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1 Summary of Test Results

Test Description Test Specification Test Result

, , RSS-247 5.1(1) .
Occupied Bandwidth 15.247(a)(1) RSS-GEN 6.6 Compliant
Peak Power Output 15.247(a)(1) RSS-247 5.4(2) Compliant
Conducted Spurious Emissions 15.247(d) RSS-247 5.5 Compliant
Band Edge 15.247(d) RSS-247 5.5 Compliant

. . - 15.247(d), i .
Radiated Spurious Emissions 15.35(),15.209 RSS-GEN 8.10 Compliant
Pseudo-Random Hop Sequence 15.247(a)(1) RSS-247 5.1(1) Compliant
Channel Separation 15.247(a)(1) RSS-247 5.1(2) Compliant
Number of Hopping Channels 15.247(a)(2)(iii) RSS-247 5.1(4) Compliant
Dwell Time 15.247(a)(2)(iii) RSS-247 5.1(4) Compliant
Number of hopping frequencies 15.247(a)(2)(iii) RSS-247 5.1(4) Compliant

Antenna Requirement

15.203

RSS-GEN S8.3

Compliant (1)

AC Powerline Conducted
Emission

15.107, 15.207

RSS-GEN 7.2.4

Compliant

1) Internal PCB trace antenna

1.1 Modifications Required for Compliance

None

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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2 General Information

2.1 Client Information

Name:
Address:
City, State, Zip, Country:

2.2 Test Laboratory

Name:
Address:
City, State, Zip, Country:

Accrediting Body:
Type of lab:
Certificate Number:

Johnson Controls Inc
507 East Michigan Street
Milwaukee, W1 53202, USA

SGS North America, Inc.
620 Old Peachtree Road NW, Suite 100
Suwanee, GA 30024, USA

A2LA
Testing Laboratory
3212.01

2.3 General Information of EUT

Type of Product:
Model Number:
Serial Number:

Frequency Range:
Data Modes:
Antenna:

Rated Voltage:
Test Voltage:

Sample Received Date:
Dates of testing:

Wireless Thermostat
SiO2
173800048

2402 to 2480 MHz, 79 Channels
Bluetooth GFSK, EDR-2, EDR-3 (DH1, DH3, DH5)
Internal, 3.34 dBi Max Gain

24Vac, 60Hz
24Vac, 60Hz

18 October 2017
18 - 31 October 2017

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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2.4 Operating Modes and Conditions

Continuous traffic was generated using test commands. Where the duty cycle measured below 99% and
an RMS detector was employed, corrections of 10*LOG(1/D) were applied according to KDB publication
558074 D01 DTS Meas Guidance v04 .

25 EUT Connection Block Diagram — Conducted Measurements

Ethernet — used for configuring test modes

EUT

AC Mains

Laptop
(B)

Spectrum
Analyzer
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2.6 EUT Connection Block Diagram — Radiated Measurements

Ethernet — used for configuring test modes

EUT

AC Mains

Inside Chamber

Outside Chamber

Laptop
(B)

2.7 System Configurations

DS Manufacturer Description Model Number Serial Number
reference
Johnson Wireless .
A Controls Inc Thermostat SI02 173800048
B Dell Laptop Latitude ES420 11033846857

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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3 Occupied Bandwidth

3.1 Test Result

Test Description Basic Standards Test Result
15.247(a)(1)
. RSS-247 5.1(1) .
0,
99% bandwidth RSS-GEN 6.6 Compliant

ANSI| C63.10: 2013

3.2 Test Method

Occupied bandwidth measurements were taken using the methods defined an ANSI C63.10, Clause 6.9;
Measurements were recorded using the 99% OBW function of the measurement receiver.

3.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 21.7 °C
Relative Humidity: 42.0 %
Atmospheric Pressure: 98.8 kPa

3.4 Test Equipment

Test End Date: 19-Oct-2017 Tester: JOP

Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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99% bandwidth

SGS North America Inc.

Frequency % Modulation MHz
-
2402 0 EDR-2 1.172
EDR-3 1.180
Basic Rate 0.905
2441 39 EDR-2 1.172
EDR-3 1.181
Basic Rate 0.904
2480 78 EDR-2 1.176
EDR-3 1.176
Sample Plot
. . o Lm,:(})”ji» diq:«v [ a ]
/ﬂd o
‘l‘ll\/ L\.\(’\ ] -

7 .,

LA
y

a0

30

Center 2.402 GHz

Date: 19.0CT.2017 13:03:23

300 kHz/

Span 3 MHz
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4 Peak Output Power

4.1 Test Result

Test Description Test Specification Test Result
15.247(a)(1)
Peak Output Power RSS-247 5.4(2) Compliant

ANSI| C63.10: 2013

4.2 Test Method

Output power measurements were taken using the methods defined an ANSI C63.10, Clause 7.8.5. A
peak power meter was used for final measurements.

Limit
For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 hopping
channels: 1 watt.

43 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 21.7 °C
Relative Humidity: 42.0 %
Atmospheric Pressure: 98.8 kPa

4.4 Test Equipment

Test End Date: 19-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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45 Test Data

Modulation Frequency Peak Power Peak Power
(MHz) (dBm) (Watts)
2402.000000 13.1 0.02042
Basic Rate
(DH5) 2441.000000 12.8 0.01905
2480.000000 12.5 0.01778
2402.000000 12.9 0.0195
EDR-2 2441.000000 127 0.01862
(DH5) i ’ ’
2480.000000 12.3 0.01698
2402.000000 13.2 0.02089
EDR-3 2441.000000 12.9 0.0195
(DH5) i ’ ’
2480.000000 12.6 0.0182
: Frequency Peak Power Limit Margin
SEREEL (MH2) (dBm) (dBm) (dB)
2402.000000 13.1 30 -16.9
Basic Rate
(DH5) 2441.000000 12.8 30 -17.2
2480.000000 125 30 -17.5
2402.000000 12.9 30 -17.1
EDR-2 2441.000000 12.7 30 -17.3
(DH5) : i :
2480.000000 12.3 30 -17.7
2402.000000 13.2 30 -16.8
EDR-3 2441.000000 12.9 30 -17.1
(DH5) : i :
2480.000000 12.6 30 -17.4

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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5 Conducted Spurious Emissions

51 Test Result

Test Description Test Specification Test Result
15.247(d)
Conducted Spurious Emissions RSS-247 5.4(2) Compliant

ANSI| C63.10: 2013

52 Test Method

Conducted spurious emissions measurements were taken using the methods defined an ANSI C63.10,
Clauses 5.5 and 5.6. Authorized band edge measurements were recorded using the methods in clause
6.10.4. Basic rate with a DH5 packet type was used as the worst-case mode of operation for spurious
measurements. Band edge measurements were recorded using each modulation (Basic Rate, EDR-2,
and EDR-3).

The limit is 20 dB below the measured peak power.

5.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 21.7 °C
Relative Humidity: 42.0 %
Atmospheric Pressure: 98.8 kPa

5.4 Test Equipment

Test End Date: 19-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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55 Test Data
BR, Channel 0, 2402 MHz

m Conducted Spurious Emissions ERannel 6 &ﬂh‘aﬁﬁﬂﬁ

20.01

10.0¢

A0 —
-20.0+

-30.0¢

Amplitude dBm

-40.0+

-50.0¢

-60.0t

-70.0

8 I N i N S S I O A i H S S 0 O ;
3 0om 100.00M 1.00G6 10.00G 26.00G

Frequency Info:: Flex / Wireless Thermostat

BR, Channel 39, 2441 MHz
2001

T B
Conducted Spurious Emissions hanngf &ﬁgﬁ‘ Iﬁli_lg:}

10.0+

1007
-20.01

-30.01

Amplitude dBm

-40.0+
-50.01

-60.0+

-70.04

8 N — ] A S S i
giP.UOM 100.00M 1.00G 10.00G 26.00G
Frequency Info:: Flex / Wireless Thermostat
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BR, Channel 78, 2480 MHz

Conducted Spurious Emissions

26.00G

100.00M

10.00G
Info:: Flex / Wireless Thermostat

1.00G
Frequency

&TETETSTE TS
a @ © e a 9 9O
N - AL R A

wgp epmjdwy
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Basic Rate
Lower band edge / Upper band edge
® P | ® P

Ref 25.4 dBm Att 50 dB SWT 25 ms - Ref 25.4 dBm Att 50 aB swr 45 ms

orefer 2.4 am ) T I oredde 2.4 am

Date: 19.0CT.2017 13:25:12 Date: 19.0CT.2017 13:47:30

EDR 2
Lower band edge / Upper band edge
| ®

@ ~RBW 100 KHz
7 VBW 300 kHz

e o= ‘ : | e =
‘ = ofoco cuz|mm
mz L 1 b}
[t

ente 8 6 MHz/ - 0 cen 2.512 5 MHz/ 3 75
Date: 19.0CT.2017 13:26:11 Date: 19.0CT.2017 13:46:15
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EDR 3
Lower band edge / Upper band edge

@ “RBW 100 kHz (r1 3 @ “RBW 100 kiz
7 VBW 300 kHz 51 VBW 300 kHz

offfer 2.4 aB Ma T I oreddt 2.4 as
: = o cu|mm
.
b h b
fH = '
-
‘
L |
Date: 19.0CT.2017 13:29:34 Date: 19.0CT.2017 13:40:03

EDR 3 (Hopping Mode)
Lower band edge / Upper band edge

® *RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz .05 dBm

Ref 25.4 dBm Att 50 dB SWT 45 ms 2.403960000 GHz
offget 2.4 aB Deltd 2 [T1 ]
20 S
3.96000qo00 muz|EN
v Delt 3 [T1
= o L1 =
VL
- O
1 — ) dB
--10
ps
20
j-—30 3DB
! | ac
--50
60
F2
L . o |
Center 2.45 GHz 20 MHz/ Span 200 MHz

Date: 19.0CT.2017 13:36:55
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6 Field Strength of Spurious Radiation

6.1 Test Result

Test Description Test Specification Test Result
Spurious Emissions 15.247 (d) and 15.209 RSS-247 S5.5 \ Compliant

6.2 Test Method
The measurement methods defined in ANSI C63.10: 2013 were used.

Lowest, middle, and highest channels were investigated — the device was commanded to continuously
transmit on channels 0, 39, and 78. Worst-case mode was determined to be Basic Rate with DH5 packet

type.

Test distance:
9k to 30 MHz — Near field prescan to determine if there were any emissions.
30 to 1000 MHz - The EUT to measurement antenna distance was 3 meters
1to 18 GHz - The EUT to measurement antenna distance was 3 meters
18 to 26 GHz - The EUT to measurement antenna distance was 3 meter

Limits within restricted bands of operation:

Frequenc - Limits®» Peak Limits
q y Microvolts/m dBuV/m dBuV/m

30 - 88 MHz 100 40 @ --
88 - 216 MHz 150 43.5@ --
216 - 960 MHz 200 46 @ --

960 - 1000 MHz 500 54 @ -
1-40GHz 500 54 © 74

(1) These limits are applicable to emissions outside of the intentional transmit frequency band.
(2) Quasi-peak limit
(3) Average limit

6.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 23.5°C
Relative Humidity: 44.2 %
Atmospheric Pressure: 97.8 kPa

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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6.4 Test Equipment

Test End Date: 31-Oct-2017

Tester: JOP

Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESUS8 ROHDE & SCHWARZ B085759 25-Jul-2018
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
ANTENNA, BILOG CBL 6143A TESEQ B085931 6-Dec-2017
RF CABLE SF106 HUBER & SUHNER B0O79661 25-Jul-2018
RF CABLE SF106 HUBER & SUHNER B079713 24-Jul-2018
RF CABLE SF106 HUBER & SUHNER B0O79659 25-Jul-2018
RF CABLE SUCOFLEX 100 HUBER & SUHNER B108523 24-Jul-2018
LOW NOISE AMPLIFIER TS-PR18 ROHDE & SCHWARZ B094463 22-Feb-2018
ANTEN(:IAE’D?LT&)HORN 3117 ETS LINDGREN B0O79691 27-Jul-2018
HORN(SMALL) LB-180400-20-C-KF A-INFO 15007 21-Mar-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079824 26-Jul-2018
LOW NOISE AMPLIFIER NSP1840-HG MITEQ B087572 28-Jul-2018

Note: The equipment calibration period is 1 year.

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts
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Test Data — Peak Plots

No emissions associated with the radio were detected in the range 9kHz to 30MHz.

Bluetooth Channel 0
Vertical (30-1000MHz)

FCC Part 15209 -3 meters — Limit
SGS Radiated Em\ilsesri:i):; — Vertical Peak Emissions
X Vertical Final QP m easur em ent

70.0T T T

| |
§ 50.0-; |—
] : ! s s
g 400f

20.0-?

10.0-?

38.00M 100.00M i i 1.00G
Fr equency Info:: Flextr onics / Wir eless Ther m ostat
Below 1GHz, there was discernible difference among the different transmit channels.
Bluetooth Channel 0
Horizontal (30-1000MHZz)
SGS FC.C Part1§.299-3meters — Limit
Radiated EHn;:?;I;T:I — Horizontal Peak Emissions
X Horizontal Final QP m easur em ent

700 . .
§ 50.0-; |_
g i [ ‘ s !
g 400f
E  aoof

Z0.0-M

10.0-?

38.00M i 100.00M i i 1.00G
Frequency Info:: Flextr onics / Wir eless Ther m ostat

Below 1GHz, there was discernible difference among the different transmit channels.
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Bluetooth Channel 0
Vertical (1-18GHz)

FCC 15.209 -3 m eter s
BT Basic Rate/ DH5 Channel 0
2403MHz

402MI

E
; 60
g 50
g
<
40
" Mg qu
:lL].ODG 10.00G 18.00G
Frequency Info:: Flextr onics / Wir eless Ther m ostat
Antenna port was terminated into 50-Ohms
Bluetooth Channel 0
Horizontal (1-18GHz)
SGS FCC 15.209 - 3 meters .
BTBasic Rate/DH5 Channel0
80T 2492MHz
70T
£
S 60
&
o
3 sof
2
=
< NMMMMM
mJlu| Aol J‘,
30
20
1.00G 18.00G

10.00G
Frequency Info:: Flextronics /Wireless Thermostat

SGS North America Inc.

Antenna port was terminated into 50-Ohms
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Bluetooth Channel 39
Vertical (1-18GHz)

FCC 15.209 -3 m eter s
BT Basic Rate/ DH5 Channel 39
2441IMHz

E
; 60
g 50
g
<

40 ’

30 f

:lL].DOG 10.00G 18.00G

Frequency Info:: Flextr onics / Wir eless Ther m ostat
Antenna port was terminated into 50-Ohms
Bluetooth Channel 39
Horizontal (1-18GHz)
SGS FCC 15.209 - 3 meters
BTBasic Rate/DH5 Channel 39

80T 2441MHz

70+
£
S 60
&
o
3 sof
2
£
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Ll lm[ s

30+ ’

20

1.00G 18.00G

10.00G
Frequency Info:: Flextronics /Wireless Thermostat

SGS North America Inc.

Antenna port was terminated into 50-Ohms
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Bluetooth Channel 78
Vertical (1-18GHz)

FCC 15.209 -3 m eter s
BT Basic Rate/ DH5 Channel 78
248QMHz

E
; 60
g 50
g
<
40
30
:lL].DOG 10.00G 18.00G
Frequency Info:: Flextr onics / Wir eless Ther m ostat
Antenna port was terminated into 50-Ohms
Bluetooth Channel 78
Horizontal (1-18GHz)
SGS FCC 15.209 - 3 meters .
BTBasic Rate/DH5 Channel 78
80T 2480MHz
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£
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o
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=
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Frequency Info:: Flextronics /Wireless Thermostat
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Antenna port was terminated into 50-Ohms
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Bluetooth Channel 0
Vertical (18-26GHz)

FCC 15.209 -3 meters

BTBasic Rate/ DH5, Ch. 0

soT 2402MHz

50T

401+

Amplitude dBpV/m

30
18.00G 26.00G
Frequency Info:: Flextr onics / Wir eless Ther m ostat

Bluetooth Channel O
Horizontal (18-26GHz)

FCC 15.209 - 3 meters i
BTBasic Rate/DH5,Ch.0
60T 2402MHz

50T

WMWWWWWWMWW

401

Amplitude dBpV/m

30
18.00G ) ) 26.00G
Frequency Info:: Flextronics /Wireless Thermostat
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Bluetooth Channel 39
Vertical (18-26GHz)

FCC 15.209 -3 meter s

BT Basic Rate/ DH5, Ch. 39

soT 2441MHz

501

404+

Amplitude dBpV/m

w
=)

26.00G

N
5
o
=3
(o)

Fr equency Info:: Flextr onics / Wir eless Ther m ostat

Bluetooth Channel 39
Horizontal (18-26GHz)

FCC 15.209 - 3 meters .

0 Rate /DH5,Ch.39

501

Amplitude dBpV/m

40+

30
18.00G ) ) 26.00G
Frequency Info:: Flextronics /Wireless Thermostat
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Bluetooth Channel 78
Vertical (18-26GHz)

SGS FCC 15.209 -3 meters
60— BTBasic Rate / DH5, Ch. 78
2480MHz
£
3 sot
Q L
E]
=
£
< r
40+
30
18.00G 26.00G
Fr equency Info:: Flextr onics / Wir eless Ther m ostat
Bluetooth Channel 78
Horizontal (18-26GHz)
FCC 15.209 - 3 meters .
BTBasic Rate/DH5,Ch.78
sor 2480MHz
&
S 501
=
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o
£
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30
18.00G 26.00G
Frequency Info:: Flextronics /Wireless Thermostat
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6.6 Test Data — Tabular Data

Frequency Raw QP Polarity Azimuth AF QP Value Limit
MHz (dBuV) (V/H) (CELIGES) (dB/m) (dBuV/m) (dBuV/m)
55.89 58.1 \% 172.0 111.0 12.3 0.7 32.9 38.2 40.0 -1.8
64.78 61.9 \ 135.0 138.0 9.8 0.7 33.1 39.4 40.0 -0.6
120.00 59.1 Vv 154.0 128.0 134 1.0 33.7 39.8 43.5 -3.7
332.80 63.0 \Y 309.0 166.0 14.6 1.8 33.5 45.9 46.0 -0.1

QP Value = Level + AF + CL - Amp
Margin = QP Value - Limit |

Frequency Raw QP Polarity Azimuth AF QP Value Limit Margin
MHz (dBuV) (V/H) (degrees) (dB/m) (dBuVv/m) (dBuVv/m) (dB)
120.02 62.3 H 93.0 253.0 134 1.0 33.7 43.1 43.5 -0.5
154.24 45.5 H 102.0 260.0 12.2 1.2 33.6 25.3 43.5 -18.2
158.83 43.6 H 98.0 110.0 11.9 1.2 33.6 23.1 43.5 -20.4
329.60 59.1 H 151.0 298.0 14.7 1.8 33.5 42.1 46.0 -3.9
332.80 60.0 H 135.0 327.0 14.6 1.8 33.5 42.9 46.0 -3.1
348.79 59.8 H 130.0 306.0 15.2 1.8 33.5 43.3 46.0 -2.8

QP Value = Level + AF + CL - Amp
Margin = QP Value - Limit |

No spurious emissions above 1GHz were within 10dB of the limit.

SGS North America Inc. | Consumer Testing Services 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t(770) 570-1800 www.us.sgs.com/cts

|
Member of the SGS Group (SGS SA)



Test Report Number: 4219718EMCO03 Rev: 0
Johnson Controls Inc / SiO2
Page: 27 of 46

7 Radiated Emissions at Band Edge / Restricted Band

7.1 Test Result

Test Description Test Specification Test Result

15.247(d), 15.35(b), 15.209,
RSS-GEN S8.10 Compliant
ANSI C63.10: 2013

Field strength of spurious
radiation

7.2 Test Method

Field strength measurements were performed at the restricted band edges of 2390MHz and 2483.5MHz
for each modulation. Measurements were made using the conducted methods defined in Section 12 of
FCC publication D01 DTS Meas Guidance v04. Conducted measurements across the entire band were
used for showing compliance in all other restricted bands applying the same methods.

Offset Calculations:
Offset calculations so that conducted measurements on the spectrum analyzer in dBuV represent field
strength measurements in dBuv/m.

Offset = -20Log(D) + 104.8 - 107 + CL + DC + AG
Offsetan = -11.7 + CL + DC + AG

D =3m Distance

CL=1.1dB Cable Loss

DC =1.1dB (77.7%) Duty Cycle Correction Factor
AG =3.34dB Antenna Gain

Offset = -6.2 dB

7.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 21.7 °C
Relative Humidity: 42.0 %
Atmospheric Pressure: 98.8 kPa

7.4 Test Equipment

Test End Date: 19-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF102 HUBER & SUHNER B079823 26-Jul-2018
FILTE%ESA(\)’:A?_E)EJECT BRM50709 MICRO-TRONICS B079790 27-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.
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7.5 Test Data — Restricted Band Edge
Basic Rate - DH5, ChO

® *RBW 1 MHz Marker [T1 ]
*VBW 3 MHz 57.16 dBuv

Ref 123.8 dBuv *Att 40 dB *SWT 2 s 2.390000000 GHz
offget -6.4 dB Markdr 2| (T2 |1
=120
47 J14 dBpv
2.3pooodooo cHz |IEN
110 f
VL
-100
2 RM *
MAXH
o0
PS
-so

D1 74 dpuv

6DB
ac
60
1

>2 5 dBpv

, |

=40
30 FI
Center 2.3575 GHz 9.5 MHz/ Span 95 MHz
Date: 19.0CT.2017 16:20:11
Basic Rate - DH5, Ch78
*RBW 1 MHz Marker 2

*VBW 3 MHz
Ref 123.8 dBuv *Att 40 dB *SWT 2 s

Offget -6.4 dB Markdr [T

120

=[N — .
=
\

-0 (/
wﬂ“ﬂf}’ ST T R R e T e

Center 2.4875 GHz 2.5 MHz/ Span 25 MHz

Date: 19.0CT.2017 16:18:55
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EDR-2 - DH5, ChO

® *RBW 1 MHz Marke [T1 ]
*VBW 3 MHz 58.04 dBuVvV
Ref 123.8 dBuv *Att 40 dB *SWT 2 s 2.390000000 GHz
Ooffget -6.4 dB Markdgr 2| [T2|]
—120 >
47 J21 dBuv
2.3P000JO000 GHz
—110
100
2 RM *
MAXH
o0
-80
D1 74 dBuv
70
- 60
e e i
D2 5fi dBuvV

-50

-a0

-30 T

Center 2.3575 GHz 9.5 MHz/ Span 95 MHz
Date: 19.0CT.2017 16:20:53
EDR-2 - DH5, Ch78
@ *RBW 1 MHz Marker 2 [T2 ]

*VBW 3 MHz 48.65 dBuv

Ref 123.8 dBpv *ALL 40 dB *SWT 2 s 2.483500000 GHz
Offget -6.4 dB Markgqr 1 [T1 |]
—12
5876 dBuv
2.48350Q000 GHz
—110
MA ] /‘\
—100
2 RM *
-
) // \\
[-80
D#/74 dguv “\\‘
70 { / ‘s
M [ \ %«W‘“' IR0 T T S T e
D2 5 dBuV\
ey
40
=30 1
Center 2.4875 GHz 2.5 MHz/ Span 25 MHz

Date: 19.0CT.2017 16:18:03
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EDR-3 - DH5, ChO

®

*RBW 1 MHz
*VBW 3 MHz

Marker

[T1 ]

58.13 dBuv

Ref 123.8 dBuv *Att 40 dB *SWT 2 s 2.390000000 GHz
offget -6.4 dB Markdr 2| (T2 |1
=120 -
47 J21 aBuv
2.3P000(QO00 GHz
=110
-100;
2 RM *
MAXH
o0
-s0
D1 74 dpv
— 70 /
6o
rATTTY ﬂm_n__. | P ks i i it i & TS AN k
iy
D2 50 dBpvV [ l\
50 -
40
30 FI
Center 2.3575 GHz 9.5 MHz/ Span 95 MHz
Date: 19.0CT.2017 16:22:22
EDR-3 - DH5, Ch78
@ *REBW 1 MHz Marker 2 [T2 ]
*VBW 3 MHz 48.75 dBpvV
Ref 123.8 dBuv *Att 40 dB *SWT 2 s 2.483500000 GHz
Offget -6.4 dB Markdr 1 [T1 []
-12
59 Joo aBuv
2.483504000 GHz
=110
[rnx] /\
2 RM

o

S

ib
haa
[

[DZ 5 dBuV\

Center 2.4875 GHz

Date: 19.0CT.2017 16:17:20
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7.6

Amplitude dBuV/m

Amplitude dBuV/m
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Test Data — Restricted Bands
BT Basic Rate / DH5 Channel 0 (2402 MHz)

m ANSI C63.10 Clause 11.12.2 .
Limit

Radiated Emissions — Peak Scan

130_ | H H H H | | H |

120
1101
1001
901
80/
70/
60/
501
40/
301
201

10
0
0

ok 100.00K

100.00M 1.00G 26.00G

10.00M . .
Info:: Flex / Wireless Thermostat

Frequency

1.00M

BT Basic Rate / DH5 Channel 39 (2441 MHz)

jﬁ& ANSI C63.10 Clause 11.12.2 Limi
imit

Radiated Emissions — Peak Scan

130” IR v [ A | A

120+
110+
100+
90+
80+
70+
60+
50+
40+
30
20
104]
0,,

%ok

10000M | 100G T 26000

~10.00M . .
Info:: Flex / Wireless Thermostat

Frequency

100.00K  1.00M
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BT Basic Rate / DH5 Channel 78 (2480 MHZz)
ANSI] C63.10 Clause 11.12.2

— Limit

Radiated Emissions — Peak Scan

490k 10000k 1.00M  1000M  10000M 1006 . _ 26.00G
Frequency Info:: Flex /| Wireless Thermostatl
Frequency Raw Meas Correction Corr Value Limit Margin
MHz (dBuV) (dB/m) dBuV/m (dBuV/m) (dB) Betecior
Funamental frequency: 2402 MHz

4804.00 61.1 -1.2 59.9 74.0 -14.1 Peak

4804.00 47.7 -1.2 46.5 54.0 -75 Average

7208.00 63.2 -0.8 62.4 74.0 -11.6 Peak

7208.00 53.0 -0.8 52.2 54.0 -1.8 Average
_Funamental frequency: 2441 MHz_

4882.00 59.7 -1.2 58.5 74.0 -15.5 Peak

4882.00 45.0 -1.2 43.8 54.0 -10.2 Average

7323.00 62.7 -0.8 61.9 74.0 -12.1 Peak

7323.00 52.2 -0.8 514 54.0 -2.6 Average
I Funamental frequency: 2480 MHzI

4960.00 57.6 -1.2 56.4 74.0 -17.6 Peak

4960.00 45.0 -1.2 43.8 54.0 -10.2 Average

7440.00 62.1 -0.8 61.3 74.0 -12.7 Peak

7440.00 51.9 -0.8 51.1 54.0 2.9 Average

No other spurious emissions fell within a restricted band.
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8 Pseudo-Random Hop Sequence

8.1 Test Result

Test Description Test Specification Test Result
) 15.247(a)(1), RSS-247 5.1(1) )
Pseudo-Random Hop Sequence ANSI C63.10 Compliant

Note (1): The theory of operation states that the device is Bluetooth and operates using a pseudo-
random hopping technique.

8.2 Test Method

Compliance is demonstrated by Manufacturer’s declaration or is stated in the Theory of Operation.

Requirement
The hopset shall be such that the near-term distribution of frequencies appears random, with sequential

hops randomly distributed in both direction and magnitude of change in the hopset, while the long-term
distribution appears evenly distributed.
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9 Channel Separation

9.1 Test Result

Test Description Test Specification Test Result
15.247(a)(1)(iii)
Number of Hopping Channels RSS-247 5.1(2) Compliant
ANSI C63.10

9.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.2. The test data was
measured using a spectrum analyzer with Peak detector (max hold) and a resolution bandwidth of 100
kHz. The trace was allowed to stabilize until all channels were displayed.

Requirement

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of
25 kHz or the -20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the band 2400-2483.5 MHz may have hopping channel carrier frequencies
that are separated by 25 kHz or two-thirds of the -20 dB bandwidth of the hopping channel, whichever is
greater, provided that the systems operate with an output power no greater than 0.125 W.

9.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 21.7 °C
Relative Humidity: 42.0 %
Atmospheric Pressure: 98.8 kPa

9.4 Test Equipment

Test End Date: 19-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.
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9.5 Test Data

® *RBW 10 kHz Delta 2 [T1 ]
*VBW 3 MHz 0.39 dB

Ref 123.8 dBuv *Att 40 dB SWT 80 ms 1.024487179 MHz
offget -6.4 dB Markdr [ri
-120
104 |79 dBupv
2.43999q513 cuz | N
F110
1 Pk P
MAXH
1 i v
=100
L - LiF | t t
uW =
50 T I T
=70
3pB
ac
-0
5o
a0
30
Center 2.441 GHz 500 kHz/ Span 5 MHz

Date: 19.0CT.2017 16:41:43

20dB BW

@ *REBW 10 kHz Delta 3 [T1 ]
VBW 30 kHz 1.02 as

Ref 123.8 dBuv *Att 40 dB SWT 80 ms 920.833333333 kHz

Ooffget -6.4 dB Markdr 1 [T1 |1
120

85]37 dBRv
2.440504231 cuz|EN

Deltd 2 [T1
110

1 2d.22 dB

== ado.76923(0769 kHz
100 “uvl e
L oo i

PS

-50
-30
Center 2.441 GHz 500 kHz/ Span 5 MHz

Date: 19.0CT.2017 16:49:15
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10 Number of Hopping Channels

10.1 Test Result

Test Description Test Specification Test Result
15.247(a)(2)(iii)
RSS-247 5.1(4)

Number of Hopping Channels Compliant

10.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.3. The test data was
measured using a spectrum analyzer with Peak detector (max hold) and a resolution bandwidth of 30
kHz. The trace was allowed to stabilize until all channels were displayed.

Requirement
Frequency hopping systems operating in the band 2400-2483.5 MHz shall use at least 15 hopping
channels.

10.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 22.2 °C
Relative Humidity: 41.7 %
Atmospheric Pressure: 98.7 kPa

10.4 Test Equipment

Test End Date: 20-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SPCTRUM ANALYZER FSV30 ROHDE & SCHWARZ S/N: 103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.
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10.5 Test Data
There are 79 Channels.

( Spectrum ] ll:%-:[ I

Ref Level 20.00 dBm  Offset 2.40 dB @ RBW 10 kHz
Att 38 de S5WT 4.4 ms VYBW 10 kHz Mode auto FFT
@ 1Pk Yiew

M1[1] -60.23 dBm

T T m{f*““”””“””

il

i

e —
|

N P TLTiT

B-etB TH 0.000 dE-I'Um

o aprm I
10 dB ”I 'W'”

-

| ——
— s}
i

———]
———
e —
—_—
—
—
—
=
——
— e

-

-20 dBm
-30 dBm
-40 dBm

i
CF 2.44 GHz 10001 pts Span 100.0 MHz
[[Marker Peak List
No | ¥-walue | ¥-value | no | ¥X-walue | ¥-walue [T«
31 2.432021 GHz 6.583 dBm 71 2.472017 GHz £.932 dBm
3z 2.433021 GHz 6.240 dBm 72 2473017 GHz 6.576 dBm
a3 2434021 GHz 5.585 dBm 73 2473987 GHz 5.631 dBm
34 2,434991 GHz 5.586 dBm 74 2475016 GHz 5.735 dBm
35 2.436020 GHz 5.547 dBrm 75 2. 475936 GHz 5.735 dBm
36 2.437020 GHz 5.122 dBm K= 2.476936 GHz #4.453 dBm
a7 2.438020 GHz 6.566 dBm 77 2.478016 GHz 6.223 dBm
38 2.439020 GHz 6.128 dBm 78 2.479016 GHz 6.383 dBm | |=
39 2.439990 GHz 6.772 dBm 79 2.480016 GHz £.982 dBm
40 2441020 GHz 5.599 dBm b

G D G | i

Date:200CT.2017 17:59:34
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11 Dwell Time

11.1 Test Result

Test Description Test Specification Test Result

15.247(a)(1)(iii)

RSS-247 5.1(4) Compliant

Dwell Time

11.2 Test Method

Measurements were taken using the methods defined in ANSI C63.10, Clause 7.8.4. The EUT was set to
test mode which allowed it to be controlled by the Bluetooth Tester. The Bluetooth Tester was then set
to operate on US/EU Hopping Scheme with pseudo-random data. For each packet type and data rate,
the pulse width of the packet was measured and the pulses were counted over the total observation
period.

Requirement
The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of

0.4 seconds, multiplied by the number of hopping channels employed (0.4*79=31.6s).

11.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions
Temperature: 22.2 °C
Relative Humidity: 41.7 %
Atmospheric Pressure: 98.7 kPa

11.4 Test Equipment

Test End Date: 20-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SPCTRUM ANALYZER FSV30 ROHDE & SCHWARZ S/N: 103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2018

Note: The equipment calibration period is 1 year.
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Packet Type PUIS?n\éV'dth perpsuls.eeissec DweSIIe'glme Limit Result

DH1 0.385 320 0.123 0.4 PASS

BR DH3 1.643 150 0.246 0.4 PASS
DH5 2.893 100 0.289 0.4 PASS

DH1 0.393 330 0.130 0.4 PASS

EDR2 DH3 1.645 170 0.280 0.4 PASS
DH5 2.893 110 0.318 0.4 PASS

DH1 0.393 320 0.126 0.4 PASS

EDR3 DH3 1.643 160 0.263 0.4 PASS
DH5 2.895 110 0.318 0.4 PASS
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11.6 Sample Plots
DH1 Packet Type, Basic Rate

Spectrum

Test Report Number: 4219718EMCO03 Rev: 0

=)

Ref Level 20.00 dem

@ RBW 300 kHz

J

Date:20.0CT.2017 18:14:47

SGS North America Inc.

Att 40 dB @ SWT 2 ms VBW 300 kHz
SGL TRG: YID
@ 14P Clrw
. M1[1] 9.99 dBm
11.000 ps|
L 4
10 dem 20.00 dB,
0 dBm PWid 385.000 ps|
TRG -6.000 dBm 14
-10 dBm T
W
-20 dBm
-30 dBm
-40 dBm
B I| 1 i 1 1 I 1
| i T H T T -‘l A H T "
CF 2.441 GHz 2001 pts 200.0 ps/
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 1 11.0 ps 9,99 dBm nde down 3B85.0 ps
T1 1 -1.0 ps -13.538 dBm ndg 20.00 de
T2 1 384.0 ps -9.09 dBm Puwidth 0.0
Date:200CT.2017 18:08:30
Spectrum néll
Ref Level 20.00 dem @ RBW 300 kHz
Att 40 dB @ SWT 3.2 = VYBW 300 kHz
SGL TRG: YID
@ 14P Clrw
M1[1] -47.00 d
ﬁ ﬁ ? ? | " 2¥a586
B-elBfrr TH 0.000 dBrnS-der
-20 dBm
HEO R A A TR T
CF 2.441 GH=z 2001 pts 316.0 ms/
Marker Peak List
Mo ¥-value | ¥-wvalue | no | X-value | Y-value [«
11 947.000000 ms 9.967 dBm 27 2.577560 s 9.974 dBrm
12 1.122380 s 9.984 dBm 28 2.711860 s 9.986 dBrm
13 1.174520 5 9.966 dBm 29 2.757680 s 9.976 dBrm
14 1.321460 5 9,965 dBm a0 2.925160 5 9.978 dBm
15 1.373600 5 9,987 dBm a1 2956760 5 9,965 dBm
16 1.534760 5 9,973 dBm a2 3.117820 s 9,982 dem | | =

Johnson Controls Inc / SiO2
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DH3 Packet Type, Basic Rate

Spectrum % n%:ll
Ref Level 20.00 dBm @ RBW 300 kHz
Att 40 dB @ SWT 5 ms ¥YBW 300 kHz
SGL TRG:YID
@14P Clrw
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Marker
Type | Ref | Trc | X-value | Y-wvalue | Function \ Function Result |
11 1 10,0 ps 9.96 dBm nde down 1.6425 ms
T1 1 -2.5 ps -12.92 dBm ndg 20.00 dB
T2 1 1.64 ms -2.24 dBm Piidth 0.0

JI

Date:200CT.2017 18:09:32

Spectrum néll

Ref Level 20.00 dBm @ RBW 300 kHz
Alt 40 dB @ SWT 3.2¢s VYBW 300 kHz
SGL TRG:VID
@14P Clrw
M1[1] -46.63 dBm)|
9 L
a il 1 K oy 15 o oa g
B TH 0,000 dBmE-den
-20 dem
0 e
CF 2.441 GHz 2001 pts 216.0 ms/
Marker Peak List
No_ | X-wvalue | ¥-value | mo | X-value | v-value [[a
1 -1,000000 ms 9,926 dBm Q 1.206120 = 9,928 dBm
2 382,940000 ms 9,929 dBm 10 1.411520 = 9,951 dBm 2
3 403, 480000 ms 9,924 dBm 11 1.5E3720 = 9.940 dBm | |7
+ B8 840000 ms 9,936 dBm 1z 1.621660 = 9.941 dBm
5 T85.840000 ms 9.930 dBm 13 1.948720 s 9.931 dBm
[} 793.740000 ms 9.939 dBrm 14 1.994540 5 9.942 dBm
7 965.960000 ms 9.935 dBrn 15 2.572820 s 9.929 dBm
a8 995,980000 ms 9,933 dBm 1& - -

JI

Date:200CT.2017 18:13:56
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DH5 Packet Type, Basic Rate

Spectrum n%:ll
Ref Level 20.00 dBm @ RBW 300 kHz
Att 40 dB @ SWT 5 ms ¥YBW 300 kHz
SGL TRG:YID
@14P Clrw
) M1[1] 9.94 dBm|
10 dem 10.00 ps
! B G L L R LR 11 A it A i 20.00 dB
0 dem Pwid 2.893 ms
TRG -6.000 dBm
-10 dBm Urg
Y T2
7
-20 dBm
-30 dBm
-40 dBm
] I N
’ NI L
CF 2.441 GHz 2001 pts 500.0 ps/
Marker
Type | Ref | Trc | X-value | Y-wvalue | Function \ Function Result |
11 1 10,0 ps 9.94 dBm nde down 2.8925 ms
T1 1 -2.5 ps -13.40 dBm ndg 20.00 dB
T2 1 2.89 ms -17.71 dBm Piidth 0.0

JI

Date:200CT.2017 18:10:24

Spectrum néll

Ref Level 20.00 dBm @ RBW 300 kHz
Alt 40 dB @ SWT 3.2¢s VYBW 300 kHz
SGL TRG:VID
@14P Clrw
M1[1] o dBm|
-
? f‘ ? ﬁ 234586 5
B TH 0,000 dBmEder
-20 dbm ‘ ‘
LA T X L
CF 2.441 GHz 2001 pts 216.0 ms/
Marker Peak List
No_ | X-wvalue | ¥-value | mo | X-value | v-value [[a
1 -1,000000 ms 9,912 dBm 4] 1.599540 = 9,924 dBm
2 417,700000 ms=s 9,930 dBm 7 2.,207840 = 9,913 dBm 2
3 5627 . 840000 ms 9,931 dBm a8 2.808240 = 9.926 dBm | |
+ 801.640000 ms 9,915 dBm Q 2.944120 = 9.928 dBm
5 1.228240 s 9.918 dBm 10 2.988360 = 9.915 dBm
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12 Conducted Emissions

12.1 Test Result

Test Description Basic Standards Test Result

RSS-GEN, Issue 4
ANSI| C63.4:2014

Conducted Emissions, Class B Compliant

12.2 Test Method

With the receivers resolution bandwidth was set to 9 kHz the exploratory scans were performed over the
measuring frequency range (0.15MHz to 30MHz) using a max hold mode incorporating a Peak detector
and Average detector and using the TILE! software. The final test data was measured using a Quasi-
Peak detector and Average detector and compared against the limits indicated in the table below.

Class B Limits (dBuV)

Frequency Range Class A Limits (dBuV) CISPR

0.15t0 0.5 MHz g"g ?g gvg gg ttcc)) gg
0.5 t0 5 MHz gVF? o oo
51to 30 MHz gvg ?3? )63/36500

12.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.5°C
Relative Humidity: 42.8%

12.4 Test Equipment

Test End Date: 17-Oct-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
LINE IMPEDANCE
STABILIZATION NETWORK NNB 51 TESEQ B087573 16-Nov-2017
RF CABLE CBL-25FT-NMNM MINI-CIRCUITS B094941 25-Jul-2018

Note: The equipment calibration period is 1 year.

Software:
“Conducted Emissions” TILE! profile dated Dec 2015
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12.5 Test Data
Line 1 Conducted Emissions Plot 150-30MHz

FCC Part15, Class B
Conducted Em issions - 150 kHz to 30 MHz
Line1

Quasi-Peak Limit
AverageLimit =~

Line 1 Peak Emissions

Line 1 Final QP m easurem ent
Line 1 Final Avg m easur em ent

ox |11

80.0

70.0

——
60.0

40.0

Amplitude (dBuV)

30.0

20.0

150.00K 10.00M
02:01:51 P M, Tuesday, October 17, 2017 Fr equency Info:: Flextr onics / Wir eless Ther m ostat

Line 1 Conducted Emissions Data 150-30MHz
Frequency QP Value QP Limit QP Margin Avg Value AvgLimit Avg Margin

MHz dBuV dBuV dB dBuV dBuV dB

1.308 21.1 56.0 -34.9 12.1 46.0 -33.9
19.335 29.0 60.0 -31.0 21.3 50.0 -28.7
19.655 30.7 60.0 -29.3 25.1 50.0 -24.9
19.860 25.4 60.0 -34.6 17.3 50.0 -32.7
20.098 26.4 60.0 -33.6 20.4 50.0 -29.6
20.313 26.1 60.0 -33.9 21.8 50.0 -28.2
20.520 20.9 60.0 -39.1 13.0 50.0 -37.0
21.189 23.2 60.0 -36.8 18.4 50.0 -31.6
25.520 20.2 60.0 -39.8 12.4 50.0 -37.6
25.878 23.1 60.0 -36.9 18.6 50.0 -31.4
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Neutral Conducted Emissions Plot 150-30MHz
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—
600
50.0 E—
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30.0

20.0

10.0

FCC Part 15, Class B

Conducted Em issions - 150 kHz to 30 MHz

Neutral

x|

Quasi-Peak Limit

Average Lim it

Neutr al Peak Em issions
Neutral Final QP m easurem ent
Neutral Final Avg Measur em ent

0
150.00K

02:01:51 P M, Tuesday, October 17, 2017

Frequency

10.00M
Info:: Flextr onics / Wir eless Ther m ostat

Neutral Conducted Emissions Data 150-30MHz

Frequency QP Value QP Limit QP Margin Avg Value AvgLimit Avg Margin
MHz dBuVv dBuVv dB dBuV dBuVv dB
18.893 27.0 60.0 -33.0 21.2 50.0 -28.8
19.225 31.0 60.0 -29.0 26.5 50.0 -23.5
19.528 27.0 60.0 -33.0 18.1 50.0 -31.9
19.771 29.6 60.0 -30.4 24.1 50.0 -25.9
20.084 23.0 60.0 -37.0 15.2 50.0 -34.8
20.646 23.7 60.0 -36.3 18.3 50.0 -31.7
25.482 19.6 60.0 -40.4 14.0 50.0 -36.0
25.695 22.8 60.0 -37.2 18.0 50.0 -32.0
26.224 21.6 60.0 -38.4 16.0 50.0 -34.0
27.865 20.1 60.0 -39.9 12.0 50.0 -38.0
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13 Revision History

Revision
Level
0 Initial release 31 October 2017

Description of changes Revision Date
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