B® Microsoft

RADIO TEST REPORT

For

MODEL NO. 1619
FCC ID: C3K1619

Test Report No. R-TR53-FCCBT-1
Issue Date: 09/23/2014

FCC CFR47 Part 15 Subpart C

Prepared by
Microsoft EMC Laboratory
17760 NE 67th Ct,
Redmond WA, 98052, U.S.A.
425-421-9799
sajose@microsoft.com

aa

(ACCREDITED)
TESTING CERT #3472.01

Report V2.0


mailto:sajose@microsoft.com

1 Record of Revisions

mn Microsoft

Revision | Date Section | Page(s) Summary of Changes Author/Revised
By:
1.0 09/23/2014 | All All First Version Jennifer Liu

Test Report#: R-TR53-FCCBT-1

Issued: 09/23/2014
Microsoft EMC Laboratory

Page 2 of 72




B® Microsoft

Table of Contents

1 RECOId Of REVISIONS ...eeiiiiieiiie ittt ettt ettt et e st e et e e st e e s bt e e sabeesabeeeasbeesabeeebeeesnseesareeesaseenn 2
2 Deviations from Standards.........c.ceoiieiiieiiie ettt s sare e sre e e sanes 7
3 Facilities and ACCreditatioNnsS.........oouiiiieiierie et sttt s h e e e s sbe e 7
70t R =T = Vod 11 VRSP SRPR 7
3.2 ACCIEAIMALIONS .....veuiiiietiicitte ettt ettt et b et bbbt benaeieas 7
3.3 TSt EQUIPIMENT....ceiiiitiieteeet ettt sttt b e et sa e b e ebe b e 7

4 MeasuremMeENt UNCEITAINTY .....ueeiiiiiiiiieiieee ettt e e e e ettt e e e e e e st bt e e e e e s s s aabebeeeeeessesansenaeaeesssnnns 7
LT o o [¥ ot 1Yo 1 o1 4o o PSPPSR 8
5.1 L A Oe Yo 7 ={U =Y 4o o R 8
5.2 Environmental CoNAITIoNS .....o.eiiiiiiiiiieiie ettt st sttt e s e s 8
53 ANTENNA REGUITEMENTES ..ttt ettt e e e e e s sttt e e e e e s s saababaeaeeeeessanansreaeeeeas 9
5.4 EqQUIipmMeNnt ModifiCatioNS......c.uiii i ee e e e e e e areeas 9

6 TSt RESUITS SUMMAIY cooiiieiiiii ittt et e e s st e e e s bt e e e e s bteeeesabeeeeseabeaeeesnseneeeaseeeeesnses 10
2 =1 o =L (U] o g =T o o IR ) T T U USSP 11
I =T Y | = D 1= of ] o) A o] o PO T T U PP TR TPRT 12
8.1 Radiated EMISSIONS TESE SItE .......ccurueiriiiriiirieiitceeieree et 12
8.2  Conducted EMISSIONS TESE SIE ......cceiriiiriiiriciicree e 12
8.3  Antenna port conducted MEASUIEMENTS.........cceveecererieriireeeeseeeesre e sreeseessesseeseesseenees 12
8.4  TeSt SEIUP DIAQIaMS ....c.cecieieieieieeeeeie st eteste ettt e ste st e te e e s e teeseessesseessestesssensesseensessennss 12

9 TesSt RESUIES- CONAUCLEM......coiuiiiieiiiee ettt ettt st sttt b e b e s bt st e st e e beesbeesbeesaeenas 15
9.1 20dB BANAWIALN ...ttt 15
9.1.1 TSt REQUIFEIMENL: ....c.oi ittt ettt te e e e et e e e b e s te e s e steebeesbesbeessebesasenresreennas 15
0.1.2  TeSEMEINOM: ... s 15
0.1.3 LIMIES. i 15
0.1.4  TESERESUIS: ...t 15

0.2 OULPUL POWET ...ttt ettt sttt et e bt e sht e s ae e s abe et e e beesbeesbeesabesateenteenbeesbeesaeanas 21
0.2.1  TeSt REQUINEIMENT: ....c..i ittt ettt ettt st esteest e besae e st enaeeneensesneeneas 21
9.2.2  TESEMELNOM: ... 21
0.2.3  LIMIES: ottt 21
0.2.4  TESERESUILS: ...ttt 21
Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 3 of 72

Microsoft EMC Laboratory



mn Microsoft

9.3 ChaNNEI SPACING -.cuviuieiieiieiieieeteste ettt st b ettt ettt nenae 31
0.3.1 TSt REQUITEMENT: .. .ccuiiiiiiitiriereteee ettt sttt sbe e neenes 31
0.3.2  TESEMELNOM: ...ttt e 31
0.3.3 LML ittt et 31
0.3.4  TESERESUILS ...ttt 31

9.4  Number of HOPPING FIrEQUENCIES .......ccueeieiieeeee sttt eanes 33
9.4.1 TSt REQUITEMENT: .. ..cuiiiiieiitirtereeeet ettt sttt sbe s e nes 33
9.4.2  TESEMELNOM: ...ttt 33
0.4.3  LIMIES. ottt 33
0.4.4  TESERESUIS: ...ttt 33

0.5 DWW TIMIE ettt ettt sttt 34
9.5.1 TSt REQUITEMENT ....couiiiiiiiierteietet ettt sttt ettt be e nes 34
0.5.2  TESEMELNOM: ...ttt 34
9.5.3 LIMIES ettt bbbttt b e benrenn e 34
0.5.4  TESERESUILS: ...ttt 34

LS BT = 7= 10T N o o = T U TSROSO 36
9.6.1  TESL REQUIFEMENL: ....cui ettt ettt ettt re e et e et e s be e e e steebaesbesteessetesreessesreennas 36
0.6.2  TeSEMEINOMU: ...t 36
0.6.3  LIMIES: ottt 36
0.6.4  TESERESUIS: ...t 36

9.7  Conducted SPUriOUS EMISSIONS ......ccccuieiiiiieiieieiteete ettt ste e saesteeraebesasesaesreennas 39
0.7.1 TSt REQUIFEIMENL: ....c.oi ittt ettt ettt et e s te e e e steebeeabesteessenbesasansesseennas 39
0.7.2  TeSEMEINOM: ...ttt 39
0.7.3  LIMIES. ottt 39
0.7.4  TESERESUIS: ... 39

9.8 Radiated Out-of-Band Emissions/Restricted Band Edge EmISSIiONS ........ccccocvevevveniennen. 42
9.8.1 TSt REQUINEIMENT: ....c..iiieiieieeiecteee ettt ettt ettt s e e s teeat e beste et enaeeneensesneeneas 42
9.8.2  TESEMELNOM: ... e 42
9.8.3 LTSI oottt e 43
9.8.4 TEST RESUIT: .ttt ettt et sae e st st e b e bt e b e s beesae e saeeeane s 43
9.8.5 TESE DAta: cioiiiiiiiiiiiii i 44

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 4 of 72

Microsoft EMC Laboratory



mn Microsoft

9.9 AC LINE CONDUCTED EMISSIONS ...oeeieieiieeteititieieieteteieteieeeistesieeesessvsssssessssssssasssssssssnssnnnnnnnnnes 65
9.9.1 TEST REQUITEIMENT:...eeiiiiieieiiiieeee ettt ettt e e e e e e sttt e e e e s e s sbebeeeeeeeeesannseraaaeeessnnas 65
9.9.2 TESE IMEETNOM ... ettt e bt e st e b e e ar e e sbeeesaree s 65
9.9.3 T 0 ) £ PP TP OPPTPP 65
9.9.4 LIS A =00 LU T =] o N 65
0.9.5  TESERESUILS: ...t 66

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 5 of 72

Microsoft EMC Laboratory



B® Microsoft

Test Report Attestation

Microsoft Corporation
Model: 1619
FCC ID: C3K1619

Applicable Standards
Specification Test Result

FCC CFR47 Rule Parts 15.209, 15.247 Complies

Microsoft EMC Laboratory attests that the product model identified in this report has been tested
to and meets the requirements identified in the above standards. The test results in this report
solely pertains to the specific sample tested, under the conditions and operating modes as
provided by the customer. All indications of Pass/Falil in this report are opinions expressed by the
Microsoft EMC Laboratory based on interpretations and/or observations of test result on the
tested sample only.

This report shall not be used to claim product certification, approval, or endorsement by A2LA or
any agency of any Government.

Reproduction, duplication or publication of extracts from this test report requires prior written
approval of Microsoft EMC Laboratory.

Written By: Jennifer Liu Reviewed/Issued By: Sajay Jose
Radio Compliance Test Engineer EMC/RF Compliance Lab Manager
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2 Deviations from Standards
None

3 Facilities and Accreditations

3.1 Test Facility

All test facilities used to collect the test data are located at
Microsoft EMC Laboratory,

17760 NE 67th ct,
Redmond WA, 98052, USA

3.2 Accreditations

The lab is established and follows procedures as outlined in IEC/ISO 17025 and A2LA
accreditation requirements.

A2LA Accredited Testing Certificate Number: 3472.01

FCC Registration Number: US1141

IC Site Registration Numbers: 3048A-1, 3048A-2, 3048A-3

3.3 Test Equipment

The site and related equipment are constructed in conformance with the requirements of ANSI
C63.4, CISPR 16-1-1 and other equivalent applicable standards.

The calibrations of the measuring instruments, including any accessories that may affect such
calibration, are checked frequently to assure their accuracy. Adjustments are made and
correction factors applied in accordance with instructions contained in the user manual for the
measuring equipment.

4 Measurement Uncertainty

The following measurement uncertainty levels have been estimated for tests performed on the
product, as specified in CISPR 16-4-2. This represents an expanded uncertainty expressed at
95% confidence level using a coverage factor k=2.

Expanded uncertainty calculations are available upon request.

Test item Value (dB)
Conducted disturbance at mains port 3.30
Radiated disturbance (<1 GHz) 6.10
Radiated disturbance (>1 GHz) 4.80
Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 7 of 72
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5 Product Description

Company Name: Microsoft Corporation
Address: One Microsoft Way

City, State, Zip: Redmond, WA 98052-6399
Customer Contact: Brad Sybouts

Functional Description off Mobile Wireless Device
the EUT:

Model: 1619

FCC ID: C3K1619

Radio Description: BT LE (2402- 2480 MHz)
Modulation: GFSK, m/4DQPSK, 8DPSK
EUT Classification: FHSS

FCC Rule Part: Part 15.247

Test Procedure: DA 00-705

Equipment Design State:| EV5

Equipment Condition: Good

Test Sample 1407095240006931149 (Large Size -Conducted);
Serial Numbers: X894650000677143249 (Small Size- Radiated);
1407075140011221149 (Medium Size- Radiated);
1407095240009131149 (Large Size- Radiated)

5.1 Test Configurations
Test Software Details:

BT Compliance Tool, Version 1.0.17 for controlling and operating BT/BTLE radio functionality

The EUT comes in Small, Medium and Large sizes. Radiated testing was performed on all three
sizes. The radio circuitry is the same on all three configurations and hence conducted testing
was only performed on the Large size sample and deemed representative for all sizes.

Modes of Operation and Channel Details:
BT (FHSS): Channels 0-78 (2402 — 2480MHz)
Powered on a continuous Rx and Tx mode as required.

5.2 Environmental Conditions

Ambient air temperature of the test site was within the range of 10 °C to 40 °C (50 °F to 104 °F)
unless the EUT specified testing over a different temperature range. Humidity levels were in the
range of 10% to 90% relative humidity. Testing conditions were within tolerance and any
deviations required from the EUT are reported.

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 8 of 72
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5.3 Antenna Requirements

The antennas are permanently attached and there are no provisions for connection to an
external antenna.

Antenna Gains at 2.4 GHz:

Small size EUT= -3.9dBi,
Medium size EUT= -3.5dBi, and
Large size EUT= -4.6dBi

5.4 Equipment Modifications
No modifications were made during testing.

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 9 of 72
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6 Test Results Summary

Emissions

o o Test Result
Test Description FCC Rule Part Limit (Pass/Fail)
20dB Bandwidth 15.247 (a)(2)(iii) < 1MHz if less than 15 Pass
channels.
Output Power 15.247 (b)(1) <1 Watt if 275 non- Pass
overlapping channels
used
Channel Spacing 15.247 (a)(1) 2/3 of 20dB BW for Pass
systems with output power
<125mwW
Number of Hopping 15.247 (a)(1)(iii) > 15 channels Pass
Frequencies
Dwell Time 15.247 (a)(2)(iii) < 0.4 secin 31.6 sec Pass
period
Band Edge 15.247 (d) < 20dBc Pass
Radiated Spurious Emissions/ 15.205, 15.209 15.209 limits
. . Pass
Restricted Band Emissions
AC Powerline Conducted 15.207 15.207 limits Pass

Test Report#: R-TR53-FCCBT-1
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7 Test Equipment List
The site and related equipment are in conformance with the requirements of ANSI C63.4,
CISPR 16-1-1, and other equivalent applicable standards.

Manufacturer Description Model # Asset # Calibration Due
Agilent Spectrum Analyzer | N9030A RF-011 6/6/2015
ETS-Lindgren Antenna DRH-118 RF-137 7/10/2015
ETS-Lindgren Antenna 3160-09 RF-037 N/A*
ETS-Lindgren Antenna 6512 RF-202 12/13/2014
Micro-Tronix Notch Filter BRM50702-02 RF-055 N/A*
Rohde & Schwarz | Pre-Amp TS-PR18 RF-041 N/A*
Rohde & Schwarz | Pre-Amp TS-PR26 RF-042 N/A*
Rohde & Schwarz | EMI Test Receiver | ESU40 RF-012 5/2/2015
Rohde & Schwarz | Switch Control Unit | OSP130 RF-018 N/A*
Rohde & Schwarz | Switch Control Unit | OSP150 RF-019 N/A*
Rosenburger RF Cable L72-449-915 EMC-326 | N/A*
Rohde & Schwarz | Software EMC-32Vv9.0.10 | N/A N/A

*Note: List of equipment that fall under the category of cables, pre-amplifiers or switching panels with Calibration due date of “n/a”
have regular in house verification. The calibrations of the measuring instruments, including any accessories that may affect such

calibration, are checked frequently to ensure their accuracy.

Test Report#: R-TR53-FCCBT-1
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8 Test Site Description

8.1 Radiated Emissions Test Site

Radiated measurements are performed in a 3m semi-anechoic chamber manufactured by TDK
which fully meets NSA requirements for the frequency range of 30MHz to 1000MHz and
SVSWR for 1-18GHz.

A Sunol antenna mast and turntable are used for changing Antenna height and azimuth. For all
measurements, the Antenna height is varied from 1 meter to 4 meters and the turn table rotated
360 degrees to determine the highest emissions. A non-conducting 1m x 1.5m x 80cm table is
installed on the turntable to support the EUT.

The EUT and its support equipment were exercised and cabling manipulated to maximize each
emission.

For radiated emissions above 1GHz, linearly polarized horn antennas are used. RF absorbers
cover the ground plane such that the site validation criterion called out in CISPR 16-1-4 is met.
For radiated measurements below 1GHz, Linearly polarized broadband antennas are used. The
RF absorbers are removed to reveal the ground plane.

8.2 Conducted Emissions Test Site
Conducted Emissions are performed in a shielded room manufactured by TDK.

The EUT and its support equipment are set on a non-conducting 1m x 1.5m x 80cm table
installed 0.4m from the Vertical Ground Plane with the LISN bonded to the ground plane.

8.3 Antenna port conducted measurements

All antenna port conducted measurements are performed on a bench-top setup consisting of a
Spectrum Analyzer, Communication tester (where applicable), Power Meter (as necessary),
Splitters/Combiners (as necessary), Attenuators and pre-characterized RF cables.

The correction factors between the EUT and the Spectrum Analyzer is added internally in the
Analyzer settings. The plots displayed accounts for these correction factors.

8.4 Test Setup Diagrams

EUT
aaed
seaen
ooee
X N Attenuator

Spectrum Analyzer/ Power Meter

Fig.1. Test Setup for Antenna port conducted measurements

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 12 of 72
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3m Measurement Distance

EUT @ 80cm

3m Measurement Distance

Antenna Height Scan 1-4m

EUT @ 80cm

Chamber Ground Plane

aees
PC 0080 |

Fig.3. Test Setup for Radiated measurements in 30MHz- 1GHz Range
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Fig.5. Test Setup for Radiated measurements >18GHz
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9 Test Results- Conducted

9.1 20dB Bandwidth

9.1.1 Test Requirement:

FCC CFR 47 Rule Part 15.247 (a)(1)(iii)

9.1.2 Test Method:

Measurements are performed according to the procedure defined in DA 00-705 ‘Filing and
Measurement Guidelines for Frequency Hopping Spread Spectrum Systems’

Spectrum analyzer settings:

The Occupied Bandwidth function on the spectrum analyzer was used to measure 20dB BW

with the settings below:

Span = approximately 2 to 3 times the 20 dB bandwidth, centered on a hopping channel

RBW > 1% of the 20 dB bandwidth

VBW > RBW

Sweep = auto

Detector function = peak
Trace = max hold

9.1.3 Limits:

The Limit is 1MHz unless there are more than 15 non-overlapping channels.

9.1.4 Test Results:

Frequency (MHz)

Data Rate (Mbps)

Channel No.

20dB Bandwidth (kHz)

2402

1.0

1.0

0

78

940.4

2402

2.0

0

1278

2402

3.0

0

1292

Test Report#: R-TR53-FCCBT-1

Issued: 09/23/2014
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Agilent Spectrum Analyzer - Occupied BW
I e R e S D | S G ORRE Gl SENSE!INT ALIGM AUTO 05:24:31 AM Jul24, 2014
Center Freq: 2.402000000 GHz Radio Std: None Frequency
(5] Trig: Free Run Avg|Heold:> 1001100
#IFGain:Low #Atten: 20 dB Radio Device: BTS

Ref 10.00 dBm

Center 2.402 GHz
Res BW 27 kHz VBW 270 kHz

Occupied Bandwidth Total Power 8.56 dBm FreqOffse
864.32 kHz 0t

Transmit Freq Error 8.089 kHz OBW Power 99.00 %

x dB Bandwidth 940.4 kHz x dB -20.00 dB

STATUS

Plot 9-1. 20dB Bandwidth (Ch. 0, 1Mbps)

Agilent Spectrum Analyzer - Occupied BW
I e R e S D | S G ORRE Gl z ALIGM AUTO 05:23:58 AM Jul24, 2014
Center Freq: 2.441000000 GHz Radio Std: None Frequency
(5] Trig: Free Run Avg|Heold:> 1001100
HIFGain:Low #Atten: 20 <dB Radio Device: BTS

Ref 10.00 dBm

Center Freq

Center 2.441 GHz
Res BW 27 kHz VBW 270 kHz

Occupied Bandwidth Total Power 9.52 dBm FreqOffse
861.84 kHz 0t

Transmit Freq Error 7.692 kHz OBW Power 99.00 %

x dB Bandwidth 941.0 kHz x dB -20.00 dB

STATUS

Plot 9-2. 20dB Bandwidth (Ch. 39, 1Mbps)

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 16 of 72
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Agilent Spectrum Analyzer - Occupied BW

R S s W S | MG OR R

-
#IFGain:Low #Atten: 20 dB

SENSE/INT ALIGNAUTO 05:23:29 AM Jul24, 2014

— 1 Trig:Free Run

Center Freq: 2.480000000 GHz Radie Std: Nene Frequency
Avg|Held:>100/100

Radio Device: BTS

Ref 10.00 dBm

Center 2.48 GHz
Res BW 27 kHz

Occupied Bandwidth

860.95 kHz

7.410 kHz
941.4 kHz

Transmit Freq Error
x dB Bandwidth

VBW 270 kHz

Total Power 9.60 dBm Freq Offse

0H3

99.00 %
-20.00 dB

OBW Power
x dB

STATUS

Plot 9-3. 20dB Bandwidth (Ch. 78, 1Mbps)

Agilent Spectrum Analyzer - Occupied BW

R S s W S | MG OR R

G
#IFGain:Low

ALIGNAUTO 05:19:39 AM Jul24, 2014

== Trig: Free Run

Center Freq: 2.402000000 GHz Radie Std: Nene Frequency
Avg|Held:>100/100

#Atten: 20 dB Radio Device: BTS

Ref 10.00 dBm

Center 2.402 GHz
Res BW 27 kHz

Occupied Bandwidth
1.1774 MHz 0Hg

Transmit Freq Error
x dB Bandwidth

6.967 kHz
1.278 MHz

Center Freq

VBW 270 kHz

Total Power 8.92 dBm Freq Offse

99.00 %
-20.00 dB

OBW Power
x dB

STATUS

Plot 9-4. 20dB Bandwidth (Ch. 0, 2Mbps)

Test Report#: R-TR53-FCCBT-1
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Agilent Spectrum Analyzer - Occupied BW

R S s W S | MG OR R

-
#IFGain:Low #Atten: 20 dB

SENSE/INT ALIGNAUTO 05:19:58 AM Jul24, 2014

— 1 Trig:Free Run

Center Freq: 2.441000000 GHz Radie Std: Nene Frequency
Avg|Held:>100/100

Radio Device: BTS

Ref 10.00 dBm

Center 2.441 GHz
Res BW 27 kHz

Occupied Bandwidth

1.1803 MHz

6.972 kHz
1.278 MHz

Transmit Freq Error
x dB Bandwidth

VBW 270 kHz

Total Power 9.74 dBm Freq Offse

0H3

99.00 %
-20.00 dB

OBW Power
x dB

STATUS

Plot 9-5. 20dB Bandwidth (Ch. 39, 2Mbps)

Agilent Spectrum Analyzer - Occupied BW

R S s W S | MG OR R

G
#IFGain:Low

ALIGNAUTO 05:20:28 AM Jul24, 2014

== Trig: Free Run

Center Freq: 2.480000000 GHz Radie Std: Nene Frequency
Avg|Held:>100/100

#Atten: 20 dB Radio Device: BTS

Ref 10.00 dBm

Center 2.48 GHz
Res BW 27 kHz

Occupied Bandwidth
1.1811 MHz 0Hg

Transmit Freq Error
x dB Bandwidth

6.810 kHz
1.281 MHz

Center Freq

VBW 270 kHz

Total Power 9.82 dBm Freq Offse

99.00 %
-20.00 dB

OBW Power
x dB

STATUS

Plot 9-6. 20dB Bandwidth (Ch. 78, 2Mbps)

Test Report#: R-TR53-FCCBT-1
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Agilent Spectrum Analyzer - Occupied BW
T e CORREC SENSE!INT ALIGM AUTO

05:18:51 AM Jul24, 2014

Center Freq: 2.402000000 GHz
. Trig: Free Run Avg|Heold:> 1001100
()
#IFGain:Low #Atten: 20 dB

Radie Std: Nene Frequency

Radio Device: BTS

Ref 10.00 dBm

Center 2.402 GHz
Res BW 27 kHz VBW 270 kHz

Occupied Bandwidth Total Power 9.34 dBm Freq Offse

1.1778 MHz

0H3

Transmit Freq Error 7.782 kHz OBW Power 99.00 %
x dB Bandwidth 1.292 MHz x dB -20.00 dB

MSG STATUS

Plot 9-7. 20dB Bandwidth (Ch. 0, 3Mbps)

Agilent Spectrum Analyzer - Occupied BW
T e CORREC z ALIGM AUTO

05:15:37 AM Jul24, 2014

Center Freq: 2.441000000 GHz
. Trig: Free Run Avg|Heold:> 1001100
()
#IFGain:Low #Atten: 20 dB

Radie Std: Nene Frequency

Radio Device: BTS

Ref 10.00 dBm

Center 2.441 GHz
Res BW 27 kHz VBW 270 kHz

Center Freq

Occupied Bandwidth Total Power 9.99 dBm Freq Offse

1.1839 MHz

0H3

Transmit Freq Error 5.727 kHz OBW Power 99.00 %
x dB Bandwidth 1.299 MHz x dB -20.00 dB

MSG STATUS

Plot 9-8. 20dB Bandwidth (Ch. 39, 3Mbps)

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014
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Agilent Spectrum Analyzer - Occupied BW
I e R e S D | S G ORRE Gl SENSE!INT ALIGM AUTO 05:13:09 AM Jul24, 2014
Center Freq: 2.480000000 GHz Radio Std: None Frequency
(5] Trig: Free Run Avg|Heold:> 1001100
#IFGain:Low #Atten: 20 dB Radio Device: BTS

Ref 10.00 dBm

Center 2.48 GHz
Res BW 27 kHz VBW 270 kHz

Occupied Bandwidth Total Power 10.1 dBm Freq Offse
1.1856 MHz Ol

Transmit Freq Error 5.140 kHz OBW Power 99.00 %
x dB Bandwidth 1.298 MHz x dB -20.00 dB

MSG STATUS

Plot 9-9. 20dB Bandwidth (Ch. 78, 3Mbps)

Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 20 of 72
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9.2 Output Power

9.2.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (b)(1)

9.2.2 Test Method:

Spectrum analyzer settings:

For Peak Powers:

Span = approximately 5 times the 20 dB bandwidth, centered on a hopping channel

RBW > the 20 dB bandwidth of the emission being measured
VBW > 3 x RBW

Sweep = auto

Detector function = peak

Trace = max hold

The trace was allowed to stabilize. A Marker was set to the peak of the emission. The indicated
level is the peak output power.

For Average Powers:

Average power measurements are made using the analyzer’s “burst power” function with RBW
= 3MHz.

The burst power function measures the maximum average power over the on-time of a single
burst. All data rates and packet types are measured and highest powers are found with DH5
packet type.

9.2.3 Limits:
1 Watt if = 75 non-overlapping channels.

9.2.4 Test Results:

Frequency Mode Channel | Peak Power |Peak Power A;z;:gre Average
(MHz) No. (dBm) (W) (dBm) Power (W)
2402 DH5 0 0.723 0.0012 0.52744 0.0011
2441 DH5 39 1.542 0.0014 1.3835 0.0014
2480 DH5 78 1.575 0.0014 1.4212 0.0014
2402 2-DH5 0 2.872 0.0019 0.54563 0.0011
2441 2-DH5 39 3.57 0.0023 1.3488 0.0014
2480 2-DH5 78 3.597 0.0023 1.426 0.0014
2402 3-DH5 0 3.257 0.0021 0.54315 0.0011
2441 3-DH5 39 3.944 0.0025 1.3498 0.0014
2480 3-DH5 78 3.964 0.0025 1.4864 0.0014
Test Report#: R-TR53-FCCBT-1 Issued: 09/23/2014 Page 21 of 72
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Agilent Spectrum Analyzer - Burst Power

O S - 5 M Al R =

SEMSE:IMT| ALIGNAUTO 04:36:15 &M Jul 24, 2014
Center Freq: 2.402000000 GHz Radio Std: None Frequency
o) Trig: RF Burst Avg|Hold:>50/50
IFGain:Low #Atten: 20 dB

ResBw 3.00 MHz

Qutput Power

(A

=shold Lwvl)
0.52744 dBm

Above Threshold Pts 43505

Center Freg
2.402000000 GH3

CF Step
3.000000 MH3
Mal

Sweep 3.10 ms (46501 pt )
Abs Amplitude Threshold -28.29 dBm Freq Offse
Rel Amplitude Threshold -30.00dB
Current Data

Qutput Pwr Max Pt Min Pt
053321 dBm 0.71093 dBm -96.842 dBm

STATUS

Plot 9-10. Average Power (Ch. 0, 1Mbps)

Agilent Spectrum Analyzer - Swept SA

10 dBidiv. Ref 10.00 dBm

500 -

Center 2.402000 GHz
#Res BW 2.0 MHz

MSG

e CORREC SEMSE!INT ALIGN AUTO 04:35:46 AM Ul 24, 2014

Avg Type: Log-Pwr Frequency
PNO: Fast () Trig: Free Run Avg|Hold:>100/100

IFGain:Low Atten: 20 dB

Auto Tund

Center Fred
2.402000000 GH3

Start Freq

2.397000000 GH3

Stop Fred
2.407000000 GH

CF Step
1.000000 MH3
Auto Mat

- Freq Offse
0 H3

- E |

Span 10.00 MHz
#VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

STATUS

Plot 9-11. Peak Power (Ch. 0, 1Mbps)
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Agilent Spectrum Analyzer - Burst Power

O S - 5 M Al R =

SEMSE:IMT| ALIGNAUTO 04:36:55 &M Jul 24, 2014
Center Freq: 2.441000000 GHz Radio Std: None Frequency
o) Trig: RF Burst Avg|Hold:>50/50
IFGain:Low #Atten: 20 dB

ResBw 3.00 MHz

Output Power
(! Threshold L)

1.3835 dBm

Above Threshold Pts 43505

Center Freg
2.441000000 GH3

CF Step
3.000000 MH3

Sweep 3.10 ms (46501 pt )
Abs Amplitude Threshold -28.46 dBm
Rel Amplitude Threshold -30.00dB
Current Data

Qutput Pwr Max Pt Min Pt
1.3877 dBm 1.5438 dBm -101.32 dBm

STATUS

Plot 9-12. Average Power (Ch. 39, 1Mbps)

Agilent Spectrum Analyzer - Swept SA

10 dBidiv. Ref 10.00 dBm

N
T T T
Ry

-30.0
400 -

-50.0 |' |‘|M LI
50.0 ------- Auto Mat

e CORREC SEMSE!INT ALIGN AUTO 04:36:42 AM Ul 24, 2014

Avg Type: Log-Pwr Frequency

PNO: Fast () Trig: Free Run Avg|Hold:>100/100

IFGain:Low Atten: 20 dB 4

Mkr1 2.440 99 GHz Auto Tung
1.542 dB

Center Fred
2.441000000 GH3

2.436000000 GH3

Stop Fred
2.446000000 GH

CF Step
1.000000 MH3

Center 2.441000 GHz
#Res BW 2.0 MHz

MSG

0 H3

Span 10.00 MHz
#VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

STATUS

Plot 9-13. Peak Power (Ch. 39, 1Mbps)
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Agilent Spectrum Analyzer - Burst Power

O S - 5 M Al R =

SEMSE:IMT|
Center Freq: 2.480000000 GHz
.1 Trig: RF Burst Avg|Hold:>50/50
#Atten: 20 dB

ALIGNAUTO 04:38:54 &M Jul24, 2014
Radio Std: None Frequency

IFGain:Low

Center Freg
2.480000000 GH3

CF Step
3.000000 MH3

Sweep 3.10 ms (46501 pt )

Abs Amplitude Threshold -28.43 dBm
Rel Amplitude Threshold -30.00dB
Current Data
Qutput Pwr Max Pt Min Pt

Above Threshold Pts 43505 1.4187 dBm 1.5726 dBm -111.16 dBm

STATUS

Plot 9-14. Average Power (Ch. 78, 1Mbps)

Agilent Spectrum Analyzer - Swept SA
R e e D [ CORREGE] SEMSE!INT ALIGN AUTO 04136143 AM Ul 24, 2014
Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 20 dB

Frequency

Auto Tund

10 dBidiv. Ref 10.00 dBm

Center Fred
2.480000000 GH3

Start Freq

2.475000000 GHZ

Stop Fred
2.485000000 GH

-40.0

el O O A
500 CF Step
1.000000 MHZ
. &

Center 2.480000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-15. Peak Power (Ch. 78, 1Mbps)
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Agilent Spectrum Analyzer - Burst Power

e CORREC ; ALIGN AUTO 044144 AM Ul 24, 2014

Center Freq 2.402000000 GHz Radio Std: None Frequency
L Trig: Video Avg|Hold:>50/50

IFGainiLow  #Atten: 20 dB

T —
IOk kol ekl o s okt it s
I e

ResBw 3.00 MHz

Output Power
Lvl)

0.54563 dBm

Above Threshold Pts 43548

Center Freg
2.402000000 GH3

3.000000 MH3
Mal

Sweep 3.10 ms (46501 pt )

Abs Amplitude Threshold 2713 dBm Freq Offse
Rel Amplitude Threshold -30.00 dB 0H3

Current Data
Qutput Pwr Max Pt Min Pt
0.54448 dBm 2.8712 dBm -89.742 dBm

STATUS

Plot 9-16. Average Power (Ch. 0, 2Mbps)

Agilent Spectrum Analyzer - Swept SA

10 dBidlv Ref 10.00 dBm

e

40.0

-60.0

Center 2.402000 GHz
#Res BW 2.0 MHz

MSG

e CORREC SEMSE!INT ALIGN AUTO

| -ﬂ------l.-
----------

Avg Type: Log-Pwr Frequency

PNO: Fast L, Trig:FreeRun Avg|Held:>100/100
IFGain:Low Atten: 20 <B

Auto Tund

Center Freg
2.402000000 GH3

Start Fred

2,397000000 GH3

Stop Freg
2.407000000 GHz

CF Step
1.000000 MH3
Auto Mal

0 H3

Span 10 00 MHz
#VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

STATUS

Plot 9-17. Peak Power (Ch. 0, 2Mbps)
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Agilent Spectrum Analyzer - Burst Power

R e e D [ ORREGE] SEMSE!INT ALIGN AUTO 04:43:04 AM Ul 24, 2014
Center Freq: 2.441000000 GHz Radio Std: None Frequency
o Trig: Video Avg|Hold:>50/50
IFGain:Low #Atten: 20 dB

Ref 10.00 dBm

IO s s kil ol

Center Freg
2.441000000 GH3

3.000000 MHZ
. Auto Mal
Sweep 3.10 ms (46501 pt )
Abs Amplitude Threshold -26.44 dBm Freq Offse
Rel Amplitude Threshold -30.00 dB 0H3

Current Data
Qutput Pwr Max Pt Min Pt

Above Threshold Pts 43548 1.3488 dBm 3.5581 dBm -91.858 dBm

STATUS

Plot 9-18. Average Power (Ch. 39, 2Mbps)

Agilent Spectrum Analyzer - Swept SA
O S ) A 0 SENSEIINT ALIGNAUTO
Avg Type: Log-Pwr
PNO: Fast L, Trig:FreeRun Avg|Held:>100/100
IFGain:Low Atten: 20 dB

Frequency

d I
Mkr1 2.440 92 GH Auto Tung
10 geiciu__Ref 10.00 dBm 5 670 dB

Center Freg
2.441000000 GH3

Start Fred

2,436000000 GH3

Stop Freg
2.446000000 GHz

40.0

L O S N O B
1.000000 MH3
Auto Mal

Freq Offse
0 H3

Center 2.441000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-19. Peak Power (Ch. 39, 2Mbps)
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Agilent Spectrum Analyzer - Burst Power
R e e D [ ORREGE] ; ALIGN AUTO 04:40:11 AM Jul 24, 2014
Center Freq 2.480000000 GHz Radio Std: None Frequency
o) Trig: Video Avg|Hold:>50/50
IFGain:Low #Atten: 20 dB

Ref 10.00 dBm

mmmmmmmm" Center Freq
-W i M“ i I‘WWWMWMMW&MWMMMW. 2.480000000 GHz
]

Sweep 3.10 ms (46501 pt )

Abs Amplitude Threshold -26.41 dBm
Rel Amplitude Threshold -30.00dB
Current Data
Qutput Pwr Max Pt Min Pt
1.4233 dBm 3.5928 dBm -89.866 dBm

1.4260 dBm

Above Threshold Pts 43548

STATUS

Plot 9-20. Average Power (Ch. 78, 2Mbps)

Agilent Spectrum Analyzer - Swept SA
O S ) A 0 SENSEIINT ALIGNAUTO
Avg Type: Log-Pwr
PNO: Fast L, Trig:FreeRun Avg|Held:>100/100

IFGain:Low Atten: 20 dB

Frequency

Auto Tund
10 dBrdw Ref 10.00 dBm

=200
Stop Freq
-40.0 ' 2.485000000 GH3

00 CF Step
A T
Auto Mal

-60.0
--------- £

Center 2. 480000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-21. Peak Power (Ch. 78, 2Mbps)

Center Freg
2.480000000 GH3

Start Fred

2.,475000000 GH3
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Agilent Spectrum Analyzer - Burst Power

I e R e S D | S G ORRE Gl SENSE!INT ALIGM AUTO 04:51:58 AM Jul24, 2014
Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radie Std: Nene Frequency
o) Trig: Video
IFGain:Low #Atten: 20 dB

Ref 10.00 dBm

Gl

Center Freq

0.00s 3.50 ms| |0
ResBw 3.00 MHz Sweep 3.50 ms (52501 pt )

Abs Amplitude Threshold -26.68 dBm Freq Offse
Rel Amplitude Threshold -30.00 dB 0 H3

Current Data
Qutput Pwr Max Pt Min Pt

Above Threshold Pts 41743 054315 dBm 3.3177 dBm -106.48 dBm

STATUS

Plot 9-22. Average Power (Ch. 0, 3Mbps)

Agilent Spectrum Analyzer - Swept SA
I e R e S D | S G ORRE Gl z ALIGM AUTO 04:45:07 AM Jul24, 2014
Avg Type: Log-Pwr
PNO: Fast L, T1rig:FreeRun Avg|Held:>100/100
IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.401 85 GHz
Ref 10.00 dBm 3.257 dBm

StartFreq
2.397000000 GH3

Stop Freq
2.407000000 GHz

Center 2.402000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-23. Peak Power (Ch. 0, 3Mbps)
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Agilent Spectrum Analyzer - Burst Power

I e R e S D | S G ORRE Gl SENSE!INT ALIGM AUTO 04:52:42 AM Jul 24, 2014
Center Freq 2.441000000 GHz Center Freq: 2.441000000 GHz Radio Std: Nohe Screen Image
o) Trig: Video
IFGain:Low #Atten: 20 dB

Ref 10.00 dBm

0.00s 3.50ms
ResBw 3.00 MHz Sweep 3.50 ms (52501 pt )

Abs Amplitude Threshold -25.99 dBm
Rel Amplitude Threshold -30.00dB

Current Data
Qutput Pwr Max Pt Min Pt

Above Threshold Pts 43553 1.3498 dBm 4.0051 dBm -107.24 dBm

STATUS

Plot 9-24. Average Power (Ch. 39, 3Mbps)

Agilent Spectrum Analyzer - Swept SA
O S S 5 0 | < E G| i ALIGNAUTO
Avg Type: Log-Pwr

PNO: Fast L, T1rig:FreeRun Avg|Held:>100/100
IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.440 97 GHz Auto Tune
Ref 10.00 dBm 2 944 dBm

Center Freq
2.441000000 GH3

StartFreq
2.436000000 GH3

Center 2.441000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-25. Peak Power (Ch. 39, 3Mbps)
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Agilent Spectrum Analyzer - Burst Power

I e R e S D | S G ORRE Gl SENSE!INT ALIGM AUTO 05:04:35 AM Jul 24, 2014
Center Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: Nohe Screen Image
o) Trig: Video
IFGain:Low #Atten: 20 dB

Ref 10.00 dBm

A

000s 3.50ms
ResBw 3.00 MHz Sweep 3.50 ms (52501 pt )

Abs Amplitude Threshold -25.92 dBm
Rel Amplitude Threshold -30.00dB

Current Data
Qutput Pwr Max Pt Min Pt

Above Threshold Pts 43528 1.4864 dBm 4.0791 dBm -111.19 dBm

STATUS

Plot 9-26. Average Power (Ch. 78, 3Mbps)

Agilent Spectrum Analyzer - Swept SA
O S S 5 0 | < E G| i ALIGNAUTO
Avg Type: Log-Pwr

PNO: Fast L, T1rig:FreeRun Avg|Held:>100/100
IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.480 01 GHz Auto Tune
Ref 10.00 dBm 2 964 dBm

Center Freq
2.480000000 GH3

StartFreq
2.475000000 GH3

Center 2.480000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.00 ms (1001 pts)

MSG STATUS

Plot 9-27. Peak Power (Ch. 78, 3Mbps)
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9.3 Channel Spacing

9.3.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (a)(1)

9.3.2 Test Method:
The EUT was in pseudorandom hopping mode with the separation of two peaks measured
using the delta marker.

Spectrum analyzer settings:

Span = wide enough to capture the peaks of two adjacent channels

Resolution (or IF) Bandwidth (RBW) > 1% of the span

Video (or Average) Bandwidth (VBW) =2 3 x RBW

Sweep = auto

Detector function = peak

Trace = max hold

The trace was allowed to stabilize. The marker-delta function was used to determine the
separation between the peaks of the adjacent channels.

9.3.3 Limits:

The channel carrier frequencies must be separated by 25kHz or the 20dB BW of the hopping
channel whichever is greater. If the output power is less than 125mW, then the channel
separation can be 2/3 of the 20dB bandwidth or 25kHz whichever is greater.

9.3.4 Test Results:

Frequency (MHz) Data Rate (Mbps) Channel No. Sel\g:r.z:t:ir:;n(r:(el-llz)
2402 1.0 0 627
2441 1.0 39 627
2480 1.0 78 628
2402 2.0 0 852
2441 2.0 39 852
2480 2.0 78 854
2402 3.0 0 861
2441 3.0 39 866
2480 3.0 78 865
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Agilent Spectrum Analyzer - Swept SA
O 5 R e S Ol e [ e on R E Gl B ALIGN AUTO 05:40:45 AM Jul 24, 2014
Avg Type: Log-Pur : Frequency
PNO: Wide L, T1'ig:Free Run |
IFGain:Low Atten: 20 dB .
AMkr1 990 kHz
Ref 10.00 dBm 0.00 dB
‘1A2
StartFreq
2.438600000 GH3
Stop Freq
2.443500000 GH3
Center 2.441000 GHz Span 5.000 MHz
#Res BW 100 kHz #VBW 1.0 MHz Sweep 2.53 ms (1001 pts)
E STATUS
Plot 9-28 Channel Separation
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9.4 Number of Hopping Frequencies

9.4.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (a)(2)(iii)

9.4.2 Test Method:
The EUT had its hopping function enabled.

Spectrum analyzer settings:

Span = the frequency band of operation

RBW > 1% of the span

VBW > 3 x RBW

Sweep = auto

Detector function = peak

Trace = max hold

The trace was allowed to stabilize and the number of channels was counted.

9.4.3 Limits:
The minimum number of hopping channels required is 15 hopping channels.

9.4.4 Test Results:

Agilent Spectrum Analyzer - Swept SA
R S s W S | MG OR R
Avg Type: Log-Pwr

PNO: Fast L, T1rig:FreeRun Avg|Held:>100/100
IFGain:L ow Atten: 20 dB

Frequency

Ref 10.00 dBm

StartFreq
2.400000000 GH3

Stop Freq
2.484000000 GHz

Start 2.40000 GHz Stop 2.48400 GHz
#Res BW 100 kHz #VBW 1.0 MHz Sweep 7.80 ms (1001 pts)

MSG STATUS

Plot 9-29. Number of Hopping Channels
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9.5 Dwell Time

9.5.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (a)(2)(iii)

9.5.2 Test Method:
The EUT had its hopping function enabled.

Spectrum analyzer settings:

Span = zero span, centered on a hopping channel

RBW =1 MHz

VBW = 3 x RBW

Sweep = as necessary to capture the entire dwell time per hopping channel
Detector function = peak

Trace = max hold

Dwell Time is measured with analyzer set to zero span at the middle channel and the trigger set
to capture a burst. DH5 exhibited the longest burst time.

The dwell time limit is number of hopping channels * 400ms. For Bluetooth, 79 channels *400ms
=31.6s.

9.5.3 Limits:
0.4s

9.5.4 Test Results:
Standard Bluetooth 1x/EDR has a channel hopping rate of 1600 hops/s.

1x/EDR mode uses 5 transmit and 1 receive slots for a total of 6 slots.

Bluetooth is hopping at a rate of 1600/6 = 266.67 hops/s/slot. Then, 266.67 hops/s/79 channels
= 3.38 hops/s for one channel.

So the number of hops over a 31.6 s period is 3.38 hops/s * 31.6 s = 106.67 hops.

Worst case dwell time for one channel = 106.67 hops * Dwell Time = 106.67 hops * 2.91ms =
310.41ms.
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Agilent Spectrum Analyzer - Swept SA
I e R e S D | S G ORRE Gl z ALIGM AUTO 05:42:37 AM Jul24, 2014
Trig Delay: 8079 ps  Avg Type: Log-Pwr -
PNO: Wide L, T1rig: Video
IFGain:Low Atten: 20 dB

Frequency

AMEKr1 2.910 ms
Ref 10.00 dBm 1.88 dB

StartFreq
2.442000000 GH3

Stop Freq
2.442000000 GH3z

Nikdanie

Center 2.442000000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 5.000 ms (1001 pts)

MSG STATUS

Plot 9-30. Dwell Time
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9.6 Band Edge

9.6.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (d)

9.6.2 Test Method:
Spectrum analyzer settings:

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 which fall outside of the authorized band
of operation

RBW 2= 1% of the span

VBW = 3 x RBW

Sweep = auto

Detector function = peak

Trace = Max hold

The trace was allowed to stabilize. The market was set 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. The delta marker function was set and the marker-to-peak function moved to the peak of
the in-band emission.

With the same instrument settings, the hopping function of the EUT was enabled and the trace
was allowed to stabilize. The same procedure listed above was used to determine if any
spurious emissions caused by the hopping function complied with the specified limit.

9.6.3 Limits:
The maximum level is 20dBc with measurements taken with the EUT in pseudorandom hopping
mode and with hopping mode disabled.

9.6.4 Test Results:

Band edge measurements were taken at the highest emission outside of the authorized band.
All data rates and modulations were tested and worst case emissions were found with 1Mbps
and DH5 mode.
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Agilent Spectrum Analyzer - Swept SA
RF |50¢ DE | CORREC SENSEINT| ALIGNAUTD 05:38:10 AM Jul 24, 2014
Avg Type: Log-Pwr

Frequency

PNO: Wide () Trig: Free Run
IFGain:Low Atten: 20 dB

AMkr1 -2.12 MHz Auto Tund
-54.62 dB

Center Freq
2.400000000 GH3

StartFreq
2.395000000 GH3

Stop Freq
2.405000000 GHz

CF Step

1.000000 MH3
“ﬂﬂw" Auto Mai

0H3

Center 2.400000 GHz Span 10.00 MHz
#Res BW 100 kHz #VBW 1.0 MHz Sweep 5.00 ms (1001 pts)

MSG STATUS

Plot 9-31. Low Bandedge (Hopping disabled)

Agilent Spectrum Analyzer - Swept SA
RF [50® [EE || @EHHEC SEMSEIMT| ALIGMAUTO 09:32:47 AM Jul 24, 2014
Avg Type: Log-Pwr

Frequency

PNO: Wide () Trig: Free Run
IFGain:L ow Atten: 20 dB

AMKr1 3.63 MHz Auto Tund
-62.63 dB

Center Freq
2.483500000 GH3

StartFreq
2.478500000 GH3

Stop Freg
2.488500000 GH3

CF Step
1.000000 MHZ
Auto Mal

Freq Offse
0 H3

Center 2.483500 GHz Span 10.00 MHz
#Res BW 100 kHz #VBW 1.0 MHz Sweep 5.00 ms (1001 pts)

MSG STATUS

Plot 9-32 High Bandedge (Hopping disabled)
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Agilent Spectrum Analyzer - Swept SA

RF | 506 DC | CCRREC ALIGNAUTO 05:35:33 AM Jul24, 2014

SENSEINT| |
Avg Type: Log-Pwr

Trig: Free Run

PNO: Wide )
™ Atten: 20 dB

IFGain:Low
AMKr1 -5.11 MHz

Ref 10.00 dBm -54.59 dB

10 dB/div
Leg

Span 10.00 MHz
Sweep 5.00 ms (1001 pts)

STATUS

Center 2.400000 GHz
#Res BW 100 kHz

MSG

#VBW 1.0 MHz

Frequency

Auto Tung

Center Freq
2.400000000 GH3

StartFreq
2.395000000 GH3

Stop Freq
2.405000000 GHz

CF Step
1.000000 MH
Mai

Freq Offse
0 H3

Plot 9-33. Low Bandedge (Hopping enabled)

Agilent Spectrum Analyzer - Swept SA

RF |50¢ DE | CORREC SENSEINT| | ALIGNAUTD 05:34:43 AM Jul 24, 2014
Avg Type: Log-Pwr

Trig: Free Run

PNO: Wide T,
™ Atten: 20 dB

IFGain:Low

AMkr1 5.70 MHz

-60.28 dB

10 deidiv. Ref 10.00 dBm
Log

Span 10.00 MHz
Sweep 5.00 ms (1001 pts)

STATUS

Center 2.483500 GHz
#Res BW 100 kHz

MSG

#VBW 1.0 MHz

Frequency

Auto Tung

Center Freq
2.483500000 GH3

StartFreq
2.478500000 GH3

Stop Freq
2.488600000 GH

CF Step
1.000000 MH
Mai

Freq Offse
0 H3

Plot 9-34. High Bandedge (Hopping enabled)
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9.7 Conducted Spurious Emissions

9.7.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (d)

9.7.2 Test Method:
Spectrum analyzer settings:

Span = wide enough to capture the peak level of the in-band emission and all spurious
emissions (e.g., harmonics) from the lowest frequency generated in the EUT up through the
10th harmonic.

RBW =100 kHz

VBW = 3 x RBW

Sweep = auto

Detector function = peak

Trace = max hold

The trace was allowed to stabilize. The marker was set on the peak of any spurious emission
recorded. The level displayed had to comply with the limit specified.

9.7.3 Limits:
The maximum level is 20dBc.

9.7.4 Test Results:

All data rates and modulations were tested and the worst case emissions were found at 1Mbps
and DH5 modulation.
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Agilent Spectrum Analyzer - Swept SA
RF |50¢ DE | CORREC SENSEINT| ALIGNAUTD 05:26:44 AM Jul 24, 2014
Avg Type: Log-Pwr

Frequency

PNO: Fast (| Trig: Free Run
IFGain:Low Atten: 20 dB

Mkr1 25.905 GHz Auto Tune
-39.941 dBm

Center Freq
13.015000000 GH3

StartFreq
30.000000 MH

Stop Freq
26.000000000 GH3z

CF Step
2.597000000 GH3
Auto Mai

Freq Offse
0 H3

Start 30 MHz Stop 26.00 GHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 43.3 ms (1001 pts)

MSG STATUS

Plot 9-35. Conducted Spurious Emissions (Ch. 0)

Agilent Spectrum Analyzer - Swept SA

RF |50¢ DE | CORREC SENSEINT| | ALIGNAUTD 05:29:57 AM Jul 24, 2014
Avg Type: Log-Pwr

Frequency

PNO: Fast () Trig: Free Run
IFGain:Low Atten: 20 dB
Mkr1 25.944 GHz Auto Tung

-39.89 dBm

Center Freq
13.015000000 GH3

StartFreq
30.000000 MH

Stop Freq
26.000000000 GH3z

CF Step
2.597000000 GH3
Auto Mai

Freq Offse
0 H3
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Plot 9-36. Conducted Spurious Emissions (Ch. 39)
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Plot 9-37. Conducted Spurious Emissions (Ch. 78)
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9.8 Radiated Out-of-Band Emissions/Restricted Band Edge Emissions

9.8.1 Test Requirement:
FCC CFR 47 Rule Part 15.247 (d)

9.8.2 Test Method:

This test is required for any spurious emission or modulation product that falls in a Restricted
Band, as defined in Section 15.205. It must be performed with the highest gain of each type of
antenna proposed for use with the EUT.

Spectrum analyzer settings:

Span = wide enough to fully capture the emission being measured
RBW =1 MHz for f > 1 GHz, 100 kHz for f < 1 GHz

VBW > 3 x RBW

Sweep = auto

Detector function = peak

Trace = max hold

Guidelines in ANSI C63.4-2009 were followed with respect to maximizing the emission by
rotating the EUT, and each emission was measured while the EUT was situated in three
orthogonal planes adjusting the measurement antenna height and polarization, etc. The EUT is
tested in the low, middle and high channels and in three orthogonal axes, antenna mast height
and polarities and the worst case configurations are represented below. A pre-amp and a high
pass filter were required for this test, in order to provide the measuring system with sufficient
sensitivity. The peak reading of the emission, after being corrected by the antenna factor, cable
loss, pre-amp gain, etc., is the peak field strength.

Radiated spurious measurements are made from 30MHz to the 10™ harmonic of the
fundamental frequency of the transmitter. The limit for radiated spurious emissions is per
15.209. Additionally, emissions found in the restricted bands as listed in 15.205 are tested for
compliance per limits 15.209.

Quasi-peak measurements are made for emissions below 1GHz.

Average and peak measurements are made for emissions above 1GHz. For average
measurements, RBW = 1MHz, and VBW = 1/t where t is pulse width in seconds and for peak
measurements, RBW = 1MHz, and VBW = 3MHz.

All radiated measurements were performed in 3Mbps mode since the EUT operates at its
highest power in this mode.

Sample Calculation:

Field Strength Level: Amplitude (Analyzer level) + AFCL (Antenna Factor and Cable losses) —
Amplifier Gain = 50 dBuV + 33 dB — 25 dB = 78dBuV/m
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9.8.3 Limits:
Frequency Field Strength Measurement Distance | Corrected Field Strength for
(MH2z) (MV/m) (meters) 3m measurement distance
(dBpV/m)
0.009-0.490 2400/F (kHz) 300 48.5- 13.8
0.490-1.705 24000/F (kHz) 30 33.8-23.0
1.705-30 30 30 29.5
30-88 100 3 40
88-216 150 3 43.5
216-960 200 3 46
960-1000 500 3 54
Above 1000 500 3 54 (Average)
74 (Peak)
9.8.4 TestResult:
Pass.
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9.8.5 TestData:

9.8.5.1

Small size sample

Worst case configuration and results shown below.
No significant emissions to report above noise floor and <6dB from limit.
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Plot 9-38. Radiated Spurious Emissions (Ch. 39) (X axis) (10 kHz — 30 MHz)
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Plot 9-39. Radiated Spurious Emissions (Ch. 39) (30MHz - 1GHz)
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Plot 9-40. Radiated Spurious Emissions (Ch. 0) (1-7.9GHz)
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Plot 9-41. Radiated Spurious Emissions (Ch. 0) (7.9 — 18GHz)
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Plot 9-42. Radiated Spurious Emissions (Ch. 39) (1 — 7.9GHz)
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Plot 9-43. Radiated Spurious Emissions (Ch. 39) (7.9 — 18GHz)
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Plot 9-44. Radiated Spurious Emissions (Ch. 78) (1 — 7.9GHz)
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Plot 9-45. Radiated Spurious Emissions (Ch. 78) (7.9 — 18GHz)
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Plot 9-46. Radiated Spurious Emissions (Ch. 39) (18 - 26GHz)
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Plot 9 47. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Peak
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Plot 9-48. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Average
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9.8.5.2 Medium size sample
Worst case results shown below.
No significant emissions to report above noise floor and <6dB from limit.
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Plot 9-51. Radiated Spurious Emissions (Ch. 39) (X axis) (10 kHz — 30 MHz)
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Plot 9-52. Radiated Spurious Emissions (Ch. 39) (30MHz — 1GHz)
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Plot 9-53. Radiated Spurious Emissions (Ch. 0) (1 — 7.9GHz)
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Plot 9-54. Radiated Spurious Emissions (Ch. 0) (7.9 — 18GHz)
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Plot 9-55. Radiated Spurious Emissions (Ch. 39) (1 — 7.9GHz)
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Plot 9-56. Radiated Spurious Emissions (Ch. 39) (7.9 — 18GHz)
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Plot 9-57. Radiated Spurious Emissions (Ch. 78) (1 — 7.9GHz)
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Plot 9-58. Radiated Spurious Emissions (Ch. 78) (7.9 — 18GHz)
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Plot 9-59. Radiated Spurious Emissions (Ch. 39) (18 - 26GHz)
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Plot 9-60. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Peak
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Plot 9-61. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Average
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Plot 9-63. Restricted Band Edge — Ch. 78 (2483.5-2500MHz) — Average
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9.8.5.3 Large size sample
Worst case results shown below.
No significant emissions to report above noise floor and <6dB from limit.
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Plot 9-64. Radiated Spurious Emissions (Ch. 39) (X axis) (10 kHz — 30 MHz)
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Plot 9-65. Radiated Spurious Emissions - Ch. 39, Large (30MHz — 1GHz)
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Plot 9-66. Radiated Spurious Emissions (Ch. 0) (1 — 7.9GHz)
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Plot 9-67. Radiated Spurious Emissions (Ch. 0) (7.9 — 18GHz)
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Plot 9-68. Radiated Spurious Emissions (Ch. 39) (1 — 7.9GHz)
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Plot 9-69. Radiated Spurious Emissions (Ch. 39) (7.9 — 18GHz)
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Plot 9-70. Radiated Spurious Emissions (Ch. 78) (1 — 7.9GHz)
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Plot 9-71. Radiated Spurious Emissions (Ch. 78) (7.9 — 18GHz)
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Plot 9-72. Radiated Spurious Emissions (Ch. 39) (18 — 26GHz)
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Plot 9-73. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Peak
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Plot 9-74. Restricted Band Edge — Ch. 0 (2310-2390MHz) — Average
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Plot 9-75. Restricted Band Edge — Ch. 78 (2483.5-2500MHz) — Peak
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Plot 9-76. Restricted Band Edge — Ch. 78 (2483.5-2500MHz) - Average
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9.9 ACLINE CONDUCTED EMISSIONS

9.9.1 Test Requirement:
FCC CFR 47 Rule Part 15.207

9.9.2 Test Method:

Conducted power line measurements are made, unless otherwise specified, over the frequency
range from 150 kHz to 30 MHz to determine the line-to-ground radio-noise voltage that is
conducted from the EUT power-input terminals that are directly (or indirectly via separate
transformer or power supplies) connected to a public power network. Equipment is tested with
the power cords that are used under normal operating conditions. These measurements are
made using a LISN (Line Impedance Stabilization Network). AC powered peripherals are
attached to a second LISN with the 50 ohm measuring port terminated by a 50 ohm resistive

load.
Sample Calculation:

Conducted Emissions: Adjusted Level = Measured Level + LISN Factor + Cable Factor +

External Attenuation
Eg. Emissions at 5 MHz= 27.9+10.03+0.12= 38.05 dBuV

9.9.3 Limits:
FCC CFR 47 Rule Part 15.207

Frequency of emissions (MHz) Quasi Peak (dBuV) Average (dBuV)
0.15-0.5 66 to 56 56 to 46
0.5-5 56 46
5-30 60 50
9.9.4 TestEquipment
Description Manufacturer Model ID Last Cal | Cal Interval
EMI Receiver | Rohde-Schwarz | ESR3 EMC-669 10/14/13 | 12 mo.
LISN TESEQ NNB 51 EMC-676 10/28/13 | 12 mo.
Cable Microcoax N/A EMC-367 No cal 0 mo.
TILE SW ETS N/A N/A N/A N/A
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9.9.5 Test Results:

9.9.5.1 Small size sample
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PK Margin
PK QP y External PK Net QPNet | AVG Net Class B ClassB | . .
Freq Amplitude | Amplitude AVG Amplitude | Cable Loss LISN Attenuation | Reading | Reading | Reading QPLimit [ AVG Limit Line Tested) compared | QP Margin A.VG
(MH2) | (gguv) | (dBUV) (dBuv) (d8) Factors (d8) @) | @) | @) | @) | @eavy | N Lt_o fxg) (dB) | Margin (dB)
I
0.16 39 32.32 20.82 0.08 9.97 - 49.05 | 42.37 30.87 66 56 L -5.79 -23.35 -24.85
0.44 38.73 37.53 30.2 0.11 10.02 - 48.86 | 47.66 40.33 58 48 L 1.06 -10.06 -7.39
0.47 34.46 33.18 23.2 0.11 10.02 - 44.6 43.31 33.33 57 47 L -1.56 -13.54 -13.52
16.03 22.82 17.27 8.46 0.18 10.1 - 33.09 | 27.54 18.73 60 50 L -12.49 -32.46 -31.27
0.15 41.06 32.14 25.36 0.07 9.97 - 51.1 42.19 35.41 66 56 N -4.9 -23.81 -20.59
0.34 35.71 32.57 20.5 0.1 9.99 - 45.8 42.67 30.6 61 51 N -3.92 -17.91 -19.98
0.44 38.16 36.42 29.6 0.11 10.01 - 48.28 | 46.54 39.72 58 48 N 0.42 -11.17 -7.99
Table: Final QP and Average Measurement Data
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9.9.5.2 Medium size sample
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Plot 9-79. Peak Line Measurements
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PK Margin
PK QP . External PK Net QPNet | AVG Net Class B ClassB | . .

Freq Amplitude | Amplitude AVGQ;'\)/IKUde Cab(lzé_)oss Fell_(ii;\l"s Attenuation | Reading | Reading | Reading QPLimit | AVG Limit L"zi Zfi})ea c:)onX{a/rgd QP(Z/I;;QIH MarA\I:(? dB)
(MHz) (dBuv) (dBuV) (dBuv) (dB) (dBuv) | (@Buv) | (dBuv) (dBpv) | (dBpv) Liit (dB) g
0.44 39.08 37.32 31.97 0.11 10.0 - 49.2 47.5 42.1 58 48 L 1.41 -10.35 -5.7
0.48 34.82 33.39 27.4 0.11 10.0 - 45.0 43.5 37.53 57 47 L -1.69 -13.12 -9.11
0.5 32.83 29.28 18.7 0.1 10.0 - 43.0 39.4 28.83 56 46 L -1.29 -16.59 -17.17
0.44 38.37 36.78 29.05 0.11 10.01 - 48.49 46.9 39.17 58 48 N 0.82 -10.77 -8.5
0.47 35.44 33.8 25.41 0.11 10.02 - 45.57 | 43.92 35.53 57 47 N -1.2 -12.85 -11.24
0.5 34.06 30.32 20.28 0.1 10.02 - 44,19 | 40.44 30.4 56 46 N -0.75 -15.56 -15.6

2 21.32 18.11 10.32 0.11 10 - 31.43 | 28.22 20.43 56 46 N -6.86 -27.78 -25.57

Table: Final QP and Average Measurement Data
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9.9.5.3 Large size sample
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Final Line Measurements
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Plot 9-81. Peak Line Measurements
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PK Margin
PK QP External PKNet | QPNet | AVG Net Class B ClassB | . X
FIeq | rpiude | Ampltude [AVG Ampitude (dByv) Cab('ZBL)OSS F:c'fo'\:s Attenuation | Reading | Reading | Reading | QPLimit | AVG Limit L"Ei:ilt;d Cz)"zsrgd QP(':;;Q'” NarAi\;G(dB)
MH2) 1 gew) | (@Buv) @ | @) | e | e | @8 | s () 9
0.53 35.77 33.2 22.22 0.1 10.02 - 45.9 | 4332 | 32.34 56 46 N -0.1 -12.68 | -13.66
0.53 35.78 32.54 20.32 0.1 10.03 - 4591 | 42.67 | 30.45 56 46 L -0.09 -13.33 | -15.55
0.5 33.82 30.42 20.85 0.1 10.02 - 43,94 | 4054 | 30.97 56 46 N 0.36 -15.46 | -15.03
0.5 3177 29.65 19.54 0.1 10.03 - 41.9 39.78 | 29.67 56 46 L 0.26 -16.22 | -16.33
0.22 40.39 37.35 26.7 0.1 9.97 - 50.46 | 47.42 | 36.77 64 54 N -3.51 -16.55 -17.2
3.81 35.89 28.57 21.72 0.12 10.01 - 46.03 | 38.71 | 31.86 56 46 N 0.03 -17.29 | -14.14
3.59 37.27 27.35 21.27 0.11 10.02 - 47.4 | 3747 | 31.39 56 46 L 14 -18.53 | -14.61
Table: Final QP and Average Measurement Data
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End of Test Report
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