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LS Research, LLC in Review

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

following:

®a

(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

lilllll

!!!@!

(

(

Federal Communications Commission (FCC) — USA
Listing of 3 Meter Semi-Anechoic Chamber based on Title 47 CFR — Part 2.948

FCC Registration Number: 90756

I *I Industrie  Industry
Canada  Canada
I+l

Canada

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

File Number: IC 3088-A
On file, 3 and 10 Meter OATS based on RSS-212 — Issue 1

File Number: IC 3088

q

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

10.2).
Date of Validation: January 16, 2001

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

Date of Validation: November 20, 2002
Notified Body Identification Number: 1243
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1.0 Summary of Test Report

In August 2014 the Suterra Remote Puffer was temtedVIEETS the following requirements:

: Compliance
FCC Rule Part Test Requirements (Yes/No)
15.247 (a)(2) 6 dB Bandwidth of a Digital Modulati®ystem Yes
15.247(b) & 1.1310 Maximum Output Power Yes
15.247 (d) Power Spectral Density of a Digital Miadion System| Yes
15.247(d) RF Conducted Spurious Emlsglons at the Transmitter Yes
Antenna Terminal
15.247(c), 15.209 & Transmitter Radiated Emissions Yes
15.205
15.207 Power Line Conducted Emissions Measurements N.Ot
Applicable
15.109 Receiver / Digital Device Radiated Emissions Yes

2.0 Test Facilities

All testing was performed at:
LS Research, LLC
W66 N220 Commerce Court
Cedarburg, Wisconsin, 53012 USA

LS Research, LLC is accredited by A2LA (Americars@daation for Laboratory Accreditation) to
the requirements of ISO/IEC 17025, 2005 “Generalu®ements for the Competence of Calibration
and Testing Laboratories”.

LS Research, LLC’s scope of accreditation inclualésest methods listed herein, unless otherwise

noted.
Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
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3.0 Client Information
Manufacturer Name: Suterra, LLC
Address: 20950 NE Talus Place
Contact Person: Matt Hamman
3.1 Equipment Under Test (EUT) Information
The following information has been supplied by the applicant.
Product Name: Remote Puffer
Model Number: SUTO01B
Serial Number: Radiated (14210107); RF Conducted (14210030)
FCCID 2ACYJ-1
3.2 Product Description
EUT utilizes Bluetooth Low Energy with an integeadtenna that has a peak gain of 4.7 dBi
as measured over a ground plane.
3.3 Modifications Incorporated In the EUT for Compliance Purposes
None noted at time of test
3.4 Deviations & Exclusions from Test Specificatiosn
None noted at time of test
3.5 Additional Information
EUT programmed for continuous transmit or receivelaow (2402 MHz), middle (2440
MHz), and high (2480 MHz) via a TI CC Debugger cected to pin-holes on the EUT and
USB cable connected to laptop running Tl Smart R&di® software. Normal mode of
operation was accessible via a button press oithe which activated the motors in a few
second intervals.
Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
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4.0

5.0

6.0

Conditions of Test

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

DC Power: 4 (AA type batteries) (Nominal 6 VDC to'B

Test Equipment

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

Frequency Range Resolution Bandwidth
9 kHz — 150 kHz 200 Hz

150 kHz — 30 MHz 9 kHz

30 MHz — 1000 MHz 120 kHz

Above 1000 MHz 1 MHz

Conformance Summary

The EUT was found to MEET the requirements as desgtwithin the specification of FCC
Title 47, CFR Part 15.247 and 15.109.

If some emissions are seen to be within 3 dB af tlegpective limits

As these levels are within the tolerances of tisé éguipment and site employed, there is a
possibility that this unit, or a similar unit seled out of production may not meet the
required limit specification if tested by anothgeacy.

LS Research, LLC certifies that the data containedtin was taken under conditions that
meet or exceed the requirements of the test spatdns. The results in this Test Report
apply only to the item(s) tested on the above-$gecdates. Any modifications made to the
EUT subsequent to the indicated test date(s) wilhlidate the data herein, and void this
certification.
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Appendix A — Test Equipment

Wireless Product Development
Equipment Calibration

V‘ LS RESEARCH LLC
f

Date: 7-Aug-2014

Type Test: RF Conducted

Frepared By:_Adam

Job #: C-2013

Customer: _Suterra

Quote #: 314250

| No.l Azzet# | Description Mlanufacturer | Mlode| # Serial # CalDate | Cal Due Date | Equipment Status
1 EE 30022 8GHz MKXE Spectrum Analyzer Agilent M3032s MYEIZI032 1201 113z BAuctive Calibration
2 EE 30027 44GHz EXA Spectrum Analyzer Agilent Y MYEI40029E 04272012 0272014 BAuctive Calibration

Froject Engineer:

Wireless Product Development
Equipment Calibration

V‘ LS RESEARCH LLC
f

Date: 7-Aug-2014

Prepared By:_Adam

Customer: _Suterra

Type Test: Radiated Emissions

Quality Azsurance:

Job #: C-2013

Quote #: 314250

| Description

Mo.| Asset #

1 EE 360022 8GHz MKXE Spectrum Analyzer
2 AAIEDGE Double Ridge Horn Antenna

3 EESE0153 0.8 - 21GHz LMA

4 AAJE0IED Eiconical Antenna

6 A4 SE00TE Log Periodic Antenna

B AADE00H Double Ridge Horn Antenna

¥ EE3E00ET 44GHz EXA Spectrum Analyzer
8 AADE0EZ 2.4GHz High Pass Filker

9  EE3E0M4E Sitd. Gain Horn Ant. wipreamp

Manufacturer | Model #
Augilent Manzas,
ETS Lindgren v
Plini-Circuits ZVA-213K-5+
ETS 0B
EMCO AIHE
EMCO 3G

Augilent MI00A
KW HPF-L-14126

Ady. Micro { EMC WLAG2Z-4 { 3160-03

Serial # Cal Date | Cal Dug Date | Equipment Status
MYEIZIN3E a2 a4 Active Calibration
103200 Bi20f2014 Bl20f2015 Active Calibration
40411007 Bi20f2014 Bl20f2015 Active Calibration
00033346 204 atz0is Aptive Calibration
S701-4255 Waizma Wefzms Aetive Calibration
E307 22520 2i252ma Active Calibration
MYEI40023E 0A2TI2012 027204 Active Calibration
Tarz-04 HTizo4 s Active Calibration
12300 Sfz4iz0i afzadzond Active Calibration

Froject Engineer:

Quality Azsurance:
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Appendix B — Test Data
B.1 — RF Conducted Emissions

Test Location | LS Research, LLC

Eﬂggzlrﬁlement FCC KDB 558074 D01 DTS Meas Guidance v03r02
Procedure ANSI C63.10-2009 Section 6.7

Prepared For: Suterra Name: Remote Puffer
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B.1.1 — RF Conducted — Fundamental Bandwidth

|
Date | 8-7-2014
|

Temp./R.H. | 20-25°C/30-60% R.H.

Specific . .
FCC KDB 558074 Section 8.0 DTS bandwidth

Measurement | ,\s| c63.10-2009 Section 6.9

Procedure

ﬁg?:éonal Continuous transmit modulated used for this test.
Table
2402 682 1.197
2440 678 1.213
2480 683 1.212
Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142QP03
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Low Channel — 2402 MHz

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTO

Avg Type: Log-Pwr

e [ R lsoe sl
Marker 1 2.402370000000 GHz

PNO: Wide G0 Trig:FreeRun

IFGain:Low Atten: 16 dB Ext Gain: -10.00 dB

Center 2.402000 GHz

#Res BW 100 kHz VBW 300 kHz

Span 5.000 MHz
Sweep 1.533 ms (1001 pts)

Agilent Spectrum Analyzer - Occupied BW

[/ —
RBW 30.000 kHz

1Lo dBidiv Ref 10.00 dBm
of

iCenter 2.402 GHz
[#Res BW 30 kHz

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

LR lsoe acl 1 | SENSEINT]

=
#IFGain:Low

1.0585 MHz

134.35 kHz

1.197 MHz

ALIGNAUTO

0:46:19PM Aug 07, 2014

Center Freq: 2.402000000 GHz

o> Trig:Free Run
#htten: 16 dB

#VBW 91 kHz

Total Power

OBW Power
x dB

AvglHold:>10/10
Ext Gain: -10.00 dB

6.55 dBm

99.00 %
-20.00 dB

Radio Std: None

Radio Device: BTS

Sweep 10.07 ms|

6 dB DTS BW

20 dB BW

Mid Channel — 2440 MHz

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTO

7 N =T I
Marker 1 2.440380000000 GHz . Avg Type: Log-Pwr
PNO: oo Trig:FreeRun

" Aatten: 16 dB Ext Gain: -10.00 dB

VBW 300 kHz

Span 5.000 MHz
Sweep 1.533 ms (1001 pts)

Agilent Spectrum Analyzer - Occupied BW

10 dBiciv____ Ref 10.00 dBm
Log

Center 2.44 GHz
[#Res BW 30 kHz

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

I I
Center Freq 2.440000000 GHz

=
#IFGain:Low

1.0586 MHz

132.20 kHz

1.213 MHz

ALIGNAUTO

10:04:32PM Aug D7, 2014

Center Freq: 2.440000000 GHz

o> Trig:Free Run
#htten: 16 dB

#VBW 91 kHz

Total Power

OBW Power
x dB

AvglHold:>10/10
Ext Gain: -10.00 dB

5.12 dBm

99.00 %
-20.00 dB

Radio Std: None

Radio Device: BTS

Sweep 10.07 ms|

6 dB DTS BW

20 dB BW

High Channel — 2480 MHz

Agilent Spectrum Analyzer - Swept SA

ALIGNAUTO

2 I T TN
Marker 1 2.479885000000 GHz i Avg Type: Log-Pur
PNO:Wide G  Trig: Free Run

Atten: 16 dB

IFGain:Low Ext Gain: -10.00 dB

VBW 300 kHz

sc STATUS

Span 5.000 MHz
Sweep 1.533 ms (1001 pts)

Agilent Spectrum Analyzer - Occupied BW

1Lo dBidiv Ref 10.00 dBm
of

Center 2.48 GHz
[#Res BW 30 kHz

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

I I
Center Freq 2.480000000 GHz

=
#IFGain:Low

1.0837 MHz

118.90 kHz

1.212 MHz

ALIGNAUTO

10:14:26PM Aug D7, 2014

Center Freq: 2.480000000 GHz

o> Trig:Free Run
#htten: 16 dB

#VBW 91 kHz

Total Power

OBW Power
x dB

AvglHold:>10/10
Ext Gain: -10.00 dB

4.42 dBm

99.00 %
-20.00 dB

STATUS

Radio Std: None

Radio Device: BTS

Sweep 10.07 ms|

6 dB DTS BW

20 dB BW

Prepared For: Suterra

Name: Remote Puffer
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B.1.2 — RF Conducted — Fundamental Power and SpealrDensi

Date | 87-2014
Temp./RH. | 20 - 25° C/ 30-60% R.H.

I\Sﬂzzcgﬂ?emem FCC KDB 558074 Section 9.1.1 — Maximum peak conefliciutput power
Sraeet U FCC KDB 558074 Section 10.2 — Peak PSD

Sample Calculation:
Margin (dB) = Limit — Measured level

Additional
Notes Continuous transmit modulated used for this test.
Table

2402 -1.80 -13.84 21.84

2440 -2.40 -15.61 23.61

2480 -3.16 -15.74 23.74

Prepared For: Suterra Name: Remote Puffer

Report: TR 314250 A FCC Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142QP03
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Low Channel — 2402 MHz

Agilent Spectrum Analyzer - Swept SA
7 N =T I — ALIGNAUTO
Marker 1 2.402459000000 GHz . Avg Type: Log-Pwr
PNO:Fost GO Trig:Free Run
: ==
IFGain:Low Atten: 16 dB Ext Gain: -10.00 4B

Center 2.402000 GHz Span 9.000 MHz
#Res BW 3.0 MHz VBW 8.0 MHz Sweep 1.000 ms (1001 pts)

Agilent Spectrum Analyzer - Swept SA
T fsoe a1 ALIGNAUTO
Marker 1 2.402236000000 GHz ) Avg Type: Log-Pwr
PNO. Trig: Free Run
Atten: 16 dB Ext Gain: -10.00 dB

Mkr1 2.402 236 GHz

Center 2.4020000 GHz Span 1.000 MHz
#Res BW 3.0 kHz Sweep 335.5 ms (1001 pts)

Peak Output Power

Mid Channel — 2440 MHz

Agilent Spectrum Analyzer - Swept SA
7 N =T I E— ALIGNAUTO
Marker 1 2.440279000000 GHz . Avg Type: Log-Pwr
PNO:Fost GO Trig:Free Run
: ==
IFGain:Low Atten: 16 dB Ext Gain: -10.00 4B

Span 9.000 MHz
VBW 8.0 MHz Sweep 1.000 ms (1001 pts)

Agilent Spectrum Analyzer - Swept SA

ALIGNAUTO

2 I T TN
Marker 1 2.440176000000 GHz Avg Type: Log-Pwr
P

Trig: Free Run
Atten: 16 dB Ext Gain: -10.00 dB

Span 1.000 MHz
Sweep 335.5 ms (1001 pts)

Peak Output Power

High Channel — 2480 MHz

Agilent Spectrum Analyzer - Swept SA

7 N =T I E— ALIGNAUTO 10:15:08PM AugQ7, 2014
Marker 1 2.479883000000 GHz . Avg Type: Log-Pwr
PNO:Fost GO Trig:Free Run
: ==
IFGain:Low Atten: 16 dB Ext Gain: -10.00 4B

10 dBiciv  Ref 15.00 dBm
Log

nter 2.480000 GHz Span 9.000 MHz
#Res BW 3.0 MHz VBW 8.0 MHz Sweep 1.000 ms (1001 pts)

sc STATUS

Agilent Spectrum Analyzer - Swept SA
7 N =T I E— ALIGNAUTO
Marker 1 2.480086000000 GHz . Avg Type: Log-Pwr
PNO: Wide GO Trig:Free Run
: =
IFGain:Low Atten: 16 dB Ext Gain: -10.00 4B

10 dBiciv  Ref 15.00 dBm
Log

Span 1.000 MHz
VBW 9.1 kHz Sweep 335.5 ms (1001 pts)

sc STATUS

Peak Output Power

Peak Power Spectral Density

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B
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B.1.3 — RF Conducted — Spurious Emissions

‘Date | 8-7and 8-8 2014
Temp. /RH. |20 -25°C/30-60% R.H.

Specific
Measurement | FCC KDB 558074 Section 11.0 — Emissions in nonrictet frequency bands
Procedure

No Emissions found to be within 15 dB of limit

Additional
Notes Continuous transmit modulated used for this test.

Plots start next page

Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142QP03
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Low Channel — 2402 MHz

B Agient Spectram Analyeer - Swept A

SENSENT] ALIGHAUTO |

R= 5 DC
Marker 1 4.807000000000 GHz

Avg Type: Log-Pwr
oo Trig: FreeRun

Atten: 6 dB Ext Gain: -10.00 dB

Start 1.000 GHz

#Res BW 100 kHz #VBW 300 kHz

11:10:36 PM
T

Tv
DET]

Stop 10.000 GHz
Sweep 860.1 ms (1001 pts)|

VKR MODE TRC] SCL FUNCTION | FUNCTION WIDTH FUNCTION VALUZ

B Agient Spectram Ansyzer - Swept A

SENSENT] ALTGN AUTO |

Avg Type: Log-Pwr

11:20:59 PM
T

RE 500 _DC
Marker 1 22.540000000000 GHz

Trig: Free Run

Tv
#Atten: 0 dB Ext Gain: -10.00 dB =

Agilent Spectrum Analyzer - Swept SA

ALIGNAUTO

e R lsoe sl
Marker 1 891.360000000 MHz

Fast
IFGain:High

Avg Type: Log-Pwr
oo Trig:FreeRun
#Atten: 0 dB Ext Gain:

VBW 300 kHz

‘Res BW 100 kHz

sc STATUS

10:00:33PM AUgD7, 2014

Stop 1.0000 GHz
Sweep 293.2 ms (1001 pts)

IEEEAR - mm"’ Stop 25.000 GHz

I seisaHs| 740 dbm)] [ —— Y

2 O O . Sweep 1434 (1001 pts)
1-10GHz 10-25 GHz

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTO

Avg Type: Log-Pwr

09:56:21PM AU 07, 2014

e | R lsoe sl
Marker 3 2.399350000000 GHz
H Ext Gain: -10.00 dB

10 dBiciv__ Ref 15.00 dBm
Log

Stop 2.402500 GHz
Sweep 3.800 ms (1001 pts)

FUNCTION VALUE -

VBW 300 kHz

MKR_MODE TRC SCL X v
l F [1[f] 2.400 0000 GHz. -22.20 dBm
Pl N | 24023750 GHz 220dBm[ [

2.3993500 GHz. 4285dBm| [
e B —

e e ——
>

FUNCTION | _FUNCTION WIDTH

sc STATUS

30-1000 MHz

Band-Edge

Prepared For: Suterra

Name: Remote Puffer
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Mid Channel — 2440 MHz

[E=m[E=R

B Agient Spectram Andyze - Swept

[ESNEEES

Re DC
Marker 1 4.879000000000 GHz

Ref 5.00 dBm

10 dBrdiv
Log

H#Res BW 100 kHz

PNO: Fast G
IFGain:Low

ALIGN AUTO [
Avg Type: Log-Pwr

SENSE:INT]

Trig: Free Run

Atten: 6 dB Ext Gain: -10.00 dB

Stop 10.000 GHz

#VBW 300 kHz Sweep 860.1 ms (1001 pts)

VKR MODE TRC

a X Y
AN (107 4.879 GHz -47.67 dBm
2 EREA 9.766 GHz $1A1dBm| [
e  —

FUNCTION | FUNCTION WIDTH FUNCTION VALUE &

sTATUS

B Agilent Spectrum Analyzer - Swept SA
RF a_nC 014
Marker 1 23.950000000000 GHz
PNO: Fast G
IFGain:High

ALIGN AUTO
Avg Type: Log-Pwr

SENSE:INT]

Trig: Free Run

#Atten: 0 dB Ext Gain: -10.00 dB

Stop 25.000 GHz
Sweep 1.434 s (1001 pts)

sc

Agilent Spectrum Analyzer - Swept SA

pa | R soe ac |
Marker 1 31.940000000 MHz

Ref -10.00 dBm

ALIGNAUTO 10:10:14PM AugD7, 2014

Avg Type: Log-Pwr

Trig: Free Run

#Atten: 0 dB Ext Gain: -10.00 dB

Stop 1.0000 GHz
Sweep 293.2 ms (1001 pts)

VBW 300 kHz

ALIGNAUTO 10:09:23PM AugD7, 2014

Avg Type: Log-Pwr

Trig: Free Run

Atten: 16 dB Ext Gain: -10.00 dB

10 dBiciv__ Ref 15.00 dBm
Log

Span 200.0 MHz|
Sweep 60.47 ms (1001 pts)

FUNCTION | _FUNCTION WIDTH FUNCTION VALUE

X v
2.440 4 GHz 282dBm| | 00000 |
2.4000 GHz 280dBm| [
| 24836GHz| 2280 dBm]

30-1000 MHz

Band-Edge

Prepared For: Suterra

Name: Remote Puffer
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High Channel — 2480 MHz

B Agient Spectram Andlyze - Swept S

==
014

[ESNEEES

B Agient Spectram Andyze - Swept

" > Dc SENSE:INT] ALTGN AUTO
Marker 1 24.085000000000 GHz . Avg Type: Log-Pwr
PNO: Fast o  Trig: FreeRun
= X
IFGain:High #Atten: 0 dB Ext Gain: -10.00 dB

SENSEINT] ALIGN AUTO [
Avg Type: Log-Pwr

RE DC
Marker 1 4.960000000000 GHz

PNO: Fast G0  Trig: FreeRun
IFGain:Low Atten: 6 dB Ext Gain: -10.00 dB

10 dBiciv__ Ref 5.00 dBm
Log

Stop 10.000 GHz
Sweep 860.1 ms (1001 pts)

FUNCTION | FUNCTION WIDTH FUNCTION VALUE &

VKR MODE TRC SCL X Y
N [1[f] 4.960 GHz 4647dBm| |
2 INEENEE 293dBm [ ]

!
I N [1[f]  7435GHz[ _ 7036dBm[ [ | N Stop 25.000 GHz

Sweep 1.434 s (1001 pts)

Agilent Spectrum Analyzer - Swept SA

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTO 10:16:00PM AuG(7, 2014

ALIGNAUTO 10:18:43FM Aug 7, 2014 2 I T T
Avg Type: Log-Pwr e Marker 3 2.485916500000 GHz Avg Type: Log-Pwr
Trig: Free Run A PNO Fast o Trig:Free Run
#Atten: 0 dB Ext Gain: -10.00 dB Atten: 16 dB Ext Gain: -10.00 dB

e R soe sl ]
Marker 1 882.630000000 MHz

10 dBiclv__ Ref 15.00 dBm
Log

Stop 2.50000 GHz
Sweep 6.200 ms (1001 pts)

FUNCTION | _FUNCTION WIDTH FUNCTION VALUE

X Y
2.479 890 GHz 350 dBm
2.483500 GHz 2340dBm| |

>

Stop 1.0000 GHz
VBW 300 kHz Sweep 293.2 ms (1001 pts)

30-1000 MHz Band-Edge

Prepared For: Suterra Name: Remote Puffer

Report: TR 314250 A FCC Model: SUT01B

LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142003
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B.2 — Radiated Emissions

Rule Part(s)

FCC: 15.247/ 15.205 / 15.209

Measurement
Procedure

ANSI| C63.4 - 2003
ANSI| C63.10 — 2009

FCC KDB 558074 D01 DTS Meas Guidance v03r02

Test Location

LS Research, LLC - FCC Listed 3 meter Semi-Aneckiamber

Test Distance

See data section

EUT Placement

80 cm height non-conductive table above referencergl plane

applicable)

Are

2St

g
al
i at

-

Frequency Biconical: Log Periodic Dipole|  Double-Ridged | Standard Gain Horn
Range of 30-200 MHz Array: Waveguide Horn: | 18-25 GHz
Measurement 200-1000 MHz 1-18 GHz
30-1000MHz 1-40 GHz:
Measurement | RBW: 120 kHz RBW : 1MHz
Detectors VBW: At least 300 kHz VBW: At least 3 (MHz) Peak
10 Hz Average
1) The antenna, cable, pre-amp, and other necessayurement system correction factors
are loaded onto the EMI receiver / spectrum analyzhen the measurements a
preformed. The data is gathered and reported aotinected values.
Description 2) The EUT is placed on a non-conductive pedestatered on a turn-table in the té
of location with the antenna at the test distance fiteerEUT
Measurement
3) Maximum radiated RF emissions are determinedolgtion of azimuth and scannir
the sense antenna between 1 and 4 meters in hegig both horizontal and vertic
antenna polarities. Maximized levels are manuatiied at degree values of azimuth an
sense antenna height.
Example Reported Measurement dgt_a = Raw receiver mea_sureiméntenna_ Qorrection Factor
Calculations Cable factor (dB) - amplification factor (when appble) + Additional factor (whe

FCC Part 15.209 Limits:

Frequency 3 m Limit 3 m Limit Type

(MHz) (UV/m) (dBuvV/m)

30-88 100 40.0 Quasi-Peak
88-216 150 43.5 Quasi-Peak
216-960 200 46.0 Quasi-Peak

Above 960 500 54.0 Average (>1 GHz)

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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B.2.1 — Radiated Band-Edge Restricted Bands

Manufacturer Suterra

Date 8-7-2014

Operator Adam A

Temp. / R.H. 20 - 25° C / 30-60% R.H.

Rule Part 15.247/ 15.205 / 15.209

Measurement ANSI C63.4 - 2003
ANSI C63.10 - 2009

Procedure

FCC KDB 558074

Test Distance

3 meter (1-4 GHz)

EUT Placement

80 cm height non-conductive table centered on tabhe

Detectors

Peak; RBW 1MHz VBW 3 MHz (10Hz VBW for average rmegeements)

Additional Notes

1) Tested in the worst case of continuous transmitutaidd mode with EUT maximized in
three orientations at maximum power.
2) EUT maximized in azimuth and antenna height witkximam results reported.

Example Calculation:
FCC 15.209 Peak Limit @ 3 meter (@& m) — Peak Reading (dB//m) = Peak Margin
FCC 15.209 Average Limit @ 3 meter (@&'m) —Average Reading (dB//m) = Average Margin

Data Table
Transmit | Frequency EUT Antenna Height Azimuth Pea.k A"? P.ea'k Pealf Avg Limit Avg.
Channel (MHz) orientation Polarity (cm) (degree) peedioe peagie Limit Margin (dBuV/m) Margin
(dBuV/m) | (dBuV/m) | (dBuV/m) (dB) (dB)
Low 2389.5 Flat Horizontal 123 261 58.92 39.65 74 15.1 54 14.4
High 2483.5 Vertical Horizontal 103 331 61.20 48.16 12.8 5.8

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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Plots

Agilent Spectrum Analyzer - Swept SA
=RF 50 AC | CORREC | | SENoT

ALIGNAUTO

Agilent Spectrum Analyzer - Swept SA
= RF J505 AC | CORREC | | GENSEUNT] ALIGNAUTO

7 —
Marker 1 2.483566000000 GHz

#Atten: 0 dB

Ref 80.00 dBpV/m

Start 2.483500 GHz
#Res BW 1.0 MHz VBW 3.0 MHz

Trig: Free Run

[/ —
Avg Type: Log-Pwr e Marker 1 2.483500000000 GHz Avg Type: Log-Pwr
[T

P Trigi Free Run

PREAMP igh #Atten: 0 dB

Mkr1 2.483 566 0 GHz Mkr1 2.483 500 0 GHz
61.20 dBpV/m Ref 65.00 dBpV/m 48.16 dBuV/m

Stop 2.500000 GHz Start 2.483500 GHz Stop 2.500000 GHz
Sweep 1.000 ms (1001 pts) #Res BW 1.0 MHz #VBW 10 Hz Sweep 1.287 s (1001 pts)

High Channel (2480MHz) - Upper Band-edge Peak Kibannel (2480MHZz) - Upper Band-edge Average

Agilent Spectrum Analyzer - Swept SA
=R 0% AC | CORREC_ | | GENSEUNT]

ALIGNAUTO

Agilent Spectrum Analyzer - Swept SA
= RF 1505 AC | CORREC | | GENSEUNT] ALIGNAUTO

7 —
Marker 1 2.386800000000 GHz

Ref 80.00 dBpV/m

Start 2.31000 GHz
#Res BW 1.0 MHz VBW 3.0 MHz

PNO:Fast G Trig:Free Run
IFGain:High #Atten: 0 dB

[/ —
Avg Type: Log-Pur Marker 1 2.389520000000 GHz Avg Type: Log-Pwr

Trig: Free Run

PREAMP in:High #Atten: 0 dB

Mkr1 2.386 80 GHz Mkr1 2.389 52 GHz
58.92 dBuV/m Ref 65.00 dBpV/m 39.65 dBuV/m

Stop 2.39000 GHz Start 2.31000 GHz Stop 2.39000 GHz
Sweep 1.000 ms (1001 pts) #Res BW 1.0 MHz #VBW 10 Hz Sweep 6.238 s (1001 pts)

Low Channel (2405 MHz) — Lower Band-edge Pegk Ldwathel (205 MHz) — Lower Band-edge Average

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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B.2.2 — Radiated Transmitter Emissions in Restricte and Non-Restricted Bands

Manufacturer Suterra

Date 8-7,8,12 - 2014
Operator Adam A

Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247/ 15.205 / 15.209
Measurement ANSI C63.4 - 2003
Procedure ANSI C63.10 - 2009

Test Distance

3 meter 4-25 GHz

EUT Placement | 80 cm height non-conductive table centered on taibte

Detectors

Peak; RBW 1 MHz, 3 MHz VBW

Additional Notes

1) Tested in continuous transmit modulated mode Wit ih three orientations at maximum
power.
2) PLEASE SEE APPENDIX E FOR DUTY CYCLE CALCULATIONS.

Example Calculation:

FCC 15.209 Peak Limit (dB//m) — Peak Reading (dB//m) = Margin

Peak Reading (dB//m) — Duty Cycle Correction (dB) = Calculated Aage (dBvV/m)

FCC 15.209 Average Limit (dB//m) — Calculated Average (d&/m) = Margin

Data Table
Frequency EUT Antenna | Height | Azimuth Pea.k ROl eieaoeee P.ea.k Pealf Avg Limit Avg.
(MHz) Orientation Polarity (cm) (degree) Reading | Cycle Avg Limit Margin (dBuV/m) Margin
(dBuv/m) | (dB) | (dBuV/m) | (dBuv/m) (dB) (dB)
Vertical 109 102 54.19 14.9 39.29 19.8 14.7
Vertical
Horizontal | 145 230 57.01 14.9 42.11 17.0 11.9
(4804) i 14.9 43.39
Low - Vertical 103 210 58.29 24 15.7 54 10.6
Channel Horizontal | 119 354 50.80 14.9 35.90 23.2 18.1
. Vertical 100 256 54.56 14.9 39.66 19.4 14.3
Horizontal | 119 165 58.13 14.9 43.23 15.9 10.8
Vertical 107 100 53.97 14.9 39.07 20.0 14.9
Vertical
Horizontal | 131 232 52.66 14.9 37.76 21.3 16.2
(4880) ; 14.9 41.69
Mid Horizontal Vertical 144 296 56.59 74 17.4 54 12.3
Channel Horizontal | 103 100 51.73 14.9 36.83 223 17.2
- Vertical 100 10 51.36 14.9 36.46 22.6 17.5
Horizontal | 107 166 56.86 14.9 41.96 17.1 12.0
Vertical 115 101 50.21 14.9 35.31 23.8 18.7
Vertical
Horizontal | 109 236 51.62 14.9 36.72 22.4 17.3
(4960) ]
Vertical 115 64 52.97 14.9 38.07 21.0 15.9
High Horizontal crtica 74 54
Channel Horizontal | 102 32 50.43 14.9 35.53 23.6 18.5
. Vertical 100 112 48.90 14.9 34.00 25.1 20.0
Horizontal | 111 5 52.82 14.9 37.92 21.2 16.1

Note: See Appendix E for duty cycle calculations.

Prepared

For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC Model: SUT01B

LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142003
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Plots

BN gient Speciram Analyeer - Swept SA To e o)
SENSENT ALTGN AUTO

7 oC
Ref Value 80.00 dBuV/m X Avg Type: Log-Pwr
PNO: Fast GO  Trig: FreeRun
==
IFGain:High #Atten: 0 dB

Start 4.000 GHz Stop 18.000 GHz
#Res BW 1.0 MHz VBW 50 MHz Sweep 23.33 ms (1001 pts)

sc STATUS

BN Agilent Spectrum Ana\yzev SWEpm\ [N
CORREC SENSE:INT] ALTGN AUTO
Marker 1 4. 966000000000 GHz . Avg Type: Log-Pwr
PNO: Fast oo  Trig: FreeRun
=
#Atten: 0 dB

Start 4.000 GHz Stop 18.000 GHz
#Res BW 1.0 MHz Sweep 109.9 ms (1001 pts)

sc STATUS

High Channel - 4-18 GHz Peak

BN Agilent Spectrum Analyzer - Swept SA [E= =)
3 0C [ CoRrec SENSEINT] ALTGN AUTO
Marker 1 24.419000000000 GHz . Avg Type: Log-Pwr
N oo Trig: FreeRun
#Atten: 0 dB

Mkr1 24.419 GHz
55.24 dBpV/m

Start 18.000 GHz Stop 25.000 GHz
#Res BW 1.0 MHz Sweep 11.67 ms (1001 pts)

sc STATUS

SENSEINT] ALIGN AUTO
Avg Type: Log-Pwr

Trig: Free Run
#Atten: 0 dB

Mkr1 24.440 GHz
43.64 dBpV/m

Start 18.000 GHz Stop 25.000 GHz
#Res BW 1.0 MHz Sweep 545.9 ms (1001 pts)

sc STATUS

ALIGNAUTO
Avg Type: Log-Pwr

Trig: Free Run
#Atten: 0 dB

Mkr1 3.587 5 GHz
5 dBIdlv Ref 75.00 dBpv/m 41.26 dBuVim

Start 2.5000 GHz Stop 4.0000 GHz
#Res BW 1.0 MHz #VBW 10 kHz Sweep 117.0 ms (1001 pts)

wsc STATUS

ALIGNAUTO
Avg Type: Log-Pwr

Trig: Free Run
#Atten: 0 dB

Mkr1 2.282 49 GHz
35.80 dBpVIim

Start 1.0000 GHz Stop 2.3100 GHz
#Res BW 1.0 MHz #VBW 10 kHz Sweep 102.2 ms (1001 pts)

wsc STATUS

Low Channel 2.5-4 GHz (Reduced VBW)

Low Channél.31 GHz (Reduced VBW)

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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ALIGNAUTO

pect lyze pi
= RF 0% AC | CORREC | | GENSEUNT

12:02:21 AM Aug 08, 2014

[/ —
Marker 1 3.598000000000 GHz Avg Type: Log-Pwr

PREAMP

Trig: Free Run
#Atten: 0 dB

Start 2.5000 GHz
#Res BW 1.0 MHz

wsc STATUS

ALIGNAUTO
Avg Type: Log-Pwr

12:01:49 AM Aug 08, 2014

__ SENSENT]
Marker 1 2.294280000000 GHz

PREAMP

Trig: Free Run
#Atten: 0 dB

Mkr1 2.294 28 GHz
Ref 35.59 dBuVim

Start 1.0000 GHz
#Res BW 1.0 MHz

wsc STATUS

Stop 2.3100 GHz
Sweep 102.2 ms (1001 pts)

Agilent EMI Receiver - Frequency Scan’
i [rFpresel (soe ac | comec | | seNseT)

Marker 1 997.66 MHz FREQUENCY SCAN
CISPR

PREAMP. Atten: 0 dB Free Run

Mkr1
Ref 55.00 dBpV/im

VBW 1.2 MHz

997 65994 MHz
3.897 dBuV/m

Agilent EMI Receiver - Frequency Scan

pa [ ReeReseL [S0a ac | ocoRREC L | SENSEUNT]

Marker 1 951.16 MHz FRECUEREY S
CISPR

PREAMP.

Atten: 0 dB Free Run

Mkr1 951.15878 MHz

Ref 55.00 dBpV/im 34.499 dBpV/im

VBW 1.2 MHz

= e

= e

200-1000 MHz Vertical

200-1000 MHz Horizontal

Agilent EMI Receiver - Frequency Scan’
i [rFpresel (soe ac | Comec | | seNseT)

ALIGNAUTO

06:35:59PM ALY OB, 2014

Marker 1 199.64 MHz FREQUENCY SCAN
CISPR

PREAMP. Atten: 0 dB Free Run

Mkr1
Ref 55.00 dBpV/im

VBW 1.2 MHz

199.63996 MHz
23.467 dBuV/im

Agilent EMI Receiver - Frequency Scai

n
o | REeReseL [S0o ac [ CORREC L | SENSEINT]
FREQUENCY SCAN

ALIGNAUTO 06:37:27 PM AL 0B, 2014

Atten: 0 dB Free Run

Mkr1 184.45817 MHz
23.506 dBuV/m

VBW 1.2 MHz

= e

= e

30-200 MHz Vertical

30-200 MHz Horizontal

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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B.2.3 — Radiated Emissions Receive Mode and Normidlode

Manufacturer Suterra

Date 8-8,11,12 -2014
Operator Adam A

Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.109

Measurement ANSI C63.4 - 2003
Procedure ANSI C63.10 - 2009

Test Distance

3 meter 30-25000 MHz

EUT Placement

80 cm height non-conductive table centered on tabhe

Detectors

Peak; RBW 1 MHz (Average 10 Hz VBW) > 1 GHz < Qusak; RBW 120 kHz

Additional Notes

1) Tested in continuous receive mode with EUT in thogentations on three channels
2) Maximum results reported

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

Table - Receive Mode

Frequency EUT Antenna Height Azimuth R:ae:il:l Re::l?n ::nail: IV'I’aera ':n Avg Limit MI:‘:gin
(MHz) orientation Polarity (cm) (degree) g g g (dBuV/m) g
(dBuV/m) | (dBuV/m) | (dBuV/m) (dB) (dB)
i NF -
Vertical ientical
Horizontal 133 229 44.04 33.91 29.96 20.09
(4806) .
Low Horizontal Vertical 106 296 45.32 36.99 74 28.68 54 17.01
Channel Horizontal NF i
Vertical NF -
Flat
Horizontal 107 169 45.70 38.08 28.30 15.92
i NF -
Vertical Vertical
Horizontal 124 251 43.87 33.55 30.13 20.45
(4882) }
Vertical 109 277 43.13 36.34 30.87 17.66
Mid Horizontal crtica 74 54
Channel Horizontal NF B}
Vertical NF -
Flat
Horizontal 108 177 ‘ 44.12 ‘ 35.46 29.88 18.54
i NF -
Vertical ientical
Horizontal NF -
(4959) .
High Horizontal Vertical 110 245 l 43.03 l 33.46 74 30.97 54 20.54
Channel Horizontal NF s
Vertical NF -
Flat
Horizontal 105 155 I 43.13 I 33.63 30.87 20.37

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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Plots - Receive Mode

Agilont Spectrum Analyzer  Swept SA

500 AC | CORREC | | ALIGNAUTO

7
Marker 1 198.300000000 MHz

PRCAMP

Avg Type: Voltage

5 dBIdlv Ref 55.00 dBuVim

Start 30.00 MHz
#Res BW (CISPR) 120 kHz VBW 910 kHz

sc STATUS

Stop 200.00 MHz
Sweep 19.00 ms (1001 pts)

Agilont Spectrum Analyzer  Swept SA

0 [ RFPRESEL |sS0o AC | CORREC | |
Marker 1 187.760000000 MHz

PRCAMP

ALIGNAUTO
Avg Type: Voltage

> Trig:Free Run
ast G
h " #Atten:0 dB

Mkr1 187.76 MHz

SR

Start 30.00 MHz
#Res BW (CISPR) 120 kHz

sc STATUS

Stop 200.00 MHz
Sweep 19.00 ms (1001 pts)

30-200 MHz Vertical

Agilont EMI Recciver  Frequency Scar

RFPRESEL 1509 AC | CORREC | | ALIGNAUTO
MHz

(7 — NSEINT|
Marker 1 999.52 FREQUENCY SCAN
CISPR

PREAMP. Atten: 0 dB

VBW 1.2 MHz

Dwell Time 7.5 ps (60 kHz)!

Agilont ivor Frequency Scan
B REPRESEL [S0@ ac | oCORREC L |
Marker 1 992.86 MHz

CISPR’
PREAMP.

ISEINT|
FREQUENCY SCAN
Atten: 0 4B
Mkr1 992.85982 MHz
34.489 dBuV/im

VBW 1.2 MHz

| e

| e

200-1000 MHz Vertical

200-1000 MHz Horizontal

Agilent Spectrum Analyzer - Swept SA
[goorrec 1 |

ALIGNAUTO

pd e [s0a  ac |
Marker 1 3.988000000000 GHz Avg Type: Log-Pwr

Trig: Free Run
#Atten: 2 dB

EngIdlv Ref 75.00 dBuVim

Start 1.000 GHz
#Res BW 1.0 MHz #VBW 10 kHz

wsc STATUS

05:22:45PM ALY OB, 2014
TRACE &

Stop 4.000 GHz
Sweep 234.0 ms (1001 pts)

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTO
Avg Type: Log-Pwr

05:23:26PM ALY 0B, 2014
TRA &

o | e [s0o ac |
Marker 1 3.598000000000 GHz

Start 1.000 GHz
#Res BW 1.0 MHz VBW 50 MHz

wsc STATUS

Stop 4.000 GHz
Sweep 5.000 ms (1001 pts)

1-4 GHz (Reduced VBW)

1-4 GHz (Peak)

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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B Agient Spectram Andyze - Swept

Re 500 DC | CORR
Marker 1 4.806000000000 GHz

Start 4.000 GHz
#Res BW 1.0 MHz

SENSEINT] ALIGN AUTO__|
Avg Type: Log-Pwr

PNO: Fast G0  1rig: FreeRun
IFGain:High #Atten: 0 dB

Stop 18.000 GHz
#VBW 100 kHz Sweep 109.9 ms (1001 pts)

BN Agilent Spectrum Analyzer - Swept SA =<
RF DC | CORREC SENSEINT] ALIGNAUTO |
Marker 1 16.306000000000 GHz ) Avg Type: Log-Pwr
Trig: Free Run
#Atten: 0 dB

:Fast GO
:H

Mkr1 16.306 GHz
47.79 dBpV/im

Start 4.000 GHz Stop 18.000 GHz
#Res BW 1.0 MHz #VBW 100 kHz Sweep 109.9 ms (1001 pts)

sc STATUS

4-18 GHz (Reduced VBW)

4-18 GHz (Reduced VBW)

B Agient Spectram Anayze - Swept A

500 DC | CORREC

Start 18.000 GHz
#Res BW 1.0 MHz

sc

RE 5
Marker 1 24.419000000000 GHz
PN

SENSEINT] ALIGN AUTO__|
Avg Type: Log-Pwr

Trig: Free Run
#Atten: 0 dB

Mkr1 24.419 GHz

Stop 25.000 GHz
VBW 50 MHz Sweep 11.67 ms (1001 pts)

STATUS

B Agient Spectrum Analyzer - Swept SA (6
R DC_| CORREC SENSEINT] ALIGN AUTO__|
Marker 1 24.440000000000 GHz ) Avg Type: Log-Pwr
PNO: Trig: Free Run
#Atten: 0 dB

Start 18.000 GHz Stop 25.000 GHz
#Res BW 1.0 MHz #VBW 10 kHz Sweep 545.9 ms (1001 pts)

sc STATUS

18-25 GHz Peak

18-25 GHz (Reduced VBW)

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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Table — Normal Mode

Quasi Quasi
Frequency Height Azimuth Peak Peak Margin Antenna EUT
(MHz) (cm) (degree) Reading Limit (dB) Polarity | orientation
(dBuV/m) | (dBuV/m)

176.5 100 196 19.04 43.5 24.46 Vertical Vertical
136.75 158 34 16.77 43.5 26.73 Horizontal Vertical
761.6 143 184 31.24 46 14.76 Horizontal Vertical
369.14 100 252 33.65 46 12.35 Vertical Vertical

Plots — Normal Mode

MKr1 186.73844 MHz MKr1 136.75256 MHz
38.134 dBuVim " y 30.057 dBuVim
Log

Scan Fre
Mkr1 369.14423 MHz Mkr1 761.61404 MHz
s sty Ref 55.00 dBpV/im 44.002 dBpVim 6 dBidiy . 43.410 dBuVim
og og

llll--l_---

TR Wi o,
™|
----------

#Stop 1 GHz|
VBW 1.2 MHz Dwell Time 7.5 ps (60 kHz)| VBW 1.2 MHz Dwell Time 7.5 ps (60 kHz)|
200-1000 MHz Vertical 200-1000 MHz Horizontal
Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142003
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B3 — AC Mains Conducted Emissions

Test Not Applicable — EUT Battery Operated Only

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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Appendix C - Uncertainty Summary

This uncertainty represents an expanded uncertekpsessed at
approximately the 95 % confidence level, using\eecage factor of k=2.

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

Measurement Type

Particular Configuration

Uncertainty Values

Radiated Emissions 3 — Meter chamber, Biconical Antenna 4.82 dB
3-Meter Chamber, Log Periodic

Radiated Emissions Antenna 4.88 dB

Radiated Emissions 3-Meter Chamber, Horn Antenna 4.85 dB

Absolute Conducted Emissions Agilent PSA/ESA Series 1.38 dB

AC Line Conducted Emissions Shielded Room/EMCO LISN 3.20 dB

Temperature/Humidity

Thermo-hygrometer

0.64°/ 2.88 %RH

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (1420p03
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Appendix D - References

Publication Year Title

FCC CFR Parts 0-15 2014 Code of Federal Regulations — Telecommunication
American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low

A e e Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz.

ANS| C63.10 2009 Am_erlcan Natl_onal Standgrd for Testing
Unlicensed Wireless Devices
Guidance for Performing Compliance Measuremer

FCC KDB 558074 D01 L o .

DTS Meas Guidance v03rd 2014 on Digital Transmission Systems (DTS) Operating
Under 815.247

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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Appendix E — BLE Duty Cycle Calculation

1.0 Summary

The fact that BLE is certified as a DTS (non-hogpjrhere is a worst-case indication for the BLE
relaxation factor. The information contained insthppendix is from the Bluetooth Specification 4.0
dated June 30, 2010.

Channel dwell time cannot be incorporated intortaxation factor as it can in Bluetooth 2.1+EDR.

Shown below are the specifications for the linkelalPDU (Physical Layer Protocol Data Unit) and

the Inter frame spacing.

The worst case duty factor would be the interleas@acatenation of the maximum length packets
and inter frame spaces. However, in the studyamious sequence diagrams of the BLE protocol
(particularly in the Advertising modes), this stai@es not really exist, there is typically 3 pasket

concatenated in the longest channel dwell. Alsavbeh channel dwells, there is more time allowed.

There are directed and undirected advertising svent

The worst case relaxation factor for a directedesiising event is 14.9 dB.
The worst case relaxation factor for an undireetéertising event is 20 dB.

Prepared For: Suterra Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (142003
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1.1

Defining Packet Lengtt

2.1 PACKET FORMAT

The Link Layer has only one packet format used for both advertising channel
packets and data channel packets.

The packet format is shown in Figure 2.1. Each packet consists of four fields:
the preamble, the Access Address, the PDU, and the CRC.

LSB MSE
Preamble Access Address PDU CRC
(1 octet) (4 octats) (2 to 39 octets) (3 octets)

Figure 2.1: Link Layer packet format

The preamble is 1 octet and the Access Address is 4 octets, The PDU range is
from 2 to a maximum of 39 octets. The CRC is 3 octets.

The Preamble is transmitted first, followed by the Access Address, followed by
the PDU followed by the CRC.

The shortest packet is 80 bits in length. The longest packet is 376 bits in length.

PDU Type

bsbobiby | Packet Name

0000 ADV_IND

0001 ADV_DIRECT_IND
0010 ADV_NONCONN_IND
0011 SCAN_REQ

0100 SCAN_RSP

0101 CONNECT_REQ
0110 ADV_SCAN_IND
0111-1111 | Reserved

Table 2.1: Advertising channel PDU Header’'s PDUdipld encodin
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Octets per Packet

ADV_IND = 37 octets
ADV_DIRECT_IND = 12 octet
ADV_NONCONN_IND =37 octel
SCAN_REQ =12 octets
SCAN_RSP = 37 octets
CONNECT_REQ = 34 octets
ADV_SCAN _IND = 37 octets

Access PDU Worst Case
Preamble CRC
(1) Address Heade PDU Type 3)
(4) (2) (37)
Stated worst case lengtipacket: 47 octets = 376 bits
Worst Case Packet Duration:376 bits * 1 uS / bit -:376 uS
1.2 Defining Inter Frame Space
4.1 INTER FRAME SPACE
The time interval between nwo consecutive packets on the same channel index
is called the Inter Framea Space. Itis defined as the time fram the end of the last
bit of the previous packet to the siart of the first bit of the subsequent packet
The Inter Frame Space is designated “T_IFS" and shall be 150 ps.

Prepared For: Suterra

Name: Remote Puffer

Report: TR 314250 A FCC

Model: SUT01B

LSR: C-2013

Serial: Radiated (14210107); RF Conducted (14210

Page 32 of 36




1.3 Defining Undirected Advertising Even

For all undirected advertising events, the time between the start of two consec-
utive advertising events (7T_advEvent) is computed as follows for each adver-
tising event:

T_advEvent = advinterval + advDelay

The advinterval shall be an integer multiple of 0.625 ms in the range of 20 ms
to 10.24 s. If the advertising event type is either a scannable undirected event
type or a non-connectable undirected event type, the advinterval shall not be
less than 100 ms. If the advertising event type is a connectable undirected
event type, the advinterval can be 20 ms or greater.

The advDelay is a pseudo-random value with a range of 0 ms to 10 ms gener-
ated by the Link Layer for each advertising event.

As illustrated in Figure 4.1, the advertising events are perturbed in time using

the advDelay.
Advertising Advertising Advertising
Event Event Event

T_advEvent T_advEvent

advinterval _J advinterval _‘:
A advDelay advDen‘a?
Advertising
State
entered

Figure 4.1: Advertising events perturbed in timagsdvDela

ADV_IND

<10ms

ADV_IND

<10ms

ADV_IND

Adv_idx = 37

Adv_idx = 38

Adv_idx = 39

!

Advertising
event
started

Advertising
event
closed

Figure R2: Connectable undirected advertising event witly advertising PDU

1.3.1 Duty Factor for Connectable Undirected AdvertisingEvent, per advertising channel
ADV_IND = 376 uS duration (ON channel :

IFS =150 uS (OFF)

ADV_IND = 376 uS duratin (OFF channel 3

IFS =150 uS (OFF)

ADV_IND = 376 uS duration (OFF Channel 3

advinterval (min) = 20 mS
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1.3.1.1 Straight Duty Factor
DF = 376 / (376*3+150*2+20000) =0.0175
Relaxation factor =-min (20*log10 (DF),-20 dB) =4m(-35.119,-20) = 20 dB

1.3.1.2 Duty Factor in 100mS window:

Packet Repetition Interval is (376*3) + (2*150) 800 microseconds =21428 microseconds
Number of Packet Repetitions per 100 mS window 4281100000 = 4.667 Packet Intervals
This will result in 5 packets being transmittechil00 mS window.

DF (rel 100 mS) = (5*376) / (100000) = 0.0188
Relaxation Factor Relative to 100 mS = - Max (2046 (DF (rel 200mS)),-20 dB) = -Max (-34.51
dB, -20) =20 dB

Prepared For: Suterra Name: Remote Puffer
Report: TR 314250 A FCC Model: SUT01B
LSR: C-2013 Serial: Radiated (14210107); RF Conducted (142003
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1.4 Defining DirectedAdvertising Event

Duty Factor for Connectable Directed AdvertisingeBi/ per advertising chani

ADV_DIRECT ADV_DIRECT ADW_DIRECT ADV_DIRECT ADV_DIRECT
_IND _IND _IND _IND _IND
=3.75ms
£3.75ms
Adv_idx = 37 Adv_idx = 38 Advy_idx = 39 Adv_idx = 37 Adv_idx = 38

? o | -

Advertising Advertising Advertising
event event event
started closed started

Figure R3: Connectable directed advertising event type witly advertising PDLU

1.4.1 Duty Factor for ConnectableDirected Advertising Event, peradvertising channel
ADV_DIRECT_IND = 176 uS duration. (22 octets) (Ohbonel 37

IFS =150 uS (OFF)

ADV_IND = 176 uS duration (OFF channel

IFS =150 uS (OFF)

ADV_IND =176 uS duration (OFF Channel 3

IFS=150 puS (OFF)

Time from open to close oflgertising event = 3*176 + 3*150 =978

1.4.1.1 Straight Duty Factor
DF =176/(978) =0.179
Relaxation factor #win (20*log10 (DF)-20 dB) =-min (-14.9,-20) = 14.9 dB

1.4.1.2 Duty Factorin 100mS window

Number of Connectable Directed Advertising kets, per advertising channel, per 100 mS winc

100000/978 = 102.78 packets.

Therefore, there can be 103 transmissions of padkéd microseconds in length on one cha
within a 100 mS window.
Duty Factor relative to 100 mS windc DF (rel 200 mS) = (176*103)(100000) = 0.181=

Relaxation Factor Relative to 100 m¢- Max (20*log10 (DF (rel 100mS)R6 dB) =-Max (-14.83

dB, -20) = 14.83 dB
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END OF REPORT

Date Version | Comments Person
8-18-2014 VO Initial Draft Release Adam A
1-19-2015| V1 Final Release Adam A
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