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SECTION 1
REPORT SUMMARY
Radio Testing of the
Oculus VR, LLC
Wireless Tracking Input Device
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1.1 INTRODUCTION

America

The information contained in this report is intended to show verification of the Oculus VR, LLC Touch
Wireless Tracking Input Device to the requirements of FCC Part 15 Subpart C §15.247 and IC RSS-247

Issue 1 May 2015.

Objective

Manufacturer
Model Number(s)
FCC ID Number
IC Number

Serial Number(s)

Number of Samples Tested

Test Specification/Issue/Date

Start of Test

Finish of Test

Name of Engineer(s)

Related Document(s)

To perform Radio Testing to determine the Equipment Under
Test's (EUT’s) compliance with the Test Specification, for the
series of tests carried out.

Oculus VR, LLC

TO-R and TO-L

2AGOZTO-R and 2AGOZTO-L
20849-TOR and 20849-TOL

WMTCL5371001XV and WMTCR5371003UH (Engineering
Samples)

2

e FCCPart 15 Subpart C §15.247 (October 1, 2015).

e |C RSS-247 Issue 1 May 2015 Digital Transmission Systems
(DTSs), Frequency Hopping Systems (FHSs) and Licence-
Exempt Local Area Network (LE-LAN) Devices.

e |C RSS-Gen Issue 4, November 2014 - General Requirements
for Compliance of Radio Apparatus (Issue 4, November
2014).

e ANSI (C63.10-2013. American National Standard of
Procedures for Compliance Testing of Unlicensed Wireless
Devices

September 12, 2016

September 21, 2016

Ferdinand Custodio

e  General instructions provided by the client was hardcopy.

e SD72112194-1215A Facebook Oculus HM-A FCC IC Part
15.247 RSS247 Test Report.docx

e Supporting documents for EUT certification are separate
exhibits.
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1.2 BRIEF SUMMARY OF RESULTS

A brief summary of the tests carried out in accordance with FCC Part 15 Subpart C §15.247 with cross-reference to
the corresponding IC RSS standard is shown below.

Section §15.247 Spec Clause RSS Test Description Result
- §15.207 (a) RSS-Gen 8.8 Conducted Emissions N/A
2.1 §15.247(a)(1) RSS-247 5.1 (2) Carrier Frequency Separation Compliant*
2.2 §15.247(a)(1)(iii) RSS-247 5.1 (4) Number of Hopping Frequencies Compliant*
2.3 §15.247(a)(1)(iii) RSS-247 5.1 (4) Time of Occupancy (Dwell Time) Compliant*
2.4 §15.215(c) RSS-247 5.1 (1) 20 dB Bandwidth Compliant*
2.5 RSS-Gen 6.6 99% Emission Bandwidth Compliant*
2.6 §15.247(b)(1) RSS-247 5.4 (2) Peak Output Power Compliant
2.7 Band-edge Compliance of RF Conducted Emissions Compliant
§15.247(d) RSS-247 5.5
2.8 Spurious RF Conducted Emissions Compliant
29 22322?3’1112220113 RSS-Gen 8.9 and 8.10 Cabinet/Case Radiated Emissions Compliant

N/A - Not applicable. EUT is a battery operated device.

- Test results from SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247 RSS247 Test Report.docx applies.
Antenna conducted port verifications were performed on the Headset Master (HMD) that has the same RF chip and
identical modulation scheme as the EUT

Compliant*
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1.1 PRODUCT INFORMATION

111 Technical Description

The Equipment Under Test (EUT) was an Oculus VR, LLC Touch Wireless Tracking Input Device as shown
in the photograph below. The EUT are motion controllers for the Oculus Rift Virtual Reality Headset
System. The EUT features traditional gamepad buttons, capacitive-sensitive control surfaces, proximity-
sensitive control surfaces, triggers and thumb sticks.

mwxs'.ﬁ’k
e

Equipment Under Test
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11.2 EUT General Description
EUT Description Wireless Tracking Input Device
Model Name Touch
Model Number(s) TO-R and TO-L
Rated Voltage AA Battery (LR6 1.5V)
Mode Verified Proprietary 2.4GHz FHSS in the ISM Band
Capability Proprietary 2.4GHz FHSS in the ISM Band
Modulation GFSK
Primary Unit (EUT) [] Production
|:| Pre-Production
|X| Engineering
Antenna Type 2.4GHz Ceramic Chip antenna
Antenna Manufacturer PSA Walsin Technology Corporation
Antenna Model Number RFANT3216120A5T Series
Antenna Dimensions 3.2mmx 1.emm x 1.2mm
Antenna Gain 2.12dBi
11.3 Maximum Conducted Output Power
G AverageOutput Peak Output Peak Output
Model Mode (MHz) Power Power Power
(dBm)) (dBm) (mw)
TO-L FHSS 2404-2478 1.76 4.72 2.96
TO-R FHSS 2404-2478 1.50 4.59 2.89
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1.2 EUT TEST CONFIGURATION

1.21 Test Configuration Description

Test
Configuration

Description

Antenna Conducted Port Single Carrier Test Mode. Actual verifications were performed
on the Headset Master (HMD) that has the same RF chip; identical modulation scheme
and identical radio transmit power as the EUT (Headset Master has a temporary
antenna connector for conducted RF testing). The term “EUT” referred in this test

A report therefore applies to both the Headset Master (Conducted) and the Wireless
Tracking Input Device.
Manufacturer provided a Command Prompt “.exe” and batch files forcing the EUT to
single carrier test mode (modulated).
Antenna Conducted Port Single Carrier Test Mode. A conducted sample was provided
B by the manufacturer with temporary antenna connector (SMA).
Manufacturer provided a Command Prompt “.exe” and batch files forcing the EUT to
single carrier test mode (modulated).
c Case/cabinet radiated emission test configuration. Antenna port terminated with 50Q

load.

1.2.2 EUT Exercise Software

Command Prompt window on the host PC (support laptop) to program as per Test Configuration above.

1.23 Support Equipment and 1/0 cables

Manufacturer

Equipment/Cable Description

Lenovo

Support Laptop (T410S) P/N 0A31972 S/N R9-92MHO 10/11

LiteOn Technology
Corporation

Model 4274430 S/N

AC A f L
C Adapter for Support Laptop 11542T4430Z1ZGWE27AA9X REV G

Oculus

Build Name: EVT1-Main-04 S/N

Support Headset Master WMHE100T2000CS8

1.2.4 Worst Case Configuration

The EUT has only one modulation scheme. Being a mobile device, the EUT was verified on all axes. Only
the worst axis (“X”) presented in this test report for radiated measurements. Worst case Channel based
from power measurements is Low channel for TO-R and Middle channel for TO-L.
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1.2.5 Simplified Test Configuration Diagram

Antenna Conducted Port Verification

EUT (TO-R and TO-L)

20dB attenuator

After the conducted sample was paired and configured
(see below), the EUT was connected to the Spectrum
Analyzer via an external attenuator

RF Cable

Spectrum Analyzer

RF Cable

Radiated Emissions Test Configuration A p——

Headset Master (HM-A)

-

UsE

2t .

The EUT is paired and configured wirelessly using o compatible
Headset Master (HM-A). Once the EUT is configured, the unit was
verified in a stand-alone configuration (see below ).

EUT (TO-R and TO-L)

Radiated Emissions Test Setup

(ﬁ‘ -»

Case/Cabinet Rodiated
Emission

M

Antenna port terminated with
502 load eliminating the use
. natch filter an the receive
antenna side

EUT (TO-R or TO-L)
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14

1.5

1.6

1.6.1

1.6.2

1.7

1.71

America

DEVIATIONS FROM THE STANDARD
No deviations from the applicable test standards or test plan were made during testing.
MODIFICATION RECORD
e . Date
Description of Modification Mo.dlflcatlon Modification
Fitted By Fitted

Serial Number WMTCL5371001XV and WMTCR5371003UH

N/A

The table above details modifications made to the EUT during the test programme. The modifications
incorporated during each test (if relevant) are recorded on the appropriate test pages.

TEST METHODOLOGY

All measurements contained in this report were conducted with ANSI C63.10-2013. American National
Standard of Procedures for Compliance Testing of Unlicensed Wireless Devices.

For conducted and radiated emissions the equipment under test (EUT) was configured to measure its
highest possible emission level. This level was based on the maximized cable configuration from
exploratory testing per ANSI C63.10-2013. The test modes were adapted according to the Operating
Instructions provided by the manufacturer/client.

TEST FACILITY LOCATION

TUV SUD America Inc. (Mira Mesa)

10040 Mesa Rim Road, San Diego, CA 92121-2912 (32.901268,-117.177681). Phone: 858 678 1400 Fax:
858 546 0364.

TOV SUD America Inc. (Rancho Bernardo)

16936 Via Del Campo, San Diego, CA 92127-1708 (33.018644,-117.092409). Phone: 858 678-1400 Fax:

858 546 0364.

TEST FACILITY REGISTRATION

FCC — Registration No.: US1146
TUV SUD America Inc. (San Diego), is an accredited test facility with the site description report on file

and has met all the requirements specified in §2.948 of the FCC rules. The acceptance letter from the
FCC is maintained in our files and the Registration is US1146.
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1.71 Innovation, Science and Economic Development Canada Registration No.: 3067A

The 10m Semi-anechoic chamber of TUV SUD America Inc. (San Diego) has been registered by
Certification and Engineering Bureau of Innovation, Science and Economic Development Canada for
radio equipment testing with Registration No. 3067A.
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SECTION 2

TEST DETAILS

Radio Testing of the
Oculus VR, LLC
Wireless Tracking Input Device
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2.1.7

America

CARRIER FREQUENCY SEPARATION

Specification Reference

Part 15 Subpart C §15.247(a)(1) and RSS-247 5.1 (2)

Standard Applicable

(1) Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum
of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the 2400-2483.5 MHz band may have hopping channel carrier frequencies
that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is
greater, provided the systems operate with an output power no greater than 125 mW. The system shall
hop to channel frequencies that are selected at the system hopping rate from a pseudo randomly
ordered list of hopping frequencies. Each frequency must be used equally on the average by each
transmitter. The system receivers shall have input bandwidths that match the hopping channel
bandwidths of their corresponding transmitters and shall shift frequencies in synchronization with the
transmitted signals.

Equipment Under Test and Modification State
Test Configuration A (Please refer to SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247
RSS247 Test Report for the actual S/N of HM-A used)

Date of Test/Initial of test personnel who performed the test

October 08, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 24.8 °C
Relative Humidity 57.1%
ATM Pressure 99.1 kPa

Additional Observations

e Hopping function enabled.

e Span is wide enough to capture the peaks of two adjacent channels.
e RBW s 1% of the span.

e VBW s 3x RBW

e Sweepisauto
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e Detector is peak.

e Trace is max hold.

e An offset of 21.2dB was added to compensate for the external attenuator and cable used.
e Marker-delta function is used between the peaks of the adjacent channels.

e Limit used is >490 kHz (2/3 of worst case 20dB BW).

2.1.8 Test Results

*

Ref Level 2 o z Compatible

Att SWT 30 z

1 Frequency Sweep o 1Pk Max e 2
D1[1]

M1[1] -
2,40400000 GHz

Myl

an

W
W\wwnwwmmw W

CF 2.404 GHz 5000 pts Span 10.0 MHz
T1.09.2015
10:58:59

Date:1SEP 2015 10:58:59

Observed carrier frequency separation between Channel 4 and Channel 6 = 2 MHz (Complies. Greater
than 490 kHz, this is 2/3 of 0.7352 MHz 20 dB BW)
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2.2

2.21

2.2.2

223

224

225

2.2.6

2.2.7

2.2.8

NUMBER OF HOPPING FREQUENCIES

Specification Reference

Part 15 Subpart C §15.247(a)(1)(iii) and RSS-247 5.1 (4)

Standard Applicable

America

(iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may
avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15

channels are used.

Equipment Under Test and Modification State

Test Configuration A (Please refer to SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247

RSS247 Test Report for the actual S/N of HM-A used)

Date of Test/Initial of test personnel who performed the test

October 08, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 24.8 °C
Relative Humidity 57.1%
ATM Pressure 99.1 kPa

Additional Observations

e Hopping function enabled.

e Span was set to the entire Frequency Band.

e RBW: s >1% of the span.

e VBW is 3x RBW

e Sweepisauto

e Trace was set to Max Hold.

e  Marker Peak List function of the spectrum analyzer was used for this test.

Test Results

Observed Number of Hopping Frequencies is =37 (Complies)
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RefLevel 3
Att

1 Frequency Sweep

2.4 GHz 5000 pts 8.35 MHz/ 2.4835 GHz
2 Marker Peak List
No X=Value X=Valae
1 2 1 | 4.

Date:1SEP 2015 11:16:16

2.4 GHz Frequency Band showing 37 channels where the EUT hops
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2.31

2.3.2

233

234

235

2.3.6

2.3.7
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TIME OF OCCUPANCY (DWELL TIME)

Specification Reference

Part 15 Subpart C §15.247(a)(1)(iii) and RSS-247 5.1 (4)

Standard Applicable

(iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may
avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15
channels are used.

Equipment Under Test and Modification State

Test Configuration A (Please refer to SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247
RSS247 Test Report for the actual S/N of HM-A used)

Date of Test/Initial of test personnel who performed the test

October 08, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 24.8 °C
Relative Humidity 57.1%
ATM Pressure 99.1 kPa

Additional Observations

e Hopping function enabled.

e Span = zero span, centered on a hopping channel.

e RBW s 1MHz.

e VBW is 3x RBW

e Detector is peak.

e Asingle pulse is first measured. This measurement is then used to compute the average time of
occupancy in the required period (no. of channels x 0.4 second).

e  Marker Peak List function of the spectrum analyzer was used to determine the number of
pulses within 3.16 seconds.

e Threshold set to -10 dBm in order to capture actual transmission within the channel being
investigated (adjacent channel transmissions are rejected).
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2.3.8 Test Results
. Measured time of .
Modulation Requirement
occupancy
GFSK 4.28 ms <400 ms
2.39 Sample Computation
Width of single pulse =0.000214 second
Observed occurrence =20 pulses/1.48 seconds
Required period =37 channels x 0.4 second
= 14.8 seconds
Average time of occupancy = Pulse width x #pulses in 1.48 seconds x 10
=0.000214 second x 20 x 10
=0.0428 second
Compliance = Complies. 0.0428 second < 0.4 second
2.3.10 Test Results Plots
E _ ngTEt 20 -lf\ a8 ‘S\:g\\x }H:E Compatible R
® 1Pk Max o 2Pk Clrw
D1[1] 2.16 dB|
214.040 ps
M1[1] -18.75dBm
-10.451 ps|
mmwmwuwwwmmwwwwwww»mww \A%,tm»«wwmwwmmwwwmmwmw»ww
CF 2.404 GHz 5000 pts 100.0 ps/
Measuring... LLLLLLL ]| 0ol ”1'1"1?'224?;;
GFSK width of single pulse (0.214 ms)
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*
Ref Level 31 2 Compatible R
® Att ® SWT 3
1 Zero Span
i 2
I it ) J M
CF 2.404 GHz
2 Marker Peak List
X-Value X=Value Y-Value
o \;\ 114
Date:1SEP 2015 12:40:44
20 pulses/1.48 seconds
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2.41

2.4.2

243

244

245

246

2.4.7
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20 dB BANDWIDTH

Specification Reference

Part 15 Subpart C §15.215(c) and RSS-247 5.1 (1)

Standard Applicable

(c) Intentional radiators operating under the alternative provisions to the general emission limits, as
contained in §8§15.217 through 15.257 and in Subpart E of this part, must be designed to ensure that the
20 dB bandwidth of the emission, or whatever bandwidth may otherwise be specified in the specific rule
section under which the equipment operates, is contained within the frequency band designated in the
rule section under which the equipment is operated. The requirement to contain the designated
bandwidth of the emission within the specified frequency band includes the effects from frequency
sweeping, frequency hopping and other modulation techniques that may be employed as well as the
frequency stability of the transmitter over expected variations in temperature and supply voltage. If a
frequency stability is not specified in the regulations, it is recommended that the fundamental emission
be kept within at least the central 80% of the permitted band in order to minimize the possibility of out-
of-band operation.

Equipment Under Test and Modification State

Test Configuration A (Please refer to SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247
RSS247 Test Report for the actual S/N of HM-A used)

Date of Test/Initial of test personnel who performed the test

October 08, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 24.8 °C
Relative Humidity 57.1%
ATM Pressure 99.1 kPa

Additional Observations

e Thisis a conducted test.

e An offset of 21.2dB was added to compensate for the external attenuator and cable used.
e Spanis approximately 2 to 3 times the expected 20dB bandwidth.

e RBW s > 1% of the expected 20dB bandwidth while VBW is > RBW.

e Sweep is auto.

e Detector is peak.

e  Max hold function activated.

e  “ndBdown” marker function (20dB) of the spectrum analyzer was used for this test.
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2.4.8 Test Results
Frequenc Measured 20dB
Modulation Channel (I?IIHz) v Bandwidth
(MHz)
4 2404 0.7352
GFSK 40 2440 0.7120
78 2478 0.7265
Using worst case 20 dB BW:
2404 MHz — (0.7352/2) = 2403.6324 MHz (within the frequency band - Compliant)
2478 MHz + (0.7352/2) = 2478.3675 MHz (within the frequency band - Compliant)
249 Test Results Plots
= Sp.ma »*
Ref Level iC Compatible
IAFtrtequency Sweep
CF 2.404 GHz 691 pts 200.0 kHz/ Span 2.0 MHz
2 Marker Table
Type Ref " Trc X-Value Y-Value Function Function Result
M1 1 3
Tl 1
T2 1
Low Channel (2404 MHz)
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spma.
Ref Level 10 n Offset z Compatible
Att 0 SWT z Mode
1 Frequency Sweeg
M1[1]
CF 2.44 GHz 691 pts 200.0 kHz/ Span 2.0 MHz
2 Marker Table
Trc X-Value Y-Value Function Function Result
1 2.4399826 GHz -0.78 dBm 0
1 4
1
Mid Channel (2440 MHz)
Spma. »*
Ref Level Offset S z Compatible
Att 0 SWT z ode
1 Frequency Sweep o 1Pk M Pk Clr
M1[1] -0.85 dBm|
2.47799130 GHz|
(l
Wilay,
CF 2.478 GHz 691 pts 200.0 kHz/ Span 2.0 MHz
2 Marker Table
Type Ref X-Value Y-Value Function
M1 2.4779913 GHz -0.85 dBm
T1 4
T
Date:1.SEP 2015 1044:19
High Channel (2478 MHz)
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2.5

2.51

2.5.2

253

254

25.5

2.5.6

America

99% EMISSION BANDWIDTH

Specification Reference

RSS-Gen Clause 6.6

Standard Applicable

The emission bandwidth (x dB) is defined as the frequency range between two points, one above and
one below the carrier frequency, at which the spectral density of the emission is attenuated x dB below
the maximum in-band spectral density of the modulated signal. Spectral density (power per unit
bandwidth) is to be measured with a detector of resolution bandwidth in the range of 1% to 5% of the
anticipated emission bandwidth, and a video bandwidth at least 3x the resolution bandwidth.
When the occupied bandwidth limit is not stated in the applicable RSS or reference measurement
method, the transmitted signal bandwidth shall be reported as the 99% emission bandwidth, as
calculated or measured.
e The transmitter shall be operated at its maximum carrier power measured under normal test
conditions.
e o The span of the analyzer shall be set to capture all products of the modulation process,
including the emission skirts.
e o The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the occupied bandwidth
(OBW) and video bandwidth (VBW) shall be approximately 3x RBW.
Note: Video averaging is not permitted.
A peak, or peak hold, may be used in place of the sampling detector as this may produce a wider
bandwidth than the actual bandwidth (worst-case measurement). Use of a peak hold may be necessary
to determine the occupied bandwidth if the device is not transmitting continuously.
The trace data points are recovered and are directly summed in linear power level terms. The recovered
amplitude data points, beginning at the lowest frequency, are placed in a running sum until 0.5% of the
total is reached and that frequency recorded. The process is repeated for the highest frequency data
points (starting at the highest frequency, at the right side of the span, and going down in frequency).
This frequency is then recorded.
The difference between the two recorded frequencies is the 99% occupied bandwidth.

Equipment Under Test and Modification State

Test Configuration A (Please refer to SD72112194-1215A Facebook Oculus HM-A FCC IC Part 15.247
RSS247 Test Report for the actual S/N of HM-A used)

Date of Test/Initial of test personnel who performed the test

October 08, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.
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Ambient Temperature 24.8 °C
Relative Humidity 57.1%

ATM Pressure

2.5.7 Additional Observations

99.1 kPa

e Thisis a conducted test.
e A TDF factor was used to compensate for the external attenuator and cable used within the

frequency band.

e Span is wide enough to capture the channel transmission.

e RBW is 1% of the span.

e VBW is 3X RBW.
e Sweep is auto.
e Detector is peak.

America

e The % Power Bandwidth setting in the spectrum analyzer was set to 99% (default).
e The OBW power measurement function of the spectrum analyzer was used for this test.

2.5.8 Test Results (For reporting purposes only)

. ) Measurec.i 20dB
Modulation Channel (MHz) Bandwidth
(MHz)
4 2404 0.622
GFSK 40 2440 0.622
78 2478 0.637

2.5.9 Test Results Plots

Ref Level 30
Att
TDF
1 Occupied Bandwidth

CF 2,404 GHz
2 Marker Table
Type Ref " Trc X-Value
M1

1
T1 1
T2 1

Date:1SEP 2015 102622

TUV SUD AMERICA INC 10040 Mesa Rim Road San Diego, CA 92121-2912

691 pts 1.0 MHz/

Y-Value Function

2.403986 G 19.92 dBm
2.4036671 G 72 n

Low Channel (2404 MHz)

1Pk Max s 2Pk Clrw
M1[1] 19.92 dBm
2,4039860 GHz

Span 10.0 MHz

Function Result

622.286541245 kHz

m— 61092015
(T g e
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Ref Level n Offset
Att S SWT
TDF
1 Occupied Bandwidth

CF 2.44 GHz
2 Marker Table
X-Value
2.439986 GHz
4

Date:1SEP 2015 10:24:44

Ref Level Offset
Att SWT
TDF

1 Occupied Bandwidth

CF 2.478 GHz
2 Marker Table
Type Ref X-Value
M1 2.477986 GHz
T1 &
T

Date:1SEP 2015 10:22:18

TUV SUD AMERICA INC 10040 Mesa Rim Road San Diego, CA 92121-2912

*

Compatible
Mode

691 pts 1.0 MHz/

Y-Value Function
18.85 dBm
4B

Mid Channel (2440 MHz)

*
Compatible

691 pts 1.0 MHz/

Y-Value Function
18.91 dBm
4.92 dBm

High Channel (2478 MHz)

Phone: 858 678 1400 FAX

Span 10.0 MHz

Function Result

622.286541245 kHz

o 1Pk Max = 2P
M1[1] 18.91 dBm
2.4779860 GHz

Span 10.0 MHz

Function Result

636.758321273 kHz

America

Page 27 of 56

: 858 546 0364



FCC ID 2AGOZTO-R and 2AGOZTO-L
IC: 20849-TOR and 20849-TOL
Report No. SD72112194-0616A

2.6

2.6.1

2.6.2

2.6.3

264

2.6.5

2.6.6

2.6.7

America

PEAK OUTPUT POWER

Specification Reference

Part 15 Subpart C §15.247(b)(1) and RSS-247 5.4 (2)

Standard Applicable

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-
overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt.
For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

For FHSs operating in the band 2400-2483.5 MHz, the maximum peak conducted output power shall not
exceed 1.0 W and the e.i.r.p. shall not exceed 4 W if the hopset uses 75 or more hopping channels; the
maximum peak conducted output power shall not exceed 0.125 W and the e.i.r.p. shall not exceed 0.5
W if the hopset uses less than 75 hopping channels (see Section 5.4(5) for exceptions).

Equipment Under Test and Modification State

WMTCL5371001XV and WMTCR5371003UH / Test Configuration B

Date of Test/Initial of test personnel who performed the test

September 20, 2016/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 26.3 °C
Relative Humidity 49.6 %
ATM Pressure 99.0 kPa

Additional Observations

e Thisis a conducted test using a Peak Power Meter.

e An offset of 20.6dB was added to compensate for the external attenuator and cable used.
e Both EUT were verified while in single carrier test mode.

e Average was also measured for RF exposure calculation purposes only.
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=

America
2.6.8 Test Results (Conducted)
N;iaei:;‘:d Measured Measured
Model Channel Frequency Output Peak Output | Peak Output Limit
(MHz) Power Power (mWw)
Power (dBm) (mW)
(dBm)
4 2404 1.76 4.68 2.94 125.0
TO-L 40 2440 1.59 4.72 2.96 125.0
78 2478 1.68 4.63 2.90 125.0
4 2404 1.50 4.59 2.89 125.0
TO-R 40 2440 1.47 4.49 2.81 125.0
78 2478 1.07 4.37 2.74 125.0
2.6.9 Test Results (De Facto EIRP Limit)
Measured Antenna Calculated
Model Channel Frequency Peak Output Gain Peak Output Limit
(MHz) Power (dBi) Power EIRP (dBm))
(dBm)) (dBm))
TO-L 40 2440 4.72 2.12 6.84 27
TO-R 4 2404 4.59 2.12 6.71 27
2.6.10 Sample Test Display
- —
FREMasEP- # BOTTED X + «Hr @
T;ﬁ:g:;ﬂm ) Custom Views Instrument Properties - u‘
=R ] FLD)QC'
=- & Connected Instrumerts
=-@ N1912A - 5G45100273
,, System Instrument : N1912A (SG45100273) Measuremen Sedlings
1 .Jl ‘1?::;‘::'5 Measurement : 1 Msr Unit @ dém Watt
& Ea:;.i?;e,r,:m‘ Channel A Peak 2404MHz | Offsets (dB): 20600
‘ e, oFs -
+{4] Measuremert 4 Min : 4 .14  Max: 4 .59 Operstion
4 . 40dBm oo
Feed 1 ) .
; Instrument : N1912A (SG45100273)
i L:gnchmg N1918A -2 Measurement : 2 [
st patamierts Channel A Avg 2404MHz
i ors
|52 Yo 100273 Min' 0.90 Mox: 1.50
Starting 3l measwaments 1 . 3 6 d B m
TO-R Low channel (Channel 4 2404 MHz)
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File Instrument Tools  SoftPanel

Instrument Navigator q
=55 N1918A
(= Project
& @ Connected Instnuments

oy wls & GE -

Help

o

N1912A - SG45100273

& System

@ Channels

5[] Channel A

&-[B] Channel B

[~ Tngger

= Measurements
[A] Measurement 1
[2] Measurement 2

+[3] Measuremert 3
[4] Measurement 4

Log

[Finding Instrumens.

Connecting o instruments.

Note: Cestain features in this instrument
Model No. N19124

(b Serial No. 5G45100273
Fimware Rev. A2 04.01

Starting measurements

Starting ol measurements.

Launching N1918A

fimwan

Instrument Properties 2
T D 4 a
=] - e !
Instrument : N1912A (SG45100273) o
Measurement : 1 Model No.:  N1321A
Channel A Peak 2440MHz )
AUTO =
- 4 49 Channel Settings
3 8 dB 7] Chan Offset {dB): |0.000
Frequency (Hz) 24406
Trace
Unis ® dBm O Wat
TmceStat(s):  0.000
Trace Length ()= 100.000u
Instrument : N1912A (SG45100273) Trace Upper Limt :  20.000
Measurement : 2 b Gl
Channel A Avg 2440MHz Measurement Average
OFs Msr Avg Mode - [AUTO -
Min : 0.91 Max : 1.47 Msr fvg Court - |64
d B [¥] Step Detect
1.45dBm
Video B/W : J
HIGH oL MH

File Instument Tools Sof

e

Instrument Navigator

ifsSPe P EeTNE

TO-R Mid channel (Channel 40 2440 MHz)

ftPanel  Help

L Custom Views

= B N1918A
# Project
=@ Connected Instruments

=-@ N1912A - SG45100273

~-[d] Measuremert 4

Log =

Instrument : N1912A (SG45100
Measurement : 1
Channel A

Peak 2478MHz

Instrument : N1912A (SG45100273)
Measurement : 2

Launching N1912A...
Finding Instruments.
Connecting to instrumens

Model No_N19124
Serial No. SG45100273
. 0
Starting measurements
Starting ol measurements.

Ready

[Note: Cartain features in this instrument fimwan

Channel A Avg
OFs

2478MHz

1 0 Max: 1.68

1.41dBm

Sensor
Madel No.

Channel Settings
7] Chan Offset (B)

Frequency (Hz)
Trace

Tracs Start (5)
Trace Length (s)
Trace Upper Limt

Trace Lower Limi -

[#] Step Detect

AUTO

Units. @ dBm

Measurement Average

Msr Avg Mode : | AUTO! =

Msr Avg Count : (64

N1521A
Nomal =

2478G

0.000

D Watt

100.000u

20.000
-50.000

TO-L High channel (Channel 78 2478 MHz)

America
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27

2.71

2.7.2

2.7.3

274

275

2.7.6

2.7.7

America

BAND-EDGE COMPLIANCE OF RF CONDUCTED EMISSIONS

Specification Reference

Part 15 Subpart C §15.247(d) and RSS-247 5.5

Standard Applicable

(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)).

Equipment Under Test and Modification State

WMTCL5371001XV and WMTCR5371003UH / Test Configuration B

Date of Test/Initial of test personnel who performed the test

September 21, 2016/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 26.1°C
Relative Humidity 55.3%
ATM Pressure 98.8 kPa

Additional Observations

e Thisis a conducted test.

e A TDF factor was used to compensate for the external attenuator, connector and cable used within
the frequency band.

e Span is wide enough to capture the peak level of the emission operating on the channel closest to
the band edge.

e RBW s 100 kHz for 2.4GHz and 1MHz for 2.4835GHz, VBW is > RBW.

e Test methodology is per Clause 6.10 and 11.13 of ANSI C63.10-2013

e Both Hopping and Non-Hopping mode verified.
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2.7.8 Test Results

1 Frequency Sweep

h\‘ ' i Mw
"ﬁ W‘W M‘”

W‘
|
I YA
o bt :‘ \I IM*

5000 pts i Span 20.0 MHz
17.00.2016
11:15:33

11:15:34 17.09.2016

TO-L Hopping lower band edge

x

® RBW 1 MHz Compatible
0 ms ® VBW 3 MHz Mode

-39. 58 dB
2.48350400 GHz|

\
Q*h

MWMMWMWMMMWWMMMWMMMMWWWW

CF 2.4835 GHz 5000 pts 2.0 MHz/ Span 20.0 MHz
T7.00.2016
11:25:25

11:25:25 17.09.2016

TO-L Hopping upper band edge
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X Spectrum x

® RBW 100 kHz Compatibl
© SWT 20 ms © VBW 300 kHz Mod

1 Frequency Sweep 1Pk Max & 2P
Di[1]

M1[1]

D1 : '“ W
m..m.wwwwwvw““WMAVWW“MM
e i

5000 pts Span 20.0 MHz

. m— 177052016
Measuring...  ([ITITT) 220 10:56:42

10:56:43 17.09.2016

TO-L Non-hopping lower band edge

x X Spectrum 2

® RBW 1MHz Compatible
® SWT 20 ms ® VBW 3 MHz Mode At

® 1Pk Max 2Pk

M1[1] -39.39 dBm
2.48350000 GHz

CF 2.4835 GHz 5000 pts 2.0 MHz/ Span 20.0 MHz

" P 17.09.2016
Measuring... ([T 020 11:21:59

11:22:00 17.09.2016
TO-L Non-hopping upper band edge (Peak)
Conducted peak measurements in restricted bands calculation:

Measured Peak = -39.39dBm, since antenna gain is 2.12 dBi then EIRP is -37.27 dBm. Electric field
strength in dBuV/m is then calculated using the formula:

E = EIRP -20logD + 104.8
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Where: E = electric field strength in dBuV/m
EIRP = equivalent isotropic radiated power in dBm
D = specific measurement distance in meters

E is therefore =(-39.39 + 2.12 dbi) dBm — (20log 3 meters) + 104.8
=57.99 dBuV/m @ 3 meters (complies with 74 dBuV/m Peak limits)

* x Spectrum 4
® RBW 1 MHz Compatible S6L
Count 100/100

o 1R
M1[1]

-63. n|
2.48350000 GHz

CF 2.4835 GHz 5000 pts Span 20.0 MHz

il 17.09.2016
— 11:32:09

11:32:09 17.09.2016

TO-L Non-hopping upper band edge (Average)

Conducted average measurements in restricted band calculation (trace averaging across ON and OFF
times of the EUT transmissions followed by duty cycle correction):

Trace averaging result = -63.51dBm, since antenna gain is 2.12 dBi then EIRP is -37.27 dBm. Electric
field strength in dBuV/m is then calculated using the formula:

E = EIRP -20logD + 104.8 + 10log(1/D)

Where: E = electric field strength in dBuV/m
EIRP = equivalent isotropic radiated power in dBm
D = specific measurement distance in meters
D = Duty Cycle (see Section 2.7.9 for details)

E is therefore =(-63.51+ 2.12 dbi) dBm — (20log 3 meters) + 104.8 + (10log(1/0.6291))
=35.88 dBuV/m @ 3 meters (complies with 54 dBuV/m Average limits)
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X Spectrum x
® RBW 100 kHz ~Compatible
dB ® SWT 20 ms ® VBW 300kHz Mode
1 Frequency Sweep
7d
15900 MHz
m M1[1] 3.27 dBry
W’” W‘. 405400 GW
i f Mk ’
5000 pts Span 20.0 MHz
Measuring... LLLLLLL]) 0 17'1"1?:‘77[:'52
11:47:25 17.09.2016
TO-R Hopping lower band edge
X  Spectrum 2
® RBW 1 MHz Compatible
dB ® SWT 20 ms ® VBW 3 MHz Mode A
® 1Pk Max
CF 2.4835 GHz 5000 pts 2.0 MHz/ Span 20.0 MHz
e M T T
11:49:39 17.09.2016
TO-R Hopping upper band edge
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X  Spectrum
@ RBW 100 kHz
® SWT 20 ms @ WBW 300 kHz
1 Frequency Sweep ® 1Pk Max 2P|
Di[1]
M1[1]
)“I‘
r‘w.y‘
[y
A
NN
gy, ot W
W,,wWwmeMMWMWMWMWWWWW*W W
5000 pts Span 20.0 MHz
Measuring... | LLLLLLL]) 0 17'1"1?'571[:'52
11:51:32 17.09.2016
TO-R Non-hopping lower band edge
x X  Spectrum 2
® RBW 1MHz Compatible
® SWT 20 ms ® VBW 3 MHz Mode ALt
® 1Pk Max = 2Pk W
M1[1] -41.14 dBm
2.48350800 GHz|
M"‘WWW ——
T
CF 2.4835 GHz 5000 pts 2.0 MHz/ Span 20.0 MHz
Measuring... LLLLLL]) 0ol 17'1[;?&'21[:'}3
12:01:48 17.09.2016
TO-R Non-hopping upper band edge (Peak)
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x x Spectrum 4
® RBW 1 MHz Compatible SGL
SWT 20 n ® VBW 3 MHz Mode A Count 100/100
1 Frequency Sweep e IRm Avg
M1[1] -64.24 dBm
2.48350000 GHz|
M‘"“““”&*’M
N M
I
r‘#"
CF 2.4835 GHz 5000 pts Span 20.0 MHz
17.09.2016
12:02:23
12:02:23 17.09.2016
TO-R Non-hopping upper band edge (Average)
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2.7.9 Duty Cycle Calculation
- * X * X
Ref Level ® RBW 3 MHz Compatible
® SWT 1 ms VBW 3 MHz
1 ien‘o Span
Mﬂw Jl,ﬁ——mww ‘fﬁﬁv*w

/

|

|
CF 2,478 GHz 5000 pts 100.0 ps/

12:04:19
12:04:20 17.09.2016
= * X
Ref Level Compatible R&
CF 2,478 GHz 5000 pts 200.0 ps/
12:05:45
12:05:45 17.09.2016
Duty Cycle (D) =0.1398 ms (9 TX in 2 ms period) / 2 ms
=1.2582ms/2ms
=0.6291
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2.81

2.8.2

2.8.3

284

2.8.5

2.8.6
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SPURIOUS RF CONDUCTED EMISSIONS

Specification Reference

Part 15 Subpart C §15.247(d) and RSS-247 5.5

Standard Applicable

(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)).

Equipment Under Test and Modification State

WMTCL5371001XV and WMTCR5371003UH / Test Configuration B

Date of Test/Initial of test personnel who performed the test

September 21, 2016/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility.

Ambient Temperature 26.1°C
Relative Humidity 55.3%
ATM Pressure 98.8 kPa

Additional Observations

e Thisis a conducted test.

e A TDF factor was used to compensate for the external attenuator, connector and cable used within
the frequency band.

e Spanisfrom 9 kHz up to 26.5GHz (to cover 10" harmonic of the High Channel).

e  Sweep point setting of the spectrum analyzer is set to maximum (32001).

e RBW s 100 kHz, VBW is > RBW.

e Sweep is auto, detector is peak.
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e Traceis max hold.
e Trace allowed to stabilize. Maximum spurious emission compared to limit.
e Limitis 20dBc.
2.8.8 Test Results Plots
Spectrum 3 x x
© RBW 100 kHz Compatible
® SWT 101 ms(~18s) ® VBW 300 kHz Mode
1 Frequency Sweep ® 1Pk Max = 2Pk W
-44.05 dBm)|
2.404389 GHz
32001 pts 2.65 GHz/
Measuring... | LLLLLLL]) 0o 17'1“1?522[:}3
11:02:50 17.09.2016
TO-L Low Channel (2404 MHz)
* x
Ref Level ® RBW 100 kHz Compatible
o Att 5 0 ® YBW 3200 kHz Mode
TOF
1 Frequency Sweep o 1Pk Max & 2Pk W
M2[1] -45.35 dBm
7.319989 GHz|
M1[1] 1.42 dBm
2.439999 GHz|
32001 pts 2.65 GHz/
11:40:31 17.09.2016
TO-L Mid Channel (2440 MHz)
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2 Spectrum 3 x * x

RBW 100kHz Compatible
VBW 300kHz Mod

® SWT 101 ms (

1 Frequency Sweep ® 1PK Max = 2Pk Clrw
M2[1]  -52.46 dBm)

7.434269 GHz|

M1[1] 0.35 dBm

2.478099 GHz|

32001 pts
17092016
11:37:14

Measuring...

11:37:14 17.09.2016

TO-L High Channel (2478 MHz)

22 Spectrum 3

Ref Level = Compatible
® SWT 101 ms( gs 3 Mode

1 Frequency Sweep e {Pk Max =2 W
M2[1] -46. Brm
7.212339 GHz|
M1[1] 2.41 dBm
2.404389 GHz

32001 pts 2.65 GHz/

" e 17.09.2016
measuring... (LT 020 11:53:50

11:53:50 17.09.2016

TO-R Low Channel (2404 MHz)
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2 Spectrum 3 x x

RBW 100kHz Compatible
VBW 300 kHz

® SWT 101 ms (

1 Frequency Sweep 1Pk Max & 2P
M1[1]

2.439999 GHz
M2[1] -49.92 dBm
7.319989 GHz

32001 pts
" e 17.09.2016
Measuring... ([T 020 11:56:36

11:56:37 17.09.2016

TO-R Mid Channel (2440 MHz)

22 Spectrum 3 x

Ref Level ® RBW 100kHz Compatible
® SWT 101 ms(~18s) ® VBW 300kHz Mode
1 Frequency Sweep ® 1Pk Max = 2Pk W
M1[1] 2.39 dBm|
2.478099 GHz|
M2[1] -50.80 dBm
7433439 GHz

32001 pts 2.65 GHz/

" e 17.09.2016
Measuring... (LT 220 12:00:06

12:00:06 17.09.2016

TO-R High Channel (2478 MHz)
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2.91

2.9.2

293

294

295

2.9.6

2.9.7

America

CABINET/CASE RADIATED EMISSIONS

Specification Reference

ANSI C63.10-2013 Clause 11.12.2.1 and RSS-Gen 8.9 / 8.10

Standard Applicable

Antenna-port conducted measurements may also be used as an alternative to radiated measurements
for determining compliance in the restricted frequency bands requirements. If conducted
measurements are performed, then proper impedance matching must be ensured and an additional
radiated test for cabinet/case emissions is required.

Equipment Under Test and Modification State

Serial No: WMTCL5371001XV and WMTCR5371003UH /Test Configuration C

Date of Test/Initial of test personnel who performed the test

September 12, 2015/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.6 °C
Relative Humidity 48.2 %
ATM Pressure 98.7 kPa

Additional Observations

e Thisis a radiated test. The spectrum was searched from 30MHz to the 10t harmonic.

e There are no emissions found that do not comply to the restricted bands defined in FCC Part 15
Subpart C, 15.205 or Part 15.247(d).

e  Only noise floor measurements observed above 18GHz.

e Both models verified, results shows identical results. Plots presented is from TO-L since it was
considered worst case model between the two in terms of measured maximum conducted power.

e Measurement was done using EMC32 automated software. Reported level is the actual level with all
the correction factors factored in. Correction Factor column is for informational purposes only. See
Section 2.9.8 for sample computation.
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2.9.9 Test Results

America
2.9.8 Sample Computation (Radiated Emission)
Measuring equipment raw measurement (dbpV) @ 30 MHz 24.4
Asset# 1066 (cable) 0.3
Asset# 1172 (cable) 0.3
Correction Factor (dB) Asset#t 1016 (preamplifier) -30.7 -12.6
Asset# 1175(cable) 0.3
Asset# 1002 (antenna) 17.2
Reported QuasiPeak Final Measurement (dbuV/m) @ 30MHz 11.8
See attached plots.
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2.9.10 Test Results Below 1GHz (Worst Case Channel)

America

Continuous Rotation TUV 3m Radiated 30 to 1000MHz

80T

70T

60T

50T

1 FCC.Part-15.Class.B-Electric- Field Strength- QP

40

Level in dBpuV/m

I
|
T T NV
AT e
3071 (\“"\\ /m rJA/!WV*W'A”“w‘“ "
1 /N/\‘ S ol MY
2071 :

1071
0 + + + —t + + + + + —t |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
—— FCC Part 15 Class B Electric Field Strength QP [..\ EMI radiated\]
— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
* Final Result 1-QPK [Final Result 1.Result:1]
Quasi Peak Data
31.080000 27.0 1000.0 120.000 105.0 V 120.0 -6.4 13.0 40.0
79.997194 37.9 1000.0 120.000 145.0 V 54.0 -16.6 2.1 40.0
278.577635 27.7 1000.0 120.000 127.0 V 64.0 -7.8 18.3 46.0
381.307575 32.9 1000.0 120.000 105.0 H 4.0 -4.6 13.1 46.0
701.945170 36.9 1000.0 120.000 150.0 Vv 46.0 2.9 9.1 46.0
704.769058 37.0 1000.0 120.000 150.0 \ 39.0 3.0 9.0 46.0
Test Notes: Only worst case channel presented for spurious emissions below 1GHz.
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Continuous Rotation TUV 3m Radiated 1000 to 18000MHz

80T

FCC.Part.15.Class B.Electric.Field Strength.PK .above 1GHz

701

60T

Level in dBuV/m

|, Jl,l-'h"l'«‘,.'":qﬂ 'ﬁl'l’" h"“"‘ﬁ " "'\e"-4-::-“'.l b s
| g, | ‘ e

2

.

4

Frequency in Hz

—— FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
e FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
——— Preview Result 1V-PK+ [Preview Result 1V.Result:2]

Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]
* Final Result 2-AVG [Final Result 2.Result:1]

Peak Data
1064.800000 50.5 1000.0 | 1000.000 101.7 v 141.0 -7.5 23.4 73.9
1437.466667 51.2 1000.0 | 1000.000 203.5 N 109.0 -5.6 22.7 73.9
2403.833333 61.2 1000.0 | 1000.000 116.7 N 5.0 -1.1 Fundamental
2665.433333 49.4 1000.0 | 1000.000 214.4 N 294.0 -0.8 24.5 73.9
5998.700000 44.0 1000.0 | 1000.000 343.1 N 141.0 5.0 29.9 73.9
11114.800000 471 1000.0 | 1000.000 365.1 H 226.0 12.9 26.8 73.9
17138.100000 52.1 1000.0 | 1000.000 348.2 H 174.0 19.7 21.8 73.9
Average Data
1064.800000 24.8 1000.0 | 1000.000 101.7 v 141.0 -75 29.1 53.9
1437.466667 26.2 1000.0 | 1000.000 203.5 v 109.0 5.6 27.7 53.9
2403.833333 55.4 1000.0 | 1000.000 116.7 v 5.0 -1.1 Fundamental
2665.433333 29.1 1000.0 | 1000.000 214.4 v 294.0 0.8 24.8 53.9
5998.700000 30.5 1000.0 | 1000.000 343.1 v 141.0 5.0 23.4 53.9
11114.800000 34.2 1000.0 | 1000.000 365.1 H 226.0 12.9 19.7 53.9
17138.100000 39.2 1000.0 | 1000.000 348.2 H 174.0 19.7 14.7 53.9
Test Notes: Antenna port terminated with 50Q load.
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2.9.12 Test Results Above 1GHz Mid Channel
Continuous Rotation TUV 3m Radiated 1000 to 18000MHz
90T
80T
L FCC.Part.15.Class B.Electric.Field Strength.PK .above 1GHz
70T
£
>
3
[an]
©
£
)
>
o)
|
207
10T
0 t t t t t t t +—t |
1G 2G 3G 4G 5G 6 8 10G 18G
Frequency in Hz
—— FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
e FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
* Final Result 2-AVG [Final Result 2.Result:1]
Peak Data
1291.266667 424 1000.0 1000.000 402.8 \ 127.0 -4.7 315 73.9
1932.400000 53.8 1000.0 1000.000 286.2 \ 307.0 -0.7 20.1 73.9
2440.300000 62.2 1000.0 1000.000 103.7 H 159.0 -1.0 Fundamental
3309.966667 44.1 1000.0 1000.000 246.3 H 276.0 0.8 29.8 73.9
6341.066667 45.6 1000.0 1000.000 276.3 \ 10.0 5.9 28.3 73.9
9999.766667 47.3 1000.0 1000.000 301.2 H 54.0 10.8 26.6 73.9
16777.500000 51.6 1000.0 1000.000 365.1 H 94.0 20.0 22.3 73.9
Average Data
1291.266667 29.2 1000.0 1000.000 402.8 Vv 127.0 -4.7 24.7 53.9
1932.400000 38.7 1000.0 1000.000 286.2 \ 307.0 -0.7 15.2 53.9
2440.300000 56.4 1000.0 1000.000 103.7 H 159.0 -1.0 Fundamental
3309.966667 30.2 1000.0 1000.000 246.3 H 276.0 0.8 23.7 53.9
6341.066667 32.3 1000.0 1000.000 276.3 Vv 10.0 5.9 21.6 53.9
9999.766667 33.9 1000.0 1000.000 301.2 H 54.0 10.8 20.0 53.9
16777.500000 38.5 1000.0 1000.000 365.1 H 94.0 20.0 15.4 53.9
Test Notes: Antenna port terminated with 50Q load.
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Continuous Rotation TUV 3m Radiated 1000 to 18000MHz

Level in dBuV/m

90T
80T
1 FCC.Part.15.Class B.Electric.Field Strength.PK .above 1GHz
70T
60T ®
1 L 2 * ECC.Part 15 Class B.Electric_Field Strength AV.above 1GHz

10T
0 t t t t t t t +—t |
1G 2G 3G 4G 5G 6 8 10G 18G
Frequency in Hz
—— FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
e FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
* Final Result 2-AVG [Final Result 2.Result:1]
Peak Data
1065.200000 50.4 1000.0 1000.000 178.6 \ 137.0 -7.5 23.5 73.9
1932.566667 55.7 1000.0 1000.000 383.0 H -7.0 -0.7 18.2 73.9
2477.833333 62.1 1000.0 1000.000 151.6 \ 258.0 -0.8 Fundamental
4793.633333 46.4 1000.0 1000.000 399.0 \ 96.0 3.2 27.5 73.9
7091.333333 45.7 1000.0 1000.000 155.6 \ 208.0 7.0 28.2 73.9
11700.800000 48.3 1000.0 1000.000 300.6 \ 262.0 13.8 25.6 73.9
17683.233333 52.6 1000.0 1000.000 371.1 \ 309.0 20.2 21.3 73.9
Average Data
1065.200000 24.8 1000.0 1000.000 178.6 Vv 137.0 -7.5 29.1 53.9
1932.566667 39.6 1000.0 1000.000 383.0 H -7.0 -0.7 14.3 53.9
2477.833333 56.4 1000.0 1000.000 151.6 \ 258.0 -0.8 Fundamental
4793.633333 30.8 1000.0 1000.000 399.0 \ 96.0 3.2 23.1 53.9
7091.333333 32.1 1000.0 1000.000 155.6 Vv 208.0 7.0 21.8 53.9
11700.800000 35.0 1000.0 1000.000 300.6 \ 262.0 13.8 18.9 53.9
17683.233333 39.1 1000.0 1000.000 371.1 \ 309.0 20.2 14.8 53.9
Test Notes: Antenna port terminated with 50Q load.
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SECTION 3

TEST EQUIPMENT USED
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31 TEST EQUIPMENT USED
List of absolute measuring and other principal items of test equipment.
(S"I:)) g;?;:;) Test Equipment Type Serial Number Manufacturer Cal Date c;‘;::e

Antenna Conducted Port Setup
7604 P-Series Power Meter N1912A SG45100273 Agilent 07/27/16 07/27/17
7605 50MHz-18GHz Wideband N1921A MY51100054 | Agilent 04/18/16 04/18/17

Power Sensor
7582 Signal/Spectrum Analyzer FSW26 101614 Rhode & Schwarz 10/05/15 10/05/16
7608 Vector Signal Generator SMBV100A 259021 Rhode & Schwarz 09/02/16 09/02/16
8825 20dB Attenuator 46-20-34 BK5773 Weinschel Corp. Verified by 7582 and 7608
Radiated Test Setup
7611 Signal/Spectrum Analyzer FSW26 102017 Rhode & Schwarz 02/01/16 02/01/17
7608 Vector Signal Generator SMBV100A 259021 Rhode & Schwarz 07/29/15 07/29/16
1002 Bilog Antenna 3142C 00058717 ETS-Lindgren 11/06/15 11/06/17
1040 EMI Test Receiver ESIB40 100292 Rhode & Schwarz 09/29/15 09/29/16
1016 Pre-amplifier PAM-0202 187 PAM 12/15/15 12/15/16
1051 Eg:’nbgtr:ignzd waveguide | 3955 9408-4329 EMCO 03/21/16 | 03/21/17
1049 EMI Test Receiver ESU 100133 Rhode & Schwarz 03/17/16 03/17/17
8628 Pre-amplifier QLJ 01182835-J0 8986002 QuinStar Technologies Inc. 01/11/16 01/11/17
1150 Horn antenna 3160-09 012054-004 ETS 07/16/15 07/16/17
1151 Pre-amplifier TS-PR26 100026 Rhode & Schwarz Verified by 7608 and 7611
1153 High-frequency cable SucoFlex 100 SX N/A Suhner Verified by 7608 and 7611
8543 High-frequency cable Micropore 19057793 N/A United Microwave Products Verified by 7608 and 7611
6815 2.4GHz Band Notch Filter BRM50702 008 Micro-Tronics Verified by 7608 and 7611
Miscellaneous
6792 Multimeter 3478A 2911A70964 Hewlett Packard 08/29/16 08/29/17
7560 :fi;‘i’tr;‘itrzrn/:;:tﬁrat”re/ AU igTHx-w 1240476 Omega 10/19/15 | 10/19/16

Test Software EMC32 V8.53 Rhode & Schwarz N/A
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3.2

3.21

3.2.2

3.2.3

MEASUREMENT UNCERTAINTY

For a 95% confidence level, the measurement uncertainties for defined systems are:

Radiated Measurements (Below 1GHz)

America

Receiver/Spectrum Analyzer Rectangular 0.45 0.26 0.07
Cables Rectangular 0.50 0.29 0.08
Preamp Rectangular 0.50 0.29 0.08
Antenna Rectangular 0.75 0.43 0.19
Site Rectangular 2.70 1.56 2.43
EUT Setup Rectangular 1.00 0.58 0.33
Combined Uncertainty (uc): 1.78

Coverage Factor (k): 2

Expanded Uncertainty: 3.57

Radiated Emission Measurements (Above 1GHz)

Receiver/Spectrum Analyzer Rectangular 0.57 0.33 0.11
Cables Rectangular 0.70 0.40 0.16
Preamp Rectangular 0.50 0.29 0.08
Antenna Rectangular 0.37 0.21 0.05
Site Rectangular 2.70 1.56 2.43
EUT Setup Rectangular 1.00 0.58 0.33
Combined Uncertainty (uc): 1.78

Coverage Factor (k): 2

Expanded Uncertainty: 3.56

Conducted Antenna Port Measurement

Receiver/Spectrum Analyzer Rectangular 0.57 0.33 0.11
Cables Rectangular 0.50 0.29 0.08
EUT Setup Rectangular 1.00 0.58 0.33
Combined Uncertainty (uc): 0.72
Coverage Factor (k): 2
Expanded Uncertainty: 1.45
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SECTION 4

DIAGRAM OF TEST SETUP
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41 TEST SETUP DIAGRAM

Antenna mast capable
of 4.0 meters elevation

Antenna Cender Paint

| il

|

3 meters

PC running Receiver/Spectrum
automated software Analyzer

Radiated Emission Test Setup (Below 1GHz)

America
Semi-Anechoic chamber
=-|
0.8 meters
Turntable
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[] Antenna mast capable ) )
of 4.0 meters elevation Semi-Anechoic chamber
| 3 meters |
1.5 meters
Turntable
Absorbing material between measuring antenna
and EUT for above 1GHz measurement
PC running Receiver)/Spectrum
automated software Analyzer

Radiated Emission Test Setup (Above 1GHz)
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SECTION 5

ACCREDITATION, DISCLAIMERS AND COPYRIGHT
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5.1 ACCREDITATION, DISCLAIMERS AND COPYRIGHT

TUV SUD America Inc.’s reports apply only to the specific sample tested under stated test
conditions. It is the manufacturer’s responsibility to assure the continued compliance of
production units of this model. TOV SUD America, Inc. shall have no liability for any deductions,
inferences or generalizations drawn by the client or others from TUV SUD America, Inc.’s issued

reports.

This report is the confidential property of the client. As a mutual protection to our clients, the
public and TUV SUD America, Inc., extracts from the test report shall not be reproduced, except

in full without TUV SUD America, Inc.’s written approval.

This report must not be used to claim product certification, approval, or endorsement by

A2LA, NIST, or any agency of the federal government.

TUV SUD America, Inc. and its professional staff hold government
and professional organization certifications for

AAMI, ACIL, AEA, ANSI, IEEE, A2LA, NIST and VCCI.

xa NST (A <IEEE
American National Standards Institute
ACCREDITED A

A2LA Cert. No. 2955.13
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