BUREAU

RF Test Report
2.4 GHz WLAN 802.11b/g/n/ac

Report No. 5 RF200511K004-2 R3

Customer : Samsung Electronics Co., Ltd.

Address : lgg%gfi&nosr:r;g-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do,
Use of Report ; Certification

Model Name : SM-T970

FCCID/IC : A3LSMT970 / 649E-SMT970

Date of Test 2 2020.06.01 to 2020.07.15

. FCC 47 CFR PART 15 Subpart C (Section §15.247) /
Test Method Used - ISED RSS-247

Testing Environment : Refer to the Test Condition

Test Result : Pass [ ] Fail
ISSUED BY: BV CPS ADT Korea Ltd., EMC/RF Laboratory

ADDRESS: Innoplex No.2 106, Sinwon-ro 306, Yeongtong-gu,
Suwon-si, Gyeonggi-do, Korea 16675

TEST LOCATION: HeungAn-daero 49, DongAn-gu, Anyang-si,
Gyeonggi-do, Korea, 14119

Tested by
Name: Donghwa Shin

Technical Manager

ame: Jongha Choi

2020. 07. 16

BV CPS ADT Korea Ltd.

This report is for your exclusive use. Any copying or replication of this report to or for any other person or entity, or use of our name or trademark, is permitted only
with our prior written permission. This report sets forth our findings solely with respect to the test samples identified herein. The results set forth in this report are not
indicative or representative of the quality or characteristics of the lot from which a test sample was taken or any similar or identical product unless specifically and
expressly noted. Our report includes all of the tests requested by you and the results thereof based upon the information that you provided to us. You have 60 days
from date of issuance of this report to notify us of any material error or omission caused by our negligence, provided, however, that such notice shall be in writing and
shall specifically address the issue you wish to raise. A failure to raise such issue within the prescribed time shall constitute your unqualified acceptance of the
completeness of this report, the tests conducted and the correctness of the report contents. Unless specific mention, the uncertainty of measurement has been

explicitly taken into account to declare the compliance or non-compliance to the specification.
e T e e
Report No.: RF200511K004-2 R3 Page: 10of 117 Report Format Version: BV-FRFTF-01-002



BUREAU

| VERITAS |
RELEASE CONTROL RECORD
REPORT NO. REASON FOR CHANGE DATE ISSUED
RF200511K004-2 Original release 2020.07.01
RF200511K004-2 R1 Revised typo and information about test 2020.07.08
RF200511K004-2 R2 Corrected the regarding distance extrapolation factor 2020.07.15
RF200511K004-2 R3 Added data converted to magnetic field strength 2020.07.16

Report No.: RF200511K004-2 R3 Page: 2 of 117 Report Format Version: BV-FRFTF-01-002



BUREAU

Table of Contents

RELEASE CONTROL RECORD 2
1 SUMMARY OF TEST RESULTS 5
1.1 INTRODUCTION OF TEST DATA REUSE.....coiririiiiieieisintietst st esss st ssesssssssss st sssssss s st ssssssssssssssssssssssssnssssssssssssnsssssssessssssses 6
1.2 DIFFERENCE ceuvuuvtsnivsssiesssesssssessssssssssssssssessssssssssssssssss s sss st s s st ss eS80 4884 e 4SS e84 st 6
1.3 SPOT CHECK VERIFICATION RESULTS.....ocvvurvirriensissssnsssssssesssssssssssssssssssssssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnssssnss 6
T4 REFERENCE DETAILS coociiviiveeiiesienniiseissssses st ssss st st ssssssss sttt sss s s 44484 s bbbt 6
1.5 MEASUREMENT UNCERTAINTY woocovoivenivisiisnnsessssnsssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssessssssssesssssssssssssssssssssssssssssssssssnssssnsssnssssnnss 7

2 GENERAL INFORMATION .....ccovtrereererrenreseeseesessessesassessessesassessassessesassassassessesaes 8
2.1 GENERAL DESCRIPTION OF EUT ..ottt sttt st 8
2.2 DESCRIPTION OF TEST IMODE .....cooviriiiirirrieriensisstsstssssssssesstsssssssssssssss s s ssssssssssssssssssssssssssssssssssssssssssssssssssssasssnsssssassssssssssssssanssnss 10
2217 Test Mode Applicability and Tested CRANNE! DOIAIIS .......oeorreeoeesreerreseeioseeseeiseisseiossesssissessseisssissesnees 70

2.3 MAXIMUM OUTPUT POWER.......cvcrverrtrieirrieniensisstssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssasssnss 13
2.4 DUTY CYCLE OF TEST SIGNAL ...ccorvtritrrtrisriessenstsstsssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssesssssassssssnssnss 13
2.5 99 %0 BANDWIDTH ..ottt sisseestsssssssssssessssst s s st s s s sttt sssssesssss st s s s sssssess et s s s s s s st ens et b s sasssensensensnsanssnns 15
2.6 GENERAL DESCRIPTION OF APPLIED STANDARDS.......c.cevritriurrisnsensensessssssssssssssssesssssssssssssssssssssssssesssssssssssssssssessssssssssssssssssessssnses 28
2.7 TEST EQUIPMENT w.otuteieeieiteststsssssessee st s s sss s st sss s sse st s ss s bssssese st s s s s s b st b b s e s et s s s bbb s b e st st b b s e b s st s s s sanes 28
3 TEST RESULTS ... eeeeeeeeeeeeneeeteeenensseeassnsnsssssesssanssnsssssesssasssnsssssesssasssssssessessenssssasssssssssessansensssssesssansnsssssssssans 29
3.1 ANTENNA REQUIREMENT ...ourititrieriesesstesssssssssssesssessessssssssssssssssssssssses s ssssssssssssssesssssssssnsssssssssassanssnssnssnssnssnsssssassssssnssnsssssansansens 29
3.2 5 DB BANDWIDTH ..ottt b bbb bbb bbbt bbbk bbbt bbbt bbb 30
BT ROQUIATION....vvosvesveervervissvsessiissisississsisssisssisssssssssissssssssssssssissasssssssssssssssssassssssssssssnsssassssnssssssssassssssssssssnissasssnsssassssnssssinss 30
322 TESE PIOCEOUIE c..oovoovveevesvesvvesvvsriervissriissioississsssississssssssissssssssssssssssissssssssassssssssssssnsssssssssssssssssnsssassssnsssssssnsssssssnsssas 30
323 DeViIation frOM TESE SEANGIAIT. ........oovveerveesvveerviissvssvsssvississsvssssisssisssssissssssssisssssssssssisssssisssssssissasssssssassssssssssssssnsssans 30
324 TOSE SOTUD .ottt s 55 5 s 30
325 TOSE RESUIM oottt ss s st bbb s st b bbb s st s s st bbb s st as s barbssasssassassa 37

3.3 MAXIMUM PEAK OUTPUT POWER.......oiriieierierientississisisssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssnsssssssssssssasssssens 44
B3 T ROGUIATION. .ottt s e 00 44
332 TOSE PIrOCEQUIC ....eeeeeveeeevrvevevvesvas s ssss s st s s s s ssas bbb sas s s s s s bassssssassassassassassssssassas 44
333 DVIAHON TrOM TESE STANQAIT ...t vsevsvsssssas s sss s sssssssssssssiassassssssassssssassasssssansans 45
334 TEST SOUUPD .ottt s 2 5 5 2 s 0 45
335 TOSE RESUIM oot se s s s s s bbb s s s s bbb s s s s s st basbas s sssassassssssassnsssassas 46

3.4 POWER SPECTRAL DENSITY .ottt ssssssssss st sss st sssss st s s st s s s sssssesses s ns s s s ssssssssssensanssnsans 46
BT ROQUIALION oo 500 50
3472 TESTE PLOCEQUIC ...t eesvssss s esss s isss s issssassess s ssassssssssensssasssssnsssassssssssensssansns 50
343 DeVIAtION 11OM TESE STANGIAIG ... eesvresvssvessss s esssssss s isssasssasssssssssssssissssssssssens 50

Report No.: RF200511K004-2 R3 Page: 3 of 117 Report Format Version: BV-FRFTF-01-002



BUREAU

[ VERITAS |

344 TOSE SOTUD ..o vievisr st s s s b5 s 252535 2 8 0 052 3 s 0 00 50
345 TESTE RESUN oot ves v vies s es s ssss st s s s s s b3 2 0 200 57
3.5  SPURIOUS EMISSION, BAND EDGE AND RESTRICTED BANDS.......ccuiueiuuieeeeeimeineeere et isseeseeeseessesssessss s sseesesssessssssssssesssessnsens 64
35T ROQUIATION. ..ot 0 64
352 TESTE PIOCEGUIC ...oeoeoeeeveveveorvrvesvresvssvsssss s iss s sss s s sssisss s sssssssssss i ssassss s sssssssssissssasssasssssinsssanssn 65
353 DeViIation 11OM TESE StANGIAIG........eeeeeeeeeeeeeeveeveereereerveevervesiesvsesississssesssisississssssasisssssssasssssissssssssisssssssssens 69
354 TEST SOEUUD .ottt s 225 50 22215505 24055255520 55 2 500 69
355  Test Result Of RAGIAtEA SPUITOUS EIMUSSION.....vosrveseresrvissrissvisssisssisssissssissssssssassssssssassssssssassssssssssssssssssasssinsssanes 72
356  Test Result Of CONAUCIET SPUITOUS EMUSSION.......vvurrresrverrrissvisssisssvisssissssisssissssasssisssssssssassssssssasssssssassssssssasssons 701
3.6 AC CONDUCTED EMISSIONS (150 KHZ TO 30 IMHZ) ..ottt sas s ssssas s ssssssssnans 113
BT ROQUIATION....ovosveeveervesvvsrvisssvssvoississsvssssissssssssissssssssssssssssssssssssssssssssssssssssssssssssnssssssssnssssnsssassssnssssnsssnssssssssnssssssssnssssssons 713
36,2 TOSE PIOCEGIUIE ..ot 55 0 5515000 713
3.6.3  DeViation frOM TESt SLANGAIT ...t es s sassss s s asssasesssssosssaseses 713
A - Xy Y- 17 B O RN 174
365 TESTE RESUN oo ves s sies vt s ssss s s s 22 2 1 1 100 775
APPENDIX — INFORMATION OF THE TESTING LABORATORIES.... 117

Report No.: RF200511K004-2 R3 Page: 4 of 117 Report Format Version: BV-FRFTF-01-002



1 Summary of Test Results
The EUT has been tested according to the following specifications
Applied Standard : FCC Part 15, Subpart C 15.247, RSS-247
FCC Part RSS A .. Test
. . Test Description Limit Reference
Section(s) Section(s) Result
15.247(a)(2) RSS-247 [5.2] 6 dB Bandwidth > 500 kHz PASS Section 3.2
Occupied Bandwidth
(99 % Bandwidth) N/A PASS Section 2.5
Maximum Conducted Output
15.247(b)(3) RSS-247 [5.4(4) | bower <1 Watt PASS | Section 3.3
15.247(e) RSS-247 [5.2] Power Spectral Density <8 dBm / 3 kHz Band PASS Section 3.4
Band Edge / Out-of-Band
15.247(d) RSS-247 [5.5] Emissions (Conducted > 30 dBc PASS Section 3.5
Spurious Emission)
Emissions in Restricted
15.205 General Field Strength Limits bands must meet the
RSS-Gen [8.9] (Restricted Bands and radiated limits detailed PASS | Section 3.5
15.209 Radiated Emission Limits) in 15.209 (RSS-247
limits)
AC Conducted Emissions I
(150 kHz — 30 MHz) (RSS-Gen [8.8] limits)
NOTES

1) The general test methods used to test on this devices are ANSI C63.10.

2) Determining compliance based on the results of the compliance measurement, not taking into account

measurement instrumentation uncertainty.
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1.1 Introduction of Test Data Reuse

This report referenced from the FCC ID : A3LSMT975 and the applicant takes full responsibility that test data as

referenced in this report represent compliance for this FCC ID.

1.2 Difference

The FCC ID : A3LSMT970 shared the same enclosure and circuit board as FCC ID: A3LSMT975. The WLAN/BT

antennas and surrounding circuitry and layout are identical between these two units.

After confirming through preliminary radiated emission that the performance of the FCC ID: A3LSMT975 remains
representative of FCC ID : A3LSMT970. The test data of FCC ID: A3LSMT975 being submitted for this application to

cover the feature.

1.3 Spot Check Verification Results

. Spot Check
Original Model
i Measured & Model Limi Deviati
requency Frequency imit eviation
Band Test Item Test Mode ) SM-T975 SM-T970 [dBuV/m] (dB) Remark
FCCID :A3LSMT975 | FCCID :A3LSMT970
Band Edge MIMO_802.11b_1CH 2412 43.80 dBuV/m 44,50 dBuV/m 54.00 0.70
RSE MIMO_802.11b_1CH 2412 41.95 dBuV/m 42.21 dBuV/m 74.00 0.26 2nd .
Harmonic
Band Edge MIMO_802.11g_1CH 2412 49.70 dBuV/m 49.50 dBuV/m 54.00 -0.20
DTS WLAN
(2.4 GHz) RSE MIMO_802.11g_1CH 2412 35.72 dBuV/m 36.71 dBuV/m 74.00 0.99 2nd .
Harmonic
Band Edge MIMO_ 2412 47.70 dBuV/m 50.01 dBuV/m 54.00 2.31
i 802.11n(HT20)_1CH ' : : '
MIMO_ 2nd
RSE 802.11n(HT20)_1CH 2412 36.78 dBuV/m 36.14 dBuV/m 74.00 -0.64 Harmonic

Comparison result of two models, upper deviation is within 3 dB and all test results are under FCC
Technical Limits.

1.4 Reference Details

Equipment | Reference FCC ID | Application Reference Exhibit Variant Test Report Data
Class (Parent) Type Test report number Type Number Re-used
RF200522K003-2 Test Report RF200511K004-2 Al
(802.11b/g/n/ac) P (802.11b/g/n/ac)
Original RF200522K003-3 RF200511K004-3
DTS A3LSMT975 Grant (802.11ax) Test Report (802.11ax) All
RF200522K003-1 Test Report RF200511K004-1 Al
Bluetooth LE P Bluetooth LE
Original RF200522K003 RF200511K004
DSS A3LSMT975 Grant (Bluetooth) Test Report (Bluetooth) All
RF200522K003-6 Test Report RF200511K004-5 Al
NIl A3LSMT975 Original (802.11a/n/ac) P (802.11a/n/ac)
Grant RF200522K003-7 Test Report RF200511K004-6 Al
(802.11ax) P (802.11ax)
Original RF200522K003-4 RF200511K004-4
DCD A3LSMT975 Grant (WPT) Test Report (WPT) All

Report No.: RF200511K004-2 R3
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1.5 Measurement Uncertainty

Where relevant, the following measurement uncertainty levels have been estimated for tests performed
on the EUT as specified in CISPR 16-4-2

Measurement Items Frequency Range 2L RIS
quency Rang U= kUc (k=2)

Conducted Emissions at main ports 150 kHz — 30 MHz 2.62
9 kHz — 30 MHz 1.97

30 MHz -1 GHz 4.04

Radiated Spurious Emissions
1 GHz-18 GHz 538
18 GHz - 26.5 GHz 5.46

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

2.1 General Description of EUT

Product Tablet
Brand Samsung
Model SM-T970

Identification No. of EUT

Series Model

Model Difference

Power Supply

3.86 V DC By Battery / DC 5/9 V By Adapter

Modulation Type

DSSS, OFDM

Transfer Rate

1,2, 5.5, 11 Mbps (802.11b)

6,9, 12, 18, 24, 36, 48, 54 Mbps (802.11g)
MCSO to MCS7 (802.11n)

MCSO to MCS9 (802.11ac)

Operating Frequency

2412 t0 2472 MHz

Number of Channel

13 Channels
Output Power 22.81 dBm
Antenna Type Metal Antenna
Antenna Connector C-clip
H/W Version REVO0.4
S/W Version T970.001

NOTES
1)

The above equipment has been tested by Bureau Veritas Consumer Products Services ADT Korea, and
found compliance with the requirement of the above standards. The test record, data evaluation &
Equipment Under Test (EUT) configurations represented herein are true and accurate accounts of the
measurements of the sample’s RF characteristics under the conditions specified in this report.
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2) The EUT incorporates a MIMO function. Physically, the EUT provides 2 completed transmitters and 2
receivers. The modulations and bandwidth are similar for 802.11n mode for 20 MHz and 802.11ac
mode for 20 MHz, therefore investigated worst case to representative mode in test report

Frequency Range Test Mode Antenna 1l Antenna 2
802.11b_SISO - TX/RX
802.11g_SISO - TX/RX

802.11n(HT20)_SISO - TX/RX

2.4 GHz DTS Band 802.11ac(VHT20)_SISO - TX/RX

(2 400 to 2 483.5 MHz) 802.11b_MIMO TX/RX TX/RX
802.11g MIMO TX/RX TX/RX

802.11n(HT20)_MIMO TX/RX TX/RX

802.11ac(VHT20)_MIMO TX/RX TX/RX

3) The following antennas were provided to the EUT

Peak Gain (dBi)
Antenna Type Connector
2.4 GHz U-NII-1 | U-NII-2A | U-NII-2C | U-NII-3
Antenna 1 Metal Antenna Internal -5.71 -8.45 -6.15 -6.05 -8.65
Antenna 2 Metal Antenna Internal -6.52 -8.84 -8.46 -8.57 -7.70

4) Spurious emission of the simultaneous operation RSDB mode and the test data please refer to report
no. RF200522K003-6 (U-NII Test Report).

5) List of Accessories

Accessories Brand Model Manufacturer Specification
Ear phone Samsung EHS64 Samsung 3.5mm
S-pen Samsung EJ-PT870 Samsung Bluetooth
Keyboard Samsung EF-DT970 Samsung N/A

Input : AC 100-240V,
50-60Hz, 0.5A
TA Samsung EP-TA200 Samsung Output: DC9.0V,
1.67 A, DC5.0V,2.0
A
A to C type, Shielded,
1.m
Rating: 3.86Vdc,
Battery Samsung EB-BT975ABY Samsung 9800mAN,
37.83Wh

Cable Samsung EP-DG930M Samsung
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2.2 Description of Test Mode

[Test Channel of EUT]

- 2.4 GHz DTS 802.11b/g/n/ac/ax (20 MHz BW)

Channel Frequency [MHz] Channel Frequency [MHz]

1 2412 8 2447
2 2417 9 2452
3 2422 10 2457
4 2427 11 2462
5 2432 12 2 467
6 2437 13 2472
7 2442

2.2.1 Test Mode Applicability and Tested Channel Details

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between available
modulations, data rates, XYZ axis and antenna ports. The worst case was found when positioned on X axis for
radiated emission. Following channel(s) was(were) selected for the final test as listed below :

EUT Configure

Applicable to

mode RE < 1G

RE 2 1G PLC

APCM

Description

v v

Where  RE 21 G : Radiated Emission above 1 GHz & Bandedge Measurement

RE <1 G : Radiated Emission below 1 GHz

PLC : Power Line Conducted Emission
APCM : Antenna Port Conducted Measurement

Report No.: RF200511K004-2 R3
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Radiated Emission Test (Below 1 GHz)

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between
available modulations, XYZ axis, antenna ports (if EUT with antenna diversity architecture) and data rate.
Following channel(s) was (were) selected for the final test as listed below.

Availabl
Antenna EUT mode Il E Tested Channel Modulation Type Data Rate
Channel
SISO_ANT2 802.11b 1to13 1 DSSS 1 Mbps
MIMO 802.11b 1to13 1 DSSS 1 Mbps

Radiated Emission Test (Above 1 GHz)

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between
available modulations, XYZ axis, antenna ports (if EUT with antenna diversity architecture) and data rate.

Following channel(s) was (were) selected for the final test as listed below.

Availabl
EUT mode el Tested Channel Modulation Type Data Rate
Channel
802.11b 1to 13 1,2,6,10,11, 12,13 DSSS 1 Mbps
802.11g 1to 13 1,2,6,10,11, 12,13 OFDM 6 Mbps
802.11n(HT20) 1to 13 1,2,6,10,11, 12,13 OFDM MCSO

Power line Conducted Emission Test

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between
available modulations, XYZ axis, antenna ports (if EUT with antenna diversity architecture) and data rate.
Following channel(s) was (were) selected for the final test as listed below.

Antenna EUT mode S Tested Channel Modulation Type Data Rate
Channel
ANT1 802.11b 1to 13 1 DSSS 1 Mbps
ANT2 802.11b 1to 13 1 DSSS 1 Mbps

Report No.: RF200511K004-2 R3
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Antenna Port Conducted Measurement

This item includes all test value of each mode, but only includes spectrum plot of worst value of each mode.
Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between

available modulations, antenna ports (if EUT with antenna diversity architecture), and data rate.
Following channel(s) was (were) selected for the final test as listed below.

Availabl
EUT mode Il Tested Channel Modulation Type Data Rate
Channel
802.11b 1to 13 1,2,6,10,11,12,13 1 Mbps
802.11g 1to 13 1,2,6,10,11,12,13 6 Mbps
802.11n(HT20) 1to 13 1,2,6,10,11,12,13 MCSO
Test Condition
Applicable Enwron‘n.\ental Test Voltage Tested by
to Conditions
RE < 1G 22°C,55%RH DC 5/9 V By Adaptor Donghwa Shin
RE > 1G 22°C,55%RH DC 5/9 V By Adaptor Donghwa Shin
PLC 23°C, 49 % RH DC 5/9 V By Adaptor Donghwa Shin
APCM 22°C,51%RH DC 5/9 V By Adaptor Donghwa Shin
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2.3 Maximum Output Power

Frequency Output Power Output Power
Range [MHz] Test Mode [dBm] [mw]
ANT1 ANT2 ANT1 ANT2
802.11b SISO - 19.89 - 97.50
802.11b MIMO 22.81 191.00
802.11g SISO - | se7 - | ne
2412-2472
802.11g MIMO 21.79 150.85
802.11n(HT20) SISO N E - | s
802.11n(HT20) MIMO 20.64 115.95
2.4 Duty Cycle of Test Signal
On Time B Period Duty Cycle X | Duty Cycle DCCF i
Test Items Mode ty Y ty Cy Min. VBW
[msec] [msec] [Linear] [%] [dB]
[kHz]
802.11b 8.82 8.83 0.998 99.85 0.00 0.113
Duty Cycle 802.11g 1.46 1.48 0.989 98.87 0.00 0.683
802.11n(HT20) 5.43 5.44 0.997 99.70 0.00 0.184

BUREAU
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[Test Plot of Duty Cycle]

802.11b

802.11g

o | Spectrum |
L Ref Level 10.00 dém

Spectru
Ref Level 10.00 dém @ RBW 10 MHz ot prap s g ::: ;g ::2
Att 3008 @ SWT 30ms @ VBW 28 MHz - e - =
SGL TDF SGL TDF
@ tFk Cirw | A GER
Daf1] 0.6 dB| ‘ | | | 331
= 8.829844 msi 0 dé
0 d8 Mg gt M1l1] 11.74 dBm)
" AT TS
5 20 g+ . e
i 30
B 40
-50
-50 dB
0 dB pi
-70 dBm:
-70 dBm:
-80 dB
-80 dB
437 T I
CF 2.487 GHz 32001 pts B0 ms/ |poaad? OHz 22001 pis 500.0 ps/ |
Marker Rk I
|| _Type | Ref | Trc | X-valug | Y-value | Function | Function Result |
Type | Ref | Tre | X-valug | Y-value | Function | Function Result | M1 T 1721408 me T11.74 dBm
| $.927031 ms | =740 %6 o2 M1 1 1,463906 ms | -3.26 db
02| M1 1 8.916406 ms 0.92 db o3 M1 1 1,480625 ms 1.33 B
03| M1 1 B.829844 ms 0.86 di : =
802.11n(HT20) -
Spectrum I ugx
Ref Level 10.00 dém @ RBW 10 MHz
Att 30d2 @ SWT 20 ms & VBW 28 MHz
SGL TDF
[erFk cirw
Da[1]
0 d8 mMi[1]
.20 dB:
=30 db
-40 dBm: -
-50 dB
0 dB
-70 dBm:
-80 dB
CF 2.437 GHz 32001 pts 2.0 ms/
Marker
Type | Ref | Tre | X-valug | Y-value | Function | Function Result |
M1 1 7.002656 ms | -11.35 dBm
o0z M 1 5.428281 ms 0.47 db
03| M1 1 5444375 ms 0.05 di |
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2.5 99 % Bandwidth

[Test Data of 99 % Bandwidth]

Test Mode Channel Frequency 99 % Bandwidth [MF2
[MHz] ANT1 ANT2

1 2412 12.917 13.037

2 2417 12.977 13.067

6 2437 13.037 13.007

802.11b 10 2457 12.917 13.067
1 2462 12.857 13.217

12 2 467 15.734 15.824

13 2472 15.704 15.824

Worst Result 12.857 13.007

1 2412 16.304 16.334

2 2417 16.304 16.334

6 2437 16.304 16.334

802.11¢g 10 2457 16.304 16.364

11 2462 16.244 16.334

12 2 467 16.274 16.273

13 2472 16.304 16.304

Worst Result 16.244 16.273

1 2412 17.473 17.532

2 2417 17.473 17.502
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2.6 General Description of Applied Standards

The EUT is a RF Product. According to the specifications of the manufacturer, it must comply with the requirements

of the following standards.

FCC CFR 47 Part 15, Subpart C (§15.247)
KDB 558074 D01 15.247 Meas Guidance v05r02
KDB 662911 D01 Multiple Transmitter Output v02r01

ANSI C63.10-2013

All test items in this test report have been performed and recorded as per the above standards.

2.7 Test Equipment

Test Equipment is traceable to the National Institute of Standards and Technology (NIST). Measurement

antenna used during testing were calibrated in accordance to the requirements of ANSI C63.5-2017.

Manufacturer Model Description Serial Number Cal Date Cal Due
R&S HFH2-Z2E Active Loop Antenna, 30 MHz 349806 2019.03.27 2021.03.27
Schwarzbeck VULB 9163 Trilog Antenna, 3 GHz 01199 2019.04.03 2021.04.03
(with 6 dB ATT.)

R&S HF907 Horn Antenna, 18 GHz 102772 2020.01.22 2021.01.22
Steatite Antenna | QSH-SL-18-26-5-20 Horn Antenna, 26.5 GHz 19926 2020.03.04 2021.03.04
R&S SCUO8F2 Signal Conditioning Unit, 8 GHz 08400016 2019.12.30 2020.12.30
R&S SCU-18F Signal Conditioning Unit, 180111 2019.1230 | 2020.12.30

18 GHz
R&S SCU-26F Signal Conditioning Unit, 260005 2019.1230 | 2020.12.30

26.5 GHz
L3 Narda-MITEQ | JS44-18004000-33-8P Amplifier, 40 GHz 2142086 2020.04.07 2021.04.07
R&S ESW44 EMI Test Receiver, 44 GHz 101812 2020.02.20 2021.02.20
R&S FSV30 Spectrum Analyzer, 30 GHz 103017 2019.12.27 2020.12.27
Aeroflex 40AH2W-3 Attenuator, 3 dB 1 2019.12.31 2020.12.31
Mini-Circuits VAT-10W2+ Attenuator, 10 dB 1531 2020.01.02 2021.01.02
Aeroflex 40AH2W-10 Attenuator, 10 dB 1 2019.12.31 2020.12.31
Wt Microwave WT-A1698-HS High Pass Filter 3.5 GHz WT190313-6-4 2020.01.03 2021.01.03
R&S NRP6A Average Power Sensor 102045 2019.12.31 2020.12.31
R&S NRP6A Average Power Sensor 102044 2019.12.31 2020.12.31
R&S NRX Power Meter, 110 GHz 100947 2019.12.30 2020.12.30
TeE:\r:zilgohgties MP400B MIMO P°‘;’8erGS:Zt Master, None 2020.01.03 | 2021.01.03
R&S ENV216 LISN 102437 2019.12.26 2020.12.26
R&S ESR EMI Test Receiver, 3.6 GHz 102529 2019.12.27 2020.12.27

Report Format Version: BV-FRFTF-01-002

Report No.: RF200511K004-2 R3

Page: 28 of 117




BUREAU

3 Test Results

3.1 Antenna Requirement

Except from §15.203 of the FCC Rules/Regulations:

An intentional radiator antenna shall be designed to ensure that no antenna other than that furnished by
the responsible party can 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 the section.

e The antenna(s) of the EUT are Permanently attached.
e There are no provisions for connection to an external antenna.

Result
The EUT complies with the requirement of §15.203
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3.2 6 dB Bandwidth

3.2.1 Regulation

§15.247(a)(2) : Systems using digital modulation techniques may operate in the 902-928 MHz, 2400-2483.5 MHz,
and 5725-5850 MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

3.2.2  Test Procedure
The automatic bandwidth measurement capability of an instrument may be employed using the X dB bandwidth

mode with X set to 6 dB, if the functionality described in 11.8.1 (i.e.,, RBW = 100 kHz, VBW > 3 x RBW, and peak

detector with maximum hold) is implemented by the instrumentation function. When using this capability, care
shall be taken so that the bandwidth measurement is not influenced by any intermediate power nulls in the

fundamental emission that might be >6 dB.

3.2.3 Deviation from Test Standard

No deviation.

3.24 Test Setup

Spectrum Analyzer

-|:||:||:||:|
.'l o o o o |
.-l— —
EUT

Aftenuator
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[Test Data of 6 dB Bandwidth]

Test Result

6 dB Bandwidth [MHz]

Test Mode Channel Frmt:{ezr;cy ANTT N2 [I|d|r|1|“zt]
1 2412 6.294 6.793
2 2417 6.693 7.143
6 2437 6.369 7.643
802.11b 10 2457 6.968 6.449
0.500
11 2462 8.117 6.648
12 2467 12.787 12.987
13 2472 12.787 12.987
Worst Result 6.294 6.449
1 2412 16.434 16.084
2 2417 16.434 15.934
6 2437 16.059 16.009
802.11g 10 2457 15.939 16.189 0.500
1" 2462 16.039 15.839
12 2 467 15.734 15.734
13 2472 15.784 16.134
Worst Result 15.734 15.734
1 2412 16.184 17.532
2 2417 17.233 17.078
6 2437 16.809 16.159
8(%_;(1);1 10 2457 16.089 16.239 0.500
1" 2462 16.239 16.738
12 2 467 17.632 16.883
13 2472 17.033 17.083
Worst Result 16.089 16.159
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[Test Plot of 6 dB Bandwidth]

BUREAU
VERITAS

Antenna 1_802.11b

2412 MHz 2417 MHz
Spectrum I 'tg.: Spectru I T
Ref Level 30.00 d&8m = RBW 100 kHz Ref Level 30.00 dém = RBW 100 kHz
At S0dBE SWT 56.9 uys & VBW 300 kHz  Mode Auto FFT At 50d8 SBWT 56,0 ps & VBW 300 kHz  Mode Auto FFT
SGL Count 100,100 TOF SGL Count 100,100 TOF
[@ 17k Max _] 1Pk Max
GETEY] 0.01 dg| A1) 0.47 di|
o s.20d0 mHaf 6.6930 MHz
g mi[1] 9.70 dBm| mif1] 9.68 dBm
e iy 2.4125000 GHzffl, o 24175000 GHz|
B gy M Jhlv-q; 3
00 dBe o1 »
08 - £y 0 dém = Lant
\ M
-10 dem ‘!‘h‘ ..L\ -10 dBm /‘ﬁ" Y 1‘1
N,
20 d .1 -20 di / L 1
30 da - s .30 dB . -
s v L L WWmewmdlw_:ﬁwm bt b b A LAY L NPI FRPTRY IYY Y RTP o
-50 dem -50 d
50 dB 60 dB
CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker Marker
Type | Ref | Trc | X-valug | Y-value | Function | Function Result || _Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 1 2.4125 GHz | 5.70 dém | M1 | 1| 2.4175 GHz | 9.68 dam
M2 | | 2.408853 GHz | 3.60 dam M2 | 1 2.413598 GHz 3.11 dam
D3| M2 1 5.294 MHz 0.01 d@ D3| Mz 1 6.603 MHz 0.47 d
2 437 MHz 2 457 MHz
Spectrum T Spectrum T
Ref Level 30.00 dém w RBW 100 kHz Ref Level 30.00 dém w RBW 100 kHz
Att 50d8  SWT 56,0 ps @ VBW 300 kM Mode Auto FFT Att 50d8  SWT 56,9 ps @ VBW 300 kMz  Mode Auto FFT
SGL Count 100,100 TOF SGL Count 100/100 TOF
1Pk Max @ 1Pk Max
Da[1] 0.39 di| Da[1] 0.59 di|
e 6.2690 MHz e 6.9600 MHz
4 = M1[1] 10.14 dom| 2° M1[1] 9.80 dibm)
i d8 iy 24375000 GHalfl o 24575000 GHz|
01 4.140 TR T b
% o 1 F ST o1
0 dém 0 dém
4
-10 dBm /r AI‘-" 'H"\ -10 dBm
.20 dB Y M, .20 di
20 7 3 20
-30 dB 1] l\ -30 dB : -y
T b e AT L (1) 8 EFLRV I WY IR, I - wm«wm‘ﬂ oo oo a0l
-50 d -50 d
50 dB 60 B
CF 2.437 GHz 1001 pts Span 50.0 MHz )| CF 2.457 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug | ¥-walue | _Function | Function Result | l_Type | ref | Trc | ¥-walug | ¥-walue | _Function | Function Result |
M1 | 1| 2.4375 GHz | 10.14 d8m M1 | | 24575 GHz | 9.80 dBm
M2 | 1 2.433803 GHz 3.94 dam M2 | 1 2,453234 GHz 3.09 dam
D3| Mz 1 6.369 MHz -0.39 B D3| M2 1 6.968 MHz 0.59 d
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2 462 MHz

2 467 MHz

Spectru I IT Spectrum I A
Ref Level 30.00 dém ® RBW 100 kHz Ref Level 20.00 dBm w RBW 100 kHz
At 50 d8  8WT 56,9 ps & VBW 300 kHz  Mode auto FFT Att 40d8  SWT 56,9 ps @ VBW 300 kHz  Mede Auto FFT
_SGL Count 100/100 JOF | S6L Count 100/100 ToE
@ 1Pk Max @17k Max
Da[1] D.49 b GETHY] 0.58 dB
o 8.1170 MHz, e 12.7870 MHz
« mi[1] .51 dom| || 1 92m miaf1] 10.80 dim
M 2.4629990 GHz, 2465030 GHz
10 dBi 0 dem
1 2.510 dbr "‘J‘LMH
0 dem —— -10 dBm
el Tay] o
-10 dBm -20 dBm- B 1
J-
20 dB -30 dB Y
o N l o \
et FL g L TR | A e Vst LT Sy,
-50 i 60 dB
-60 dB 70 dp
CF 2,462 GHz 1001 pts Span 50.0 MHz || CF 2.467 GHz 1001 pts Span 50.0 MHz
fMarker arker
Type | Ref | Trc | X-valug | ¥-value | Function | Function Result )|l _Type | Ret | Tre | H-value | ¥-value | Function | Function Result |
M1 1 2.462959 GHz 8.51 dBm Mi 1 2,463503 GHz | -10.80 d&m
M2 | 1l 2,457929 GHz | 2.00 dém M2 1 2.460407 GHz | -17.67 dém
03 Mz 1 B.117 MHz 0,49 dib D3 M2 1 12,787 MHz 0.58 di

2 472 MHz

Spectrum I

Ref Leval 20.00 dém & RBW 100 kHz

Att 40d8  SWT 56,9 ps @ VBW 300 kHz
SGL Count 100/100 ToF

@ 1Pk Max

Mode Auto FFT

D3af1)
10 d&m

mif1]

0 dBm:

0.68 dB|
12.7870 MHz|
10.41 didm;
2.4700020 GHz|

-10 dBm — X

D1 -16.410 dBm

PO
i

-20 dém

-30 dB

40 dB

bt by S

50 g8

R P VRS N B

60 &b

70 db

CF 2.472 GHz 1001 pts

Span 50.0 MHz

Marker

Type | Ret | Tre | H-value | Y-walue | Function |
M1 1

Function Result |

-10.41 d&m
-17.46 dém
0.68 db

2.470002 GHz |
2.465402 GHz |
12.787 MHz

Mz 1
D3 M2 1
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Antenna 1_802.11g

2412 MHz

2417 MHz

Spectrum I

[ (Specrm )

=

Ref Level 20.00 dém & RBW 100 kHz

Ref Level 20.00 dém

® RBW 100 kHz

Att 40dE SWT 56.9 ps @ VBW 300 kHz  Mode auto FFT ALt 40d8  SWT 56,9 ps @ VBW 300 kM2 Mode aAuto FFT
SGL Count 100/100 TOF SGL Count 100/100 TDF .
® 1Pk Max || @ 1Pk Max
CEE] 118 an||f Da[1] 1.6+ o)
iz ¥ i 164340 MHz,
% M1[1] b mi[1] 4.8 dbm
o dem—r1 gt T e e . 2.4 T . [ 2.4194980 GHz]
-10 dBm HJ * <10 dBim 1
/ ! |
-20 dBm t -20 dBm -
: M
-30 dB .\,.I"JI -30 dB I
40 dB »r"! Ay 40 d = M‘\‘q
b e Mo U P | AT e e S NERCE PR P
-50 dem -50 dBm
50 dBm: 50 d
70 d -70 dB
CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | *-value | ¥-value |__Function | Function Result Ml_Type | Ref | Trc| ¥-walug | ¥-walue | _Function | Function Result |
M| 1 2.41a847 GHz | 4.13 dem | M1 1) 2.41G458 GHZ | 4.38 dBm
M2, 1 2.403758 GHz | -3.35 dém | M2 | 2.408753 GHz | -3.35 dém
03| M2 1 16.434 MHz 1.18 dB 03| M2 1 16.434 MHz 1.64 dB
2 437 MHz 2 457 MHz
Spectru I 1? Spectru I 1?
Ref Level 20.00 dem ® RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT
k.2 k.2
opa[1] 0.0+ di opa[1] D.36 do)
i 16.0590 MHz, i 15.9390 MHz,
b mi[1] 5.17 dBmy n ].-' mi[1] 4.72 dBmy
S L s s 1 W}W‘V‘uw_h 2.4392480 GHz ndam M Wy Ay 2.4532540 GHz,
o1 =—=ip; - e !
| | 1
<10 dBim T LL <10 dBim
-20 dBm "} -20 dBm ‘J \‘
% ¥ K
o W o by
& N
40 dB g Wi 40 dB
Ay i e 1‘“‘« U P
-50 dBm
50 d
.70 dB
CF 2.437 GHz 1001 pts Span 50.0 MHz | Hz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Trc | X-valug | Y-walue | _Function | Function Result Ill_type | ref | Trc | ¥-walug | Y-walue | _Function | Function Result |
ML [T 2.439248 GHz | 517 dem M1 1| 2.453254 GHz | 4.72 dBm
M2 | 1 2.428958 GHx | -1.26 dém | 1 2.449008 GHz | -1.81 d&m
03| M2 1 16.059 MHz -0.04 di M2 1 15.939 MHz 0.36 dB
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2 462 MHz

2 467 MHz

Spectru I IT Spectrum I b
Ref Level 20.00 dém ® RBW 100 kHz Ref Leval 20.00 dém w RBW 100 kHz
Att 40d8  SWT 56.9ps @ VBW 300 kMz  Mode auto FFT At 40d8  SWT 56.9 s @ VBW 300kHz  Mode Auto FFT
SGL Count 100/100 JOF |56k Count 100/100 ToE
@17k Max '@ 1Pk Max
Da[1] D.48 dp| GETEY] 0.92 .:Ff
e 16.0390 MHz 15.7340 MHz
Tmif1] 4.79 dom| || 29 9™ mif1] 10,42 dbm
ndfm——t, '#"-ﬂ" ool ﬁ 24651470 GHAR o 24657510 GHz
-10 e rl -10 diim o 2
,H tk - 5T PR P P Lol
-20 dam: ' - 20 dém |" """l
o g N o 3 I
b g %‘L & & b
40 dB i L -0 ra o
ot Yol b ot fia M g rvgaknwmwﬁmw-mw e gt g M trthen g
50 dBm: -50 dB
60 d 50 dB
70 dB -70 dB
CF 2,462 GHz 1001 pts Span 50.0 MHz || CF 2.467 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug ¥-value | Function | Function Result ||| Type | Ret | Trc | X-value | ¥-value | Function | Function Result |
M1 1] 2.465147 GHZ | 4.79 dBm M1 | 1 2.465751 GHz | -10.42 d&m
[ 1 2.454003 GHz -1.51 dém M2 1 2.458858 GHz | -16.01 dém
o3| Mz 1 16,039 MHz -0.48 dB D3 M2 1 15.734 MHz -0.92 di
2 472 MHz =
Spectrum I u‘_-‘n
Ref Level 20.00 dBm ® RBW 100 kHz
At 4008 SWT 569 s @ VBW 300kHz  Mode Auto FFT
| 5GL Count 100/100 ToF
@ 1Pk Max
GETEY] 1.52
15.7840 MHZz|
10 d2m mi[1] 10.17 diim
A 2.4670050 GHz
-10 dém ; 3
=l L1990 T Y P
0 i i ¥ oy
dBm ]
o J |
¥ -
v \
40dp J
v I
\%‘Eﬂ:#MMMMU‘ i ""'L-vauq.-,nv|1,.~\,m,.m-i.-__ﬁw.
50 a8
=70 B
CF 2.472 GHz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Tre | H-valug | ¥-walue |__Function | Function Result |
M1 11 2.467005 GHz | -10.17 d&m
Mz 1 2.463853 GHz | -15.59 dém
03] M2 1 15.784 MHz -1,52 db
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Antenna 1_802.11n(HT20)

2 412 MHz 2 417 MHz
Spectrum I 'T Spectru 1?
Ref Level 20.00 dim & RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
Att 40dE SWT 56.9 ps @ VBW 300 kHz  Mode auto FFT ALt 40d8  SWT 56,9 ps @ VBW 300 kM2 Mode aAuto FFT
SGL Count 100/100 TOF SGL Count 100/100 TDF
® 1Pk Max || @ 1Pk Max
CEE] 0.06 da]|[ Da[1] 0,30 dn)
i 161840 muzlff 17.2330 MMz,
M1[1] 2.59 dBm) mi[1] 2.95 dBm)
o T I, PR e 24101020 GHzlll - " \odaku i \ 2.4190980 GHz|
Ll 2 T Ll LaP 9 ’ / Mg
410 W o1 r‘?
-10 dBm H <10 dBim Ir T
l
-20 dim 4 -20 dam B
e " e o
\ Ll
o : o o hy
Y ¥ e g
iy ol Podmmsspuinc bttt NIt ki Y
50 dBm: I i 50 d
-70 dB | 70 dB
CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | *-value | ¥-value |__Function | Function Result Ml_Type | Ref | Trc| ¥-walug | ¥-walue | _Function | Function Result |
M| 1 2.410102 GHz | 2.59 dem | ML [T 2.419098 GHz |
M2, 1 2.403758 GHz | -3.77 dém | M2 | 2.408304 GHz |
03| M2 1 16.184 MHz 0.06 dB 03| M2 1 17.233 MHz

2 437 MHz

2 457 MHz

Spectru I 1? Spectru I 1?
Ref Level 20.00 dem ® RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT
k.2 k.2 -
opa[1] 0.90 dg opa[1] 0.10 a8
i 16.8090 MHz, i 16.0890 MHz,
b mi[1] n M1 mi1[1] 3.05 dBm
i TETR W R T o SO W 'l i ek b 2.4594980 GHz
o1 - r‘" e 01 -2.9%50 der ; - “‘F‘
<10 dBim j L <10 dBim i
-20 dBm l‘ \1\ -20 dBm
-30 de h'l!\ .30 dB
40 dB "'.-,L“ 40 dB
cledn] Rt T it il TN TR
50 d
.70 dB
CF 2.437 GHz 1001 pts Span 50.0 MHz | Hz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Trc | X-valug | Y-walue | _Function | Function Result Ill_type | ref | Trc | ¥-walug | Y-walue | _Function | Function Result |
ML [T 2.439498 GHz | 3.11 dem M1 1| 2.45G438 GHZ | 3.05 dem
M2 | 2.428409 GHz | -3.88 dém | 2.448958 GHz | -3.18 dém
03| M2 1 16.809 MHz 0.20 dB M2 1 16.089 MHz 0.10 dB
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2 462 MHz

2 467 MHz

Spectru I IT Spectrum I b
Ref Level 20.00 dém ® RBW 100 kHz Ref Leval 20.00 d&m @ RBW 100 kHz
At 40d8  SWT 56.9ps @ VBW 300 kMz  Mode auto FFT At 40d8  SWT 56.9 s @ VBW 300kHz  Mode Auto FFT
SGL Count 100/100 JOF |56k Count 100/100 TOF
@ 1Pk Max @17k Max
Da[1] 0.32 df) GETEY] 0.59 .:Ff
fii'da 16,2390 MHz 17.6320 MHz
[ mi[1] 3.17 dom| || 1© 9&m maf1] 12.17 diim
W oo e Lot 2.4635980 GHelfl - 2.4657510 GHz
-10 dair A -10 dim v
J 1 s . 12 anmtngdn )R
-20 dBm . . S AET—01 -18.170 dBm 'F
.
-30 dBy ';'1‘ ""‘l 30d f
7 e 0
40 dB . " 40 dp "
A W Y
u«.srum"w\-""\ en il | EUYRRIR MR v -';Fg'-wdqr-lﬁ.up.—wwﬁ“ ‘\'\w\r\hwrm‘hﬂhcwq
-50 dBm -50 g
60 d 50 4B
70 dB -70 dBi
CF 2,462 GHz 1001 pts Span 50.0 MHz | CF 2.467 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug | ¥-value | Function | Function Result J|f-Type | Ret | Tec| Hovalue | ¥-value | Function | Function Result |
M1 1 2.463598 GHZ 3.17 dBm M1 ] 2 2.465751 GHz | -12.17 dém
[ 1] 2.453703 GHz | -3.07 dém Mz 1 2.458150 GHz | -18.99 dém
p3| Mz 1 16.23% MHz -0.32 dit D3 M2 1 17.632 MHz 0.59 dit

2472 MHz

Spectrum I

Ref Leval 20.00 dém & RBW 100 kHz

Att 40d8  SWT 56,9 ps @ VBW 300 kHz
SGL Count 100/100 ToF

@ 1Pk Max

Mode Auto FFT

CETEY]
10 d&m

mif1]

0 dBm:

12.32 dim
2.4695020 GHz|

-10 dBém:

ity

201 dBm

om0 1

304l

40 dB

s’
W PSRN PR R T T
50 db

M

60 db

=70 dBi

CF 2.472 GHz 1001 pts

Span 50.0 MHz

Marker

H-valug | ¥-walue |__Function |

Function Result |

M2
D3

M2

Type | Ref | Tre |
M1 | 1

1
1

2.469502 GHz |
2.463404 GHz |
17.033 MHz

-12.32 dém
-18.02 dém
-0.43 di
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Antenna 2_802.11b

2412 MHz

2417 MHz

=

Spectrum I 'T Spectru
Ref Level 20.00 dim & RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
Att 40dE SWT 56.9 ps @ VBW 300 kHz  Mode auto FFT ALt 40d8  SWT 56,9 ps @ VBW 300 kM2 Mode aAuto FFT
SGL Count 100/100 TOF SGL Count 100/100 TDF
® 1Pk Max || @ 1Pk Max
Daf1] 0.52 aa||l = Ba[1] 0.02 a8
i oy s.79anmuzll o o i 7.1430 MMz
gz mif1] 9.76 dBm| GEFYEY 11[1] 10.05 dBm|
P 3.760 dBe i A 2.4125000 GHzffl " ;U'r' ﬂ\ — i} ~2.4175000 GHz|
W
0d Pl .'N-a 10 e ,)‘\ .
dBm / i T dBrm 1\‘
-20 dBm \ -20 dBm
i 9 7 )
-30 dB f .30 dB: \
40 day M\;‘ 'ut,v \U\' I 40 dB T M
g ket AV, AL g v;bli:jl\nm st RS TH PSR N TP
50 dBm: 50 d
70 d -70 dB
CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | *-value ¥ -walug |__Function | Function Result Ml_Type | Ref | Trc| ¥-walug | ¥-walue | _Function | Function Result |
M| 1 2.4125 GHz | 5.76 dem | M1 [T 2.4175 GHZ | 10.05 dem
M2, 1 2.408603 GHz | 3.19 dém | M2 | 1 2413598 GHz | 3.90 dém
D3| M2 1 6.793 MHz 0.52 dB D3| M2 1 7.143 MHz -0.02 di
2 437 MHz 2 457 MHz

Spectru I 1? Spectru I 1?
Ref Level 20.00 dem ® RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT
k.2 k.2 -
Da[1] 0.0+ d| Da[1] 0.12 B
7, redaomulll L v 6.4490 MHz,
2 op - M1[1] 9.62 dibm AT P =igg maf1] 10.84 dBm)
. i =t < B 1 -
D e A LTS 2.4375000 GHafll | ™ N 24565000 GHz|
A
; 1 Al
-10 deir g A‘, Y -10 deir L N“
d Y / \\‘
-20 dBm % - -20 dBm 7 5
7 { k
-30 dB £ -30 dB
| 'k /
p— ;’ -~ p— g \," \
Poralsamn Wg—«J"“"m\u‘k Rasiial, SO SIS PRI a4 l"‘w“"«‘w_m‘ A
50 dBm
50 d
.70 dB
CF 2.437 GHz 1001 pts Span 50.0 MHz | Hz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Trc | X-value Y-walug | _Function | Function Result | | ¥-walug | ¥-walue | _Function | Function Result |
ML [T 24375 GHz | 5.62 dem 1| 24565 GHZ | 10.84 dem
M2 | 2.433129 GHz | 3.26 dém 1 2.453753 GHz | .77 dém
03| M2 1 7.643 MHz 0.04 dB 1 6,449 MHz -0.12 di
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2 462 MHz 2 467 MHz
Spectru I IT Spectrum I b
Ref Level 20.00 dém ® RBW 100 kHz Ref Leval 20.00 dém w RBW 100 kHz
At 40d2  SWT 56,9 ps @ VBW 300 kM2  Mode Auto FFT Att 40dB  SWT 569 ps @ VBW 300 kHz  Mode Auto FFT
SGL Count 100/100 JOF |56k Count 100/100 ToE
@17k Max @ 1Pk Max
i Da[1] D.46 b GETHY] 0.01 -:F?
e ¥ s.6400 Muzlfl 12.9870 MHz
3 4080 iy m1[1] 11.02 dBm, g mif1] 11.58 dim
= D1 5.020 =, za61s000 creffl 24645020 GHz
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0 T 1 \
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50 dBm: -50 dB
-60 di 50 dB
.70 dBi b
CF 2,462 GHz 1001 pts Span 50.0 MHz | CF 2.467 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug | ¥-value | Function | Function Result ||| -Type | Ret | Tre | Hovalue | v-value | Function | Function Result |
M1 1 24615 GHZ 11.02 dem M1 ] 2 2.464502 GHz | -11.58 d&m
[ 1 2.458598 GHz | 4.96 dém Mz 1 2.460407 GHz | -18.15 dém
p3| mz| 1 6.648 MHz -0.46 dit D3 M2 1 12.987 MHz 0.01 dit
2 472 MHz =
Spectrum I u‘_-‘n
Ref Level 20.00 dBm ® RBW 100 kHz
Att 40d8  SWT 56.9 s @ VBW 300kHz  Mode Auto FFT
| 5GL Count 100/100 TOF
@ 1Pk Max
Da[1] 0.37 dB
10 lJ.‘lH)II‘\“]
dem smi[1] 11.13 didm
I 24685030 GHz
0 dBm
-10 dém - n
E " LA ;m- ] 5
-20 dém—- i T
v U
=20 di > -
/
40 4B £
e b A i dopan [ iAot taad b oy
-60 db
=70 B
CF 2,472 GHz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Tre | H-valug | ¥-walue |__Function | Function Result |
M1 11 2.468503 GHz | -11.13 d&m
Mz 1 2.465402 GHz | -18.45 dém
D3 M2 1 12,987 MHz 0.37 di
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Antenna 2_802.119g

2 412 MHz 2 417 MHz
Spectrum I 'T Spectru 1?
Ref Level 20.00 dim & RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
Att 40dE SWT 56.9 ps @ VBW 300 kHz  Mode auto FFT ALt 40d8  SWT 56,9 ps @ VBW 300 kM2 Mode aAuto FFT
SGL Count 100/100 TOF SGL Count 100/100 TDF .
® 1Pk Max || @ 1Pk Max
CEE] o.0a an|\f Da[1] .03 an)
i - 16.0840 muzlff o 1 15.9340 MHz,
; Mi[1] 5.45 dBm) . F M1[1] 5.35 dBm)
S R o -rr-\u\'\thkL L 24113510 GHelll . S e 12 gttt Mol bt sl 2.4200970 GHz,
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CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | *-value | ¥-value |__Function | Function Result Ml_Type | Ref | Trc| ¥-walug | Y-walue | _Function | Function Result |
M| 1 2.411351 GHz | ©.4C dBm | | ML 1) 2420097 GHz | 5.35 dem
Mz | 2.403958 GHz | -0.90 dém | Mz = 2,409053 GHz | -0.64 d&m
03| M2 1 16.084 MHz -0.03 dé 03| M2 1 15.934 MHz 0.03 dB
2 437 MHz 2 457 MHz
Spectru I 1? Spectru I 1?
Ref Level 20.00 dem ® RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT
k.2 k.2 -
opa[1] 0.33 dil opa[1] 1.13 d|
S e 160000 mezlfl L 16.1890 MHz,
: 1 T T:llll] i L1 mi[1] 5.84 dBm
M2 4 M|ty il ST P 7 ; 2.4557510 GH
0.ds 01 0,750 dem r“-ﬁ"‘ [ - "hi Q-dBm—101 -0,160 dBr - — 1 2
<10 dBim T lu <10 dBim ;Hl
-20 dam: -20 dam: =
o My, o >
. ,Im""
40 gL 1, N .'r;.n«r'»d
ot St AU A - P i i
-50 dBm
50 d
.70 dB
CF 2.437 GHz 1001 pts Span 50.0 MHz | Hz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Trc | X-value Y-walug | _Function | Function Result Ill_type | ref | Trc | ¥-walug | ¥-walue | _Function | Function Result |
M1 1 1) 2.433853 GHz | £.25 dBm M1 1. 2.455751 GHz | 5.84 dBm
M2 | 2.429008 GHz | -1.09 dém | 2.448758 GHz | -1.69 dém
03| M2 1 16.009 MHz -0.33 db M2 1 16.189 MHz 1.13 dB
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2 462 MHz

2 467 MHz

Spectru I IT Spectrum I b
Ref Level 20.00 dém & REBW 100 kHz Ref Level 20,00 dém & REW 100 kHz
At 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT Att 40d8  SWT 56,9 ps @ VBW 300 kHz  Mede Auto FFT
_SGL Count 100/100 JOF | S6L Count 100/100 TOF
@ 17k Max 817k Max
Ba[1] 1.12 a8 GE] 0.04 dB
10dn 15830 mHlll L 15,7340 MHz
1 M1[1] 5.50 dBim mif1] 10,98 dBm
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CF 2462 GHz 1001 pts Span 50.0 MHz || CF 2.467 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug | Y-value | Function | Function Result ||| Type | Ret | Trc | X-value | Yovalue | Function | Function Result |
M1 1 2.458853 GHz 5.50 dBm M1 [ 2.461955 GHz | ~10.56 dém
M2/ T al 2.453753 GHz | -1.71 dém Mz 1 2.458958 GHz | -17.85 dém
o3| Mz 1 15,839 MHz 1.12 B D3 M2 1 15.734 MHz 0.04 db

2472 MHz

Spectrum I

Ref Leval 20.00 dém
Att

SGL Count 100/100
@ 1Pk Max

® RBW 100 kHz
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¥-walue |__Function |

Function Result |

Type | Ref | Tre |

M1 | 1
Mz 1
D3 M2 1

2.473848 GHz |
2.463803 GHz |
16,134 MHz

-11.96 dam
-17.96 dém
-0.35 di
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Antenna 2_802.11n(HT20)

2 412 MHz 2 417 MHz
Spectrum I 'T Spectru 1?
Ref Level 20.00 dim & RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
Att 40dE SWT 56.9 ps @ VBW 300 kHz  Mode auto FFT ALt 40d8  SWT 56,9 ps @ VBW 300 kM2 Mode aAuto FFT
SGL Count 100/100 TOF SGL Count 100/100 TDF .
® 1Pk Max || @ 1Pk Max
CEE] .13 aaj|[ Da[1] 1.12 dn)
i 17.sazo mzlff 17.0780 MHz,
M1 Ma[1] 2.62 dBm)| M1 mi[1] dBm;
0de M Ll AL 24098520 GHall M T e Lo AT 2.4135030 GHz|
= 01 -3.380 w ; “K} D1 2580 dam —rﬁ‘ﬁ E : "‘"‘%
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CF 2.412 GHz 1001 pts Span 50.0 MHz || CF 2.417 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | *-value | ¥-value |__Function | Function Result Ml_Type | Ref | Trc| ¥-walug | Y-walue | _Function | Function Result |
M| 1 2.409852 GHz | 2.62 dem | M1 1) 2.413503 GHZ | 3.32 dem
Mz 1 2.403309 GHz | -3.87 dém | Mz = 2.408758 GHz | -2.91 dém
03| M2 1 17.532 MHz -0.13 dé 03| M2 1 17.078 MHz -1.12 di
2 437 MHz 2 457 MHz
Spectru I 1? Spectru I 1?
Ref Level 20.00 dem ® RBW 100 kHz Ref Level 20.00 dem ® RBW 100 kHz
40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT 40 d8  BWT 56,9 ps & VBW 300 kHz  Mode auto FFT
k.2 k.2
[ opa[1] 0.57 dB opa[1] 0.25 an)
i 16.1590 MHz, i 16.2390 MHz,
b mi[1] 4.11 dBm n "l mi[1] 4.01 dBm
| P ey o AL " 2.4375990 GHz| | e " s 24601470 GHz|
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CF 2.437 GHz 1001 pts Span 50.0 MHz | Hz 1001 pts Span 50.0 MHz
Marker
Type | Ref | Trc | X-valug | Y-walue | _Function | Function Result Ill_type | ref | Trc | ¥-walug | Y-walue | _Function | Function Result |
ML [T 2.437599 GHz | 4.11 dem M1 1] 2.460147 GHZ | 4.01 dBm
M2 | 2.429008 GHz | -1.91 dém | 2.448708 GHz | -2.35 dém
03| M2 1 16.159 MHz -0.57 di M2 1 16.239 MHz 0.25 dB
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2 462 MHz

2 467 MHz

Spectru I IT Spectrum I b
Ref Level 20.00 dém ® RBW 100 kHz Ref Leval 20.00 d&m @ RBW 100 kHz
At 40d2  SWT 56,9 ps @ VBW 300 kM2  Mode Auto FFT Att 40d8  SWT 56.9 s @ VBW 300kHz  Mode Auto FFT
SGL Count 100/100 JOF |56k Count 100/100 ToE
@17k Max @ 1Pk Max
l’ Da[1] D.48 b GETHY] 0.2¢
o 16.7380 MHz, 16,8820 MHz
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CF 2,462 GHz 1001 pts Span 50.0 MHz | CF 2.467 GHz 1001 pts Span 50.0 MHz
Marker arker
Type | Ref | Trc | X-valug | ¥-value | Function | Function Result ||| -Type | Ret | Tre | Hovalue | v-value | Function | Function Result |
M1 1 2.462559 GHZ 4.09 dBm M1 ] 2 2.467599 GHz | -11.69 dém
M2/ 1l 2.453154 GHz | ~2.48 dém Mz 1 2.458508 GHz | -17.68 dém
o3| Mz 1 16,738 MHz 0.48 dB D3 M2 1 16,883 MHz -0.25 di
2 472 MHz =
Spectrum I u‘_-‘n
Ref Level 20.00 dBm ® RBW 100 kHz
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Type | Ref | Tre | H-valug | ¥-walue |__Function | Function Result |
M1 11 2.469502 GHz | -12.16 dém
Mz 1 2.463404 GHz | -18.38 dém
D3 M2 1 17,083 MHz 0.18 di
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3.3 Maximum Peak Output Power

3.3.1 Regulation

§15.247(b)(3) : For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz
bands: 1 Watt. As an alternative to a peak power measurement, compliance with the one Watt limit can be based
on a measurement of the maximum conducted output power. Maximum Conducted Output Power is defined as the
total transmit power delivered to all antennas and antenna elements averaged across all symbols in the signaling
alphabet when the transmitter is operating at its maximum power control level. Power must be summed across all
antennas and antenna elements. The average must not include any time intervals during which the transmitter is
off or is transmitting at a reduced power level. If multiple modes of operation are possible (e.g., alternative
modulation methods), the maximum conducted output power is the highest total transmit power occurring in any
mode.

§15.247(b)(4) : The conducted output power limit specified in paragraph (b) of this section is based on the use of

antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section, if
transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from the
intentional radiator shall be reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of this section,
as appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

3.3.2 Test Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

This is an RF conducted test to evaluate maximum peak output power. Use a direct connection between the antenna
port of the unlicensed wireless device and the spectrum analyzer, through suitable attenuation.

a) Use the following spectrum analyzer settings:

Peak Power Measurement

1) Span : Approximately five times the 20 dB bandwidth, centered on hopping channel.
2) RBW > 20 dB bandwidth of emission being measured.

3) VBW = RBW.

4) Sweep : Auto.

5) Detector function : Peak.

6) Trace: Max hold.
b)  Allow trace to stabilize
c)  Use the marker-to-peak function to set the marker to the peak of the emissions

d) Theindicated level is the peak output power, after any corrections for external attenuators and cables.

e) A plot of the test results and setup description shall be included in the test report.
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3.33 Deviation from Test Standard
No deviation.

3.3.4  Test Setup

Spectrum Analyzer

[ o o
o o o |
—

EUT
Aftenuator
Power meter
[m
EUT
Attenuator
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3.35

Test Result

[Test Result of Peak Power]

SISO Mode
Frequency Antenna Gain Correlated Directional Gain | Power Limit | Max. Power
Range [MHzl|  ANT1 ANT2 [dBi] [dBm] [dBm]
2412-2472 -5.71 -6.52 -3.09 30.00 25.69
Duty Cycle Correction Factor
802.11b 0.00dB
802.11g 0.00dB
802.11n(HT20) 0.00dB
Frequency Measured Power Peak Power Result Power Limit
Test Mode Channel [MHz] [dBm] [dBm] [dBm]
ANT1 ANT2 ANT1 ANT2
1 2412 - 21.98 - 21.98
2 2417 - 22.17 - 22.17
6 2437 - 21.72 - 21.72
802.11b 10 2457 - 22.38 - 22.38 30.00
1 2462 - 22.07 - 22.07
12 2467 - 8.47 - 8.47
13 2472 - 1.96 - 1.96
1 2412 - 25.06 - 25.06
2 2417 - 25.15 - 25.15
6 2437 - 25.69 - 25.69
802.11g 10 2457 - 25.69 - 25.69 30.00
1 2462 - 25.21 - 25.21
12 2 467 - 11.08 - 11.08
13 2472 - 3.95 - 3.95
1 2412 - 24.49 - 24.49
2 2417 - 24.25 - 24.25
6 2437 - 24.39 - 24.39
8(I(3|%I';(1))n 10 2 457 - 24.63 - 24.63 30.00
1 2462 - 24.59 - 24.59
12 2467 - 11.29 - 11.29
13 2472 - 3.95 - 3.95
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MIMO Mode
Frequency Antenna Gain Correlated Directional Gain | Power Limit | Max. Power
Range [MHz] ANT1 ANT2 [dBi] [dBm] [dBm]
2412-2472 -5.71 -6.52 -3.09 30.00 28.79
Duty Cycle Correction Factor
802.11b 0.00dB
802.11g 0.00dB
802.11n(HT20) 0.00dB
Test Mode Channel Frequency Measm{;g;dml]’ower Peak Power Result Power Limit
[MHZz] ANT ANT2 [dBm] [dBm]
1 2412 21.81 22.25 25.05
2 2417 21.80 22.38 25.11
6 2437 22.06 22.22 25.15
802.11b 10 2457 21.66 22.90 25.33 30.00
11 2462 21.48 22.45 25.00
12 2 467 6.48 6.56 9.53
13 2472 0.79 0.58 3.70
1 2412 25.82 25.33 28.59
2 2417 25.85 25.61 28.74
6 2437 25.57 25.93 28.76
802.11¢g 10 2457 25.87 25.69 28.79 30.00
11 2462 23.35 23.55 26.46
12 2467 8.99 9.06 12.04
13 2472 3.15 2.96 6.07
1 2412 22.09 22.54 25.33
2 2417 24.96 24.83 27.91
6 2437 24.89 25.15 28.03
802.11n 10 2457 24.87 25.22 28.06 30.00
(HT20)
11 2462 24.84 24.98 27.92
12 2467 9.01 9.12 12.08
13 2472 3.24 3.03 6.15
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[Test Result of Average Power]

SISO Mode
Frequency Antenna Gain Correlated Directional Gain | Power Limit | Max. Power
Range [MHz] ANT1 ANT2 [dBi] [dBm] [dBm]
2412-2472 -5.71 -6.52 -3.09 30.00 19.89
Duty Cycle Correction Factor
802.11b 0.00dB
802.11g 0.00dB
802.11n(HT20) 0.00dB
Frequency Measured Power Average Power Result Power Limit
Test Mode Channel [MHz] [dBm] [dBm] [dBml
ANT1 ANT2 ANT1 ANT2
1 2412 - 19.53 - 19.53
2 2417 - 19.65 - 19.65
6 2437 - 19.19 - 19.19
802.11b 10 2457 - 19.89 - 19.89 30.00
11 2462 - 19.57 - 19.57
12 2 467 - 4.37 - 4.37
13 2472 - -2.43 - -2.43
1 2412 - 18.35 - 18.35
2 2417 - 18.33 - 18.33
6 2437 - 18.34 - 18.34
802.11¢g 10 2457 - 18.67 - 18.67 30.00
11 2462 - 18.56 - 18.56
12 2467 - 4.36 - 4.36
13 2472 - -3.02 - -3.02
1 2412 - 17.20 - 17.20
2 2417 - 17.01 - 17.01
6 2437 - 17.14 - 17.14
iOHZT‘;)" 10 2457 - 17.46 - 17.46 30.00
11 2462 - 17.57 - 17.57
12 2467 - 4.60 - 4.60
13 2472 - -3.06 - -3.06
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MIMO Mode
Frequency Antenna Gain Correlated Directional Gain | Power Limit | Max. Power
Range [MHz] ANT1 ANT2 [dBi] [dBm] [dBm]
2412-2472 -5.71 -6.52 -3.09 30.00 22.81
Duty Cycle Correction Factor
802.11b 0.00dB
802.11g 0.00dB
802.11n(HT20) 0.00dB
Test Mode Channel Frequency Measm{;;;dml]’ower Average Power Result Power Limit
[MHZz] ANT ANT2 [dBm] [dBm]
1 2412 19.26 19.78 22.54
2 2417 19.30 19.90 22.62
6 2437 19.59 19.64 22.63
802.11b 10 2457 19.09 20.41 22.81 30.00
11 2462 19.16 19.85 22.53
12 2 467 1.42 1.48 4.46
13 2472 -3.46 -3.81 -0.62
1 2412 18.41 18.83 21.64
2 2417 18.50 18.98 21.76
6 2437 18.73 18.82 21.79
802.11¢g 10 2457 18.31 19.06 21.71 30.00
11 2462 17.35 18.12 20.76
12 2467 1.11 0.92 4.03
13 2472 -3.72 -4.06 -0.88
1 2412 15.72 16.54 19.16
2 2417 17.35 17.71 20.54
6 2437 17.57 17.67 20.63
802.11n 10 2457 17.16 17.93 2057 30.00
(HT20)
11 2462 17.17 18.05 20.64
12 2467 1.03 0.84 3.95
13 2472 -3.76 -4.11 -0.92
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3.4 Power Spectral Density

3.4.1 Regulation

§15.247(e) : For digitally modulated systems, the power spectral density conducted from the intentional radiator to

the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission.
This power spectral density shall be determined in accordance with the provisions of paragraph (b) of this section.
The same method of determining the conducted output power shall be used to determine the power spectral
density.

3.4.2 Test Procedure

The following procedure shall be used if maximum peak conducted output power was used to determine
compliance, and it is optional if the maximum conducted (average) output power was used to determine compliance:

a) Set analyzer center frequency to DTS channel center frequency.

b) Set the span to 1.5 times the DTS bandwidth.

c) Setthe RBWto3kHz < RBW < 100 kHz.

d) Setthe VBW > [3 x RBWIJ.

e) Detector = peak.

f) Sweep time = auto couple.

g) Trace mode = max hold.

h) Allow trace to fully stabilize.

i) Use the peak marker function to determine the maximum amplitude level within the RBW.

j)  If measured value exceeds requirement, then reduce RBW (but no less than 3 kHz) and repeat.

3.4.3 Deviation from Test Standard

No deviation.

3.44  Test Setup

Spectrum Analyzer

ﬂﬂﬂ
ﬂﬂﬂ
ooono

Attenuator
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3.45 Test Result
[Test Data of Power Spectral Density]
Duty Cycle Correction Factor
802.11b 0.00 dB
802.11g 0.00 dB
802.11n(HT20) 0.00 dB
Measured Power . s
TestMode | cramel | Feeney | M e Resul Margin | Power L
ANTI ANT2
1 2412 -8.06 -7.20 -4.60 12.60
2 2417 -7.73 -7.29 -4.49 12.49
6 2437 -7.43 -7.55 -4.48 12.48
802.11b 10 2457 -8.04 -6.44 -4.16 12.16 8.00
11 2462 -8.29 -7.47 -4.85 12.85
12 2467 -27.31 -27.05 -24.17 32.17
13 2472 -33.12 -33.45 -30.27 38.27
1 2412 -12.05 -11.86 -8.94 16.94
2 2417 -12.52 -11.75 -9.11 17.11
6 2437 -12.08 -11.63 -8.84 16.84
802.11g 10 2457 -12.46 -11.14 -8.74 16.74 8.00
11 2462 -13.00 -12.16 -9.55 17.55
12 2467 -28.12 -27.85 -24.97 32.97
13 2472 -33.72 -33.88 -30.79 38.79
1 2412 -16.01 -14.93 -12.43 20.43
2 2417 -14.76 -14.61 -11.67 19.67
6 2437 -14.06 -14.38 -11.21 19.21
802.11n 10 2457 -14.56 -13.97 -11.24 19.24 8.00
(HT20)
11 2462 -14.98 -13.45 -11.14 19.14
12 2467 -29.12 -29.42 -26.26 34.26
13 2472 -34.72 -35.68 -32.16 40.16
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3.5 Spurious Emission, Band edge and Restricted Bands

3.5.1 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)).

§15.209(a) : Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not

exceed the field strength levels specified in the following table:

Frequency (MHz) Field strength (microvolts/meter) Measurement distance (meters)

0.009-0.490 2400/FkHz) 300
0.450-1.705 24000/FkHz) 30
1.705-30.0 30 30
30-88 100%* 3
88-216 150%* 3
216-960 200** 3
Above 960 500 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz. However,
operation within these frequency bands is permlitted under other sections of this part, e.g., §§15.231 and 15.241.
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§15.205(a) : Except as shown in paragraph (d) of this section, only spurious emissions are permitted in any of the
frequency bands listed below:

MHz MHz MHz GHz

0.090-0.110 16.42-16.423 399.9-410 4.5-5.15
10.495-0.505 16.69475-16.69525 608-614 5.35-5.46
2.1735-2.1905 16.80425-16.80475 960-1240 7.25-7.75
4.125-4.128 25.5-25.67 1300-1427 8.025-8.5
A.17725-4.17775 37.5-38.25 1435-1626.5 9.0-9.2
4.20725-4.20775 73-74.6 1645.5-1646.5 9.3-9.5
6.215-6.218 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225 123-138 2200-2300 14.47-14.5
3.291-8.294 149.9-150.05 2310-2390 15.35-16.2
3.362-8.366 156.52475-156.52525 2483.5-2500 17.7-21.4
8.37625-8.38675 156.7-156.9 2690-2900 22.01-2312
8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025 240-285 3345.8-3358 36.43-36.5
12.57675-12.57725 322-3354 3600-4400 .{2;.
13.36-13.41

1Until February 1, 1999, this restricted band shall be 0.490-0.510 MHz.

2Above 38.6

§15.205 (b) : Except as provided in paragraphs (d) and (e) of this section, the field strength of emissions appearing
within these frequency bands shall not exceed the limits shown in §15.209. At frequencies equal to or less than
1000 MHz, compliance with the limits in §15.209 shall be demonstrated using measurement instrumentation
employing a CISPR quasi-peak detector. Above 1000 MHz, compliance with the emission limits in §15.209 shall be
demonstrated based on the average value of the measured emissions. The provisions in §15.35 apply to these
measurements.

3.5.2 Test Procedure

Band-edge Compliance for RF Conducted Emissions

These procedures are applicable for determining compliance at authorized-band band-edges where the
requirements are expressed as a value relative to the in-band signal level. Procedures for determining compliance
with field strength limits at or close to the band-edges are given in 6.10.6 (see also Table A.2).

Band-edge tests are typically performed as a conducted test but may be performed as radiated measurements on
a test site meeting the specifications in 5.2, at the measurement distances specified in 5.3. The instrumentation
shall meet the requirements in 4.1.1 using the bandwidths and detectors specified in 4.1.4.2.
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When performing radiated measurements, the measurement antenna(s) shall meet the specifications in 4.3. The
EUT shall be connected to an antenna and operated at the highest power settings following procedures in 6.3.

For other than frequency-hopping devices, this test sequence shall be performed once. For devices that support
frequency hopping, this test sequence shall be performed twice: once with the hopping function turned OFF and
then repeated with the hopping function turned ON. The purpose of the test with the hopping function turned on
is to confirm that the RF power remains OFF while the device is changing frequencies, and that the oscillator
stabilizes at the new frequency before RF power is turned back ON. Overshoot of any oscillator, including phase-
lock-loop stabilized oscillators, can cause the device to be temporarily tuned to frequencies outside the authorized
band, and it is important that no transmissions occur during such temporary periods. Particular attention to the
hopping sequence requirements specified below is needed in the case of adaptive frequency-hopping devices:

a) Connect the EMI receiver or spectrum analyzer to the EUT using an appropriate RF cable connected to the

EUT output. Configure the spectrum analyzer settings as described in step e) (be sure to enter all losses

between the unlicensed wireless device output and the spectrum analyzer).

b) Set the EUT to the lowest frequency channel (for the hopping on test, the hopping sequence shall include
the lowest frequency channel).

c) Set the EUT to operate at maximum output power and 100% duty cycle, or equivalent “normalmode of

operation” as specified in 6.10.3.

d) If using the radiated method, then use the applicable procedure(s) of 6.4, 6.5, or 6.6, and orient the EUT

and measurement antenna positions to produce the highest emission level.

e) Perform the test as follows:

1)

2)

3)
4)
5)
6)
7)

8)

Span: Wide enough to capture the peak level of the emission operating on the channel closest to the
band edge, as well as any modulation products that fall outside of the authorized band of operation.

Reference level: As required to keep the signal from exceeding the maximum instrument input mixer
level for linear operation. In general, the peak of the spectral envelope shall be more than [10 log
(OBW/RBW)] below the reference level. Specific guidance is given in 4.1.5.2.

Attenuation: Auto (at least 10 dB preferred).
Sweep time: Coupled.

Resolution bandwidth: 100 kHz.

Video bandwidth: 300 kHz.

Detector: Peak.

Trace: Max hold.

f) Allow the trace to stabilize. For the test with the hopping function turned ON, this can takeseveral minutes

to achieve a reasonable probability of intercepting any emissions due to oscillator overshoot.
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g) Set the marker on the emission at the band edge, or on the highest modulation product outside of the
band, if this level is greater than that at the band edge. Enable the marker-delta function, and then use the
marker-to-peak function to move the marker to the peak of the in-band emission.

h) Repeat step c) through step e) for every applicable modulation.

i) Set the EUT to the highest frequency channel (for the hopping on test, the hopping sequence shall include
the highest frequency channel) and repeat step c) through step d).

j)  The band-edge measurement shall be reported by providing plot(s) of the measuring instrument display;
the plot axes and the scale units per division shall be clearly labeled. Tabular data may be reported in
addition to the plot(s).

Spurious RF Conducted Emissions

Conducted spurious emissions shall be measured for the transmit frequency, per 5.5 and 5.6, and at the maximum
transmit powers.

Connect the primary antenna port through an attenuator to the spectrum analyzer input; in the results,account for
all losses between the unlicensed wireless device output and the spectrum analyzer. The instrument shall span 30
MHz to 10 times the operating frequency in GHz, with a resolution bandwidth of 100 kHz, video bandwidth of 300
kHz, and a coupled sweep time with a peak detector. The band 30 MHz to the highest frequency may be split into
smaller spans, as long as the entire spectrum is covered.

Spurious Radiated Emissions

1. The preliminary radiated measurement were performed to determine the frequency producing the
maximum emissions in an semi-anechoic chamber at a distance of 3 meters.

2. The EUT was placed on the top of the 0.8-meter height, 1 x 1.5 meter non-metallic table. To find the
maximum emission levels, the height of a measuring antenna was changed and the turntable was rotated

360°.

3. The antenna polarization was also changed from vertical to horizontal. The spectrum was scanned from 9
kHz to 30 MHz using the loop antenna, and from 30 to 1000 MHz using the Bi-Log antenna, and from 1000
MHz to 26500 MHz using the horn antenna.

4. To obtain the final measurement data, the EUT was arranged on a turntable situated on a 4 x 4 meter in an
semi-anechoic chamber. The EUT was tested at a distance 3 meters.

5. Each frequency found during preliminary measurements was re-examined and investigated. The test-
receiver system was set up to average, peak, and quasi-peak detector fuction with specified bandwidth.

6. The 0.8 m height is for below 1 GHz testing, and 1.5 m is for above 1GHz testing.
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BUREAU

- Procedure for unwanted emissions measurements below 1 000 MHz

The procedure for unwanted emissions measurements below 1 000 MHz is as follows:

a)

Follow the requirements in 12.7.4.

b) Compliance shall be determined using CISPR quasi-peak detection; however, peak detection is permitted

as an alternative to quasi-peak detection.

- Procedure for peak unwanted emissions measurements above 1 000 MHz

The procedure for peak unwanted emissions measurements above 1 000 MHz is as follows:

a)

Follow the requirements in 12.7.4.

b) Peak emission levels are measured by setting the instrument as follows:

5)

6)

RBW =1 MHz.
VBW > [3 x RBW].

Detector = peak.
Sweep time = auto.
Trace mode = max hold.

Allow sweeps to continue until the trace stabilizes. Note that if the transmission is not ontinuous, then
the time required for the trace to stabilize will increase by a factor of pproximately 1/ D, where D is the
duty cycle. For example, at 50 % duty cycle, the easurement time will increase by a factor of two,
relative to measurement time for ontinuous transmission.

- Procedure for average unwanted emissions measurements above 1 000 MHz

Method VB-A is averaging using reduced video bandwidth. The procedure for this method is as follows:

a)

b)

RBW =1 MHz.

Video bandwidth:

1)

2)

If the EUT is configured to transmit with D > 98 %, then set VBW < RBW /100 (i.e., 10 kHz), but not
less than 10 Hz.

If the EUT D is < 98%, then set VBW > 1 /T, where T is defined in item al) of 12.2.

Report No.: RF200511K004-2 R3 Page: 68 of 117 Report Format Version: BV-FRFTF-01-002



BUREAU

¢) Video bandwidth mode or display mode:

1) The instrument shall be set with video filtering applied in the power domain. Typically, this requires
setting the detector mode to RMS (power averaging) and setting the average-VBW type to power (rms).

2) Asan alternative, the instrument may be set to linear detector mode. Video filtering shall be applied in
linear voltage domain (rather than in a log or dB domain). Some instruments require linear display
mode to accomplish this. Others have a setting for average-VBW type, which can be set to “voltage”
regardless of the display mode.

d) Detector = peak.
e) Sweep time = auto.
f) Trace mode = max hold.

g) Allow max hold to run for at least 50 traces if the transmitted signal is continuous or has at least 98 % duty
cycle. For lower duty cycles, increase the minimum number of traces by a factor of 1/x, where D is the duty
cycle. For example, use at least 200 traces if the duty cycle is 25 %. (If a specific emission is demonstrated
to be continuous—i.e., 100 % duty cycle—then rather than turning ON and OFF with the transmit cycle, at
least 50 traces should be averaged.)

- Sample Calculation

e Field Strength Level [dBuV/m] = Analyzer Level [dBm] + 107 + AFCL [dB/m] + Duty Cycle Correction [dB]

e AFCL [dB/m] = Antenna Factor [dB/m] + Cable loss [dB]

e  Margin [dB] = Field Strength Level [dBuV/m] — Limit [dBuV/m]

3.5.3 Deviation from Test Standard

No deviation.

3.54 Test Setup
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BUREAU
VERITAS

[Radiated Emission Test Setup Below 30 MHz]

antera mast

[Radiated Emission Test Setup Below 1 GHz]

Report No.: RF200511K004-2 R3 Page: 70 of 117 Report Format Version: BV-FRFTF-01-002



BUREAU
VERITAS
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[Radiated Emission Test Setup Above 1 GHz]

Spectrum Analyzer
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[Conducted Spurious Emission]
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BUREAU

_ ERITAS
3.5.5 Test Result of Radiated Spurious Emission
3.5.5.1 Radiated Emissions (Below 30 MHz)
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Frequency | oo d’i’::\l;alue Peak rea d:’::\l;alue Peak Q”a\s,ia'tzdi"g Quasi Peak C?)irrﬁ:cr:icoen Limit Limit Margin Height . Azimuth c';::s;’"
[MHz] [dBuv/m] [dBuV/m] [dBuA/m] [dBuA/m] [dBuv/m] [dBuV/m] F[z:jc;]:r [dBuV/m] [dBuA/m] [dB] [em] [deg] [dB]
0.06 19.37 -40.23 -32.13 -91.73 -80 32.41 -19.09 72.63 100 H 220 -59.60
0.58 16.46 -3.14 -35.04 -54.64 -40 32.38 -19.12 35.52 100 H 6 -19.60
13.27 12.59 -5.81 -38.91 -57.31 -40 29.54 -21.96 35.35 100 H 94 -18.40
Remarks

1. Peak(dBuV/m) = Peak Reading Value(dBuVv/m) + Correction Factor(dB) + Distance Factor(dB)

2. Peak(dBuA/m) = Peak(dBuV/m) - 51.5 dB(Conversion Factor)

3. Correction Factor(dB) = Antenna Factor(dB/m) + Cable Factor(dB) — Pre-Amplifier Factor(dB)

4. Margin(dB) = (Peak) Result (dBpHA/m) — (Peak) Limit (dBHA/m)
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