sample....
Date of TeSt .....cccoccvveveenne
Date of ISSU€ .....cccvveernenne

Test Result ......cooveveerenn.
Remarks:

TEST REPORT

WTS17S1196500E
ZRH-017BTS002

SHENZHEN YUXINXIN ELECTRONICS CO.,LTD

Building 7,XinXing Industrial Park, FuYong Town, Bao, Shenzhen,
China

The same as above

The same as above

Jambar Speaker

WLGJAMBAR-R, BTS002

FCC CFRA47 Part 15 Section 15.247: 2016
2017-11-28

2017-11-29 to 2017-12-11

2017-12-12

Pass

The results shown in this test report refer only to the sample(s) tested, this test report cannot be
reproduced, except in full, without prior written permission of the company. The report would be invalid
without specific stamp of test institute and the signatures of compiler and approver.

Prepared By:

Waltek Services (Shenzhen) Co., Ltd.

Address: 1/F., Fukangtai Building, West Baima Road, Songgang Street, Baoan District, Shenzhen,

Tested by:

{7 2L »£~«__ ) W ";va
y

Guangdong, China
Tel :+86-755-83551033
Fax:+86-755-83552400

Approved by:

Jack Wen / Test Engineer

Philo Zhong / Manager

Waltek Services (Shenzhen) Co.,Ltd.

http://www.waltek.com.cn

Page 1 of 62



Reference No.: WTS17S1196500E Page 2 of 62

2

A W N R

10

11

12

13

14

Contents

Page
COVER PAGE .....coeiieeeeeeeeeeeeeeeeeeeeee ettt e e te e aeta b e tet et et et st et e s st st ss s st ss st sss s s e sssennnesnnennnnnnnns 1
CON T EN T S oottt ettt et e e et e et e e te e et e e e et et ee e e eetees e e et e et e es e e et enteeneeeneeeeeeeaaeeaeeneeeantenseenreeseansenneenreenres 2
REVISION HISTORY ettt ettt ettt ettt e st e st e s 1t e ste s te s et s satssbeeab e et e eabess b e sbeesbeesbeesbesstesaesssessbesabeesbeesbeens 4
GENERAL INFORMATION . .. ettt ettt ettt ettt s a1t e att e et e et e satasteesteesteeseeeseesassaesaaesareesteasteestesssesesesreesres 5
4.1  GENERAL DESCRIPTION OF ELU. T oottt oottt ettt et e et et e e st e nte e st e eneeeeeee e et e et esreeer e e e neeneeenrees 5
4.2 DETAILS OF BT oottt ettt e et e ettt e e et e e et e et e e n e e e et er et e eae e et et e et e anteereeeneasenneeneeenres 5
4.3 CHANNEL LIS T ottt oee ottt ettt et e et e et e et e st e et e et et et e er e e et e et e eeseneeeneeeneeesae e et ee e et e antenreeereaenennsenreenres 5
B TESTIMODE ...oveieei et ettt e et e et e et e et e e e et e st e ree e e et e et et e et e ereeer e e s eeeseneeeneeeneeeeeeeeeeenee et e antenneeene e e nneeneeenreen 6
EQUIPMENT USED DURING TEST ..oootiiiiiitectiecte ettt ettt sttt se bt ss bt ssstestensstestensstessensstessenens 7
ST A Y U] 1= V1= N =3 I SRR 7
5.2 MEASUREMENT UNCERTAINTY uiiitiiitieitieiteeitssiessesssessseesssessesssesssessesssesssessssssssssssssesssessssssssessesssessesessessens 8
5.3  TEST EQUIPMENT CALIBRATION ....oueiitieitteiteeittiessesssessstesssasstsstessssssesssesssessssssesssssssesssessssssssessesssessesessesssens 8
I 10 =ToTe] N 37X 1 = o F R 8
TEST SUMMARY oottt ettt ettt ettt ettt et e st te st e ettt e teaessaesabeeabe et e estesbtesbeesbeesbeeseeeseesbessbesabeebeesbessbesseesreesres 9
CONDUCTED EMISSION ...ttt ettt ettt a e et et s e st e s teesteesaeesassaesats st e sstest e et e sssesteesreesteesenesessaessees 10
T.1 ELU.T. OPERATION ..ot etteetteee et et eee et e et ee et et et e are e et eees e e e e eee s et esteeseeesaeeseseeeaateanteaseaseessenseeneeenteeneneeneeneaaes 10
2 = U ST = =TT 10
7.3 MEASUREMENT DESCRIPTION ....oviiuieitteetieest et aeteaeeseesseeesseesseeseeessesssssesssssseeastesseeesesssessseseeseesneesnessnsanes 10
7.4  CONDUCTED EMISSION TEST RESULT ..ooviteeeiieietteeee ettt e ettt e eee e steesaaeeesteaeaaesssteasaresssseesanesssreesaressssessareeas 11
RADIATED EMISSIONS. ..ottt ettt ee st e st e et et et et e et easeeese e esteesteesteeseeeeaeees et e areenreeereerenneenteeneees 13
IR R = O IO == 7y ] N T 13
T I =S ] = 1 U= 2T 14
8.3  SPECTRUM ANALYZER SETUP ...oeiiitiiiitiii ittt e etts s stteeetts s sttsssttssshtssebessshtssbasssbessbesssbasssbesssbesssbasssbesssbessbessbass 15
eI =y o= L0 T3 = U 1 TR 16
8.5  SUMMARY OF TEST RESULTS ..oiitiiitie ittt sttt st e et e et e e it e e st testeeste ettt s stssatssstssbee st e e b e asbesbbesbeesbeesbeeseeaessaesares 17
CONDUCTED SPURIOUS EMISSIONS ...ttt ettt ettt sttt sttt st st stt e bt abesbbesbassbaestessaessassaessnes 20
0.1 TEST PROCEDURE ....eecvtittiett ettt tteestee st e et s et st st e att e et e e st ee e steesaeesteesaeesassaeesatsaetesae et e esbesssesseesreeseeesenesensansanes 20
0.2 T EST RESULT ottt iuiiiteeett et et s ettt ettt e st eetesee et s eeteeae e et e e st sesesteeseeesteeseeeseesaseeatseeteer e et e asbeassesteestaeseeeseneensaesaees 21
BAND EDGE MEASUREMENT ..ot oottt sttt e st st st e stteett et e st e staesteesteestesaeseessaesareesseebessresseesteesres 27
10.1 T EST PROCEDURE ... .cvve ittt st eett et eees et e ereeeseeesessereeesteeseeesaeeeseaes et earteaseeeseensesesenseesseeseeeeneeeseaeseneenreenreens 27
10.2 TE ST RESULT . 1 ttett ettt eeeeee et e et e ettt e et e eae e e st et e s eneeesteeseeeeaeeseeeeeeateerteas e e st ensesesenseeneeeseeeeneeeeanesaneenreenreens 28
BANDWIDTH MEASUREMENT ..ottt ettt ettt e ettt et et e et easeaer e s eseeesteesteeseeeeaesees st s et enreeereereneenteenrees 32
111 TEST PROCEDURE ... .ctteitteittittittsts st e ete e bt e st e sttesteesteesaeesasasessaessaeeate et e estesstesbeesbeesbeeseeetsssessressbeenteenteans 32
11.2 LSS R =S TUTI TP TOTTRTRTI 32
MAXIMUM PEAK QUTPUT POWER ....oo ottt ettt sttt ettt ettt sttt e st e st e ste s sassatssatssba e st e ssbassbessaesreesres 36
121 TE ST PROCEDURE: ... ..ttt ittt ittt eettsts st e et ee et ee e sttesteesteesaeesaeaesseessatesteesse e st sssesseesseeseeesenesessasssaeesseenreenreans 36
12.2 ST RESULT . 1 uttiutiittestee st ee et e et e et e e e et e et e et e e e s etesteesteesaeesaeeseesaesaatesteeasees st sstaseeeseeeseeeseneesseeesaeesaeenreenreans 36
HOPPING CHANNEL SEPARATION ...ooocti ettt ettt e st et e et st e st eesteesteesteseassas st s artesteeressresseesteesees 40
13.1 T E ST PROCEDURE: ... .cvtettee et eete ettt e et e et eeseeesessereeesteeseeesaeeeseeees et eerteaseeeseensesesenseeseeesaeesresseaesaneenreenreens 40
13.2 ST RESULT . 1 uvtittetee et eee et e et e et e et et e esee e st et e s eneeesteeseeeeae e s e aeeeeateertease e st enseneseneeeneeereeeeneeneaneeaneenreenreens 40
NUMBER OF HOPPING FREQUENC Y ......oooiiticteite ettt ettt ettt te st steste st et sae e stestestesreeta e s enneseens 44
141 TEST PROCEDURE ... .cctteitteittitt it sts et e ett et e e e s teesteesteesaeesasasessaessaeeete et s estesstesbtesbeesbeesesesesssessressbeenbeenteans 44

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn



Reference No.: WTS17S51196500E Page 3 of 62

14.2 ST RESULT . 1 uttiutiittettee st ettt e et e et e e e et e st e et e e e saaesteesteesaeesaeesessaesaaeesseeeseeasesssaseeesseeseeeseessessaessaeesseenreenreans 44
15 DWELL TIME ..ottt et ettt et e et et et e et e e et e et e e e e st eseeeseeeseeeaeaaeeaeeseaeeste et e esseseeesteeseeeseneeesanesees 46
15.1 TEST PROCEDURE:.....cottiitiiittitt ittt stt s et s ett e bt e e sttestessbeesbeasassaessaessaeeebeeteesteestesbtesbaesbeesessstssnessbessbeesbeenteans 46
15.2 LSS R STV T TR 46
16 ANTENNA REQUIREMENT ....coiiiitiittete ettt ste et st e e te st stestesbeste et estesesstestesteebesseesseseeasestesrestesneeneeseens 51
A = ol = =@ Y U1 = TR 52
18 PHOTOGRAPHS -TEST SETUP PHOTOS ..ottt ettt sttt ettt s st sttt e s e staesteestaesrnseensnsaees 53
18.1 PHOTOGRAPH-CONDUCTED EMISSIONS TEST SETUP ...ccuviiiiie ittt sttt ettt st s sare s tes v 53
18.2 PHOTOGRAPH-RADIATED EMISSIONS ...ttt sttt sttt sttt et e et e bt ssbaesreesres 53
19 PHOTOGRAPHS — CONSTRUCTIONAL DETAILLS ...ttt sttt sttt 56
19.1 MODEL WLGJAMBAR-R—EXTERNAL PHOTOS .....voiiiiiitie ittt sttt sttt 56
19.2 MODEL WLGJAMBAR-R— INTERNAL PHOTOS ...ttt ettt sttt sttt 60

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn



Reference No.: WTS17S1196500E Page 4 of 62
3  Revision History
Date of Date of
Test report No. Receipt Date of Test lssue Purpose Comment Approved
sample
2017-11-29 to .
WTS17S1196500E 2017-11-28 2017-12-11 2017-12-12 original R Valid

Waltek Services (Shenzhen) Co.,Ltd.

http://www.waltek.com.cn




Reference No.: WTS17S1196500E

4.1

4.2

General Information

General Description of E.U.T

Product

Model(s)

Model difference
Operation Frequency
Bluetooth Version

RF out Power

The Lowest Oscillator

Antenna Gain
Type of Modulation

Antenna installation

Details of E.U.T

Ratings

4.3 Channel List

Page 5 of 62

:Jambar Speaker

‘WLGJAMBAR-R, BTS002

: Only the model names are different.

1 2402-2480MHz, 79 channel

1 V2.1

:-0.94dBm
1 24MHz

: 0dBi
: GFSK, Pi/ADQPSK

: PCB Printed Antenna

DC 3.7V, 400mAh, power by battery
Charging by USB port DC 5V

Channel Frequency Channel Frequency | Channel | Frequency | Channel Frequency
No. (MH2z) No. (MH2z) No. (MH2z) 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 - -

Waltek Services (Shenzhen) Co.,Ltd.

http://www.waltek.com.cn




Reference No.: WTS17S1196500E

44 Test Mode

All test mode(s) and condition(s) mentioned were considered and evaluated respectively by

Page 6 of 62

performing full tests, the worst data were recorded and reported.

Table 1 Tests Carried Out Under FCC part 15.247

Test mode

Low channel

Middle channel

High channel

Transmitting

2402MHz

2441MHz

2480MHz

Table 2 Tests Carried Out Under FCC part 15.207 and 15.209

Test Item

Test Mode

Radiated Emissions

Transmitting

Conducted Emissions

Transmitting

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn
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5 Equipment Used during Test
5.1 Equipments List
Conducted Emissions Test Site 1#
Last Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1. EMI Test Receiver R&S ESCI 100947 2017-09-12 2018-09-11
2. LISN R&S ENV216 101215 2017-09-12 2018-09-11
3. Cable Top TYPE16(3.5M) - 2017-09-12 2018-09-11
Conducted Emissions Test Site 2#
Last Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1. EMI Test Receiver R&S ESCI 101155 2017-09-12 2018-09-11
2. LISN SCHWARZBECK | NSLK 8128 8128-289 2017-09-12 2018-09-11
3. Limiter York MTS-IMP-136 261 (1)352);1001' 2017-09-12 2018-09-11
4. Cable LARGE RF300 - 2017-09-12 2018-09-11
3m Semi-anechoic Chamber for Radiation Emissions Test site 1#
Last Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1 Spectrum Analyzer R&S FSP 100091 2017-09-14 2018-09-13
2 Amplifier Agilent 8447D 2944A10178 | 2017-10-17 2018-10-16
3 | Active Loop Antenna Beijing Dazhi ZN30900A 0703 2017-04-09 2018-04-08
Coaxial Cable
4 (below 1GHz) Top TYPE16(13M) - 2017-04-09 2018-04-08
5 Broa/f;?:::a'*om SCHWARZBECK | BBHA 9120 D 667 2017-09-14 | 2018-09-13
Broadband COMPLIANCE
6 Preamplifier DIRECTION PAP-1G18 2004 2017-04-13 2018-04-12
7 Coaxial Cable Top 1GHz-18GHz | EW02014-7 | 2017-04-13 | 2018-04-12
(above 1GHz)
10m Semi-anechoic Chamber for Radiation Emissions(Abovel8GHz)
1 Spectrum Analyzer R&S FSV-40 101544 2017-02-17 2018-02-16
Antenna-
2 A-INFO LB-180400KF | J211060273 | 2017-01-07 2018-01-06
Horn (18-40 GHz)
ZLNA-18-40G-
3 Amplifier COM-MV 021 1608001 2017-02-17 2018-02-16
4 Cable Top 18-40GHz - 2017-02-17 2018-02-16
3m Semi-anechoic Chamber for Radiation Emissions Test site 2#
. . Last Calibration
Item Equipment Manufacturer Model No. Serial No Calibration Due Date

Waltek Services (Shenzhen) Co.,Ltd.
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Date
1 Test Receiver R&S ESCI 101296 2017-04-13 2018-04-12
2 | TriogBroadband | gopwaARZBECK | VULB9160 | 91603325 | 2017-04-09 | 2018-04-08
3 Amplifier ANRITSU MH648A M43381 2017-04-13 2018-04-12
4 Cable HUBER+SUHNER CBL2 525178 2017-04-13 2018-04-12
5 | TnlogBroadband | gop\yaRZBECK | VULB9163 336 2017-09-12 | 2018-09-11
Antenna
RF Conducted Testing
Last Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration Due Date
Date
EMC Analyzer
1. Y Agilent E7405A  |MY45114943| 2017-09-14 | 2018-09-13
(9k~26.5GHz)
Spectrum Analyzer
2 R&S FSL6 100959 2017-09-12 2018-09-11
(9k-6GHz)
Signal Analyzer
3. Agilent N9010A  |MY50520207 | 2017-09-12 | 2018-09-11
(9k~26.5GHz)
5.2 Measurement Uncertainty
Parameter Uncertainty
Radio Frequency +1x10°
RF Power +1.0dB
RF Power Density +2.2dB
+5.03 dB (30M~1000MHz)
Radiated Spurious Emissions test
+ 5.47 dB (1000M~25000MHz)
Conducted Spurious Emissions test + 3.64 dB (AC mains 150KHz~30MHz)
5.3 Test Equipment Calibration

All the test equipments used are valid and calibrated by GUANG ZHOU GRG METROLOGY & TEST CO., L
TD. address is No.163, Pingyun Rd. West of Huangpu Ave, Tianhe District, Guangzhou, Guangdong, China.

5.4 Subcontracted

Whether parts of tests for the product have been subcontracted to other labs:
[]Yes X No
If Yes, list the related test items and lab information:

N/A

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn



Reference No.: WTS17S51196500E Page 9 of 62

6 Test Summary

Test Items Test Requirement Result

Conduct Emission 15.207 C
15.205(a)

Spurious Radiated Emissions 15.209 C
15.247(d)

Conducted Spurious Emissions 15.247(d) C
15.247(d)

Band edge C
15.205(a)

Bandwidth 15.247(a)(1) C

Maximum Peak Output Power 15.247(b)(1) C

Frequency Separation 15.247(a)(1) C

Number of Hopping Frequency 15.247(a)(1)(iii) C

Dwell time 15.247(a)(1)(iii) C

RF exposure 1.1307(b)(1) C

Antenna Requirement 15.203 C

Note: C=Compliance; NC=Not Compliance; NT=Not Tested; N/A=Not Applicable.

Waltek Services (Shenzhen) Co.,Ltd.
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7 Conducted Emission

Test Requirement: FCC CFR 47 Part 15 Section 15.207
Test Method: ANSI C63.10:2013
Test Result: PASS
Frequency Range: 150kHz to 30MHz
Class/Severity: Class B
— Conducted Limit (dBuV)
Limit: Frequency (MHz) Qsi-peak Average
0.15t0 0.5 66 to 56* 56 to 46*
0.5t05.0 56 46
5.0 to 30 60 50
*Decreases with the logarithm of the frequency.

7.1 E.U.T. Operation

Operating Environment :

Temperature: 22.8°C
Humidity: 52.6 % RH
Atmospheric Pressure: 101.2kPa
EUT Operation :

Refer to Section 4.4.

7.2 EUT Setup

The conducted emission tests were performed using the setup accordance with the ANSI C63.10:2013.

Receiver — PC System

A
0.8m
I \
1
:50Q Terminator —

7.3 Measurement Description

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.

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn
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7.4 Conducted Emission Test Result

An initial pre-scan was performed on the live and neutral lines.

Live line:
an.n dBud
E . . Limit: —
AVG: —
7n . bemmnenen
0 S I ;
50 - : : : 11
ERE 1 Pepea
3 A : B bl ¥ V12
40 J.l I'hl*“ IP"\m"*'IHu ?1.1H Jn"'-""v" . I;L-.L\r___ i ___Af » .I| -
' iy poad” L
an '[| "'h'"a I.,rﬁ.,r'ﬁ.ﬁﬁ' W, .1"r""'f'”". r
“P|.' I'.-":
20
10
LK1
IR L] ns 5 00 MHz
Fren. Reading | Factor | Resuft Lirmit Rl argin
Mol miiey | qdBuvy | (dBh | (dBuvy | dBuy |(oEp | Decter| Pemerk
1 0.2500] 4354 964 a3.18 B1.75| -8487| QP
2 0.2500] a0.34 964 40.48 8176 [ -11.2T| AVG
3 0.3980] 3487 964 44 A1 A7.89(-13.33] QP
4 0.3980] 30.58 964 4022 4788 -TET| AVG
A 0.4700] 3468 8965 44 33 2641 [ -12.18] QP
4] 0.4700] 3061 965 40 26 4681 | -6B.25 | AVG
7 0.6860] 31.67 972 4154 A6R.00 | -14.61] QP
g 0.6860| 27.06 972 J6.Ta 4600 -9.22 | AVG
9 0.9020] 30.47 9.79 40 26 SE.00 | -15.74) QP
10 0.9020] 24.a80 9.79 3424 46.00 [ -11.71] AVG
11 2788200 383.24 1042 43 67 BOO0O|(-11.33] QP
12 2788200 A 10. 42 41 B4 000 -8.31 | AVG

Waltek Services (Shenzhen) Co.,Ltd.
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Neutral line:
00 dEuW
Limit: —_—
; : o : ' NG —_
£ J5 S O
D -
, I
=0 ! - " ] ! g 1
EI4| : E‘ ' ' : : '.-.wn 1, || 'EUM
AN | : . i H '-I| - e .m.;__,. frs 'Iﬂ:r'ud ! '\{ 12
|4 ‘T. |] | ]Ilﬂh m.w-,m*f A, N .f""“{ AN .‘,'r W i  lav
J| I O I AN ool
an ; it __--I,_-\."".'II' 3 3- .
|| \4|'|-' “ I(i"'||' I1|||"||||||'|'|r'11|ll,'| f'l I ll"ﬁ' | -
| ! '-1" Y
0 I ||. i ! ‘-n.- :
| L
10 |'| I b
1B
0150 05 5 0 HHz
Freq. Reading | Factor | Resut | Limit [Margin
i [u] M HE) (AU (dEN @Bny) | dBuy |(dm) Datector | Femark
1 0.2260| 46.40 963 a6.03 G259 -656| QP
2 0.2260| 33.60 963 43.23 A2A549 | -H3E | AVG
3 n.2a00 41.88 964 a1.a2 B1.79(-10.23] QP
4 n.2a00( .28 964 40.92 a1.78 [ -10.83] AVG
] 04800 3377 964 43.41 A6.8T [-13.46| QF
] 04500 287 964 39.35 AB.87T | -T52 | AVG
7 1.04200 27 A7 984 ar.m aB.00 | -18.93] QP
a 1.0420] 2088 984 30,72 46.00 [ -15.28] AVG
] 150779 3496 10.24 45.20 G000 (-14.801 QF
10 15.0779| 27.80 10.24 3314 a0.00 ([ -11.86) AWG
11 27T 6580 2565 10.42 46.07 BO0O0(-13.93] QP
12 2T B30 2859 10.42 39.01 an0oo | -10.931 AVG

Waltek Services (Shenzhen) Co.,Ltd.
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8.1

Radiated Emissions

Test Requirement:

Test Method:

FCC CFRA47 Part 15 Section 15.209 & 15.247

Page 13 of 62

ANSI C63.10:2013

Test Result: PASS
Measurement Distance: 3m
Limit:
Field Strength Field Strength Limit at 3m Measurement Dist
Frequency
(MHz) uV/m pistance uV/m dBuV/m
(m)
0.009 ~ 0.490 | 2400/F(kHz) 300 10000 * 2400/F (kHz) 20log®*°FkH2) 4 80
0.490 ~ 1.705 | 24000/F(kHz) 30 100 * 24000/F (kHz) 20log®*?FkH2) + 40
1.705 ~ 30 30 30 100 * 30 20l0g®” + 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®®
EUT Operation
Operating Environment :
Temperature: 23.5°C
Humidity: 52.1 % RH
Atmospheric Pressure: 101.2kPa

EUT Operation :

Refer to Section 4.4.

Waltek Services (Shenzhen) Co.,Ltd.
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8.2 Test Setup

The radiated emission tests were performed in the 3m Semi- Anechoic Chamber test site, using the
setup accordance with the ANSI C63.10: 2013.

The test setup for emission measurement below 30MHz.

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

“ pectrum AMP ombining

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°

Turn Table

System Analyzer Network

Waltek Services (Shenzhen) Co.,Ltd.
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The test setup for emission measurement above 1 GHz.

Anechoic 3m Chamber

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

A
1.5m.
E Turn Table
! Absorbers
‘ AAAA
1 1
—

ombining

NEelWOrK

8.3 Spectrum Analyzer Setup

Below 30MHz
Sweep Speed ..o Auto
IF Bandwidth............coovvvviiiiiiiiiiiiiiiiiiiiiiinnne 10kHz
Video Bandwidth...............coovveiiiriiiinn. 10kHz
Resolution Bandwidth..........cccccoeeeveiiiirinnnen. 10kHz
30MHz ~ 1GHz
Sweep Speed ... Auto
D12 (=Tox (o] SO PK
Resolution Bandwidth.....................onneennil. 100kHz
Video Bandwidth...............coovveiieiiiinn. 300kHz
Above 1GHz
Sweep Speed........occcviiiieiiiiiieeee e, Auto
12 (=Tex (o] SO PK
Resolution Bandwidth............ccccocovviriinnnnnn... 1MHz
Video Bandwidth...............ccccveieeiiiiiinnnnnnn. 3MHz
D12 (=Tex (o] SO Ave.
Resolution Bandwidth...........c.cccoooviviinnnnnnn... 1MHz
Video Bandwidth...............cccccveieeiiiinnnnn. 10Hz
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8.4 Test Procedure

1. The EUT is placed on a turntable. For below 1GHz, the EUT is 0.8m above ground plane;

For above1GHz, the EUT is 1.5m 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. The spectrum was investigated from the lowest radio frequency signal generated
in the device, without going below 9 kHz, up to the tenth harmonic of the highest fundamental
frequency or to 40 GHz, whichever is lower.

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.
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8.5 Summary of Test Results

Page 17 of 62

Only the worst case GFSK mode were record in the report.

Test Frequency: 24MHz ~ 30MHz

The measurements were more than 20 dB below the limit and not reported.
Test Frequency: 30MHz ~ 18GHz

Only the worst case GFSK mode were record in the report.

RX Antenna FCC Part

Frequency Féecei_ver Detector t-;%ﬁg Corrected Corrected 1524712097205
sading Angle | peight | Polar Factor Amplitude | | imit | Margin

(MHz) (dBpV) | (PK/QP/Ave) | Degree | (m) | (H/V) (dB) (dBuV/m) | (dBuV/m) | (dB)

GFSK Low Channel 2402MHz

289.25 36.20 QP 145 1.3 H -13.35 22.85 46.00 -23.15
289.25 41.02 QP 281 1.2 \Y -13.35 27.67 46.00 -18.33
4804.00 46.29 PK 192 1.8 \ -1.06 45.23 74.00 -28.77
4804.00 43.23 Ave 192 1.8 \Y -1.06 4217 54.00 -11.83
7206.00 40.28 PK 234 1.9 H 1.33 41.61 74.00 -32.39
7206.00 35.02 Ave 234 1.9 H 1.33 36.35 54.00 -17.65
2345.62 46.08 PK 169 1.0 \ -13.19 32.89 74.00 -41.11
2345.62 37.40 Ave 169 1.0 \Y -13.19 24.21 54.00 -29.79
2354.05 4413 PK 150 1.3 H -13.14 30.99 74.00 -43.01
2354.05 38.46 Ave 150 1.3 H -13.14 25.32 54.00 -28.68
2490.82 42.24 PK 212 1.8 \Y -13.08 29.16 74.00 -44.84
2490.82 37.14 Ave 212 1.8 \ -13.08 24.06 54.00 -29.94
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RX Antenna FCC Part

Frequency Eecei_v er Detector t-;L:JrIre] Corrected Corrected 15:247/209/205
eading Angle | peight | Polar Factor Amplitude | | imit | Margin

(MHz) (dBupV) | (PK/QP/Ave) | Degree | (m) | (H/V) (dB) (dBuV/m) | (dBuV/m) | (dB)

GFSK Middle Channel 2441MHz

289.25 35.02 QP 24 1.9 H -13.35 21.67 46.00 -24.33
289.25 42.28 QP 228 1.5 \ -13.35 28.93 46.00 -17.07
4882.00 45.84 PK 165 1.6 \ -0.62 45.22 74.00 -28.78
4882.00 42.06 Ave 165 1.6 \Y -0.62 41.44 54.00 -12.56
7323.00 40.12 PK 181 1.6 H 2.21 42.33 74.00 -31.67
7323.00 36.02 Ave 181 1.6 H 2.21 38.23 54.00 -15.77
2319.44 45.63 PK 181 1.8 \Y -13.19 32.44 74.00 -41.56
2319.44 38.52 Ave 181 1.8 \ -13.19 25.33 54.00 -28.67
2366.74 44.32 PK 243 2.0 H -13.14 31.18 74.00 -42.82
2366.74 36.90 Ave 243 2.0 H -13.14 23.76 54.00 -30.24
2489.76 43.92 PK 55 1.6 \Y -13.08 30.84 74.00 -43.16
2489.76 36.55 Ave 55 1.6 \Y -13.08 23.47 54.00 -30.53
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RX Antenna FCC Part

Frequency Eecei_v er Detector t-;l:)rlg Corrected Corrected 15:247/209/205
sading Angle Height | Polar Factor Amplitude Limit Margin

(MHz) (dBupV) | (PK/QP/Ave) | Degree | (m) | (H/V) (dB) (dBpV/m) | (dBuV/m) | (dB)

GFSK High Channel 2480MHz

289.25 34.06 QP 299 1.7 H -13.35 20.71 46.00 -25.29
289.25 40.91 QP 172 1.5 \ -13.35 27.56 46.00 -18.44
4960.00 45.02 PK 335 1.5 \Y -0.24 44.78 74.00 -29.22
4960.00 41.50 Ave 335 1.5 \ -0.24 41.26 54.00 -12.74
7440.00 41.03 PK 12 1.0 H 2.84 43.87 74.00 -30.13
7440.00 35.29 Ave 12 1.0 H 2.84 38.13 54.00 -15.87
2329.28 46.18 PK 178 1.8 \Y -13.19 32.99 74.00 -41.01
2329.28 39.22 Ave 178 1.8 \ -13.19 26.03 54.00 -27.97
2382.91 43.29 PK 121 1.2 H -13.14 30.15 74.00 -43.85
2382.91 38.76 Ave 121 1.2 H -13.14 25.62 54.00 -28.38
2499.83 44.45 PK 161 1.9 \Y -13.08 31.37 74.00 -42.63
2499.83 38.41 Ave 161 1.9 \Y -13.08 25.33 54.00 -28.67

Test Frequency: 18GHz~25GHz

The measurements were more than 20 dB below the limit and not reported.
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9.1

Conducted Spurious Emissions

Test Requirement: FCC CFR47 Part 15 Section 15.247

Test Method: KDB 558074 D01 DTS Meas Guidance v03r05 April 8, 2016
Test Result: PASS

Limit:

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. If the transmitter complies with the conducted power limits based on the use of RMS averaging
over a time interval, as permitted under paragraph (b)(3) of this section, the attenuation required under
this paragraph shall be 30 dB instead of 20 dB. Attenuation below the general limits specified in
Section 15.209(a) is not required. 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 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:
Blow 30MHz:
RBW = 100kHz, VBW = 300kHz, Sweep = auto
Detector function = peak, Trace = max hold
Above 30MHz:
RBW = 1MHz, VBW = 3MHz, Sweep = auto

Detector function = peak, Trace = max hold
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9.2 Test Result

Offs 0.50 dB
Att 20dB
Ref 10.50 dBm

Page 21 of 62

GFSK
Low Channel
RBW 100 kHz
VBW 300 kHz M1[1] -49.14 dBm
SWT 5ms 638.000000000 kHz

1Pk

Max 0 dBm

-10 dBm

-20 dBm

-30 dBm

-70 dBm i) -'“-u""' -W*WWWW
-80 dBm
Start 9.0 kHz Stop 30.0 MHz
Middle Channel
Offs 0.50 dB REW 100 kHz
Att 20dB VBW 300 kHz M1[1] -47.85 dBm
Ref 10.50 dBm SWT 5ms 578.000000000 kHz
1Pk
max | © dBm
-10 dBm
-20 dBm
-30 dBm
-40 dBm
b
- O dBIII
-60 %
-70 dBI!n W}MM&M&' gl piAot J._'uv.wa bt -
-80 dBm
Start 9.0 kHz Stop 30.0 MHz
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High Channel

Offs 0.50 dB RBW 100 kHz

Att 20 dB VBW 300 kHz M1[1] -48.79 dBm

Ref 10.50 dBm SWT 5ms 638.000000000 kHz
1Pk
Max 0 dBm

-10 dBm

-20 dBm

M%hﬂam‘;a Pabhe ok

doal oy 1

-80 dBm

Sl e i La ) i

Start 9.0 kHz Stop 30.0 MHz

Fundamental

‘h‘thuLlll_l b o e

GFSK

Low Channel

{Pratatype - Limited Salo Allowsd)

Avg Type: Log-Pwr
st oo Trig:FreeRun Avg[Held= 10010
aw #Aien: 20 dB

Ref Offset 0.5 dB
Ref 10.50 dBm

Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz

Jus6 €3 Query INTERRUPTED

o by b

R e

Stop 25.00 GHz
Sweep 2.39 s (1001 pts)
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T Agllont Spectrum Analyzer - Swept SA

Fundamental

Ref Offset 0.5 dB
Ref 10.50 dBm

Start 30 MHz
#Res BW 100 kHz

Jus6 €3 Query INTERRUPTED

Page 23 of 62

Middle Channel

{Pratatype - Limited Salo Allowsd)

Avg Type: Log-Pwr
PHO: Fast o Trig:Free Run Avg[Held= 10010

IF: #Aien: 20 dB

T ETURRPINY
1 Y
B Ml st

Stop 25.00 GHz

#VBW 300 kHz Sweep 2.39 s (1001 pis)

T Agllont Spectrum Analyzer - Swept SA

Fundamental

Ref Offset 0.5 dB
Ref 10.50 dBm

Start 30 MHz
#Res BW 100 kHz

Jus6 €3 Query INTERRUPTED

High Channel

{Pratatype - Limited Salo Allowsd)

Avg Type: Log-Pwr
PHO: Fast o Trig:Free Run Avg[Held= 10010

IF: #Aien: 20 dB

ot ey bl
im0

Stop 25.00 GHz

#VBW 300 kHz Sweep 2.39 s (1001 pis)
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Pi/ADQPSK
Low Channel
Offs 0.50 dB RBW 100 kHz
Att 20 dB VBW 300 kHz M1[1] -45.23 dBm
Ref 10.50 dBm SWT 5ms 578.000000000 kHz
1Pk
Max 0 dEm
-10 dBm
-20 dBm
-30 dBm
Fy40 dBm
- O dBIII
'60 DM
70 dBI!I‘u MW l..,p!mr...m T II NEFTHC W
-80 dBm
Start 9.0 kHz Stop 30.0 MHz
Middle Channel
Offs 0.50 dB RBW 100 kHz
Att 20 dB VBW 300 kHz M1[1] -47.39 dBm
Ref 10.50 dBm SWT 5ms 578.000000000 kHz
1Pk
Max 0 dEm
-10 dBm
-20 dBm

-70 dBm O N VTP WY ORI POV PR

-80 dBm

Start 9.0 kHz

Stop 30.0 MHz
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Offs 0.50 dB
Att 20dB
Ref 10.50 dBm

Page 25 of 62

High Channel
RBW 100 kHz
VBW 300 kHz M1[1] -46.11 dBm
SWT 5ms 578.000000000 kHz

1Pk 0 dBm

Max

-10 dBm

-20 dBm

-30 dBm

'-iD dBm

50 dBm

-70 dBm

-60 4
ek gl

-80 dBm

M‘Hﬂp\hﬂ-}.ﬂh o Mty ol Ak s A4 el 1
Ty LI s (LU Hrn [N

Start 9.0 kHz

Stop 30.0 MHz

Fundamental

Ref Offset 0.5 dB
Ref 10.50 dBm

Start 30 MHz
#Res BW 100 kHz

Jus6 €3 Query INTERRUPTED

Pi/l4ADQPSK

Low Channel

{Pratatype - Limited Salo Allowsd)

Avg Type: Log-Pwr
st oo Trig:FreeRun Avg[Held= 10010
aw #Aien: 20 dB

I
T e gt
ot

Stop 25.00 GHz
#VBW 300 kHz Sweep 2.39 s (1001 pis)
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Middle Channel

Fundamental b o e

.Avg Type: Log-Fwr
Avg[Held= 10010

Ref Offs
Ref 10.50

e b L
i _idabaeledyw, AT 1

X ..I | q.u...“ll,,‘ . ik, u]..‘_,._#,__ PRPTRRTYWERT LS L

AETUT i

Start 30 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.39 s (1001 pis)

Jus6 €3 Query INTERRUPTED

High Channel

T Agllont Spectrum Analyzer - Swept SA {Pratatype - Limited Salo Allowsd)

Fundamental ke
PHO: Fast ol Trig: Free Run AvglHeld> 1010
IF #Aten: 20 dB

Ref Offset 0.5 dB
Ref 10.50 dBm

b ey “"‘m\w_. _L-‘n-'.-kq" ey ol e

Start 30 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.39 s (1001 pis)

Jus6 €3 Query INTERRUPTED
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10 Band Edge Measurement

Test Requirement:

Test Method:
Test Limit:

Test Mode:

10.1 Test Procedure

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)).

ANSI C63.10

Regulation 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. If
the transmitter complies with the conducted power limits based on
the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this
paragraph shall be 30 dB instead of 20 dB. Attenuation below the
general limits specified in §15.209(a) is not required. In addition,
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) (see §15.205(c)).

Transmitting

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, Sweep = auto

Detector function = peak, Trace = max hold
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10.2 Test Result:

Offs 0.50 dB
“Att 20dB

Batt Ref 10.50 dBm

Page 28 of 62

Test plots
GFSK Transmitting Band edge-left side

* RBW 100 kHz
*VBW 300 kHz
SWT 10nms

M2[1] -32.17 dBm

2.398050000 GHz

1Pk

M1[1] -30.47 dBm

2.400000000 GHz

Max 0 dBm

-10 dBm

D1 -2.700 dBm

-20 dBm

-30 dBm

2 -22.700

dBH[
M

-40 dBm

-50 dBm

-60 dBm

1

MLWM '

-70 dBm

-80 dBm

F1
[

Start 2.31 GHz

Stop 2.412 GHz

GFSK Hopping Band edge-left side

Offs 0.50 dB * RBW 100 kHz
*Att 20dB *VBW 300 kHz M2[1] -31.76 dBm
Batt Ref 10.50 dBm SWT 10rms 2.399890000 GHz
M1[1] -31.11 dBm

1Pk

2.400000000 GHz

Max 0 dBm

-20 dBm

D1 -2.350 dBm '

-30 dBm

D2 -22.350

dBII[

-40 dBm

-50 dBm

-70 dBm

Ly

-80 dBm

F1
[

Start 2.31 GHz

Stop 2.412 GHz
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®
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GFSK Transmitting Band edge-right side

Offs 0.50 dB  RBW 100 kHz

* Att 20 dB * VBW 300 kHz M2[1] -49.03 dBm
Batt Ref 10.50 dBm 2.483982000 GHz
M1[1] -47.80 dBm

1Pk
Max

2.483500000 GHz

0 dBm

D1

-10 dBm

-20 dBm

i<

-70 dBm

-80 dBm

Start 2.47 GHz

Stop 2.5 GHz

GFSK Hopping Band edge-right side

Offs 0.50 dB * RBW 100 kHz
* Att 20 dB * VBW 300 kHz M2[1] -51.47 dBm
Batt Ref 10.50 dBm 2.484521000 GHz
M1[1] -50.41 dBm
1Pk 2.483500000 GHz
Max 0 dBm
D1 -3.
Lt
20d nU 1
_'—DZ -
-30 dBm
-40 dBm
MinA
-50 dBm
PR RRTER WESTETN WU LIRS
-60 dBm
-70 dBm
-80 dBm
i
Start 2.47 GHz Stop 2.5 GHz
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Pi/4 DQPSK Transmitting Band edge-left side

®

Offs 0.50 dB * RBW 100 kHz
*Att 20dB “VBW 300 kHz M2[1] -32.13 dBm
Patt Ref 10.50 dBm SWT 10ms 2.398050000 GHz
M1[1] -30.34 dBm
1Pk [ o 2.400000000 GHz
Max —{D1 -2.740 dBm
-10 dBr|T‘|
-20 dBm
2 -22.740 dBm
M 1
-30 dBm r
_40 dBIII L‘
-50 dBm H 1

L i, [0,
Wa-wr»w

AN Ucpdtohorssr”
-70 dBm
-80 dBm
‘ F1
L
Start 2.31 GHz Stop 2.412 GHz
Pi/4 DQPSK Hopping Band edge-left side
Offs 0.50 dB * RBW 100 kHz
*Att 20dB “VBW 300 kHz M2[1] -31.35 dBm
patt Ref 10.50 dBm SWT 10ms 2.399890000 GHz
M1[1] -30.72 dBm
1Pk 2.400000000 GHz
O dBIII t
Max D1 -2.600 dBm llﬂ W
-10 dBr|n
-20 dBm
2 -22.600 dBm
M3
-30 dBm

| i
-40 dBm
-50 dB|||| UJW
counr L e

-70 dBr|r‘.
-80 dBm
‘ F1
[
Start 2.31 GHz Stop 2.412 GHz
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Pi/4 DQPSK Transmitting Band edge-right side

®

Offs 0.50 dB * RBW 100 kHz
*Att 20dB “VBW 300 kHz M2[1] -48.14 dBm
Batt Ref 10.50 dBm SWT 5ms 2.484461000 GHz
M1[1] -48.29 dBm
1Pk 0 4B 2.483500000 GHz
Max D1 -3.150 dBm ,”-l
-10 dBm }
-20 dBm t
D2 -23.150 dBm
-30 dBm ),
-40 dBm h

IRET:

U l\lw 1 :}m..wdwmw

-80 dBm
‘ F1

Start 2.47 GHz Stop 2.5 GHz

Pi/4 DQPSK Hopping Band edge-right side

®

Offs 0.50 dB * RBW 100 kHz
*Att 20dB “VBW 300 kHz M2[1] -53.62 dBm
patt Ref 10.50 dBm SWT 5ms 2.483563000 GHz
M1[1] -53.50 dBm
ek [ 2.483500000 GHz
Max D1 -3.400 dBm
it At dun AL
-20 dBm
D2 -23.400 dBm
-30 dBm
_40 dBIII \“
-50 dBm l. -
At MAR A A A ANl Ak
-60 dBm
-70 dBm
-80 dBm
i
Start 2.47 GHz Stop 2.5 GHz
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11 Bandwidth Measurement

FCC CFRA47 Part 15 Section 15.247
C63.10: 2013

Test Requirement:
Test Method:
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 = 30kHz, VBW = 100kHz
11.2 Test Result:

Modulation Test Channel 20 dB Bandwidth 99% Bandwidth
GFSK Low 0.922MHz 0.850MHz
GFSK Middle 0.922MHz 0.856MHz
GFSK High 0.922MHz 0.856MHz

Pi/4 DQPSK Low 1.275MHz 1.174MHz
Pi/4 DQPSK Middle 1.275MHz 1.174MHz
Pi/4 DQPSK High 1.275MHz 1.174MHz
Test result plot as follows:
Modulation: GFSK Low Channel
®
Offs 0.50 dB RBW 30 kHz
Att 20dB VBW 100 kHz D1[1] 0.59 dB
Ref 10.50 dBm SWT 5ms 922.200000000 kHz
Occ Bw 850.299401197 kHz
1Pk M1[1] -23.61 dBm
Max | 0 9BmT—— T 2.401550900 GHz
D1 -3.900 dBm M T1[1] ~52.90 dBml
-10 dBm 2.401580838 GHz
| f‘f T 1 -23.35 dBm
20 dBm TN ,  2.402431138 GHz
D2 -23.900 dBn i
2 r ~

AN

|
-40 dBm
|

-50 dBm /J‘\/

e

-60 dBm:

M

-70 dBm:

-80 dBm:

CF 2.402 GHz

Span 3.0 MHz
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®
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Middle Channel

Offs 0.50 dB * RBW 30 kHz
* Att 20 dB * VBW 100 kHz D1[1] 0.80 dB
patt Ref 10.50 dBm SWT 5ms 922.200000000 kHz
Occ Bw  856.287425150 kHz
wk| M1[1] -23.51 dBm
Max | @ 4Bm ; 2.440550900 GHz
D1 -4.000 dBm T1[1] ~22.35 dBm
-10 dBm 2.440580838 GHz
| ) ;fJ T214] -23.00 dBm
-20 dBm "&/ﬁ-’ 1 2.441437126 GHz
D2 -24.000 d&g %\’\
-30 dBm /jJN
-40 dBm /, A\"L\
o & ' m\
60 dB.l.. o
-70 dBm
-80 dBm
CF 2.441 GHz Span 3.0 MHz
High Channel
Offs 0.50 dB * RBW 30 kHz
* Att 20 dB * VBW 100 kHz D1[1] 1.17 dB
patt Ref 10.50 dBm SWT 5ms 922.200000000 kHz
Occ Bw  856.287425150 kHz
wk| M1[1] -25.04 dBm
May | @ 9Bm 2.479550900 GHz
D1 -5.150 dBm| T1[1] -23.73 dBm
-10 dBm YS! 2.479580838 GHz
| /JJ T2{1] -24.54 dBm
20 dBm T . 2.480437126 GHz
—|—D2 -25.150 dBn A
-30 dBm v _\‘"1'
| / AN
-40 dBm

|

W

-50 dBm

W,
-70 dE..l..
-80 dBm
CF 2.48 GHz Span 3.0 MHz
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Modulation: Pi/4 DQPSK

Low Channel
Offs 0.50 dB * RBW 30 kHz
* Att 20 dB * VBW 100 kHz D1[1] -1.16 dB
patt Ref 10.50 dBm SWT 5ms 1.275400000 MHz
Occ Bw 1.173652695 MHz
1Pk _ M1[1] -23.13 dBm|
Max | @ 4Bm 2.401383200 GHz
D1 -4.250 dBm| 1[1] -19.89 dBm|
-10 dBm NKV v 2.401419162 GHz
1 1201 -20.76 dBm|
-20 dBm 1 (112402592814 GHz
D2 -24 250 dBm ﬁ
-30 dBm /;
-40 dBm
| A VA e
%’Q},,l,,fh M‘\/’“
-60 dBm
-70 dBm
-80 dBm
CF 2.402 GHz Span 3.0 MHz
Middle Channel
Offs 0.50 dB * RBW 30 kHz
* Att 20 dB * VBW 100 kHz D1[1] -0.69 dB
patt Ref 10.50 dBm SWT 5ms 1.275400000 MHz
Occ Bw 1.173652695 MHz
1Pk _ M1[1] -23.10 dBm|
May | @ 4Bm 2.440383200 GHz
D1 -4.000 dBm| 1[1] -19.55 dBm
-10 dBm J\/'NV v 2.440419162 GHz
| 1 T2[1] 2 -20.27 dBm|
-20 dBm 1 12.441592814 GHz
—|—D2 -24.000 dBrm .\
-30 dBm /; HW
-40 dBm ?f\"v V"U\
__,S.(/]\er}f\w U\ J»/"M
-60 dBm
-70 dBm
-80 dBm

CF 2.441 GHz

Span 3.0 MHz
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High Channel
Offs 0.50 dB “ RBW 30 kHz
“ Att 20 dB “ VBW 100 kHz D1[1] -1.25 dB
patt Ref 10,50 dBm SWT 5ms 1.275400000 MHz
Occ Bw 1.173652695 MHz
1Pk M1[1] -24.03 dBm|
May | @ 9Bm 2.479383200 GHz
D1 -5.700 dBm 1[1] -20.69 dBm|
-10 dBm JJ"V i} 2.479419162 GHz
1 T -21.74 dBm|
-20 dBm = | 2:480592814 GHz
D2 -25.700 dBm
-30 dBm /
-40 dBm f‘v N
LIV |
‘“"l‘“" W
-60 dBm
-70 dBm
-80 dBm
CF 2.48 GHz Span 3.0 MHz
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12 Maximum Peak Output Power

Test Requirement: FCC CFRA47 Part 15 Section 15.247
Test Method: C63.10:2013
Test Limit: 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 mode: Test in fixing frequency transmitting mode.

12.1 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 = 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:

Peak Power(dBm)
Data

Test Mode Rate Low Middle High Limit (dBm)
Channel | Channel | Channel

GFSK 1Mbps -2.50 -2.18 -3.48 20.97

4*m4DQPSK | 2Mbps -1.28 -0.94 -2.27 20.97

Test result plot as follows:
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Offs 0.50 dB
Att 20 dB
Ref 10.50 dBm
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Modulation: GFSK

Low Channel

RBW 3 MHz
VBW 3 MHz
SWT 2.5ms

M1[1]

-2.50 dBm
2.402204000 GHz

1Pk

Max 0 dBm

_-,LMHT’/

-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 20 dB
Ref 10.50 dBm

Middle Channel

RBW 3 MHz
VBW 3 MHz
SWT 2.5ms

M1[1]

-2.18 dBm
2.441168000 GHz

1Pk

Max 0 dBm

"

‘_'-_J.Q-‘_."'._ﬁlu

-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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High Channel

Offs 0.50 dB REW 3 MHz
Att 20dB VBW 3 MHz M1[1] -3.48 dBm
Ref 10.50 dBm SWT 2.5ms 2.480120000 GHz

1Pk IS

Max 0 dBm p-

-10 dBrrr

-20 dBm:

-30 dBm:

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.48 GHz Span 6.0 MHz

Modulation: Pi/4 DQPSK Low Channel

Low Channel

Offs 0.50 dB RBW 3 MHz
Att 20 dB VBW 3 MHz M1[1] -1.28 dBm
Ref 10.50 dBm SWT 2.5ms 2.402132000 GHz

1Pk M1

0 dBm -
Max

-'-'-"'_——'_ --_'-‘-\-\-
’-_'/F'- -_\"\

-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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Middle Channel

Offs 0.50 dB REW 3 MHz
Att 20dB VBW 3 MHz M1[1] -0.94 dBm
Ref 10.50 dBm SWT 2.5ms 2.441132000 GHz

1Pk M1

0 dBm
Max | Pem_|
L] [

-20 dBm:

-30 dBm:

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz Span 6.0 MHz

High Channel

Offs 0.50 dB RBW 3 MHz
Att 20 dB VBW 3 MHz M1[1] -2.27 dBm
Ref 10.50 dBm SWT 2.5ms 2.480108000 GHz

1Pk
0 dBm ll'l

Max e

_,/_—F ™

 -10-¢85m

-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 Hopping Channel Separation

Test Requirement: FCC CFRA47 Part 15 Section 15.247
Test Method: C63.10:2013
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
2400-2483.5 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 1W.

Test Mode: Test in hopping transmitting operating mode.

13.1 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 = 30KHz. VBW = 100KHz , Span = 3MHz. 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:

Test result plot as follows:

Modulation Test Channel | Separation (MHZz) Result
GFSK Low 1 MHz PASS
GFSK Middle 1 MHz PASS
GFSK High 1 MHz PASS

Pi/4 DQPSK Low 1 MHz PASS

Pi/4 DQPSK Middle 1 MHz PASS

Pi/4 DQPSK High 1 MHz PASS
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Test plots
GFSK Low Channel

Offs 0.50 dB * RBW 30 kHz
*Att 20 dB *VBW 100 kHz D1[1] -0.04 dB
Patt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -4.96 dBm
1Pk 2.401847300 GHz
Max 0 dEm Nﬁ; b1
-10 dBm /'A{d %\ M\,\
-20 dBm \A‘ a

Y

v

-30 dBI’|'I"| I‘)ﬁ
40 dB‘|L:{¢

-60 dBm

V]

-70 dBm

-80 dBm

CF 2.4025 GHz

Span 3.0 MHz

GFSK Middle Channel
Offs 0.50 dB * RBW 30 kHz
“Att 20 dB * VBW 100 kHz D1[1] -0.10 dB
Patt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -4.53 dBm
1Pk 2.441003000 GHz
Max | © dBm Jl‘illm D1
-10 dBm /fﬁ AN
-20 ClBI"I"u 2, \\ﬂ\un - \\‘(U
| WA
30 dBE/\,. ,\
40 dBfn "'\‘
- BIII UI/n
-60 dBm
-70 dBm
-80 dBm

CF 2.4415 GHz

Span 3.0 MHz
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GFSK High Channel

Offs 0.50 dB * RBW 30 kHz
© Att 20 dB * VBW 100 kHz D1[1] -0.09 dB
Batt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -5.80 dBm
1Pk 2.479003000 GHz
Max | © 9Bm M1 o
-10 dBm /‘/\(N\,’V\m f \ﬂ
20 dBm \\"\ /f

-30 dBr|1". ﬁf\

V\\A

7

N

40 dB:an

- Bm

-60 dBm

b

-70 dBm

-80 dBm

CF 2.4795 GHz

Span 3.0 MHz

Offs 0.50 dB * RBW 30 kHz
*Att 20 dB *VBW 100 kHz D1[1] -0.14 dB
Batt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -4.53 dBm
1Pk 2.402003000 GHz
Max 0 dBm M D1
10 dBm ol v ] A AN

Pi/4 DQPSK Low Channel

WYY
-20 dBr|r. -ffm

-30 dBL.[JJ

40 ‘“x.

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.4025 GHz

Span 3.0 MHz
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Pi/4 DQPSK Middle Channel

Offs 0.50 dB * RBW 30 kHz
*Att 20dB *VBW 100 kHz D1[1] -0.03 dB
Batt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -4.55 dBm
1Pk 2.441003000 GHz
Max 0 dBm Mt D1

-10 dBm A A
| YAV LR SAVY AV

)

-20 dBm ’/ﬁ
-30 dj?[/J

40 m

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.4415 GHz

Span 3.0 MHz

Pi/4 DQPSK High Channel

Offs 0.50 dB * RBW 30 kHz
*Att 20dB *VBW 100 kHz D1[1] -0.11 dB
Batt Ref 10.50 dBm SWT 5ms 1.000000000 MHz
M1[1] -5.78 dBm
1Pk 2.479003000 GHz
Max | © Bm 5} o
-10 dBm s K\J ; u'h‘
| A VY o V M%\

-20 dBm frw
-30 dBLf

N

40 dr‘.}{.

-50 dBm

-60 dBm

-70 dBm

-80 dBm

CF 2.4795 GHz

Span 3.0 MHz
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14 Number of Hopping Frequency

Test Requirement: FCC CFRA47 Part 15 Section 15.247
Test Method: C63.10:2013
Test Limit: Regulation 15.247 (a)(1)(iii) Frequency hopping systems in the

2400-2483.5 MHz band shall use at least 15 channels.
Test Mode: Test in hopping transmitting operating mode.

14.1 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 = 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: Start Frequency = 2.4GHz, Stop Frequency = 2.4835GHz. Sweep=auto;
14.2 Test Result:

Total Channels are 79 Channels.
Modulation: GFSK

® Offs 0.50 dB RBW 100 kHz
Att 20dB VBW 300 kHz D1[1] -0.71 dB
Ref 10.50 dBm SWT 10ms 78.000000000 MHz
M1[1] -3.10 dBm|
1PK 141, _2.402080000 GHz
Max i D1

Rt A e att
0 g

)
il
20 dBm

ko
I

Start 2.4 GHz Stop 2.4835 GHz
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*

Batt

1Pk
Max
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Modulation: GFSK Pi/4 DQPSK

Offs 0.50 dB * RBW 100 kHz
Att 20 dB “VBW 300 kHz D1[1] -1.05 dB
Ref 10.50 dBm * SWT 10ms 78.000000000 MHz
M1[1] -2.78 dBm
. . 2.4Q20800?0 GHz
3]

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

Start 2.4 GHz

Stop 2.4835 GHz
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15 Dwell Time

Test Requirement: FCC CFRA47 Part 15 Section 15.247
Test Method: C63.10:2013
Test Limit: 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 Mode: Test in hopping transmitting operating mode.

15.1 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 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:

Dwell time = Pulse wide x (Hopping rate / Number of channels) x Period

The test period: T=0.4(s) * 79 = 31.6 (s)

DH5 Packet permit maximum 1600 / 79 / 6 hops per second in each channel (5 time slots RX, 1 time
slot TX).

DH3 Packet permit maximum 1600 / 79 / 4 hops per second in each channel (3 time slots RX, 1 time
slot TX).

DH1 Packet permit maximum 1600 / 79 / 2 hops per second in each channel (1 time slot RX, 1 time

slot TX). So, the Dwell Time can be calculated as follows:

Data Packet Dwell Time(s)
DH5 1600/79/6*31.6*(MkrDelta)/1000
DH3 1600/79/4*31.6*(MkrDelta)/1000
DHA1 1600/79/2*31.6*(MkrDelta)/1000
Remark Mkr Delta is single pulse time.
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Modulation Data Packet Channel . pulse Dwell Time(s) Limits(s)
time(ms)
Low 2.880 0.307 0.4
GFSK DH5 middle 2.880 0.307 0.4
High 2.880 0.307 0.4
Low 2.880 0.307 0.4
Pi/4ADQPSK 2DH5 middle 2.880 0.307 0.4
High 2.880 0.307 0.4
Modulation: GFSK
Data Packet:
DH5.Low channel
®
Offs 0.50 dB “RBW 1 MHz
* Att 20 dB “VBW 3 MHz D1[1] -0.07 dB
patt Ref 10.50 dBm “SWT 4ms 2.880000000 ms
M1[1] -2.80 dBm
K ’ 2.000000000 ps
:'I;x 0 dem 13k pt
-10 dBm
[=20dBnTRG -19.500 dBn
=30 dB.lu
|
-40 dBm
|
GL | -50 dBm:
e s
-70 dBm
|
-80 dB.lu
CF 2.402 GHz 400.0 ps/
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Offs 0.50 dB

* Attt 20 dB

Batt

1Pk
Max

Trg
Wid

Ref 10.50 dBm
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Data Packet:
DH5.Middle channel

“ RBW 1 MHz
“VBW 3 MHz
" SWT 4ms

D1[1]

-0.08 dB
2.880000000 ms

M1[1]

-2.48 dBm|
2.000000000 ps

0 dBm

F3

-10 dBm:

[=20dBnTRG

3.500 dBr

-30 dBm:

-40 dBm

-50 dBmr
i

-70 dBm

-80 dBm:

CF 2.441 GHz

400.0 ps/

*

Batt

1Pk
Max

Trg
Wid

Offs 0.50 dB
Att 20 dB
Ref 10.50 dBm

Data Packet:
DHS5,High channel

“ RBW 1 MHz
“VBW 3 MHz
" SWT 4ms

D1[1]

-0.08 dB
2.880000000 ms

0 dBmH4

M1[1]

-3.80 dBm|
2.000000000 ps

DT

ry

-10 dBm:

=20 dBrTRG -

3.500 dBr

-30 dBm:

-40 dBm

-50 dBm:

b

-70 dBm

-80 dBm:

CF 2.48 GHz

400.0 ps/
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Modulation: Pi/4ADQPSK
Data Packet:
2DH5 Low channel

Offs 0.50 dB “ RBW 1 MHz
*Att 20dB “VBW 3 MHz D1[1] -0.11 dB
patt Ref 10.50 dBm FSWT 4ms 2.880000000 ms
M1[1] -2.77 dBm|
1Pk 0 4B M1 2.000000000 ps
Max = Py nwwmmww-«%f
-10 dBm
[F=20dBnTRG -19.500 dBr
-30 dBm
-40 dBm
6L | -50 dBrr
Trg
\Jill 3 JD{I“IJW
-70 dBm
-80 dBm

CF 2.402 GHz

400.0 ps/

Batt

1Pk
Max

Trg
Wid

Offs 0.50 dB
Att 20 dB
Ref 10.50 dBm

Data Packet:
2DH5.Middle channel

“ RBW 1 MHz

“VBW 3 MHz
" SWT 4ms

D1[1]

-0.12 dB
2.880000000 ms

M1[1]

-2.46 dBm|
2.000000000 ps

0 dBm

1
e

WM

b

-10 dBm:

[=20dBrTRG -1

3.500 dBr

-30 dBm:

-40 dBm

=50 dBmr
lﬁdmlj’

-70 dBm

-80 dBm:

CF 2.441 GHz

400.0 ps/
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Data Packet:
2DH5,High channel

®

Offs 0.50 dB “ RBW 1 MHz
* Att 20 dB “VBW 3 MHz D1[1] -0.13 dB
patt Ref 10.50 dBm FSWT 4ms 2.880000000 ms
M1[1] -3.79 dBm|
1Pk . 2.0000?0000 Hs
Max | AR T awwnwwwwmu%k
-10 dBm
[F=20dBnTRG -19.500 dBr
-30 dBm
-40 dBm
6L | -50 dBm
Trg
Wid \uw
-70 dBm
-80 dBm
CF 2.48 GHz 400.0 ps/
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16 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.
This requirement does not apply to carrier current devices or to devices operated under the provisions
of §15.211, §15.213, §15.217, §15.219, or §15.221. Further, this requirement does not apply to
intentional radiators that must be professionally installed, such as perimeter protection systems and
some field disturbance sensors, or to other intentional radiators which, in accordance with §15.31(d),
must be measured at the installation site. However, the installer shall be responsible for ensuring that
the proper antenna is employed so that the limits in this part are not exceeded.

For intentional device, according to FCC 47 CFR Section 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.

Result:

The EUT has a PCB Printed Antenna, meets the requirements of FCC 15.203.
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17 RF Exposure

Please refer to RF exposure report.
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18 Photographs -Test Setup Photos

18.1 Photograph-Conducted Emissions Test Setup

18.2 Photograph-Radiated Emissions
Test Frequency Below 30MHz
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Test Frequency 30MHz to 1000MHz
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Test Frequency Above 1GHz
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19 Photographs — Constructional Details

19.1 Model WLGJAMBAR-R—External Photos
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19.2 Model WLGJAMBAR-R- Internal Photos
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