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EXHIBIT 1. INTRODUCTION

1.1 - Scope
FCC Part 15, Subpart C, Section 15.247 and 15.209
References: FCC Part 2, Section 2.1043 paragraph (b)1.
RSS GEN and RSS 210 Annex 8
FCC : Telecommunication — Code of Federal Regulations,
CFR 47, Part 15.
IC : Low-power License-exempt Radio-communication
Devices (All Frequency Bands): Category | Equipment
To gain FCC and IC Certification Authorization for Low-
Power License-Exempt Transmitters.
Both conducted and radiated emissions measurements
were conducted in accordance with American National
Standards Institute ANSI C63.4 — American National
Standard for Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic
Equipment in the Range of 9 kHz to 40 GHz.
Commercial, Industrial or Business
Residential

Title:

Purpose of Test:

Test Procedures:

Environmental Classification:

1.2 - Normative References
Publication Year Title

47 CFR, Parts 0-15 (FCC) 2008-10 C°deT°f el ey Eilons -
elecommunications

Low-power License-exempt Radio-

RSS 210 Annex 8 2010-12 communication Devices (All Frequency Bands):

Category | Equipment

American National Standard for Testing

ANSI C63.10 2009 , ) .
Unlicensed Wireless Devices
2006-03 Specification for radio disturbance and immunity
CISPR 16-1-1 A1: 2006-09 measuring apparatus and methods.
A2. 2007-07 Part 1-1. Measuring Apparatus.
2003 Specification for radio disturbance and immunity
CISPR 16-2-1 A1: 2004-04 measuring apparatus and methods.

A2: 2007-07 Part 201: Conducted disturbance measurement.

FCC Public Notice

DA 00-1407 2000 Part 15 Unlicensed Modular Transmitter Approval
FCC ET Docket No. 2002 Amendment to FCC Part 15 of the Commission’s
99-231 Rules Regarding Spread Spectrum Devices.
Measurement of Digital Transmission Systems
FCC Procedures 2007 operating under Section 15.247.
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1.3 - LS Research, LLC in Review

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

|ACCREDITED|
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
| L4

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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EXHIBIT 2. PERFORMANCE ASSESSMENT

2.1 - Client Information

Manufacturer Name: Johnson Controls, Inc.
Address: 507 E. Michigan Street, Milwaukee, WI 53202
Contact Name: Steve Whitsitt

2.2 - Equipment Under Test (EUT) Information

The following information has been supplied by the applicant.

Product Name:

WRZ Radio Module

Model Number:

25-2845

Serial Number:

9552

2.3 - Associated Antenna Description

Two antennas are possible to use with the WRZ Radio Module, a PIFA and a dipole antenna.

Antenna information for the dipole can be found in Appendix D.

PIFA description: The PCB antenna is an Inverted-F Antenna - a variant of a monopole, where the
radiating element is folded down parallel to the ground plane. Impedance matching is accomplished
by introducing a stub attached at one end to the ground plane. Antenna information for the dipole

can be found in Appendix D.
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2.4 - EUT’S Technical Specifications

EUT Frequency Range (in MHz) 2405-2480
Conducted Power (dBm)
Minimum: 6.72
Maximum: 10.90
Occupied Bandwidth (99% BW) 2423 kHz
Type of Modulation 0-QPSK
Emission Designator 2M42G1D

Transmitter Spurious (worst case) at 3 meters

52.42 dBpV/m at 7438.5 MHz

Receiver Spurious (worst case) at 3 meters

47.08 dBuyV/m at 4960 MHz

Stepped (Y/N)

No

Step Value: N/A
Frequency Tolerance %, Hz, ppm 10ppm
Microprocessor Model # (if applicable) CC2530

Antenna Information

Detachable/non-detachable

Detachable/Non-detachable

Type Dipole/PIFA
Gain (in dBi) 2.0/-0.2
EUT will be operated under FCC Rule Part(s) 15.247
EUT will be operated under RSS Rule Part(s) | 210
Modular Filing X Yes [ ] No
Portable or Mobile? Mobile

RF Technical Information:

Type of SAR Evaluation: Device Used in the Vicinity of the Human Head
Evaluation SAR Evaluation: Body-worn Device
(check one) X | RF Evaluation

If RF Evaluation checked above, test engineer to complete the following:

Evaluated against exposure limits: [X] General Public Use

Duty Cycle used in evaluation: 100%
Standard used for evaluation: OET 65
Measurement Distance: 20 cm
RF Value: 0.003879 [_]V/m
[ ] Measured

[ ]A/m

Margin of compliance at 20cm: 24.1dB

X mW/cm?
[] Computed

X Calculated

[ ] Controlled Use
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2.5 - Product Description

The Johnson Controls WRZ Radio 2.4G RF Module is a single printed wiring board that implements
a self-contained, complete wireless interface module. The radio section utilizes Texas Instruments
CC2530 radio chip, following the 802.15.4 standard and is driven by a 32.000 MHz crystal circuit on
board. The CC2530 chip drives a balun which couples the signal through transmit/receive switches
to an RF amplifier delivering 10 mW to either an internal F antenna or external antenna through a

MMCX connector.
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EXHIBIT 3. EUT OPERATING CONDITIONS &

CONFIGURATIONS DURING TESTS

3.1 - Climate Test Conditions

Temperature: 68-72°F
Humidity: 30-40%
Pressure: 740-750mmHg

3.2 - Applicability & Summary Of EMC Emission Test Results

. Compliance
FCC and IC Paragraph Test Requirements (Yes/No)
FCC : 15.207 . .
IC - RSS GEN sect. 7.2.2 Power Line Conducted Emissions Measurements Yes
FCC :15.247(a)(2) , - .
IC : RSS 210 A8.2(3) 6 dB Bandwidth of a Digital Modulation System Yes
At RSS4%E1N section 20 dB Bandwidth Yes
FCC :15.247(b) & 1.1310 .
IC - RSS 210 A8.4 Maximum Output Power Yes
FCC : 15.247(i), 1.1307,
1.1310, 2.1091 & 2.1093 RF Exposure Limit Yes
IC : RSS 102
FCC :15.247(c) RF Conducted Spurious Emissions at the Transmitter Yes
IC : RSS 210 A8.5 Antenna Terminal
FCC : 15.247(d) Transmitted Power Spectral Density of a Digital Yes
IC : RSS 210 A8.2(b) Modulation System
FCC :15.247(c), 15.209 &
15.205 Transmitter Radiated Emissions Yes
IC : RSS 210 A8.2(b),
section 2.2, 2.6 and 2.7

The digital circuit portion of the EUT has been tested and verified to comply with FCC Part 15,
Subpart B, Class B Digital Devices (RSS GEN and RSS 210 of IC) and the associated Radio
Receiver has also been tested and found to comply with Part 15, Subpart B — Radio Receivers
(RSS GEN and RSS 210 of IC). The Receiver Test Report is available upon request.

3.3 - Modifications Incorporated In the EUT for Compliance Purposes
[ ] None X Yes (explain below)

In order to pass Upper Band Edge Channel 26 power set to level 210 all remaining channels set to
240.

3.4 - Deviations & Exclusions from Test Specifications

X] None [ ] Yes (explain below)
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EXHIBIT 4. DECLARATION OF CONFORMITY

The EUT was found to MEET the requirements as described within the specification of FCC Title
47, CFR Part 15.247, and Industry Canada RSS-210, Issue 8, Section Annex 8 (section 8.2) for a
Digital Spread Spectrum (DTS) Transmitter.

Note: 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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EXHIBIT 5. RADIATED EMISSIONS TEST

5.1 - Test Setup
The test setup was assembled in accordance with Title 47, CFR FCC Part 15, RSS GEN and ANSI

C63.4. The EUT was placed on an 80cm high non-conductive pedestal, centered on a flush
mounted 2-meter diameter turntable inside a 3 meter Semi-Anechoic, FCC listed Chamber. The
applicable limits apply at a 3 meter distance. Measurements above 4 GHz were performed at a 1
meter separation distance. The calculations to determine these limits are detailed in the following
pages. Please refer to Appendix A for a complete list of test equipment. The test sample was
operated on one of three (3) standard channels: low (2405 MHz), middle (2440 MHz) and high
(2480 MHz). The channels and operating modes were changed using a PC via HyperTerminal.

5.2 - Test Procedure

Radiated RF measurements were performed on the EUT in 3 meter Semi-Anechoic and Compact
Semi-Anechoic FCC listed Chambers. The frequency range from 30 MHz to 25000 MHz was
scanned and investigated. The radiated RF emission levels were manually noted at the various
fixed degree settings of azimuth on the turntable and antenna height. For the lower frequency
ranges the EUT was placed on a non-conductive pedestal in the 3 meter Semi-Anechoic Chamber
with the antenna mast placed so that the separation distance between the antenna and EUT was 3
meters. A Biconical Antenna was used to measure emissions from 30 MHz to 300 MHz, a Log
Periodic Antenna was used to measure emissions from 300 MHz to 1000 MHz, a Double-Ridged
Waveguide Horn Antenna was used from 1 GHz to 4 GHz in the 3 meter Semi-Anechoic Chamber.
The remaining measurements were taken in the Compact Semi-Anechoic Chamber at a separation
distance of 1 meter. The Double-Ridged Waveguide Horn Antenna used from 4 GHz to 18 GHz
and a Standard Gain Horn Antenna was used from 18 GHz to 25 GHz. The maximum radiated RF
emissions were found by raising and lowering the antenna between 1 and 4 meters in height below
4GHz and 1 to 1.8 meters above 4GHz, using both horizontal and vertical antenna polarities. The
EUT was rotated along three orthogonal axes during the investigations to find the highest emission
levels.

5.3 - Test Equipment Utilized

A list of the test equipment and antennas utilized for the Radiated Emissions test can be found in
Appendix A. This list includes calibration information and equipment descriptions. The Agilent
E4445A EMI Receiver was operated with a resolution bandwidth of 120 kHz for measurements
below 1 GHz (video bandwidth of 300 kHz), and a bandwidth of 1 MHz for measurements above 1
GHz (video bandwidth of 1 MHz). From 4 GHz to 25 GHz, an Agilent E4446A Spectrum Analyzer
was used.

5.4 - Test Results

The EUT was found to MEET the Radiated Emissions requirements of Title 47 CFR, FCC Part
15.247 and Canada RSS-210, Issue 8, Annex 8 for a DTS transmitter. The frequencies with
significant RF signal strength were recorded and plotted as shown in the Data Charts and Graphs.
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5.5 - Calculation of Radiated Emissions Limits

The maximum peak output power of an intentional radiator in the 2400-2483.5 MHz band, as
specified in Title 47 CFR 15.247 (b)(3) and RSS 210 A8.4 is 1 Watt. The harmonic and spurious RF
emissions, as measured in any 100 kHz bandwidth, as specified in 15.247 (d) and RSS 210 A8.2
(b), shall be at least 20 dB below the measured power of the desired signal, and must also meet the
requirements described in 15.205(c) for FCC and section 2.2, 2.6 and 2.7 of RSS 210 for IC.

The following table depicts the general radiated emission limits above 30 MHz. These limits are
obtained from Title 47 CFR, Part 15.209, for radiated emissions measurements. These limits were
applied to any signals found in the 15.205 restricted bands. The mentioned limits correspond to
those limits listed in RSS 210 section 2.7.

Frequency 3 m Limit 3 m Limit 1 m Limit
(MHz) uV/m (dBuV/m) (dBpV/m)
30-88 100 40.0 -
88-216 150 43.5 -

216-960 200 46.0 -

960-24,000 500 54.0 63.5

Sample conversion of field strength (uV/m to dBuV/m):
dBuV/m = 20 log 10 (100)= 40 dBuV/m (from 30-88 MHz)
For measurements made at 1.0 meter, a 9.5 dB correction has been invoked.

960 MHz to 10,000 MHz
500uV/m or 54.0 dBuV/m at 3 meters
54.0 + 9.5 = 63.5 dBuV/m at 1 meter

Reported data is the raw data corrected for all applicable factors such as antenna factors, cable
loss, etc.

Sample reported data:
Raw Data + Antenna Factor + Cable Factor = Reported Data

12.0 dBuV/m + 10.4 dB + 0.7 dB = 23.1 dBuyV/m
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5.6 - Radiated Emissions Test Data Chart

3 Meter Measurements of Electromagnetic Radiated Emissions

Test Standard: 47CFR, Part 15.205 and 15.247(DTS)
RSS 210 A8, sections 2.2, 2.6 and 2.7
Frequency Range Inspected: 30 MHz to 25000 MHz

Manufacturer:

Johnson Controls, Inc.

Date(s) of Test:

12/9/11, 12/15/11, 1/30/12

Test Engineer(s):

Shane Rismeyer and Peter Feilen

Voltage:

3.3VDC

Operation Mode:

Modulated

Environmental
Conditions in the Lab:

Temperature: 20 -25C
Relative Humidity: 30 — 60 %

EUT Power:

Single Phase VAC

3 Phase VAC

Battery

Other: 3.3VDC

EUT Placement:

80cm non-conductive
table

10cm Spacers

3 Meter Semi-Anechoic

EUT Test Location: ECC Listed Chamber 3/10m OATS
Measurements: Pre-Compliance Preliminary | X | Final
Detectors Used: Peak Quasi-Peak | X | Average

The following table depicts the level of significant spurious radiated RF emissions found:

Frequency | Height Azimuth Reading Limit Margin Polarit EUT
(MHz) (meters) | (degrees) (dBuV/m) (dBuV/m) (dB) Y | Orientation
106.1 1.00 0 23.1 43.5 20.4 \% F
299.9 1.00 0 25.3 46.0 20.7 H F
106.1 1.00 274 22.4 43.5 21.1 V V
97.3 1.16 0 22 43.5 21.5 V V
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RADIATED EMISSIONS DATA CHART (continued)

Dipole Harmonics:

The following table depicts the level of significant radiated RF harmonic emissions seen on Channel

11:

Frequency | Ant./EUT | Height Azimuth Peak Co;n:aclred Limit Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBuV/m) (dBuV/m) (dB)
4810.0 H/Side 104.6 212.5 63.10 49.12 63.5 14.38
4811.0 V/Vertical 108.3 250.2 61.96 47.98 63.5 15.52

The following table depicts the level of significant radiated RF harmonic emissions seen on Channel

18:

Frequency | Ant./EUT | Height Azimuth Peak Co;reeaclzed Limit Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBuV/m) (dBuV/m) (dB)
7321.5 H/Side 109.8 212.5 74.46 60.48 63.5 3.02
7321.5 V/Vertical 125.7 94.0 73.15 59.17 63.5 4.33
4880.1 H/Vertical 102.9 219.1 60.80 46.82 63.5 16.68
4880.0 V/Vertical 102.2 343.0 58.35 44.37 63.5 19.13

The following table depicts the level of significant radiated RF harmonic emissions seen on Channel
26:

Frequency | Ant/EUT | Height | Azimuth Peak C°|;':a°;°d Limit | Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBpV/m) (dBuV/m) (dB)
7438.5 H/Side 102.0 204.0 75.90 61.92 63.5 1.58
7439.0 V/Side 109.0 20.0 71.99 58.01 63.5 5.49
4959.8 H/Vertical 117.2 225.0 58.29 44.31 63.5 19.19
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RADIATED EMISSIONS DATA CHART (continued)

PIFA Unit:
The following table depicts the level of significant radiated RF harmonic emissions seen on Channel

11:

Frequency | Ant./EUT | Height Azimuth Peak Co;n:aclred Limit Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBuV/m) (dBuV/m) (dB)
4810.0 H/Flat 120.0 230.0 62.40 48.42 63.5 15.08
4810.0 V/Side 117.0 135.0 60.35 46.37 63.5 16.13
The following table depicts the level of significant radiated RF harmonic emissions seen on Channel
18:

Frequency | Ant./EUT | Height Azimuth Peak Co;reeaclzed Limit Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBuV/m) (dBuV/m) (dB)
7321.4 H/Side 117.1 167.4 71.82 57.84 63.5 5.66
7321.4 V/Side 102.2 53.8 70.95 56.97 63.5 6.53
4880.0 H/Vertical 100.0 217.0 63.70 49.72 63.5 13.78
12197.0 V/Flat 100.0 229.8 60.11 46.13 63.5 17.37
The following table depicts the level of significant radiated RF harmonic emissions seen on Channel
26:

Frequency | Ant/EUT | Height | Azimuth Peak C°|;':a°;°d Limit | Margin
(MHz) Polarity (cm) (degrees) | (dBuV/m) (dBpV/m) (dBuV/m) (dB)
7438.5 V/Vertical 105.6 139.9 72.99 59.01 63.5 4.49
7438.5 H/Flat 109.6 282.9 72.81 58.83 63.5 4.67
4960.0 H/Vertical 102.0 143.1 60.47 46.49 63.5 17.01
Notes:

emissions did not exceed 20 dB above the limit.

-16.33 dB as justified by the averaging factor.
4. All other measurements were greater than 20dB from the respective limit.

Measurements above 4 GHz were made at 1 meters of separation from the EUT.
A relaxation of the limit is invoked based on the average duty factor of the transmitter on-air-time.

Justification appears in Appendix E. The measurements have been recalculated and reduced by

A Quasi-Peak Detector was used in measurements below 1 GHz, and a Peak as well as an Average
Detector was used in measurements above 1 GHz. The peak detector was used to ensure the peak
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5.7 - Screen Captures - Radiated Emissions Test

These screen captures represent Peak Emissions. For radiated emission measurements, a Quasi-Peak detector function

is utilized when measuring frequencies below 1 GHz, and an Average detector function
frequencies above 1 GHz.

is utilized when measuring

Channel 18, Antenna Vertically Polarized, 30-300 MHz, at 3m

* Agilent 28:17:22 Dec 19, 2611 R T

&

Meas At Mkr

Enissl /.30 MHz
missions

éMI Peak:

P: Path: Fil
MI Ava: G%tin: Di‘lter

#BH <Hz  Sweep 14

File Operation Status, C:\AB3BCV12.ANT file loaded

Channel 18, Antenna Vertically Polarized, 300-1000 MHz, at 3m

% Agilent 19:03:40 Dec 19, 2011 Bl

Path: Filter

Inout: R
tee Gain: ON

Meas At Mkr é.r;il Peak:
T Ava: Atten:

Emissions OOl M A

dB

Ref 60 dBpY #Atten 10 dB

#EmiPk

Log
5
dB/

#\BH 300 kHz

Qi
oneep

| Marker

Select Marker
2 3 4

r—eeeeeeeeeee ]

Normal

Delta

Delta Pair
(Tracking Ref)
Ref a

Span Pair

Span Center

off

I Marker Fctn

Select Marker
2 3 4

-

Marker Noise

Band/Intvl
Power

Function Off

Measure at
Marker

File Operation Status. C:\BO3LGV12.ANT file loaded
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Screen Captures - Radiated Emissions Testing (continued)

Channel 18, Antenna Vertically Polarized, 1000-2310 MHz, at 3m
W Agilent 22:15:47 Dec 19, 2011 R T |PeakSearch

MI Peak:25. 3% dguu Presel: Next Peak
RF Path:

éMI Avg: % ?93 ﬂH Input: ath: Bypass

Next Pk Right

Next Pk Left

Min Search

Operation Status, C:\AHORN39.ANT file loaded

Channel 18, Antenna Vertically Polarized, 2310-2390 MHz, at 3m

i Agilent 21:55:33 Dec 19, 2011 R T [_Trace
Presel: Trace
Input: RF Path: Bypass 1 2 3
Clear Write
Max Hold
Min Hold
View
Blank
More
_ WBH10Hz  Sweep 9 i

File Uperatlun Status, C:\AHORN29.ANT file loaded
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Screen Captures - Radiated Emissions Testing (continued)

Channel 18, Antenna Vertically Polarized, 2390-2400 MHz, at 3m

Emiss 97.30 MHz
missions

MI Avg: 189,

Marker 2.396293008 GHz Next Pk Right

- Agilent 22:07:42 Dec 19, 2011

Meas At Mkr EMI Peak:25.32 dBuY Presel:
é = %% % ggﬂg {;iput: RF Path: Bypass
]

#Atten B dB

#YBH 10 Hz Sweep 1.147

ile Operation Status. C:\AHORN39.ANT file loaded

R T | PeakSearch

Next Peak

Next Pk Left
Min Search

Pk-Pk Search

(
Mkr > CF

—
T More
3 1of 2

3% Agilent 22:21:52 Dec 19, 2011

Start 2.5080 GHz

Res BH ( 1 MHz

Presel:

Input: RE Path: Bypass

#YBH 10 Hz Sweep

File Operation Statuss C:\AHORN39.ANT file loaded

VChanneI 18, Antenna Vertically Polarized, 2500-4000 MHz, at 3m

R T [PeakSearch

Next Peak
Next Pk Right
Next Pk Left
Min Search

Pk-Pk Search

|
Mkr 5 CF
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Screen Captures - Radiated Emissions Testing (continued)

Channel 18, Antenna Vertically Polarized, 4000-18000 MHz, at 1m

% Agilent 00:08:37 Dec 21, 2011 | Trace
Mkrl 7.313 GHz
Ref 86.99 dBpU/m  #Atten O dB 72.04 dBpV/m Trace
Peak 1 2 3
Log
10 b3 )
B/ Clear Write
Max Hold
Lo Min Hold
ML $2 ,
$3 FC View
A
£ |-
cun | Marker Blank
swp |1£.313000000 GHz
72.04 dBpV/m "
Start 4.000 GHz Stop 18.000 GHz 1 g{ g
#Res BH 1 MHz #YBH 1 MHz Sweep 46.68 ms (601 pts)

File Operation Status. R:\SCREN308.GIF file saved

Channel 18, Antenna Vertically Polarized, 18000-25000 MHz, at 1m

4 Agilent 90:41:15 Dec 21, 2611 Peak Search
Mkrl 21.348 GHz

Ref 86.99 dBpV/m #Atten B dB 52.65 dBpV/m Next Peak

Peak

Log

10 Next Pk Right

dB/ 9
3 Next Pk Left

63.5

dBpl/p Min Search

LgAv

ML S2

33 EC Pk-Pk Search

A

£0F): |

Frun |Marker Mkr > CF

swp 121.348000000 GHz

52.65 dBpVU/m | "

Start 18,008 GHz Stop 25,000 GHz Lo

#Res BH 1 MHz #JBH 1 MHz Sweep 35 ms (601 pts)

File Operation Status, A:\SCREN312.GIF file saved ]
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5.8 - Receive Mode Testing
Per the requirements of RSS-210, the EUT was placed in continuous receive mode and the
radiated spurious emissions were measured and compared to the limits stated in RSS-Gen Section

4.10.

The test setup, procedure, and equipment utilized were identical to that described in sections 5.1,
5.2, and 5.3 of this document.

Measurement data and screen captures from the receive tests are presented below:

Quasi Quasi
Frequency | Height | Azimuth Peak Peak Margin Antenna EUT
(MHz) (m) (degree) | Reading Limit (dB) Polarity | orientation
(dBuV/m) | (dBpV/m)
989.5 1.00 0 30.2 54.0 23.8 H F
281.6 1.00 0 23.2 46.0 22.8 V F
Frequency | Height | Azimuth Pea_k Avera_lge Avt_ara_ge Margin | Antenna EUT EUT
(GHz) (m) (degree) Reading | Reading Limit (dB) Polarity | orientation | Channel
(dBuV/m) | (dBpV/m) | (dBpV/m)

4960.0 1.20 352.1 59.63 56.58 63.5 6.9 H F 26
3917.5 1.00 35.1 27.5 54.0 26.5 H \ 18
3905.5 1.00 35.8 274 54.0 26.6 \ F 18
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5.9 - Screen Captures - Radiated Emissions Testing - Receive Mode

These screen captures represent Peak Emissions. For radiated emission measurements, a Quasi-Peak detector function
is utilized when measuring frequencies below 1 GHz, and an Average detector function is utilized when measuring

frequencies above 1 GHz.

Channel 18, 30-300 MHz, Antenna Horizontally Polarized

“ Agilent 81:51:33 Dec 20, 2011 R T Trace

Trace
Me Mkr EMI Peak: %g déu\) Presel:
I RF Path: Fil 2
Emigaiohs B W ém s 3% Gy ARt RE g fath leer
Clear Hrite
Max Hold
Min Hold
View
Blank
More
20 kHz  WUBH 300 kHz  Sweep 147.9 1 S
File Operation Status, C:\AG3BCH12.ANT file loaded
Channel 18, 30-300 MHz, Antenna Vertically Polarized
i Agilent 02:09:46 Dec 20, 2011 R T | Marker Fctn

Meag At I'Ikr EMI Peak:29. : 1 2
281.57 MHz Path: Filter | =

EMI Avg: 1% Htten @ dB  Gain: ON

Emissions

Marker 292.170000 MHz Marker Noise

Ref 56 dBpY #Atten 10 dB

#EmiPk Band/Intvl

Log H Power

) 120 kHz #YBH 308 kHz  Sweep 147.9

S ¢ A0
File Operation Status, C:\AO3BCV12.ANT file loaded

Select Marker

Function Off

Measure at
Marker
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Screen Captures - Radiated Emissions Testing — Receive Mode (continued)

Channel 18, 300-1000 MHz, Antenna Horizontally Polarized

% Agilent 01:13:09 Dec 20, 2011

#YBH 300 kHz

uY Presel:

R T_ Marker Fctn

Select Marker
Inout: RF Path: Fil AR
Atten: 8 dB  Gain: ON

Marker Noise

Band/Intvl
Power

Function Off

Measure at
Marker

B GHz
Sweep )

5)

Channel 18, 300-1000 MHz, Antenna Vertically Polarized

- Agilent 91:25:08 Dec 20, 2011

Heza-%:;ﬂt szr éMl Peak

. B
Emissions Ml Avg:

R T Marker Fctn

- Select Marker
“RE _ Path: Fjter |1 2

tten: 0 dB  Gain: ON -

Marker Noise

Band/Intvl
Power

Function Off

Measure at
Marker

20 kHz #YBH 300 kHz S

Copyright 2000-2009 Agilent Technologies
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Screen Captures - Radiated Emissions Testing — Receive Mode (continued)

Channel 18, 1-4 GHz, Antenna Horizontally Polarized
- Agilent 23:51:08 Dec 19, 2011 R T | PeakSearch

Meas At Mkr EMI Peak:25.32 d U Presel: Next Peak
E - % g% géu Input: RF Path: Bypass

Emissions itz EMI Avg: 19:1

Marker 3.917500000 GHz Next Pk Right

dBpY #Atten 0 dB
Next Pk Left

Min Search

Pk-Pk Search

1
Mkr 5 CF
I
More

: 1of 2

Channel 18, 1-4 GHz, Antenna Vertically Polarized
¥ Agilent 23:58:10 Dec 19, 2011 R T | MarkerFctn

Select Marker

File Operatlun Status, C:\3MCAB9.CBL file loaded

Hea% At I'Ikr éMl Peak: 33 29 Bu¥ Plrese_l:RF S Do

Emissions Mi Avg: % gﬁ'ﬂ nput. ath: Bypass | =
Marker 3.905500000 GHz et e
a— Htien 8 Band/Intvl
Power

Function Off

Measure at
Marker

File Operatmn Status, C:\3MCABY.CBL file loaded
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Screen Captures - Radiated Emissions Testing — Receive Mode (continued)

Channel 18, 4-18 GHz, Antenna Horizontally Polarized

% Agilent 22:02:53 Dec 20, 2011 | Display
Mkr1 4.885 GHz|
gefk%.% dBpV/m  #Atten O dB 57.90 dBpY/m Full Screen
ea
%%9 Display Line
63.50 dBpV/m
dB/ On OFf
r ]
o
DI
63.5 A O
dBpW/ -
Laf | Limits»
ML S2 Active Fctn
53 FC Position
a Bottom
£
FTun Title»
Swp
Start 4.000 GHz Stop 18.000 GHz || Preferences»
#Res BH 1 MHz #BH 1 MHz Sweep 46.68 ms (601 pts)
[File Operation Status, C:\BARU.CBL file loaded
Channel 18, 18-25 GHz, Antenna Vertically Polarized
4 Agilent 90:31:21 Dec 21, 2611 Peak Search
Mkrl 21.418 GHz
Ref §6.99 dBpV/m #Atten B dB 52.01 dBpV/m Next Peak
Peak
Log
19 Next Pk Right
dB/ 9
& Next Pk Left
1] ST (P S PO paeer L WET Sl LY Y-y, &
63.5
dBwY/n Min Search
LgAv
M1 S2
33 EC Pk-Pk Search
A
£ |
Frun |Marker Mkr > CF
s 121.418000000 GHz
52.01 dBuU/m | —
Start 18.008 GHz Stop 25.000 GHz 1 of 2
#Res BH 1 MHz #JBH 1 MHz Sweep 35 ms (601 pts)
File Operation Status, A:\SCREN311.GIF file saved ]
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EXHIBIT 6. CONDUCTED EMISSIONS TEST, AC POWER LINE

6.1 - Test Setup
The test area and setup are in accordance with ANSI C63.4 and with Title 47 CFR, FCC Part 15,

Industry Canada RSS-210 and RSS GEN. The EUT was placed on a non-conductive wooden table,
with a height of 80 cm above the reference ground plane. The EUT’s power cable was plugged into
a 50Q (ohm), 50/250 uH Line Impedance Stabilization Network (LISN). The AC power supply of
120V was provided inside the 3 Meter Semi-Anechoic Chamber via an appropriate broadband EMI
Filter, and then to the LISN line input. Final readings were then taken and recorded. After the EUT
was setup and connected to the LISN, the RF Sampling Port of the LISN was connected to a 10 dB
Attenuator-Limiter, and then to the HP 8546A EMI Receiver. The EMCO LISN used has the ability
to terminate the unused port with a 50Q2 (ohm) load when switched to either L1 (line) or L2 (neutral).

6.2 - Test Procedure

The EUT was investigated in continuous modulated transmit mode for this portion of the testing.
The appropriate frequency range and bandwidths were selected on the EMI Receiver, and
measurements were made. The bandwidth used for these measurements is 9 kHz, as specified in
CISPR 16-1, Section 1, Table 1, for Quasi-Peak and Average detectors in the frequency range of
150 kHz to 30 MHz. Final readings were then taken and recorded.

6.3 - Test Equipment Utilized

A list of the test equipment and accessories utilized for the Conducted Emissions test is provided in
Appendix A.

6.4 - Test Results

The EUT was found to MEET the Conducted Emission requirements of FCC Part 15.207
Conducted Emissions for an Intentional Radiator. See the Data Charts and Graphs for more details
of the test results.
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6.5 - FCC Limits of Conducted Emissions at the AC Mains Ports

The follow table represents the limits for Conducted Emissions Class B taken from CFR 15.207:

Frequency Range (MHz)

Quasi-Peak Limit (dBuV)

Average Limit (dBupV)

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.

Sample calculation for the limits in the 0.15 to 0.5 MHz:

Limit = -19.12 (Logso (F [MHz] / 0.15 [MHz])) + 66.0 dBpV

For a frequency of 200 kHz for example:

Quasi-Peak Limit (F=200 kHz) = -19.12 (Logso (0.2[MHz] / 0.15 [MHz])) + 66.0 dBpV

Quasi-Peak Limit (F=200 kHz) = 63.6 dBuV

Average Limit (F=200 kHz) = -19.12 (Log1o (0.2[MHz}/0.15[MHz])) + 56.0 dBpV

Average Limit (F = 200 kHz) = 53.6 dBpV

Reported data is the raw data corrected for all applicable factors such as antenna factors, cable

loss, etc.

Sample reported data:

Raw Data + Antenna Factor (LISN) + Transient Limiter= Reported Data

2.4dBuyvV +0.1dB +10.2dB =12.7 dBuV

LS Research, LLC

Page 26 of 57

Prepared For: Johnson Controls, Inc.

Model Number: 25-2845

Report #: 311198

EUT: WRZ Radio Module

Serial Number: 9552

LSR Job #: C-1243




6.6 - Conducted Emissions Test Data Chart
Frequency Range inspected: 150 KHz to 30 MHz

Test Standard: FCC 15.207 Class B

ICRSS GEN7.2.2

Manufacturer: Johnson Controls, Inc.
Date(s) of Test: 12/20/11

Test Engineer: Shane Rismeyer
Voltage: 3.3VDC

Operation Mode: | Modulated

Environmental
Conditions in the
Lab:

Temperature: 20 —25°C
Relative Humidity: 30 — 60 %

Test Location: X | Conducted Test Area Chamber
. X | 40cm from Vertical Ground Plane 10cm Spacers
AT IHEEE e X | 80cm above Ground Plane Other:
Measurements: Pre-Compliance Preliminary X | Final
Detector Used: Peak X | Quasi-Peak X | Average
QUASI-PEAK AVERAGE
Frequency Line Reading Limit Margin Reading Limit Margin
(MHz) (dBuV) (dBuV) (dB) (dBuV) (dBuV) (dB)
0.187 L1 12.700 64.169 51.469 1.100 54.169 53.069
0.620 L2 38.200 56.000 17.800 35.100 46.000 10.900
Notes:

1) All other emissions were better than 20 dB below the limits.
2) The EUT exhibited similar emissions in transmit and receive modes, and across the Low, Middle

and High channels tested.
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6.7 - Test Setup Photo(s) - Conducted Emissions Test

LS Research, LLC

Page 28 of 57

Prepared For: Johnson Controls, Inc.

Model Number: 25-2845

Report #: 311198

EUT: WRZ Radio Module

Serial Number: 9552

LSR Job #: C-1243




6.8 - Screen Captures — Conducted Emissions Test

Note: These screen captures represent Peak Emissions. For conducted emission measurements, both a Quasi-Peak detector function
and an Average detector function are utilized. The signature scans shown here are from Channel 18, chosen as being a good

representative of channels.

Channel 18, 2440 MHz, Line 1

[G3] 14:14:88 DEC 28. 2@11

STOF
36.8@ HHz

LOG REF 75 @ dBpY

ACTU DET: PERAK

MEAS DET: PEAK DF AUG
NKR E18 kHz
37.83 dEul

18
dBs

#ATN
g dB

'-Nu
—

MA 53”“

S¢ FC| ¥ it

ALORR

.|

AT e

START 158 kHz
RT  #1F BH 9.8 kHz

$TOF 38.88 NHz

AVC BH 38 kH: SWP 2.49 sec

Channel 18, 2440 MHz, Line 2

[B3] 14:84:53 DEC 2B. @il

RTTEN ACTU DET: PEAK
B b MERS DET: PEAK DP AUG

NKR 158 kHz
36.43 dByl

LOG REF 75 @ dBpY

18

dBs

#ATN

g | [

H“--..__‘

HA 5B

SC FC [ kg, ) A

ALORR L nAsPe

a et

CENTER 15.89 HH:
RL  #1F BH 9.8 kHz

$PRN 29.85 NHz

AVC BW 38 kHz SWF 2.49 sec

Last Hrd

Key Nenu

SPAK

HAAKER

b CF
HAREER
a
HEXT
PERK

HEXT P¥
RIGH]

HEX] PR
LEFT

Nore

{of 2

Last Hrd

Key Nenu

SPAK

HAAKER

b CF

HAREER

a
NEXT
PERK

HEXT P¥
RIGHT

HEX1 PR
LEF]

Nore
{of @
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EXHIBIT 7. OCCUPIED BANDWIDTH

7.1 - Limits
For a Digital Modulation System, the 6 dB bandwidth shall be at least 500 kHz.

7.2 - Method of Measurements

Refer to ANSI C63.4 (2003) and FCC Procedures (2007) for Digital Transmission Systems
operating under 15.247. The bandwidth of the fundamental frequency was measured with the
Spectrum Analyzer using 30 kHz RBW and VBW=300 kHz. The bandwidth requirement found in
FCC Part 15.247(a)(2) and RSS 210 A8.2(a) requires a minimum -6dBc occupied bandwidth of 500
kHz. In addition, Industry Canada (IC RSS GEN 4.6.1) requires the measurement of the 99%
occupied bandwidth. For this portion of the tests, a direct measurement of the transmitted signal
was performed at the antenna port of the EUT, via a cable connection to the Agilent E4446A
spectrum analyzer. An attenuator was placed in series with the cable to protect the spectrum
analyzer. The loss from the cable and the attenuator were added on the analyzer as gain offset
settings, thereby allowing direct measurements, without the need for any further corrections. The
EUT was configured to run in a continuous transmit mode, while being supplied with typical data as
a modulation source.

From this data, the closest measurement (6 dB bandwidth) when compared to the specified limit, is
1447 kHz, which is above the minimum of 500 kHz.

7.3 - Test Equipment List

A complete list of test equipment that was used for this test can be found in Appendix A.

7.4 - Test Data

Center Freq -6 dBc OBW o
Channel (MHz) (kHz) 99% OBW (kHz)
11 2405 1818 2417
18 2440 1447 2417
25 2475 1552 2442
26 2480 1819 2423
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7.5 - Screen Captures - Occupied Bandwidth

Channel 11
i Agilent 12:10:02 Dec 15, 2011

Ch Freq 2.485 GHz Trig Free
Occupied Bandwidth

Ref 18 dBm Atten 20 dB Ext PG -18 dB
N 8]

‘_)fnf ﬂ W “\h' ‘“ I‘s $ ? 'P\"lh i WJ' Nhff Mk *

§
lli.-ﬁf!“.".«""]i?'hh’ f !

#UBH 300 kHz

Occupied Bandwidth
2.4174 HHz

Transmit Freq Error
% dB Bandwidth

Channel 18
i Agilent  12:11:42 Dec 15, 2911

Ch Freq 2.44 GHz Trig Free

Occupied Bandsidth ] ]

Ref 18 dBm Atten 20 dB Ext PG -10 dB

‘\’r‘h_‘-:"“"ﬁ-ilr}‘ ] 1 ! \r ,ml[‘ ﬁr‘ i'f .I 'n“ w&- 'u ‘r Nﬂ'ﬂ,\
riE an “« H"\ W '

ey '! "% iy Hfﬁv\; W" I,

#YBH 300 kHz Sweep 5.28

Occupied Bandwidth Occ BH 7 Pwr
2.4174 MHz % db

Transmit Freq Error -2
% dB Bandwidth

- e

Catalogr

Saver

Load»

Deleter

Copy»

Rename»

More
1of 2

I Sweep

Sweep Time
5.288 ms
Auto Man

Single Cont

Auto Sweep
Coupling
SR SA

Gate
[off1’

Points
481

Segmented,
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Channel 25

i Aglent 09:39:57 May 10, 2012 IiFile
1

Ch Freq 2.475 GHz Trig Free
Occupied Bandwidth _- Catalog»
Saver
Ref 16 dBm - Att dB E it FlJ -18 ri_B _
. |
| Load»
4{ ﬁﬁfl T I| |"|i e&i M “f\“nI i Jr’v] rl‘ Wi I |
e e g
r\ Y Deleter
Copy»
Uccupled Bandwidth Occ BW 7 Pwr : Rename»
2.4422 MHZ Y. 0
Transmit Freq Error 25 (Hz More
x dB Bandwidth : : 1of2
Channel 26
o Agilent 12:12:48 Dec 15, 2011 IFreq/ChanneI
1
Ch Freq 2.48 GHz Trig Free Center Fre
Occupied Bandwidth I 2.co0000 o
Center 2.480000000 GHz
Start Freq
2.47850000 GHz
F‘-.—F 18 dBm Atten 20 dB Ext PG -16 dB
P Stop Freq
, &Y 1#ﬁi.,'l‘}‘f'il“l'""-'Wr‘ﬁ Vﬂhili \’inﬁ'myw' *‘P’”’ﬁ"i'n I'l':' m M ] IM‘ \q Nm " R e
L I — R, CF Step
300.000000 kHz
Auto Man
Freq Offset
0.00000000 Hz
Occupied Bandwidth '- 99.00 gns'gna' T"Sf'}
2.4232 HHZ
Transmit Freq Error : : Scale Type
% dB Bandwidth 1.4 : Log Lin|
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EXHIBIT 8. BAND EDGE MEASUREMENTS

8.1 - Method of Measurements

FCC 15.209(b) and 15.247(d) require a measurement of spurious emission levels to be at least 20
dB lower than the fundamental emission level, in particular at the Band-Edges where the intentional
radiator operates. Also, RSS 210 Section 2.2 requires that unwanted emissions meet limits listed in
tables 2 and 3 of the same standard and also to the limits in the applicable annex. The following
screen captures demonstrate compliance of the intentional radiator at the 2400-2483.5 MHz Band-
Edges. The EUT was operated in continuous transmit mode with continuous modulation, with
internally generated data as the modulating source. The EUT was operated at the lowest channel
for the investigation of the lower Band-Edge, and at the highest channel for the investigation of the
higher Band-Edge.

The Lower Band-Edge limit, in this case, would be -20 dBc with respect to the fundamental level.

The Upper Band-Edge limit, in this case, would be + 54 dBuV/m at 3m.

Screen Capture Demonstrating Compliance at the Lower Band-Edge

5 Agilent 22:05:49 Dec 19, 2011 R T | Trace
Trace
3

Bull Presel: >
BuM  Input: RF Path: Bypass 1 (4

Clear Write

Max Hold|

Min Hold

View

Blank

- n More
MHz #YBH 16 Hz S 0 1 of 2

File Operation Status, C:\AHORN39.ANT file loaded
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it Agilent  11:34:16 Jun 14, 2012 R T | Marker
|

Mkr1 A -5 0575 MHz
Ref 10 dB Atten 10 dB  Ext PG -10 dB -50.48 dB
F,e m n X Select Marker
eak
1 2 3 4
Log
10
dBi \/ Normal
Delta
1 Delta Pair
(Tracking Ref)
Ref Delta
M1 52 .
s3 EC Span Pair
AR Span Center
Off
Start 2.39 GHz Stop 2.407 GHz 1”'?;9
Res BW 100 kHz VBW 100 kHz Sweep 4 ms (401 pts) o

Screen Capture Demonstrating Compliance at the Higher Band-Edge

i Agilent 00:28:01 Dec 16, 2011 R T I Peak Search

Meas At Mkr EMI Peak: N/A Presel: Next Peak
o H N/ Input: RF Path: Bypass
Emissions Ml Avg: N/A

Marker 2.483500000 GHz Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

|
Mkr > CF

-
T More
#UBH 1 MHz  Sweep 1.066 m: S) Lo

Copyright 2000-2009 Agilent Technologies
Channel 26, Power Level 210
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s Agilent 00:26:54 Dec 16, 2011 R T | Peak Search

Meas At Mkr EMI Peak: Presel: Next Peak
QP: Input: RF Path: Bypass
EMI Avg:
Next Pk Right
Mkrl 2
Next Pk Left
Min Search

gl Pk-Pk Search

(
Mkr 3 CF

o More
Res BH (CISPR) 1 MHz WBH 10 Hz  Sweep 1.892 5 (2000 py SOl
Channel 26, Power Level 210

i Agilent 00:24:45 Dec 16, 2011 R T | PeakSearch

Meas At Mkr EMI Peak: N/A Presel: Next Peak

_ Qp: N/A Input: RF Path: Bypass
Emissions EMI Avg: N/A e
Harker 2483566@@@ GHZ Next Pk Right
Next Pk Left
Min Search

Pk-Pk Search

|
Mkr 5 CF

More
1of 2

es B v #JBH 1 MHz Sweep 1.0
Copyright 2000-2009 Agilent Technologies
Channel 25, Full Power (245)
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“ Agilent 09:23:38 Dec 16, 2011 R T | Trace
S———————

Trace
3

Meas At Mkr Elr;il Peak: Presel:
EMI Avg:

|—
™o

Input: RF Path: Bypass

Clear Write

Max Hold

Min Hold

View

Blank

More
1of2

Copyright 2000-2009 Agilent Technologies

Channel 25, Full Power (245)
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EXHIBIT 9. POWER OUTPUT (CONDUCTED): 15.247(b)

9.1 - Method of Measurements
The conducted RF output power of the EUT was measured at the antenna port using a short RF
cable. The unit was configured to run in a continuous transmit mode, while being supplied with
typical data as a modulation source. The spectrum analyzer was used with resolution and video
bandwidths set to 3 MHz, and a span of 20 MHz, with measurements from a peak detector
presented in the chart below.

9.2 - Test Equipment List

A complete list of test equipment that was used for this test can be found in Appendix A.

9.3 - Test Data

T . Peak Power at Conducted Calculated EIRP
ransmitter Freq. Antenna . . ..
Channel (MHz) Terminal Power Limit EIRPm Limit
(dBm) (dBm) (dBm) (dBm)
11 2405 10.90 30.0 12.90 36.0
18 2440 10.48 30.0 12.48 36.0
25 2475 10.00 30.0 12.00 36.0
26 2480 6.72 30.0 8.72 36.0
) EIRP Calculation:
EIRP = (Peak power at antenna terminal in dBm) + (EUT Antenna gain in dBi)
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9.4 - Screen Captures - Power Qutput (Conducted)

Channel 11
i Agilent 10:30:49 May 10, 2012

Ref 15 dBm Atten 15 dB
#Peak | el
Log

10
dB/

Marker
2.404350000 GHz
10.9 dBm

GHz

: | Peak Search

Meas Tools»

Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

More
1 of 2

Channel 18
o Agilent  10:29:40 May 10, 2012

A AA
Marker
2.439450000 GHz
10.48 dBm

| Peak Search

_ Pk-Pk Search

Meas Tools»

Next Peak

Next Pk Right

Next Pk Left

Min Search

More
1 of 2
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Channel 25

o Agilent  10:31:44 May 10, 2012 | Peak Search

Atten 15 dB Ext PG -10 dB
Meas Tools»

Next Peak

Next Pk Right

Next Pk Left

Min Search

Marker
2.474400000 GHz

| Pk-Pk Search

More
1 of 2

Channel 26

o Agilent 10:32:29 May 10, 2012 I Peak Search

ef 15 dBm Atten 15 dB Ext PG -10 dB

a Meas Tools»
.—-*‘9—‘—*-

o~ "

Next Peak

Next Pk Right

Next Pk Left

Marker

2.4739400080 GHz
| 6.716 dBm
Hz
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EXHIBIT 10. POWER SPECTRAL DENSITY: 15.247(e)

10.1 - Limits
For digitally modulate systems, the power spectral density conducted from the intentional radiator
to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of

continuous transmission.

In accordance with FCC Part 15.247(e) and RSS 210 A8.2(b), the peak power spectral density
should not exceed +8 dBm in any 3 kHz band. This measurement was performed along with the
conducted power output readings performed as described in previous sections. The peak output
frequency for each representative frequency was scanned, with a narrow bandwidth, and reduced
sweep, and a power density measurement was performed. The resultant density was then
corrected to a 3 kHz bandwidth. The highest density was found to be no greater than -14.08 dBm,
which is under the allowable limit by 22.08 dB.

10.2 - Test Equipment List

A complete list of test equipment can be found in Appendix A.

10.3 - Test Data

Center Measured 3 kHz Corrected Limit Margin
Channel | Frequency Power Correction Measurement (dBm) (dB)
(MHz) (dBm/Hz) (dB) (dBm/3kHz)
11 2405 -48.49 35.0 -13.49 +8.0 21.49
18 2440 -49.49 35.0 -14.49 +8.0 22.49
25 2475 -50.07 35.0 -15.07 +8.0 23.07
26 2480 -55.97 35.0 -20.97 +8.0 28.97
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10.4 - Screen Captures - Power Spectral Density

Channel 11

i Agilent  09:49:43 May 10, 2012 _— I Peak Search

Ref @ dBm - t ] z)
#Samp T T T | Meas Tools»

v W, n rﬂﬂ Atk i M ”h,.u\
e/ iy / M W JMM w M ’Mm

Next Peak

‘ Next Pk Right

Next Pk Left

Min Search

_ Pk-Pk Search

2.484557500 GHz
NOISe -48.43 dBm(1Hz)
6 Span 1 MHz l”gf" 2

#UBK 100 kHz #Sweep 333 5 (401 pts)

i Agilent 09:57:17 May 10, 2012 S lm
Ref 0 dBm *Atten 8 dB Ext PG -10 dB wmriwj ———
11»E1 l.i M '! ‘ ]‘ i | H le‘ m I‘I | ext Pea
**fw MM

ﬂ Next Pk Left

Min Search
Marker *
2.440280000 GHz | |EA=Ek:S8arch
Nonse -49.49 dBm(1Hz)
VWCo ~ Kl NS Lo
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Channel 25

o Agilent  10:05:29 May 10, 2012 [ Peaksearch

F'PE 0 dBm #Atten @ dB Ext PG -10 dB Noise -50.87 dBm(
Meas Tools»

Next Peak

!l Next Pk Right

*’ (’Hl” 4"? f fu,a} '*f'm i Wi g W, f ﬁnw m»n W \A[

Next Pk Left

Min Search
Marker
2.474562500 GHz | Pk-Pk Search
Noise -50.87 dBm(1Hz) | —
iy 1 of 2
Channel 26
- Agilent 10:10:13 May 10, 2012
Mkrl 2.4 GHz I REQCSeanch
Ref @ dBm *Atten 0 dB Ext PG -10 dB Noise -55.97 dB _
Foamp . Meas Tools»
i
| Next Peak
kbt \l i u it uk 1,‘ e
M '“"‘ f ﬁ M l’ fh '5! V My J ;‘ fh '11' ! *1\
” Next Pk Right
Next Pk Left
Min Search
Marker |
2.480030000 GHz | Pk-Pk Search
ise -55.97 dBm(1Hz)
z - . "~ Span 1 MHz | More
#VBH 108 kHz #Sweep 333 s (401 pts) 1of 2
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EXHIBIT 11. SPURIOUS CONDUCTED EMISSIONS: 15.247(d)

11.1 - Limits

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.

Reported data is the raw data corrected for all applicable factors such as antenna factors, cable
loss, etc.

Sample reported data:
Raw Data + Cable Factor = Reported Data

6.23 dBm + 0.58 dB = 6.81 dBm

11.2 - Conducted Harmonic And Spurious RF Measurements

FCC Part 15.247(d) and IC RSS 210 A8.5 both require a measurement of conducted harmonic and
spurious RF emission levels, as reference to the carrier level when measured in a 100 kHz
bandwidth. For this test, the spurious and harmonic RF emissions from the EUT were measured at
the EUT antenna port using a short RF cable. An Agilent E4446A spectrum analyzer was used with
the resolution bandwidth set to 100 kHz for this portion of the tests. The unit was configured to run
in a continuous transmit mode, while being supplied with typical data as a modulation source. The
spectrum analyzer was used with measurements from a peak detector presented in the chart
below. Screen captures were acquired and any noticeable spurious and harmonic signals were
identified and measured.

No significant emissions could be noted within -40 dBc of the fundamental level for this product.

Frequency Channel 11 Channel 18 Channel 25 Channel 26
2405 MHz 2440 MHz 2475MHz 2480 MHz
Fundamental 6.92 6.20 5.819 2.80
2" Harmonic -48.72 -52.87 -54.84 -58.41
3" Harmonic -37.03 -39.10 -41.58 -52.26
4™ Harmonic -47.72 -48.82 -50.84 -62.17
5" Harmonic -68.65 -68.42 Note (1) Note (1)
6™ Harmonic Note (1) Note (1) Note (1) Note (1)
7™ Harmonic Note (1) Note (1) Note (1) Note (1)
8" Harmonic Note (1) Note (1) Note (1) Note (1)
9™ Harmonic Note (1) Note (1) Note (1) Note (1)
LS Research, LLC Page 43 of 57
Prepared For: Johnson Controls, Inc. Model Number: 25-2845 Report #: 311198

EUT: WRZ Radio Module Serial Number: 9552 LSR Job #: C-1243




[ 10" Harmonic [ Note(1) | Note(1) [ Note(1) | Note(1) |

Notes:
1.  Measurement at system noise floor.
2. All measurements in dBm.

Spurious Conducted Emissions

Frequency (MHz) | Channel | Level(dBm)
478.625 18 -59.28
881.175 18 -61.87
881.175 11 -63.41
811.175 26 -61.83

11.3 - Test Equipment List

A complete list of test equipment that was used for this test can be found in Appendix A.

11.4 - Screen Captures - Spurious Radiated Emissions

Channel 18, shown from 30 MHz up to 1000 MHz

i Agilent 15:58:59 Dec 15, 2011 I Peak Search

Ref @ dBm #Atten @ dB Ext PG -10 dB
Pe Meas Tools»
Log
16
dB/ Next Peak
Next Pk Right
Next Pk Left
O T T e e el Min Search
Marker
478.625000 MHz Eihkoich
-59.28 dBm
Start 3 . : More
d Z #UBH 106 kHz Sweep 125 1of 2
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Channel 18, shown from 1000 MHz up to 10000 MHz

i Agilent 15:59:42 Dec 15, 2011 . I Peak Search

Atten 18 dB Ext PG -10 dB

Meas Tools

Next Peak

Next Pk Right

Next Pk Left

Min Search

Marker
2.440000000 GHz

Pk-Pk Search

5.143 dBm

#UBH 100 kHz Sweep 1.16

More
1 of 2

Channel 18, shown from 10000 MHz up to 25000 MHz

“ Agilent  16:08:59 Dec 15, 2011 Ipeak Search

Ref @ dBm #Atten @ dB Ext PG -10 dB

Peak — Meas Tools»

Next Peak

Next Pk Right

Next Pk Left

Min Search

Marker
12.212500000 GHz

Pk-Pk Search

-64.07 dBm

#UBH 100 kHz

More
1 of 2

LS Research, LLC

Page 45 of 57

Prepared For: Johnson Controls, Inc. Model Number: 25-2845

Report #: 311198

EUT: WRZ Radio Module Serial Number: 9552

LSR Job #: C-1243




Channel 18, shown from 30 MHz up to 1000 MHz
Receive Mode

*Atten @ db E

Catalogr

Saver

Load»

Deleter

-
) w,wmmmmmmw-uw-w-'*w*"?‘“W-»M-MV-‘W-"”MW»MW Copy»

Rename»

More

ki 1 of 2

#BH 100 kHz Sweep 125 ms 0 pts)

Channel 18, shown from 1000 MHz up to 10000 MHz
Receive Mode

Meas Tools»

Next Peak

Next Pk Right

Next Pk Left

1
e I S . O S | :
L et b e LT et Min Search

Pk-Pk Search

More
1of 2
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Channel 18, shown from 10000 MHz up to 25000 MHz
Receive Mode

#Atten @ dB Ext PG -10 dB
T i Meas Tools»
Next Peak
Next Pk Right
Next Pk Left
. 1
.»»MW.‘-‘M*"““‘m‘“"‘ﬂ#«mﬂﬂ"‘ﬂm“www"“w&mq Min Search
Marker
23.948948948 GHz | phepkSearch
-64.91 dBm
More
WUBH 100 kHz L2
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EXHIBIT 12. FREQUENCY & POWER STABILITY OVER

VOLTAGE VARIATIONS

A spectrum analyzer was used to measure the frequency at the appropriate frequency markers.
For this test, the EUT was placed in continuous transmit CW mode. Power to the EUT was
supplied by an external bench-type variable power supply. The frequency of operation was
monitored using the spectrum analyzer with RBW=VBW=1 kHz settings while the voltage was
varied. The RF Power Output of the EUT was also monitored in a separate test, also using a
Spectrum Analyzer with RBW=VBW=3 MHz setting while the voltage was varied.

2.8VDC 3.3vDC 3.8VDC
Channel Power Power Power
(dBm) Frequency (Hz) (dBm) Frequency (Hz) (dBm) Frequency (Hz)
1 10.28 2404542500 10.90 2404533750 11.40 2404555000
18 9.87 2439541250 10.48 2439532500 10.98 2439533750
25 9.38 2475044250 10.00 2475045000 10.47 2475046800
26 6.39 2480040000 6.72 2480053750 7.02 2480065000
Channel MaX|mun(1H|;|)'equency Minimum Frequency (Hz) Frequency Drift (Hz)

11 2404555000 2404533750 21250

18 2439541250 2439532500 8750

25 2475046800 2475044250 2550

26 2480065000 2480040000 25000
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Wireless Product Development
Equipment Calibration

" LS RESEARCH LLC
A

Date :_17-Dec-2011

APPENDIX A - Test Equipment List

Type Test: Radiated Emissions

Frepared By: Peter

Job#: C-1243

Customer: JCI

Quote #:_ 31133

| No.| Asset # | Description J Manufacturer | Model # l Serial # | Cal Date | Cal Due Date I Equipment Status
1 EE 60156 100kHz-1GHz Anslog Signal Generator Agilent M511A MY43060062 BIBI201 EI6I20M2 Agtive Calibration
2 EE 80157 IHz-13.2GHz Spectrum Analyzer Agilent E44454 MY48250225 Bi6i201 BlEI2ZN2 Active Calibration
3 EESENS8 RF Preselecter Agilent MI039A MY48520110 BN eM2012 Agtive Calibration
4 ARIE0OTE Log Periodic Antenna EMCO F3ME 37014855 Tsizon sezoz Active Calibration
5  AAIE0005 Biconical Antenna EMCO 3B 9601-2280 BH012010 6M0/2012 Agctive Calibration
§  AAIEDD0T Double Ridge Horn Antenna EMCOD S 314138 Hzrizon zrizmz Agtive Calibration
7 EESENE0 0.8:21GHz LNA Mini-Circuits ZVAITHSe TTTN030 427izon sfzvizmz Active Calibration
Project Engineer: Iah‘-l‘d. "?4«&.._ Quality Assursnce: .'4: -
‘ Wireless Product Development
‘ Equipment Calibration
Date: 1-Jul-2011 Type Test: Occupied Bandwidth (6dB & 20dB) Job#: C-1243
Prepared By: _Shane Rismeyer Customer: _JCI Quote #: 31138
[Mo]assern | Deseription [Msrurscturer  [Model# [Serial # [CalDate [CalDue Date [Equipment Status |
1 AAIBOM3  Phaseflex Gore EKDO1D01048.0 5546519 Bivzon 2012 Agtive Calibration
2 EESB007T3  Spectrum Analyzer Agilent E44464 US45300564 44250201 412502012 Agctive Calibration
¢ e :/a;‘..-» - y
Project Engineer: p Quality Assurance: ﬂﬁ‘- ?444‘1-\-
A Wireless Product Developraent
‘ Equipment Calibration
Diate :_1-Jul-201 Type Test: Conducted Power Qutput Job #: C-1243
Prepared By:_Shane Rismeyer Customer: JCI Quote #: 311138
No.| Asset # |Desc|iglion | Manuf acturer |Mod'e|ﬁ |Snlialh |Ca| Date ICaI Due Date lEguiemem Status
1 AASB0M3 Phasetlex Gore EKDO01001042.0 5546519 sizon Bizmz Active Calibration
2 EESB0073  Spectrum Analyzer Agilent E44460 US45300564 4125020m afe5e012 Active Calibration
Froject Engineer: Quality Assurance: fzﬁ" ?4“6'\-
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Wireless Product Development
Equipment Calibration

" LS RESEARCH LLC
f

Diate : _t-Jul-2011

Type Test: Power Spectral Density

Job#: C-1243

Prepared By: _Shane Rismeyer Customer: _JCI

Quote #: 311198

[no]assets ] Deseription [Manutacturer | Model # | Serial # [calDate | CalDue Date[Equipment Status
1 AASE0143 Phaseflex Gore EKDOID01043.0 5546513 Ef2on [ Active Calibration
2 EESB0073  Spectrum Analyzer Agilent E44462, US45300564 425201 25202 Active Calibration

e

< A,
Project Engineer; e

Wireless Product Development
Equipment Calibration

F‘ LS RESEARCH LLC
A

Date: _1-Jul-2011

Tupe Test: Conducted Emissions

Quiality Assurance: &m ;‘u‘u\,

Job #: C-1243

Prepared By:_Shane Rismeyer Customer: _JCI

Quote #: 31138
|Nu.] Asset # |Descriptiun |Manulaclurer |Mode|l0 JSenalﬂ |Cal Date |Cal Due Date lE uipment Status ]
1 EE 960013 EMI Receiver HP 85464 System JEITADDIZ034485  W220201 n2zzizmz Active Calibration
2 EESE00M EMI Receiver-filter section HF 854604 3448200298 mzzizon rzzizmz Active Calibration
3 AAIB0OOTZ Transient Limiter HP 13474 307202515 m2eon rzezmz Active Calibration
4 AAZE000E LIsN EMCO 3B1ERZNM 37011057 4izon azoz Active Calibration

' ,lf/).-- -
Project Engineer: e
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APPENDIX B - Test Standards: CURRENT PUBLICATION DATES RADIO

STANDARD # DATE Am.1 | Am. 2
ANSI| C63.10 2009
FCC 47 CFR, Parts 0-15, 18, 90, 95 2009
RSS 210 2010-12
RSS GEN 2010-12
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APPENDIX C - Uncertainty Statement

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
Radiated Emissions 3-Meter Chamber, Log Periodic 4.88 dB
Antenna
Radiated Emissions 3-Meter Chamber, Horn Antenna 4.85 dB
Radiated Emissions 10-Meter OATS, Biconical Antenna 4.32 dB
Radiated Emissions 10-Meter OATS, Log Periodic Antenna 3.63 dB
Absolute Conducted Emissions Agilent PSA/ESA Series 1.38 dB
AC Line Conducted Emissions Shielded Room/EMCO LISN 3.20 dB
Radiated Immunity 3 Volts/Meter in 3-Meter Chamber 2.05 Volts/Meter
Conducted Immunity 3 Volts level 233V
EFT Burst, Surge, VDI 230 VAC 544V
ESD Immunity Discharge at 15kV 3200V

Temperature/Humidity

Thermo-hygrometer

0.64°/2.88 %RH
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APPENDIX D - Antenna Specification(s)

Dipole Antenna Data Sheet

@0,31(8) —=|

3.4(87)

—‘ |—0.20(5)

Electrical Properties:

Frequency Range:
Impedance:
VSWR:

Gain:

Radlatlon:
Polarization;
Wave:

2.4~2.5 GHz

500 nominal

<2,0:1

2 dBi(without ext. cable)
Omni

Vertical

Half Wave Dipole

“Galn Is measured under no flylng lead,

Mechanical Properties:

Cable:

Materlal;
Whip:
Swivel Joint:
Clip Nut:
Operation Temp.:

M17/93-RG178 Coaxial
Cable with Linches.

Polyurethene(Black)
Polyurethene(Black)
Polycarbonate{Black)
-20°C to +65°C

Storage Temp.: =30°C to +75°C
Connector Code -
XXX - Description PIN
RMM MMCX Right Angle Plug S131CL - L - RMM - 24508
MM MMCX Straight Plug S131CL - L - MM - 24505
NC No Connectlor (Stripped)  [S131CL - L - NC - 2450S

T
e l antenna

2.4GHz flying lead panel click DATE

SHEET
111804 1of4

UNIT nWG.NO.I S131CL - L - XXX - 24508

In.{mm)
SCALE

<1 NEARSON

.7 eww_nearson. com

LS Research, LLC

Page 53 of 57

Prepared For: Johnson Controls, Inc.

Model Number: 25-2845

Report #: 311198

EUT: WRZ Radio Module

Serial Number: 9552

LSR Job #: C-1243




APPENDIXE - Justifications of Average Duty Factor Calculations

Average (Relaxation) Factor

Sum of 5 pulses =3.36 ms + 0.42 ms + 3.86 ms + 3.80 ms + 3.82 ms = 15.26 ms

Average Factor = 20* Log+o (.1526) = -16.33 dB

Tek Single Seq 5%.%&(5/5

ey

I
|
|
I
I .
|
I
B
|
I

C A1 100.0ms Stop

o
o
|
K
I
|

@: 99.2ms &
C1 Area -
RUN/STOP
S?JS“'.,mVS 1 button only
i Single
B Acquisition
Bl Sequence
"M vLimit Test
{Condition Met

@ 2o00v s . M200ms ChiJs  1.08V,
L. . Repe“tlve s g Ly E . i . - . . . . - . TTETtE
Mode s Stop After Limit Test | Limit Test |, .-
‘ Sample 5'83}3' | Setup Sources I:Ijtranr;tp-l—af!tset
100 ms capture
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