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LS Research, LLC in Review

As an EMC Testing Laboratory, our Accreditation and Assessments are recognized through the

following:

aa

lACCREDITEDI

TESTING CERT #1255.01

A2LA — American Association for Laboratory Accreditation

Accreditation based on ISO/IEC 17025: 2005 with Electrical (EMC) Scope of Accreditation

A2LA Certificate Number: 1255.01

C

Federal Communications Commission (FCC) — USA

Listing of 3 Meter Semi-Anechoic Chamber based on Title 47 CFR — Part 2.948

FCC Registration Number: 90756

I * I Industrie  Industry
Canada Canada
i+l

Canada

Industry Canada

On file, 3 Meter Semi-Anechoic Chamber based on RSS-212 — Issue 1

File Number: IC 3088-A

On file, 3 and 10 Meter OATS based on RSS-212 — Issue 1

File Number: IC 3088

q

U. S. Conformity Assessment Body (CAB) Validation

Validated by the European Commission as a U. S. Competent Body operating under the U.
S./EU, Mutual Recognition Agreement (MRA) operating under the European Union
Electromagnetic Compatibility —Council Directive 2004/108/EC (formerly 89/336/EEC, Article

10.2).
Date of Validation: January 16, 2001

Validated by the European Commission as a U.S. Notified Body operating under the U.S.
/EU, Mutual Recognition Agreement (MRA) operating under the European Union
Telecommunication Equipment — Council Directive 99/5/EC, Annex V.

Date of Validation: November 20, 2002

Notified Body Identification Number: 1243
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1.0 Summary of Test Report

In May-November 2015 the EUT, Titan Controller, as supplied by Tridium was tested and MEETS
the following requirements:

FCC IC Test Requirements Measurement Compliance
Requirement | Requirement q Procedure (Yes/No)
RSS-247 6 dB Bandwidth of a Digital ANSI C63.10-2013
15.247 ()(2) Section 5.2 (1) Modulation System Section 11.8 Yes
15.247(b) & RSS-247 . ANSI C63.10-2013
11310 Section 5.4 (4) Maximum Output Power Section 11.9 Yes
15.247 (¢) RSS-247 Power Spectral Density of a ANSI C63.10-2013 Yes
) Section 5.2 (2) Digital Modulation System Section 11.10
RSS-247 RF Conducted Spurious ANSI C63.10-2013
15.247(d) . Emissions at the Transmitter . Yes
Section 5.5 . Section 11.11
Antenna Terminal
15.247(c), RSS-GEN Transmitter Radiated Emissions ANSI €63.10-2013
15.209 & Section 8.9, in Restricted Bands Section 11.12 Yes
15.205 8.10 (6.3,6.5,6.6)
RSS-GEN o ANSI C63.10-2013
2.1055 (d) Section 6.11 Frequency Stability Section 6.8 Yes
15207 RSS-GEN Power Line Conducted ANSI C63.10-2013 Yes
' Section 8.8 Emissions Measurements Section 6.2

2.0 Test Facilities

All testing was performed at:

LS Research, LLC
W66 N220 Commerce Court
Cedarburg, Wisconsin, 53012 USA

LS Research, LLC is accredited by A2LA (American Association for Laboratory Accreditation) to
the requirements of ISO/IEC 17025, 2005 “General Requirements for the Competence of Calibration
and Testing Laboratories”.

LS Research, LLC’s scope of accreditation includes all test methods listed herein, unless otherwise
noted.
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3.0 Client Information

Manufacturer Name: Tridium
Address: 3951 Westerre Parkway, Suite 350, Richmond, VA 23233
Contact Person: Gene Allgood

3.1 Equipment Under Test (EUT) Information
The following information has been supplied by the applicant.

Product Name: 8000-WiFi Module
Model Number: 8000-WIFI

Serial Number: Eng. Sample

FCC ID: W98-12977

IC: 8339A-12977

3.2 Product Description

802.11 b/g/n device using HT20 channels 1-11

33 Modifications Incorporated In the EUT for Compliance Purposes

None noted at time of test

3.4  Deviations & Exclusions from Test Specifications

None noted at time of test

3.5 Additional Information

HT20 Channels: Low Channel 1(2412 MHz), Middle Channel 6 (2437 MHz), High Channel
11 (2462 MHz)

4.0 Conditions of Test
Environmental:
Temperature: 20-25°C
Relative Humidity:  30-60%
Atmospheric Pressure: 86-106 kPa

Mains Voltage: 120 VAC 60 Hz Power Pack Input, 5 VDC outputs
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5.0 Test Equipment

All test equipment is calibrated by a calibration laboratory accredited by A2LA to the
requirements of ISO 17025. For a complete list of test equipment and calibration dates, see
Appendix A. Unless otherwise noted, resolution bandwidth of measuring instrument used
during testing for given frequency range, see below.

Frequency Range Resolution Bandwidth
9 kHz — 150 kHz 200 Hz

150 kHz — 30 MHz 9 kHz

30 MHz — 1000 MHz 120 kHz

Above 1000 MHz 1 MHz

6.0 Conformance Summary

The EUT was found to MEET the requirements as described within the specification of FCC
Title 47, CFR Part 15.247, 15.207 as well as Industry Canada RSS-247 Issue 1, RSS-GEN

Issue 4.

If some emissions are seen to be within 3 dB of their respective limits:

As these levels are within the tolerances of the test equipment and site employed, there is a
possibility that this unit, or a similar unit selected out of production may not meet the
required limit specification if tested by another agency.

LS Research, LLC certifies that the data contained herein was taken under conditions that
meet or exceed the requirements of the test specifications. The results in this Test Report
apply only to the item(s) tested on the above-specified dates. Any modifications made to the
EUT subsequent to the indicated test date(s) will invalidate the data herein, and void this

certification.
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Appendix A — Test Data

A.1 — RF Conducted Emissions

Test Location LS Research, LLC

General
Measurement ANSI C63.10 Section 6.7
Procedure
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A.1.1 — RF Conducted — Fundamental Bandwidth

Manufacturer Tridium
Date April 24-29, 2015
Operator Peter F.
Temp. / R.H. 20 -25°C/30-60% R.H.
FCC 15.247 (a)(2
LTl I((J: gsss-24; S(eggiczn 5.2(1)
Specific
Measurement ANSI C63.10-2013 Section 11.8
Procedure
Additional
Description of | Peak detector used
Measurement
ﬁlgil;lonal Continuous transmit modulated used for this test.
Table
Sf:nz;i y D(al\tﬂaBE:;e Channel Ban(zl‘\j/\llaidth Banzdo\:/jiilth BangdgwAi)dth
(MHz) (MHz) (MHz)
1 10.1 17.1 14.7
b 1 6 10.1 17.1 14.7
11 10.1 17.1 14.6
1 11.1 14.7 14.6
b 11 6 11.1 14.7 14.6
11 11.1 14.6 14.6
1 15.1 18.8 16.6
g 6 6 15.1 20.5 17.1
11 15.1 18.7 16.5
1 15.1 18.0 16.5
g 54 6 15.2 18.9 16.7
11 15.1 18.1 16.5
1 15.1 19.7 17.7
n MCSO 6 15.1 21.1 18.1
11 15.1 19.6 17.6
1 15.1 19.3 17.6
n MCS7 6 15.1 20.1 17.9
11 15.1 19.1 17.6
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Plots 802.11b — 1 Mbps
Low Channel — 2412 MHz

e Spetrers Aobos - Droerd B

[T —T

Radie $1d: None

Mech Atten 20 dB Cortter Freg: 2412000000 GHz
ve Trig: FresRun Avglbioid=>1010
S Gainlow  #ATIen: 20 dB Ext Gain: 10.00 dB__Radio Devics: BTS

Ref 25.00 dBm

iCenter 2412 GHz

Occupled Bandwidth Total Power 22.2 dBm

14.557 MHz
Transmit Freq Emror 12.000 kHz
x dB Bandwidth 10.08 MHz

OBW Power 99.00 %
x dB -6.00 dB

A
Radis St None

‘REW 270.00 kHz Canter Freq: 2413000000 GHz
Trig: Fres Rum AvgiHold:> 100108
e 10 dB Exi Gain: -10.00 9B Radio Devics: BTS

Ref 25,00 dBm

Span 30 MHz
Sweep 1ms)

Occupled Bandwidth Total Power 19.3 dBm

14.662 MHz
22.215 kHz OBW Power 99.00 %

Transmit Freq Error
=20.00 dB

x dB Bandwidth 17.09 MHz x dB

6 dB DTS BW

20 dB OBW + 99% BW

Mid Channel — 2437 MHz

k w x 19, 2013
Center Freq 2.437000000 GHz ‘Corner Freq: 2437000000 GHE Radio Sud: None

Y Trig: Fres Run Agcld »1818

o Gainclow | SAtten: 20 dB Ext Gain: 10,00 4B Radio Device: BTS

Rel 25.00 dBm

Center 2437 GHz
Res BW 100 kHz VEW 1 MHz

Occupied Bandwidth Total Power 22.9 dBm

14.656 MHz
10.551 kHz ~ OBW Power 99.00 %

Transmit Freq Error
x dB -6.00 dB

x dB Bandwidth 10.09 MHz

T 33754 00 e 29, 2013
Center Freq 2.437000000 GHz Camner Freq: 2437060000 GHz Radio Sta: Hone

W Trig: Fres Run AvglHeid-> 100/100

mEGainkow | SAsien: 10 dB Ext Gain: 1000 dB  Radio Device: BTS

Ref 25.00 dBm

37 GHz

r
BW 270 kHz VBW 2.7 MHz

Occupied Bandwidth Total Power 19.6 dBm
14.668 MHz

19.740 kHz OBW Power 99.00 %
x dB -20.00 dB

Transmit Freq Error

x dB Bandwidth 17.10 MHz

6 dB DTS BW

High Channel — 2462 MHz

[ fphors Spacrim honshyzer - Deograd BW

Center Freq 2.462000000 GHz Canter Freq: 2 462000000 GHz
o Trig: Fres Run AvgiHold:> 1090
#Amen- 30 Bl {Ext Gain: 18,00 d0__ Radio Device: 875

Ref 25,00 dBm

Span 30 MHz]

Center 2462 GHz
F#Res BW 100 kHz

VBW 1 MHz

Occupled Bandwidth Total Power 22.8 dBm
14.655 MHz

3.481 kHz OBW Power 99.00 %

Transmit Freq Error
-6.00 dB

x dB Bandwidth 10.09 MHz xdB

L3033 4 39, 203
Canter Freq: 2 463000000 GHz Rasie S1d: None
Trig: Fres Run AvgiHold:>150/100

#Aren- 10 B {1 Gain: 10,00 4B Racko Dwvice: BTS

S Span 30 MHz
Sweep 1

270 kHz

Occupied Bandwidth

14.642 MHz
Transmit Freq Ermor 2,770 kHz OBW Power
x dB Bandwidth 17.08 MHz =dB

6 dB DTS BW

20 dB OBW + 99% BW
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802.11g — 6 Mbps
Low Channel — 2412 MHz

I —pe——ry

[GELE 2
Conter Freq: 2412000000 GHz Radis St Mene
" Trig: Free Run AvgiHold:> 100100

imen: 10 B Ext Gain: 10,00 0B Radio Devie: BTS

Center Freq 2.412000000 GHz

5 Gl o

#Res BW 100 kHz VBW 1MHz

Occupled Bandwidth Total Power 19.4 dBm

340 MHz
B8.282 kHz OBW Power
15.12 MHz x dB

99.00 %
-6.00 dB

Transmit Freq Error
x dB Bandwidth

Comter Freq: 2412000008 GHz
W Trig: Fres Run AvgHeid>100:400
sanen: 14 4B Ext Gain: 4000 68 Radio Devics: BTS

Ref 25.00 dBm

iCenter 2412 GHz
Res BW 330 kHz

Occupled Bandwidth Total Power
16.578 MHz
15.798 kHz OBW Power
18,84 MHz xdB

99.00 %
=20.00 dB

Transmit Freq Error
x dB Bandwi

6 dB DTS BW

20 dB OBW + 99% BW

Mid Channel — 2437 MHz

[rr—rrm—yrr———T - ]

S
Comer Freq: 2437000000 GHz Radio 5ta: Hone
Trig: Free Run AvglHold: 100160

™ sattan: 16 48 Ext Gain: AG00 48 Radio Davics: BTS

Mkr1

Center Freq 2.427000000 GHz

Ref 20.00 dBm

‘Center 2. GHz

WRes BW 100 kHz VBW 1MHz

Occupied Bandwidth Total Power 22,6 dBm

18.748 MHz
-111.54 kHz OBW Power
15.12 MHz x dB

99.00 %
-6.00 dB

Transmit Freq Error
x dB Bandwidth

Comner Freq: 2437000000 GHz Radic Sad: None
Trig: Free Run AvgiHiold>100'100

* Asten: 14 4B Ext Gain: -10.00 38 Racio Device: BTS

Center Freq 2.437000000 GHz

[Center 2437 GHz
Res BW 330 kHz

Span 35 MHz,
VEBW 3 MHz

Occupied Bandwidth Total Power 19.0 dBm

17.112 MHz
Transmit Freq Ermor 20.553 kHz OBW Power
x dB Bandwidth 20.46 MHz x dB

99.00 %
=20.00 dB

6 dB DTS BW

20 dB OBW + 99% BW

High Channel — 2462 MHz

r==prrerm— T ———

Centar Freg: 2 862000000 GHz Radio Sid o
¥ Trig: Free ftun AvgiHold:> 100100

étten: 19 dBl Bt Gain: 10,00 dB _ Radio Device: TS

ser\(al Freq 2.462000000 GH.

Ref 20.00 dB

VBW 1 MHz

Occupied Bandwidth Total Power
16.359 MHz

007 kHz OBW Power
15.12 MHz x dB

Transmit Freq Error
% dB Bandwidth

—
[ A giors pactam donstyaes - Dicupeed P90

: : 33, 29, 91
Center Freq 2.462000000 GHz Carner Freq 2462000000 GHz Radic Sad: None

o Trig: Fres R Hvgiiold>100/100
WFGaintow © BAme: 1a g Ext Gain: 1000 Radlo Device: BTS

Ref 25.00 dBm

[Center 2452 GHz

(Res BW 330 kHz VEW 3 MHz

Occupied Bandwidth Total Power
16.520 MHz
4.884 kHz OBW Power
18.69 MHz xdB

Transmit Freq Ermor
x dB Bandwidth

6 dB DTS BW

20 dB OBW + 99% BW
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802.11n — 6.5 Mbps
Low Channel — 2412 MHz

D175 Pl dpr 7k, 3913
Radie S2d: None

Canter Freq: 2412000000 GHz
W Trig: Fres Run AvgHld=>100:400
sAnen: 20 4B Ext Gain: -40.00 68 _ Radio Devios: BTS

Span 30 MHz

#Res BW 100 kHz VEW 1MHz Sweep 2.8 ms

Occupled Bandwidth Total Power 19.6 dBm
17.526 MHz
5.969 kHz OBW Power 99.00 %

1512 MHz x dB -6.00 dB

Transmit Freq Error
x dB Bandwi

Radio St Nome

q 2.412000000 GHz Cortter Froq: 2.412000000 GHz
Fres fun

AvgiHold:> 1001100
Ex Gain: 10,00 0B Radio Device: BTS

Ref 25.00 dBm

iCenter 2412 GHz
Res BW 330 kHz

Span 35 MHz
VEBW 3 MHz Sweep 1

Occupled Bandwidth Total Power 18.5 dBm
17.680 MHz
8.428 kHz OBW Power 99.00 %
19.86 MHz x dB -20.00 dB

Transmit Freq Error
x dB Bandwidth

6 dB DTS BW

20 dB OBW + 99% BW

Mid Channel — 2437 MHz

[T jo
Radio Sud: None

Conser Freq: 2437000000 GHz
Trig: Fres Run AvgiHold:> 100100
#Asien: 3098 Ext Gain: -40.00 38 Radic Device: BTS

[Center 2437 GHz
WRes BW 100 kHz

Span 30 MHz

VBW 1MHz Sweep 2.8 ms

Occupied Bandwidth Total Power 22.0 dBm
18.054 MHz

Transmit Freq Ermor 3.635 kHz OBW Power 99.00 %

x dB Bandwidth 15.12 MHz x dB -6.00 dB

L W2oeh0n P s 3, 2015
Center Freq 2.437000000 GHz Comner Frog: 2437000000 GHz Radio Sut: Moes
Trig: Fres Bun AvglHold:> 1504100

WFGain e | BAtten: 14 dB Ext Gain: 10,00 dB  Radio Davice: BTS

Ref 25.00 dBm

[Center T GHz
[Res BW 330 kHz

VBW 3 MHz
Occupied Bandwidth Total Fower
18.136 MHz
19.180kHz  OBW Power 99.00
21.12 MHz x dB -20.00 dB

Transmit Freq Ermor
x dB Bandwidth

6 dB DTS BW

20 dB OBW + 99% BW

High Channel — 2462 MHz

[ Agiors tpactoim bonstyzen - Diccupued Wit

54078 P A
Cornter Froa: 2462000000 GHe s Sud: Ny
Trig: Fres Rum Avgittold: 1001100

SAsten: 30 dB Ext Gain: 10,00 9 Radio Device: BT5

Center Freq 2462000000 GHz

iCenter 2462 GHz

ERes BW 100 kHz VEW 1MHz

Occupied Bandwidth Total Power
17.498 MHz

Transmit Freq Ermor 1.165 kHz OBW Power 99.00 %
x dB Bandwidth 15.08 MHz xdB -6.00 dB

—
B A giors pactnam hnstaes - Divuped 0

wzn
o Freq: 1862000000 GHz Fadia
Trig: Pres fun Avgitiold:» 190100

#atien: 14 d) Ext Gain: 10,00 48 Radio Devics: B3

‘Center Fraq 2462000000 GHz

Ref 25.00 dBm

-

es BW 330 kHz VEW 3 MHz

Occupied Bandwidth Total Power 18.1 dBm
17.621 MHz

Transmit Freq Ermor 6.244 kHz OBW Power 99,00 %

x dB Bandwidth 19.64 MHz x dB -20.00 dB

6 dB DTS BW

20 dB OBW + 99% BW
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A.1.2 — RF Conducted — Fundamental Power and Spectral Density

Manufacturer Tridium

Date April-November 2015
Operator Peter F.

Temp. / R.H. 20 - 25° C/30-60% R.H.
Rule Part FCC 15.247 (b) & (e)

IC RSS-247 Section 5.4 (4) & 5.2 (2)

Specific Measurement
Procedure

ANSI C63.10-2013
Power-11.9.2.2.4
PSD — Section 11.10.5

Additional Description

Average methods

of Measurement
Additional Notes e C7 OO
Margin (dB) = Limit — Measured level
Table
6dB -20dB E'dB. Maximum CD;:LSZI\:: Corrected o . .
802.11 Data Rate K ) Bandwidth | conducted Maximum |Power Limit Power Peak PSD | PSD in 3kHz | PSD margin
Standard | (vgps) | el | Bandwidth f Bandwidth L Lo | Gverage) | 2V | conducted | (dBm)  |margin (dB)|  (dBm) | limit(dBm) [ (dBm)
(MHz) (MHz) limit (MHz) Power (dBm) meas(t;l:;ment Power (dBm)
1 10.1 17.1 0.5 15.5 0.0 15.5 30.0 14.5 3.9 8.0 4.1
b 1 (DBPSK) 6 10.1 17.1 0.5 15.7 0.0 15.7 30.0 14.3 3.7 8.0 4.3
11 10.1 17.1 0.5 15.8 0.0 15.8 30.0 14.2 2.7 8.0 5.3
1 11.1 14.7 0.5 15.4 0.5 15.9 30.0 14.2 1.9 8.0 6.1
b 11 (8 QPSK) 6 11.1 14.7 0.5 15.5 0.5 16.0 30.0 14.1 2.2 8.0 5.8
11 11.1 14.6 0.5 15.3 0.5 15.8 30.0 14.2 3.4 8.0 4.6
1 15.1 18.8 0.5 11.1 0.3 11.4 30.0 18.6 -3.9 8.0 11.9
g 6 6 15.1 20.5 0.5 11.5 0.3 11.8 30.0 18.3 -2.9 8.0 10.9
11 15.1 18.7 0.5 11.6 0.3 11.9 30.0 18.1 -2.9 8.0 10.9
1 15.1 18.0 0.5 9.5 2.1 11.6 30.0 18.4 -2.4 8.0 10.4
g 54 6 15.2 18.9 0.5 9.6 2.1 11.7 30.0 18.3 -3.1 8.0 11.1
11 15.1 18.1 0.5 9.7 2.1 11.8 30.0 18.2 -2.9 8.0 10.9
1 15.1 19.7 0.5 10.7 0.3 11.0 30.0 19.0 -3.8 8.0 11.8
n MCSO 6 15.1 21.1 0.5 11.0 0.3 11.3 30.0 18.7 -3.7 8.0 11.7
11 15.1 19.6 0.5 10.9 0.3 11.2 30.0 18.8 -3.8 8.0 11.8
1 15.1 19.3 0.5 8.9 2.3 11.2 30.0 18.9 -2.9 8.0 10.9
n MCS7 6 15.1 20.1 0.5 9.2 2.3 11.5 30.0 18.5 -2.6 8.0 10.6
11 15.1 19.1 0.5 9.2 2.3 11.5 30.0 18.5 -3.1 8.0 11.1
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802.11b — 1 Mbps

Low Channel — 2412 MHz

T v —

Center Freq 2.412000000 GHz

Ref 20,00 dBm

Channel Power

IFGainclow

15.52 dBm 717.1 MHz

Conter Frog: 2412000000 GHz
> Trige Fres Rum AvwgiHold: 120120

sAmen: 16 dB Ext Gainc 10.00 98 Fadio Dwvice: BTS

Span 25.65 MHzJ ()

Power Spectral Density

-56.81 dBm /Hz

A48 P 9, 3913
Fadis S1d: None

AvD Type: LogPwr
AugHedd 120130
Ext Gain: -10.00 4B

Marker 1 2.4125

Ref 20,00 dBm

FVEW 300 kHz

Output Power

Mid Channel — 2437 MHz

IFGainclow

Channel Power

15.73 dBm 717.1 MHz

51
Canter Freq: 2437000000 GHE Fadio S

Trig: Froe Run AvglHold: 1281120

© aiten: 18,98 [Ext Gain: -10.00 98 Radio Dwvice: BTS

VEW 2.4 MHz
Power Spectral Density

-56.60 dBm /Hz

Avg Type: Log-#wr
Trig: Froa Run AvgHead:> 120130
2048 Ex Gain: -10.00 4B

Ref 20.00 dBm

Center 243700 GHz

#Res BW 30 kHz VEW 300 kHz

Output Power

High Channel — 2

462 MHz

Co 2 G
Res BW 240 kHz

Channel Power

15.76 dBm /17.1 MHz

Centee Freq: 2 463010280 OHz
% Trig: Free Run Avgiiold: 130120

Ehtien: 16 S {Ext Gain: -90.00 0 Radio Device: BT5

VEW 2.4 MHz
Power Spectral Density

-56.57 dBm iHz

41354 20 dpr 39, 2013
Fais S1: None

Avg Type: LogPwr
AvgHead 120120
Ext Qain: -10.00 48

Markor 1 2,460 =
AT Trg: Fevaun
Fliainioe  Amen: X 68

Rel 20.00 dBm

Center 2.46200 GHz
#Res BW 10 kHz

‘Span 28.00 MHz

VBW 300 kHz Sweep 28.73 ms (1001 pts)|

Output Power

Power Spectral Density

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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802.11g — 6 Mbps

Low Channel — 2412 MHz

[ ——

Center Freq 2.412000000 GHz

Ref 20,00 dBm

Channel Power

IFGainclow

11.12 dBm /18.8 MHz

Conter Frog: 2412000000 GHz
> Trige Fres Rum AvwgiHold: 120120
sAmen: 16 dB Ext Gainc 10.00 98 Fadio Dwvice: BTS

VBW 2.7 MHz
Power Spectral Density

-61.62 dBm /Hz

A3 P 9, 3913
Fadis S1d: None

g Type: Log Pr
AgHoid 2120430
Ext Gain: -10.00 4B

Marker 1 2410376000000 GHz
.

Trig: Free fun

" Amee 30 dB

Ref 20.00 dBm

‘Span 26.00 MHz
.73 ms (1001 pts)

Center 241200 GHz

2Res BW 30 kHz #VEW 300 kHz

Output Power

Mid Channel — 2437 MHz

[rrT———T—

Integration BW 20.500 MHz

Channel Power

IFGainclow

11.45 dBm /7 20.5 MHz

Conar Freq: 2437000000 GHz
= Trig: Free Rlun AvglHold: 1281120
wAtten: 18 9B [Ext Gain: -10.00 98 Radio Dwvice: BTS

VEW 3 MHz
Power Spectral Density

-61.67 dBm /Hz

043768 P g 29, 2013
Fadio S1d: None

Avg Type: Log-#wr
AvgHead:> 120130
Ex Gain: -10.00 4B

Center 243700 GHz

#Res BW 30 kHz VEW 300 kHz

Output Power

High Channel — 2

462 MHz

IC 2 G
Res BW 270 kHz

Channel Power

11.64 dBm /18.7 MHz

Centee Freq: 2 463000000 OHz
% Trig: Free Run Avgiiold: 130120
wAtien: 16 9B Ext Gain: -90.00 98 Radio Dwvice: B7T5

VEW 2.7 MHz
Power Spectral Density

-61.08 dBm iHz

CET LT hE
Fahe S1e: None

Avg Type: LogPwr
AvgHead 120120
Exa Gain: -10.00 4B

Span 28.00 MHz

VBW 300 kHz .73 ms (1001 pis))

Output Power

Power Spectral Density

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Plots - 802.11n — 6.5 Mbps (MCS 0)
Low Channel — 2412 MHz

T v —

: A 168 P 9, 3913
Center Freq 2.412000000 GHz Conter Frog: 2412000000 GHz Fadis S1: None

o Trige Free Rum AvwgiHold: 120120
IFGainclow sAten: 15 dB Ext Gainc 10.00 98 Fadio Dwvice: BTS

Ref 20,00 dBm

Span 29.55 MHzJ Y
VEW 2.7 MHz

Channel Power Power Spectral Density

10.70 dBm /19.7 MHz -62.24 dBm /Hz

Marker 1 2.413624000000 GHz Avg Type: Log Par
.

Trig: Frow flun AvgHold:» 120130

" Amee 30 dB Ext Gain: -10.00 dB

c: Fast
1 Gl o

Ref 20.00 dBm

Center 241200 GHz ‘Span 26.00 MHz
#Res BW 30 kHz VEW 300 kHz eep 28.73 ms (1001 pts)

Output Power

Mid Channel — 2437 MHz

[rrT———T—

2 045237 99 g 3, 20103
Integration BW 21.100 MHz Conar Freq: 2437000000 GHz Fiadio 51d: None
oY Trig: Free flun AvglHold: 1281120
Waintow  WAtoen: 18 dB Ext Gain: 100098 Radio Dwvice: BTS

VEW 3 MHz
Channel Power Power Spectral Density

11.04 dBm /21.1 MHz -62.21 dBm /Hz

.t-l(l‘(lEiUUl)l)l)l) B vaun ::;m;:grg

Amer: 20 B Ex Gain: -10.00 4B

Center 243700 GHz
#Res BW 30 kHz VBW 300 kHz

Output Power

Power Spectral Density

High Channel — 2462 MHz

08.33.67 P e 23, 2

Cantar Freq: 2 482000000 GHz Fiadio 51 Nene

e Avgibiold: 1200130
Kt Gain -10.00 o) Aadia Device: BTS

VBW 2.7 MHz

Channel Power Power Spectral Density

10.90 dBm /19.6 MHz -62.02 dBm /Hz

Marker 1 2.46 00000 GHz Ay Tipe- Log-Pur
Marker 1 2.461356000000 “ i
[ Ext Gais: -10.00 &8

Ref 20.00 dBm

Center 246200 GHz
FRes BW 30 kHz VEW 300 kHz

Output Power

Power Spectral Density

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.1.3 — RF Conducted — Transmitter Spurious Emissions

Manufacturer Tridium
Date 5/1/15
Operator Peter F.
Temp. / R.H. 20 - 25° C/30-60% R.H.
FCC 15.247 (d)
Rule Part IC RSS-247 Section 5.5
Specific Measurement | \\51 ¢63.10-2013 Section 11.11
Procedure
AT Do RF Conducted Measurement
of Measurement
1. Mid channel worst case data shown
2. Power measurements made with average method therefore emissions attenuated
30 dB relative in band PSD level.
3. For reference level measurement see DTS BW plots.
4. For antenna port conducted measurements of spurious emissions in the
restricted band, the peak and average limit was converted from field strength to
power limits per KDB 558074 section 10:
Example:
EIRP = E (electric field strength in dBuV/m) + 20log(d)-104.8
E = EIRP — 20log(d) + 104.8
Additional Notes Sample conversion:

For EIRP = -56.6 dBm,
E (dBuV/m) =-56.6 — 20log(3m) +104.8 = 38.7 dBuV/m
For EIRP =-60.9 dBm,
E (dBpV/m) = -60.9 — 20log(3m) + 104.8 = 34.4 dBuV/m

Above 1 GHz Peak and average limit for RF conducted measurements
Peak limit  : EIRP = 74.0 dBuV/m + 20log(3m) — 104.8 = -21.2dBm
Average limit : EIRP = 54.0 dBuV/m + 20log(3m) — 104.8 = -41.2dBm

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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802.11b — 1 Mbps - Mid Channel — 2437 MH

Ref 10.00 dBm

e e

11,000 GHz
BW 100 kHz

Stop Freq 10.000000000 GHz
[

3

g Type: Log-Pwr
Avgikold: 13100
Ext Gain- 10,00 68

Stop Freq

10.000000000 GHz |

[Ty R —Y

Ref 10.00 dBm

g

g g e gy

Start 10,000 GHz
#Res BW 100 kHz #VBW 1.0 MHz

Marker 1 24.010000000000 GHz Avg Typs: Log-Pwr
s Teae e Trig: Fres Run Avgiioid: 111100
IFGaindow °Aten: 1098 Ext Gain: 10,00 68

Peak Searc

h

1-10 GHz

10-25 GHz

“Rephent Sptctrem Arabyoes - Topt T

Ref Value 10.00 dBm

FHO: Fast Ly
W Gaind ow Atten: 10 dB

Ref 10.00 dBm

O e B B g e it

art 30.0 MHz
#Res BW 100 kHz FVEBIW 1.0 MHz

Trig: Free Run

Ava Type: Log-Bwr
AvgHald: 811100
Ext Gaim: 40,00 0B

Stop 1.0000 GHz
3 ms (1001 pts)

30-1000 MHz

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Conducted Band edge Measurements
11 MBPS

Avg Type: Log-Pwr
AvglHold: > 100102
Ext Gain: -90.00 38

Mkr1

Marker 1 2.358380000000 GHz
P

Wide Ly
IFGaindow

Trig: Free Rum
Asten: 10 dB

Ref 10.00 dBm

Start
#Res BW 100 kHz

390000 GHz Sto|
FVEW 1.0 MHz Sweep

p 2
1.000 ms (1001 pts)

Iy —rY

Marker 1 2.485612000000 GH
PR

Ref 10.00 dBm

#VBW 1.0 MHz

. Trig: Frae Run
o Atven: 10 9B

AvglHold: 100100
Ext Gair: 16,00 48

M

LBE

UBE

54 MBPS

Avp Type: Log-Pwe
AvgiMeid>21
Ext Gain: 15,00 )

Trig: Fres Run
Astanc 10 0B

Ref 10.00 dBm

Start 2.390000 GHz
#Res BW 100 kHz

Stop 2400000 GHz
FVEW 1.0 MHz 2 1.333 ms (5000 pts)

Marker 1 2. 483879500000 GH.
)

Ref 10,00 dBm

83500 GHz

Sta
#Res BW 100 kHz #VEW 1.0 MHz

A Type: Log-Pwr
AurgiHold:> 1001105
Ext Gain: 10,00 58

Stop 2.500000 GHz |
Sweep 1.533 ms (1001 pts)

Next Pk Left

LBE

UBE

Trig: Fres Run
Asten 19 0B

Ref 10.00 dBm

Stop 2400000 GHz

SVEW 1.0 MHz Sweep 1.333 ms (5000 pts)

Marker 1 2.483582500000 GHz
Pher

Ref 10.00 dBm

Start 2483500 GHz

#Res BW 100 kHz #VEW 1.0 MHz

Trig: Free Run
IF it ow Asten: 18 dB

Avg Type: Log-Pwr
AorgiHeld:» 100100
Ext Gain: -10.00 3B

Stop 2.500000 GHz |

Sweep 1.533 ms (1001 pts)

LBE

UBE

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Antenna port conducted measurements in restricted band frequency

(ANSI C63.10 — 2013 Section 11.12.2)

Data
Duty Cycle
Peak data Restricted | Average data | Restricted | correction for Antenna
Frequency band : Peak Frequency band : Avg average . .
(MHz) (dBm) (MHz) (dBm) measurement gain (dBi)
(dB)
4824.0 -49.4 4824.0 -51.3 0.0 4.6 -44.8 -21.2 23.6 -46.7 -41.2 5.5
4874.0 -48.2 4874.0 -50.1 0.0 4.6 -43.6 -21.2 22.4 -45.5 -41.2 4.3
4924.0 -47.2 4924.0 -48.4 0.0 4.6 -42.6 -21.2 21.3 -43.8 -41.2 2.6
Screen Captures
30 to 1000 MHz

Elert Spectrum Ansiyter - Seet £ o

Marker 1 967.020000000 MHz Bhvg Type: RMS
Y Teig: Frew Run AvgHold:= 120120
Atten: & B Ext Gain: -14.70 a8

Ref -10.00 dBm

1

PR —T T PR

Start 30.0 MHz Stop 1.0000 GHz
#Res BW 120 kHz #VBW 300 kHz £ ms (1001 pts)

Note: 4.7 dB added as ground plane reflection characteristic

1000 to 2310 MHz

I et Spnctrum Anabyrer - Soenpt £ =) o i
WSE 1N 030
A Type: Lag-Pwr
o Trig: Frae Run AvgHold> 120120
Anen: & 38 Ext Gain: -10.00 a8

Ref 0.00 dBm

st o e Al A PP A it bl Pt

|
|
|
|
|
|
L
|
|
|

Start 1.0000 GHz Stop 2.3100 GHz
#Res BW 1.0 MHz #VEW 3.0 MHz Sweep 1.267 ms (1001 pts)

Prepared For: Tridium Name: 8000-WiFi Module
Report: TR 314337 A Model: 8000-WIFI
LSR: C-2089 Serial: Eng. Sample
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2390 to 2400 MHz

7320000000 GHz

Trig: Frea Run

Fast Ly
IFiGain:Low Aren: 10 48

Ref 10.00 dBm

Start 2.390000 GHz
#Res BW 1.0 MHz #VEBW 3.0 MHz

Aug Type: Lig-Pwr
AvgHold> 120120
Ext Gain: -10.00 48

Stop 2.400000 GHz
Sweep 1,000 ms (1001 pts)

2500 to 10000 MHz

L e Trig: Free Run
Anen: § 58

Ref -10.00 dBm

Start 2.500 GHz
#Res BW 1.0 MHz #VEBW 3.0 MHz

Avg Type: Log-Pwr
AvgiHold: 102120
Ext Gain: -10.00 88

Stop 10.000 GHz
.53 ms (1001 pts)

10000 to 25000 MHz

Marker 1 23.830000000000 GHz
PHO: Fasl Ly TG Frow Run
1FGain:Low Anen: & 88

Ref -10.00 dBm

Start 10.000 GHz
#Res BW 1.0 MHz #VEBW 3.0 MHz

Avg Type: Log-Pwr
AvgiHold: 92120
Ext Gain: -10.00 a8

Mkr1

Stop 25.000 GHz
Sweep 25,00 ms (1001 pis)

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Restricted band Band-edges:

A. 2483.5 to 2500 MHz

R R Duty Cycle
Peak data e Average data e correction for
802.11 Data Rate Frequency band Band- Frequency band Band- average Antenna
Standard (MBPS) (MHz) edge: Peak (MH2) edge: Avg I gain (dBi)
(dBm) (dBm)
(dB)
b 1 2487.7 -38.4 2487.3 -44.5 0.0 2.5 -35.9 -21.2 14.7 -42.0 -41.2 0.7
g 6 2483.9 -26.2 2483.6 -45.7 0.3 2.5 -23.7 -21.2 2.4 -42.9 -41.2 1.7
n MCSO 2483.9 -25.6 2483.7 -46.1 0.3 2.5 -23.1 -21.2 1.9 -43.3 -41.2 2.1

Note: Table above shows highest emissions at band-edge

Bl Type: AMS
Avgiiold: 120120
% Gain: -10.00 o8

Marker 1 2.487313406703 GHz
= o Trig: Fres Run

5 e Aren: 10 98

Marker 1 2487726113057 GHz ®Avg Type: AMS
Avglold:> 101181

% Gain: -10.00 dB

¥ Trig: Frea Run
Aren: 10 98

Rel 10.00 dBm Rel 10.00 dBm

Start 2483500 GHz
#Res BW 1.0 MHz

Stop 2.500000 GHz

Start 2483500 GHz

Stop 2.500000 GHz

SVEW 3.0 MHz*

Sweep 1.066 ms (2000 pts)

#Res BW 1.0 MHz

SVEW 3.0 MHz Sweep 1.066 ms (2000 pts)

o= Trig: Fres fium
Ammen: § 0B

g
AvgiHold: 126120
Ext Gain: A0.00 0B

Avg Type: Log-Pur
AvgMeid> 1IN0

Stop 2.500000 GHz
Sweep 1,066 ms (2000 pts))

Start 2483500 GHz

fRes BW MMz VEBW 3.0 MHz

802.11g Average

802.11g Peak

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Mark: 2483747623812 Gl Avg Type: RMS.
Marker 1 2483747623812 i Fre— e
1 Gain Anen: § 28 Ext Gain: 40,00 6B

Avghiold: =121

" Ly
I Galnclow Aten: & 4B

B e Spertam Analgies - St e
Marker 1 2 483920060480 GHz Ay Typa: LogPar
o Trig: Frea Run »

Ref 0,00 dBm Ref 0.00 dBm

Start 2483500 GHz Stop 2.500000 GHz | r 300 GHZ Y 1
#Res BW 1.0 MHz VEW 3.0 MHz" Sweep 1.066 ms (2000 pis) e b g v

#Res BW 1.0 MHz VEW 3.0 MHz Sweep 1,066 ms (2000 pts)

802.11n Average 802.11n Peak

B. 2310 to 2390 MHz

. . Duty Cycle
Peak data Besticed Average data Besiced correction for
802.11 Data Rate  — band Band- o band Band- — Antenna
Standard (MBPS) (MHz) edge: Peak (MH2) edge: Avg SN gain (dBi)
(dBm) (dBm)
(dB)

b 1 2386.3 -43.2 2386.2 -45.3 0.0 2.5 -40.7 -21.2 19.4 -42.8 -41.2 1.6
g 6 2389.9 -29.4 2390.0 -47.2 0.3 2.5 -26.9 -21.2 5.7 -44.4 -41.2 3.2
n MCSO 2389.7 -27.2 2389.8 -46.5 0.3 2.5 -24.7 -21.2 3.5 -43.7 -41.2 2.4

Note: Table above shows highest emissions at band-edge

Ay Type: AMS ype: Log
> Trig: Frea Run Avglcid: 1204120 ]
Amen: 1088 Ext Gain: 10,00 48

Ext Gain: 10,00 68

Ref 9.00 dBm Ref 9.00 dBm

Al oo
AP IT NI it

T

Start 2.31000 GHz Stop Start 2.31000 GHz
#Res BW 1.0 MHz VBW 3.0 MHz* 3 4 5 00 pts) #Res BW 1.0 MHz

FVBW 3.0 MHz

802.11b Average 802.11b Peak

Prepared For: Tridium Name: 8000-WiFi Module

Report: TR 314337 A Model: 8000-WIFI

LSR: C-2089 Serial: Eng. Sample
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EEE z
78930 GH e Trig: Fres Run
Amen: 1058

Rel 9.00 dBm

Start 2.31000 GHz
0 MHz VEW 3.0 MHz*

Avg Type: AMS
Avgicld: > 120120
Ext Gain: -10.00 &8

Stop 2.39000 GHz
Sweep 1.066 ms (2000

A Type: Log-Par
— Trig Fres Run Avgicld: > 12020

(faiatow *Atien: 1088 Ex Qain: 10,00 68

Rel 9.00 dBm

b, WL,,}.,',«AH-WM"“- e e

Start 2.31000 GHz
#Res BW 1.0 MHz

Stop 2.39000 GHz

VEW 3.0 MHz 1,066 ms (2000 pts)

© Anen: 1068

Ref 9.00 dBm

Start 2.31000 GHz

Ay Type: AMS
Avgiicid: 1200120
Exx Qain: 10,00 8

Ay Type: LogPur
Avgeid:» 13041320

Ammen: 10 98 Ext Qain: 10,00 68

Ref 9.00 dBm

[ TR

Start 2.31000 GHz

#Res BW 1.0 MHz VBW 3.0 MHz* #Res BW 1.0 MHz VBW 3.0 MHz

802.11n (HT20) Average 802.11n (HT20) Peak

Prepared For: Tridium Name: 8000-WiFi Module

Report: TR 314337 A Model: 8000-WIFI

LSR: C-2089 Serial: Eng. Sample
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A.1.5 — RF Conducted — Duty Cycle

Manufacturer Tridium

Date 5/1/15

Operator Peter

Temp. / R.H. 20-25°C/30-60% R.H.
Rule Part N/A

Specific Measurement

ANSI C63.10-2013 Section 11.6

Procedure
Additional Description RF Conducted Measurement
of Measurement
Additional Notes Duty cycle used for average power and average PSD procedures
Table
. . Duty cycle
. 802.11 Data Rate | TX on time | TX off time .
Modulation Duty Cycle | correction
Standard (MBPS) (ms) (ms)
factor (dB)
DBPSK b 1.0 16.400 0.209 0.99 0.0
BPSK 3,8 6.0 2.731 0.193 0.93 0.3
8-QPSK b 11.0 1.665 0.196 0.89 0.5
64-QAM 3,8 54.0 0.324 0.196 0.62 2.1
BPSK n MCSO 2.538 0.198 0.93 0.3
64-QAM n MCS7 0.288 0.196 0.59 2.3

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Plots - 1 Mbps

Marker 1 16.4005 ms

P faat mee Trig: Fres Run
(Fiaiatow Atten: 26 08

Ref 25.00 dBm

Center 2.412000000 GHz
FVBW 50 MHz

Shvg Type RME

Exx Gain: 10,50 68

Span 0 Hz
Sweep 2545 ms (2000 pts)

Marker 1 & 209.067 ys TSR g Type AMS
R
Amen: 16 a8 Ext Gain: -10.00 48

Ref 25.00 dBm

Center 2.412000000 GHz

Res BW 8 MHz FVEBW 50 MHz Sweep 2.132 ms (2000 pts))

On-time

Off-time

> Trige Fres Run
Ammen: 26 9

Rel 25.00 dBm

Center 2412000000 GHz
Res BW & MHz HVBW 50 MHz

Whvg Type RMS

1 Gain: 10,00 B

Span 0Hz
Sweep 5.064 ms (2000 pts)

g Type: AMS
Pa faat e Trig: Fres Run
¥ Gaindow Atten: 36 5B Ext Gain: 10,60 4B

Ref 25.00 dBm

Span 0 Hz
FVEW 50 MHz 064 ms (2000 pts)

On-time

Off-time

Marker 1 A 2.53840 ms
¥ <ig: Fres Run
Atzen: 36 S8

Ref 25.00 dBm

FVBW 30 MHz

oy Type: RS

Ext Gsin: 10,50 <8

Wiy Type: AMS

Exz Gain: 10,00 ¢8

P :
FVEW 50 MHz 2 ms (2000 pis),

Off-time

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample

Page 25 of 42




Plots - 11 Mbps

oy Type: RS

W Trig: Fres Run
Ext Gsin: 10,50 <8

Ref 25.00 dBm

"

FVBW 30 MHz

kg Type: RMS

Trig: Fres fiunm
Atten: 36 08 Exz Gain: 10,00 <8

Ref 25.00 d8m

FVEW 50 MHz

On-time

Off-time

Whvg Type RMS

+= Trige Fres Run
: £ Gain: 10,00 B

Rel 25.00 dBm

M

412000000 GHz

#VBW 50 MHz Sweep 2.132 ms (2000 pts)

Marker 1 A 196.267 ys hvg Type: RMS
+— Trig: Free Rus
Atten: 16 G0 Ext Gain: -10.00 4B

Ref 25.00 dBm

B

Center 2.412000000 GHz

Res BW 8 MHz FVEW 30 MHz Sweep 2,132 ms (2000 pts))

On-time

Off-time

Shg Type: RMS

1 Gain: 10,50 68

Ref 25.00 dBm

#FVBW 50 MHz

Marker 1 & 196,267 ps wAvg Type: AMS
Trig: Free Run

Atten: 26 20 Exx Gain: 10,00 4B

Ref 25.00 dBm

Center 7412000000 GHz
Res BW § MHz

FVEW 50 MHz

On-time

Off-time

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.1.6 — RF Conducted — Frec

11/29/15

over suppl

Temp. / R.H. 20 -25°C/30-60% R.H.

Additional Notes

1. Nominal voltage at 24.0VDC
2. Maximum supply voltage at 26.0 VDC, minimum set at 20.4VDC

Table:

2412000271

2412000282 2412000275

2437000115

2437000114 2437000111

2462000446

2462000448 2462000439

Frequency stability better than 100 ppm

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.2 — Transmitter Radiated Emissions in Restricted Bands

FCC: 15.247/15.205/ 15.209
Rule Part(s) | 1c. RSS-GEN Section 8.9,8.10
Measurement |\ g 063 .10 — 2013 Section 11.12 (6.3,6.5,6.6)
Procedure
Test Location LS Research, LLC — FCC/IC Listed 3 meter Chamber
Test Distance See data section
Above 1 GHz: 150 cm height non-conductive table above reference ground plane covered
EUT Placement | with absorbers
Below 1 GHz: 80 cm height non-conductive table above reference ground plane
Frequency Biconical: Log Periodic Dipole Double-Ridged Standard Gain Horn:
Range of 30-300 MHz Array: Waveguide Horn: | 18-26GHz
Measurement 300-1000 MHz 1-18 GHz
30-1000MHz 1 - 40 GHz:
Measurement RBW: 120 kHz RBW : 1IMHz
Detectors VBW: At least 300 kHz VBW: At least 3 MHz Peak
VBW: <30 Hz Average
1) The antenna, cable, pre-amp, and other necessary measurement system correction factors
are loaded onto the EMI receiver / spectrum analyzer when the measurements are
preformed. The data is gathered and reported as the corrected values.
Description 2) The EUT is placed on a non-conductive pedestal centered on a turn-table in the test
of location with the antenna at the test distance from the EUT
Measurement
3) Maximum radiated RF emissions are determined by rotation of azimuth and scanning
the sense antenna between 1 and 4 meters in height using both horizontal and vertical
antenna polarities. Maximized levels are manually noted at degree values of azimuth and at
sense antenna height.
Example Reported Measurement data = Raw receiver measurement + Antenna Correction Factor +
pie Cable factor (dB) - amplification factor (when applicable) + Additional factor (when
Calculations .
applicable)
Limits:
Frequency 3 m Limit 3 m Limit Type
(MHz) (1V/m) (dBpV/m)
30-88 100 40.0 Quasi-Peak
88-216 150 43.5 Quasi-Peak
216-960 200 46.0 Quasi-Peak
Above 960 500 54.0 Average (>1 GHz)

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.2.1 — Radiated Band-Edge Restricted Bands

Manufacturer Tridium
Date 11/25/15
Operator Adam Alger
Temp. / R.H. 20 - 25°C/30-60% R.H.
Rule Part FCC 15.247/ 15.205 / 15.209
IC RSS-247 / RSS-GEN
Measurement Procedure | ANSI C63.10-2013 Section 11.12
Test Distance 3 meter
EUT Placement 150 cm height non-conductive table centered on turn-table , absorbers covering ground plane
Detectors Final Measurements: Peak / Max Hold: RBW=1 MHz, Peak VBW=3 MHz
Average: RBW=1 MHz, VBW 10Hz,
Additional Notes Cabinet radiation method (ANSI C63.10 -2013 Section 11.12.2.1)
EUT maximized in orientation, azimuth, and antenna height with maximum results reported.

Example Calculation:
Limit (dBuV/m) — Reading (dBpV/m) = Margin (dB)

2310 to 2390 MHz
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Start 231000 GHz Stop 2.39000 GHz Start 2.31000 GHz B Stop 2.39000 GHz
#Res BW 1.0 MHz VEW 3.0 MHz Sweep 1.000 ms (1001 pts) #Res BW 1.0 MHz FVEW 10 Hz Sweep 6.238 s (1001 pts)

802.11g Peak 802.11g Average

Prepared For: Tridium Name: 8000-WiFi Module
Report: TR 314337 A Model: 8000-WIFI
LSR: C-2089 Serial: Eng. Sample
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Ref 20.00 dBypV/im

Start 2.31000 GHz
#Res BW 1.0 MHz

75440000000 G;lz

-
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BAvg Typa: RMS
Trig: Fres Fun AvglHaie= 11

" ahsten 4 0B

Stop 2.39000 GHz

VEW 3.0 MHz Sweep 1.000 ms (1001 pts),

8840000000 GHz Whvg Typa: AMS
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F Gain L v

" ahsten 4 0B

Ref 20.00 dBypV/im

Start 2.31000 GHz
#Res BW 1.0 MHz

Stop 2.39000 GHz

#VBW 10 Hz Sweep 6.238 s (1001 pts)

802.11n Peak

802.11n Average

Ref 20.00 dBypV/im

Start 2483500 GHz
#Res BW 1.0 MHz

Marker 1 2,497195000000 GHz

-
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2483.5 to 25000 MHz

Bhvg Typa: AMS
Trig: Free Run AvglHabe>200200

" ahsten 4 0B

“Stop 2.500000 GHz.

VEW 3.0 MHz Sweep 1.000 ms (1001 pts),
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Start 2483500 GHz
#Res BW 1.0 MHz

802.11b Peak

Bhvg Typa: AMS
Trig: Free Run AvglHabe>200200

" ahsten 4 0B
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“Stop 2.500000 GHz.

VEW 3.0 MHz Sweep 1.000 ms (1001 pts),

Bhvg Typa: AMS
Trig: Free Run AvglHake 400

(Foaintow * #Asten: 4 4B

Ref 20.00 dBypV/im

Start 2483500 GHz
#Res BW 1.0 MHz

“Stop 2.500000 GHz.

#VBW 10 Hz Sweep 1.287 s (1001 pts)

802.11g Peak

802.11g Average

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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#hvg Type: RMS - Marker 1 284000000 GHz : #hvg Type: RMS
o TN Trig: Fres Rn AvglHai> 11 : = T o I Trig: Free Run AvgiHai 11
G L ow #Astenc 4 dB IFGaln L ow #Asterc 4 4B

Ref 80.00 dByVIm 1 Ref 80.00 dByVIm

(R e e

Start 2483500 GHz Stop 2.500000 GHz Start 2483500 GHz Stop 2.500000 GHz
#Res BW 1.0 MHz VEW 3.0 MHz Sweep 1.000 ms (1001 pts) #Res B 1.0 MHz #VBW 10 Hz Sweep 1.287 s (1001 pts)

802.11n Peak 802.11n Average |

Prepared For: Tridium Name: 8000-WiFi Module

Report: TR 314337 A Model: 8000-WIFI

LSR: C-2089 Serial: Eng. Sample
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A.2.2 — Radiated Harmonics in Restricted Bands

Manufacturer Tridium
Date 5-22-15, 11-3-15
Temp. / R.H. 20-25°C/30-60% R.H.

FCC 15.247/15.205/ 15.209

Sl P IC RSS-247 / RSS-GEN
MEEBIEIELL ANSI C63.10-2013 Section 11.12
Procedure

Test Distance 3 meter

EUT Placement 150 cm height non-conductive table centered on turn-table , absorbers covering ground plane

Detectors Final Measurements: Peak / Max Hold, RBW 1 MHz, Peak VBW 3 MHz

Additional Notes Cabinet radiation method (ANSI C63.10 -2013 Section 11.12.2.1)

EUT maximized in orientation, azimuth, and antenna height with maximum results reported.

Example Calculation:
Peak Limit (74 dBuV/m @ 3m) — Peak Reading (dBpV/m) = Peak Margin (dB)
Average Limit (54 dBuV/m @ 3m) — Average Reading (dBuV/m) = Average Margin (dB)

Tables
Low Channel
Frequency ] Azimuth Pea.k Avg Reading| Awg Limit ] Antenna EUT
(MHz) Height (m) {degree) Reading (dBpvfm) | (dBpv/m) Margin (dB) Polarity orientation
{dBpv/m)
4824 1.00 259 52.2 49.5 54.0 4.5 Horizontal Side
7236 1.45 0 45.9 34.1 34.0 19.9 Vertical Side
Middle Channel
Frequency | Height(m) | Azimuth Peak Avg Reading| Awvg Limit | Margin (dB) Antenna EUT
4874 1.00 313 53.7 51.0 54.0 3.0 Vertical Vertical
7311 1.14 351 45.5 34.6 54.0 19.4 Vertical Side
High Channel
Frequency | Height (m) | Azimuth Peak Avg Reading| AvgLlimit |Margin (dB) Antenna EUT
4924 1.15 305 53.5 50.6 34.0 3.4 Horizontal Side
7386 1.04 ] 46.6 36.6 34.0 17.4 Vertical Vertical
Prepared For: Tridium Name: 8000-WiFi Module
Report: TR 314337 A Model: 8000-WIFI
LSR: C-2089 Serial: Eng. Sample
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Plots

Agilent Spectrues Analyzer - Swept 54

Start 4.000 GHz
#Res BW 1.0 MHz

Marker 1 17.776000000000 GHz
"

B Type: Log-Pur
AvgHeld> 100100

: Fast Lot
W Gain:Low

Ref 75.00 dByVim

Peak Search

Avg Type: LogPwr
AvgliHold> 1001900

Ref 75.00 dByVim

Stop 18.000 GHz

Start 4.000 GHz
2 Mt Sweep 364.1 ms (1001 pts)

BW

Start 18.000 GHz
#Res BW 1.0 MHz

Avg Type: Log-Pur
AwglHeld> 100100

“Stop 26.000 GHz

#VEW 3.0 MHz Sweep 20.00 ms {1001 pts)

Avg Type: Log-Pwr
AvgiHeld> 1001100

Ref 75.00 dBpVim

i T

“Stop 26.000 GHz |
Sweep 208.1 ms (1001 pis)

Start 18.000 GHz

#Res BW 1.0 MHz #VBW 30 kHz

18-25 GHz (peak)

18-25 GHz (reduced VBW)

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.2.3 — Radiated Spurious Emissions Transmit Mode (1-4 GHz)

Rule Part

Test Distance

Detectors

FCC 15.247/ 15.205 / 15.209
IC RSS-247 / RSS-GEN

3 meter 1-18 GHz

Peak; RBW 1 MHz

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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BAvg Type: RMS
PRO: Faat Lo un AvglHeld> 1
i Gaindew ~_ WAtten: 0 6B

Ref 65,00 dByVim

Start 1.0000 GHz
#Res BW (CISPR) 1 MHz #VEW 1.0 kHz

Trace Average
—

Max Hold

Z : C Bispl
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A : g Trig:Frea Run BgiHisias 1
PREAMP I Gaind sw MAztan: 0 48

Ref 65.00 dByVim

Start 2.5000 GHz Stop 4.0000 GHz |
#Res BW (CISPR) 1 MHz TVEW 1.0 kHz Sweep 1.720 s (1001 pts)

1-2.31 GHz (Peak)

3 2 ' e A Pesksearen
.5935 0 z BAvg Type: RMS

00000000 0_,,“ " Trig: Free Run AvgiHold> 11
PREAMP WF Galclow © BAWRC 0 dB

Start 2.5000 GHz
#Res BW (CISPR) 1 MHz #VBW 3.0 MHz

2.5-4 GHz (Reduced VBW)

2.5-4 GHz (Peak)

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.2.4 — Radiated Spurious Emissions Transmit Mode (30-1000 MHz)

Rule Part

Test Distance

Detectors

FCC 15.247/ 15.205 / 15.209
IC RSS-247 / RSS-GEN

3 meter 30-1000 MHz

Peak; RBW 120 kHz

Example Calculation:
Limit (dBuV/m) — Reading (dBuV/m) = Margin

Table
Quasi Quasi
Frequency Height Azimuth Peak Peak Margin Antenna EUT
(MHz) (m) (degree) Reading Limit (dB) Polarity | orientation
(dBuV/m) | (dBuv/m)
250.0 1.47 0 35.45 46.0 10.6 H TT
145.7 2.00 227 38.3 43.5 5.2 H T
58.7 1.00 0 26.1 40.0 13.9 H T

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Plots

oY ———————-

Agiberit M Recrvvrr — Froguemscy Scan

Marker 1 671.78 MHz
CISPR
PREAMP

Ref 60.00 dBpVim

#5tart 300 MHz

Res BW 120 kHz VEW 1.2 MHz .572 ps( 60 kHz)

TraceiDet

Rel 60.00 dBpVim

#Start 300 MHz #Stop 1 GHz

Res BW 120 kHz VBW 1.2 MHz .372 ps( B0 kHz)

300-1000 MHz Vertical

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.3 — AC Mains Conducted Emissions

FCC: 15.207
Rule Part(s) | 1c. RSS-247/RSS-GEN
Measurement ANSI C63.4 - 2014
Procedure ANSI C63.10 —-2013
Test Location LS Research, LLC — Conducted Emissions Area
Test Voltage 120 VAC 60 Hz
EUT Placement | 80 cm height non-conductive table above reference ground plane
Frequency
Range of 150 kHz — 30 MHz
Measurement
Peak, Quasi-Peak, Average
pessment | oW it
VBW: At least 27 kHz
1) The LISN, cable, limiter, and other necessary measurement system correction factors are
loaded onto the EMI receiver / spectrum analyzer when the measurements are preformed.
The data is gathered and reported as the corrected values.
Description 2) The EUT is placed on a non-conductive pedestal at appropriate distance from ground
of planes and plugged into LISN. The LISN used has the ability to terminate the unused port
Measurement with a 50Q (ohm) load when switched to either L1 (line) or L2 (neutral).
3) Maximum emissions are determined with peak detector and measurements at select
points are made with quasi-peak and average detectors. Results are recorded and compared
to limit.
Example Reported Measurement data = Raw receiver measurement + LISN Factor + Cable factor
Calculations (dB) + Additional factor (when applicable)

Limits of Conducted Emissions at the AC Mains Ports:

Frequency Range Class B Limits (dBpV)
(MHz) Quasi-Peak Average
0.150 -0.50 * 66-56 56-46
0.5-5.0 56 46
5.0-30 60 50
* The limit decreases linearly with the logarithm of the frequency in this range.

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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A.3.1 — AC Mains Conducted Emissions

Manufacturer Tridium
Date 11-3-15
Operator Peter Feilen
Temp. / R.H. 20 - 25° C/30-60% R.H.
Rule Part 15.207 / RSS-GEN
Measurement ANSI C63.4 -2014
Procedure ANSI C63.10 - 2013 Section 6.2
Test Voltage 120 VAC 60 Hz supplied to AC adapter supplied by applicant for use with EUT
EUT Placement 80 cm height non-conductive table, 40 cm from vertical ground plane
Detectors Peak; RBW 9 kHz
Quasi-Peak and Average
Additional Notes | Tested in continuous transmit with no difference between operating modes

Example Calculation:
Margin (dB) = Limit (dBuV) — Reading (dBuV)

Data Table
0.177 1 442 64.6 20.4 35.6 54.6 19.0
0.341 1 45.1 59.2 14.1 37.3 49.2 119
2.031 1 34.2 56.0 21.8 30.7 46.0 15.3
0.343 2 44.2 59.1 14.9 36.3 49.1 12.8
2.044 2 29.7 56.0 26.3 19.2 46.0 26.8
13.532 2 35.9 60.0 24.1 30.6 50.0 19.4

Plots

Start 150 kHz

Res BW 9 kHz VEW 90 kHz Dwell Time 108.1 ps( 4.5 kHz)

stans | DC Coupled

1 343.48 kHz
CISPH

Ref 26.99 dByV

Al i )M ] “M

Stop 30 MHz
Dwell Time 108.1 us (4.5 kHz)

Start 150 kHz

Res BW 9 kHz VEW 90 kHz

Line 1

stans ¢ DC Coupled
Line 2

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Appendix C — Instrument sheet

"W LS RESEARCH LLC

Wireless Product Development
‘ Equipment Calibration

Date : 20-Now-XH5 Type Test : Conducted measurements Jab#: C-2089
Propared By: Pater Customer:  Tridium Quote # 314337

[No. [assat s | Model # Serial # Cal Date |Cal Dus Date | Status
1 EE 960087 44GHz EXA Spectrum Analyzer Agilent NsD10A MY53400296 12142014 12MU15  Active albvation
2 EE960085 NSO38A MXE 25.5GHz Receher gt NS038A MY51210148 562015 SE2016 Active Calieation
3 AASEDI4E Phasetex Gore EKDOIDOTOTZ0 5800373 Veicaion  Vedication  System

4 AASEDIE0 UTFLEX Cable Micro-Comx UFG142A-0-0720-20021 21 8652-001 212015 W212016  Active Callration

4

LW 15 Research LC

‘ Equipment Calibration
Date : 20-Now-XH5 Type Test : Radaited measurements Jab#: C-2089
Propared By: Pater Customer:  Tridium Quote # 314337

[Mo. [Asset 2 ] | Model # Serial # |cal Date |Cal Dus Date | Status
1 EE 960085 NSO38A MXE 25.5GHz Recoher Agilent No038A MY51210148 562015 SE2016 Active Calibration
2 EE960087 44GHz EXA Spectrum Analyzer gt NSD10A MY53400296 12142014 1ZMU2015  Acte Calbvation
3 EE960088 8GHz MXE Spectrum Anatyzer Agilent NS038A MY51210138 11972015 Y2016 Active Calibration
4 AASED143 Phasetex Gore EKDOIDOIMB.0 5546519 2672015 §262017  Active Caltwation
5 AASEDI4E Phasetex Gore EKDOIDOYOTZ 5800373 Veicaion  Vedication  System

6  AASEDIG0 UTFLEX Cable Micro-Coxx UFC142A-0-0720-20021 218652-001 2172015 G212016  Active Calbwation
7 AA960004 Log Pedodic Anfenna EMcO 93146 5124276 w182015 W182016  Active Calbwation
8 AAS60005 Bicorical Antenna EMCO 231108 6012280 w62015 w15 Active Calieation
9 AASEDISE Double Ridge Hom Antema ETSLindgrn 3117 103300 71972015 TY016 Active Calieation
10 A 960007 Double Ridge Hom Antema EMCO 3ns B11-4138 w2015 w415 Active Calibration
11 AASEDIS 1048 Dual Directional Coupler Narda 2202810 016 Veicaion  Vedicalion  System

12 AA9EDISE 2 4GHz High Pams Fller KW HPF-L-14186 et AN 452015 4152016 Acthe Calbwation
13 AA 960154 ZAGHz High Pass Filter KWM HPF-L-14186 2oz BM20M5 42016 Active Calibration
14 AA 9B0M3T Standard Gain Hom Ant. EMCO 3160-10 69259 anarms 8192016 Active Calibwation
15 EE 960161 26.540GHz LNA Ducommun Technc ALN-33144030 1071701 anaz2ms 1972016 Actie Calbwation
16 EE 960146 Std, Gain Hom Anl. wipreamp Adv Micro / EMCCWLAG22-4 / 316009 123001 ansz2ms 192016 Active Calibwation
17 AA 960161 Highpass Fiter KAL Microwane 11SH10-8000 2 287205 262016 Active Calibration
18 EE025 SMA Cable MegaPhase NC19-5151-236 1GVT4 14032106 001 382015 2016 Acthe Vesihc ation

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample
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Appendix C - Uncertainty Summary

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

Table of Expanded Uncertainty Values, (K=2) for Specified Measurements

Measurement Type Particular Configuration Uncertainty Values
Radiated Emissions 3 — Meter chamber, Biconical Antenna 4.82 dB
3-Meter Chamber, Log Periodic
Radiated Emissions Antenna 4.88 dB
Radiated Emissions 3-Meter Chamber, Horn Antenna 4.85 dB
Absolute Conducted Emissions Agilent PSA/ESA Series 1.38 dB
AC Line Conducted Emissions Shielded Room/EMCO LISN 3.20dB
Radiated Immunity 3 Volts/Meter in 3-Meter Chamber 2.05 Volts/Meter
Conducted Immunity 3 Volts level 2.33V
EFT Burst, Surge, VDI 230 VAC 54.4V
ESD Immunity Discharge at 15kV 3200 V
Temperature/Humidity Thermo-hygrometer 0.64° / 2.88 %RH
Prepared For: Tridium Name: 8000-WiFi Module
Report: TR 314337 A Model: 8000-WIFI
LSR: C-2089 Serial: Eng. Sample
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Appendix D - References

Publication Year Title
FCC CFR Parts 0-15 2015 Code of Federal Regulations — Telecommunications
Digital Transmissions Systems (DTSs), Frequency
RSS-247 Issue 1 2015 Hopping Systems (FHSs) and Licence-Exempt Local
Area Network (LE-LAN) Devices
General Requirements and Information for the
RSS-GEN Issue 4 2014 Certification of Radio Apparatus
American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low-
ANSIC63.4 2014 Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz.
ANSI C63.10 2013 American National Standard of Procedures for

Compliance Testing Unlicensed Wireless Devices

END OF REPORT

Prepared For: Tridium

Name: 8000-WiFi Module

Report: TR 314337 A

Model: 8000-WIFI

LSR: C-2089

Serial: Eng. Sample

Page 42 of 42




