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1 Summary of Test Results

Test Description Test Specification Test Result
Occupied Bandwidth 15.247(a)(1) RSS-247 5.1(1) 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

. . o 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

AC Powerline Conducted 15.107, 15.207 RSS-GEN 7.2.4 NA(1)

Emission

(1) The device does not connect to the AC mains

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:

21  Test Laboratory

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

Accrediting Body:
Type of lab:
Certificate Number:

Windrock, Inc
1832 Midpark Rd, Suite 102
Knoxville, TN 37921

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

A2LA
Testing Laboratory
3212.01

2.2 General Information of EUT

EUT:
Model Number:
Serial Number:

Frequency Range:
Channels:
Modulation type:
Antenna:

Rated Voltage:

Sample Received Date:
Dates of testing:

Wireless Encoder
A6420-00-00
1609642015

2402 to 2480 MHz

79 Channels

Bluetooth GFSK, EDR-2, EDR-3 (DH1, DH3, DH5)
%" External Monopole, Reverse SMA

7.2 Vdc Li lon Battery

20 January 2017
24 — 26 January 2017

Page: 5 of 39
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Using software commands, the EUT was placed into Bluetooth test mode. While in test mode, a
CMW500 was used to connect to the EUT and control the channel, the modulation, the packet type, and
force the EUT to max power. Where average measurements were used and the duty cycle measured
less than 98%, a correction factor ofg 10*LOG 1/DC) was applied.

As specified in Section 5.11 of ANSI C63.10:2013:

e The software allowed configuration and operation on all available unlicensed wireless device

channels.

¢ The software allowed configuration and operation using all available modulations and data rates
o The software allowed configuration and operation on all available power out levels

2.3 EUT Connection Block Diagram — Conducted Measurements

EUT
(A)

Spectrum
Analyzer

(D)

fff

Interface
Board

(B)

Laptop
(®)

CMW-500
(E)
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2.4 EUT Connection Block Diagram — Radiated Measurements

EUT
(A)

Inside Chamber

Outside Chamber

CMW-500
(E)

2.5 System Configurations

Device

Manufacturer Description Model Number Serial Number
reference

A Windrock Wireless Encoder A6420-00-00 1609642015
B MicroChip Interface Board MT151919328

C Lenovo Laptop Thinkpad T430

D Rohde & Schwarz Spectrum Analyzer FSV30 101595

E Rohde & Schwarz Communications CMW-500 127722

Base Station

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)
99% bandwidth RSS-247 5.1(1) 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: 24.6 °C
Relative Humidity: 32.5 %

3.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017

WIDEBAND RADIO

COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B0O79788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’'s recommendations.

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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3.5 Test Data

- .
Frequency Channel No Modulation S BEIAIEE

Basic Rate 867.1
2402 0 EDR-2 1159.4
EDR-3 1161.9
Basic Rate 897.1
2441 39 EDR-2 1156.9
EDR-3 1161.9
Basic Rate 897.1
2480 78 EDR-2 1156.9
EDR-3 1159.4
Sample Plot
(e ) &
Ref Level 10.00 dBm @ RBW 20 kHz
Att 26 dE SWT 6£3.2 ps ¥YBW 100 kHz  Mode Auto FFT
@ 1Pk Max
Mi[1] -1.72 dBm
2.40199250 GHz
0 dBem ML Occ Bw 867.066466766 kHz
-10 dBm \ﬁl\
-20 dem T%JﬁJ \V\TE
/ i
-30 dBm
-40 dBm \,\,fn‘/ \k\,\,w
50 dBm w\/ W/W \N\’\“ v
-70 dBm
-0 dBm
GF 2.402 GHz 2001 pts Span 5.0 MHz |
Il ] CRRRNANED W

Date: 24.JAN.2017 09:18:44
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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.

4.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions

Temperature: 24.6 °C
Relative Humidity: 32.5 %

4.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017

WIDEBAND RADIO

COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B0O79788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’'s recommendations.
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45 Test Data

Modulation Packet Type Fr?&lﬁir;cy Pe?gBPn?;/v ol Peg/l:/;%v)ver
2402.000000 1.41 0.00138
DH1 2441.000000 1.19 0.00132
2480.000000 0.82 0.00121
| 2402.000000 1.38 0.00137
B"("é'ESR}Ste DH3 2441.000000 1.18 0.00131
2480.000000 0.82 0.00121
2402.000000 1.43 0.00139
DH5 2441.000000 1.21 0.00132
2480.000000 0.84 0.00121
2402.000000 0.36 0.00109
DH1 2441.000000 0.16 0.00104
2480.000000 021 0.00095
2402.000000 0.33 0.00108
EDR2 DH3 2441.000000 0.09 0.00102
2480.000000 -0.36 0.00092
2402.000000 0.31 0.00107
DH5 2441.000000 0.06 0.00101
2480.000000 -0.18 0.00096
2402.000000 0.52 0.00113
DH1 2441.000000 0.36 0.00109
2480.000000 -0.10 0.00098
2402.000000 0.48 0.00112
EDR3 DH3 2441.000000 0.26 0.00106
2480.000000 013 0.00097
2402.000000 0.39 0.00109
DH5 2441.000000 0.22 0.00105
2480.000000 -0.19 0.00096
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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.

53 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions

Temperature: 24.6 °C
Relative Humidity: 32.5 %

5.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017

WIDEBAND RADIO

COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B079788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’s recommendations.
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No spurious emissions detected within 10dB of the limit.

BR, Channel 0, 2402 MHz

Amplitude dBm

Conducted Spurious Emissions EW§5%3}B&385M}? IDH5

L[]

100.00M

1,006 0.00G 25.006
Frequency Info:: Windrock /Encoder

BR, Channel 39, 2441 MHz

Amplitude dBm

Conducted Spurious Emissions EwgﬁﬁgngB(gii{;lwg)/DHs

IR
G L

L[]

1.00G 10,006 25,006
Frequency Info:: Windrock /Encoder

BR, Channel 78, 2480 MHz

Amplitude dBm

Conducted Spurious Emissions 8 “§.528I9BE‘(32E%W?)’DH5

L1

100.00M

1.00G 0.00G 25.006
Frequency Info:: Windrock /Encoder
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Basic Rate

Lower band edge

/ Upper band edge

Date: 24.JAN.2017 11:08:44

Spectrum 7 Spectrum u%l
Ref Level 11,30 dém  Offset 1,30 d2 @ RBW 100 kHz Reflevel 11.30 dm  Offset 1.30 db @ RBW 100 kHz
Att 30de  SWT 18.9ps  VBW 300 kHz  Mode Auto FFT Att 30dE SWT  37.9ps  VBW 300 kHz  Made Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 0.79 dBm| M1[1] 0.38 dBm
(#140199550 GHz| ul 2.4801490 GHz
od D2[1] -4z.06dn| | D2[1] -57.41 dB)|
1.99550 MHz| j’ 3.3510 MHz|
-10 d / -10dB / \
—orrdBm——D1 -19.210 d| =2frder——01 -19.620 di
-20 d L\ -30 dpm \L\\
-40 dB 0 de
¥
-50 dBm - S0 d
e T s o e LA e d et e 5] 0 L\%' o s ety | Wbty metgnmmorie Mgt ot st Lyl i
-70 derm -7od
-80 d -a0d
F|1 Fll
Start 2.89 GHz 2001 pts Stop 2.404 GHz Start 2.478 GHz 2001 pts Stop 2.5 GHz

Date: 24.JAN.2017 11:20:

EDR 2

Lower band edge /

Upper band edge

Spectrum v Spectrum u%l
Ref Level 11.30 dBm  Offset 1.30 dB @ RBW 100 kHz Reflevel 11.30 dBm Offset 1.30 db @ RBW 100 kHz
Att 30dB SWT 188 ps  VBW 300 kHz__ Mode Auto FFT Att 30 0B SWT _ 37.9 us  VBW 300 kHz _ Mode Auto FFT
® 1Pk Max (@ 1Pk Max
M1[1] -0.46 dBm)| M1[1] -1.06 dBm|
2.40183460 GHz| 2.4798420 GHz,
0 dem D2[1] - —a9.89d8| o o M1 D2[1] -56.17 dB)|
1.83460 MHZ| fM 3.6580 MHz|
-10d / -10d fn \
0-cle. D1 -20.460 dBn \ = Dd] =51 -21.060 dBr
-30 dBrm \I\ 30 j] h
Land W fy /jm 9 z\\
-50 b 50 de
M/‘/ M' oSl
e bl sttt A oo Yt o oo s A e0d Fi e, | St N it s P e Pt stering
70d Fod
-80 dB 80 db
Fll F1
Start 2.39 GHz 2001 pts Stop 2.404 GHz Start 2.478 GHz 2001 pts Stop 2.5 GHz
— —
il J [T T I J WNNNEEAED
Date: 24.JAN.2017 11:12:58 Date: 24.JAN.2017 11:16:56
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SGS

EDR 3

Lower band edge /

Upper band edge

Date: 24.JAN.2017 11:12:09

Da

te: 24.JAN.2017 11:17:44

Basic Rate — Hopping

Ref Level
Att

11.30dem  Offset

Spectrum

(=]

1.30 dB
30 dB SWT  132.7 ps

@ RBW 100 kHz
YBW 300 kHz

Mode Auto FFT

@ 1Pk Max

M1[1]

2.77 dBm|

i

2.478030 GHz
-48.81 dp)|
-00.360 MHz|

ity

L

lﬂh}t{l}l{llﬂi[l!t!!I!I,ll!ll.llllhlllil\url||ml||,llu|lmm l

Start 2.38 GHz

691 pts Stop 2.5 GHz

arker
Type | Ref | Trc |

X-value |

v-value | Function | Function Result |

M1 1
D2 ML 1
D3] ML 1

2.47803 GHz
-90.36 MHz

2.77 dBm
-42.81 de

5.47 MHz -61.49 dB

Il

) CHRRARRD

Date: 24.JAN.2017 12:40:25
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Spectrum v Spectrum u%l
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Att 30d8  SWT  18.0ps  VBW 300 kHz__ Mode Auto FFT Att 30dE  SWT_ 37.0 us  VBW 300 kHz __ Maode &uto FFT
(@ 1Pk Max [@ 1Pk Max
M1[1] -0.31 dBm)| Mi1[1] -0.95 dBm|
2,40214940 GHz 2.4801490 GHz
2 dBrm p2[1] ~49.35 de| g gpm D211 -56.89 dB
/%3\.149%: MHz 3.3510 MHz
-10d { -10d fn \
D1 -20.310 dBn \ = ”"‘7 ==p1 -20,950 dBrm
-30 dBm \A’\ -3017.” \
i A . f
40 d QJ \q o L
0|
-50 d -50 di V‘
D
WWMWWWW 04 R T R S LA Pt ol P )
70 d 70d
-0 d -80 di
F1 F1
| |
Start 2.39 GHz 2001 pts Stop 2.404 GHz | || Start 2.478 GHz 2001 pts Stop 2.5 GHz
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T J [ SRR ] i J [T EERERE™]

Member of the SGS Group (SGS SA)



Test Report Number: 4050119EMCO03 Rev: 0
Windrock, Inc. / Wireless Encoder

Page: 16 of 39

EDR-2 - Hopping

Spectrum u%l
Reflevel 11.30 dBm Offset 1.30 dB @ RBW 100 kHz
Att 30dE  SWT  132.7 us  ¥BW 300 kHz__ Mode huto FFT
(@ 1Pk Max
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Type | Ref | Trc | X-value | v-value | __Function | Function Result |
ML 1 2,407 GHz 0.84 dBm
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D3 M1 1 76.49 MHz -55.35 di.
1 ] (T ]

Date: 24.JAN.2017 12:39:22

EDR-3 - Hopping

Spectrum :g?'
Reflevel 11,30 dm Offset 1.0 dB @ RBW 100 kHz
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£
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Type | Ref | Trc | X-value | v-value | Function | Function Result |
M1 1 2,46501 GHz 0.81 dém
D2 M1 1 -78.9 MHz -47.80 dB
D3| M1 1 18,49 MHz -52.77 de.
—
i J [ EECRRRE )

Date: 24.JAN.2017 12:37:16
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6 Field Strength of Spurious Radiation

6.1 Test Result

Test Description Test Specification \ Test Result
Field strength of spurious 15.247(d), 15.35(b), 15.209, Compliant
radiation RSS-GEN S8.10 P

6.2 Test Method

Exploratory scans were performed over the frequency range as indicated in the tables below using the
max hold function and incorporating a Peak detector and using TILE! software. The final test data was
measured using a Quasi-Peak detector below 1GHz and a Peak detector above 1GHz. For harmonics of
the fundamental, Average measurements were made by correcting the peak value with the duty cycle
correction factor. For emissions other than harmonics of the fundamental, the Average measurements
were made using the Average detector. The receivers resolution bandwidth was set to 120 kHz for
measurements taken in the 30MHz to 1GHz frequency range and 1MHz for measurements for 1GHZ and
higher. Measurements were made with the antenna positioned in both the horizontal and vertical planes
of polarization. The antenna height was varied from 1 m to 4 m and the EUT was rotated 360° to find the
maximum emitting point for each frequency. The radiated measurements were recorded and compared
to the limits indicated in the table below.

Test distance:
9kHz to 30MHz — A near field scan was performed to determine if any emissions existed
30 MHz to 1 GHz - The EUT to measurement antenna distance is 3 meters
1 to 18 GHz - The EUT to measurement antenna distance is 3 meters
18 to 40 GHz - The EUT to measurement antenna distance is 3 meters

Frequency : Limits® Peak Limits
Microvolts/m dBuV/m dBuV/m
30 - 88 MHz 100 40 @ --
88 - 216 MHz 150 435 --
216 - 960 MHz 200 46 @ --
960 - 1000 MHz 500 54 @ --
1 - 40 GHz 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
10m Absorber Lined Shielded Enclosure (ALSE), Suwanee, GA

Environmental Conditions

Temperature: 23.8 °C
Relative Humidity: 38.6 %
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Test Date: 31-Jan-2017 Tester: FN

Equipment Model Manufacturer Asset Number Cal Due Date
ANTENNA, BILOG JB6 SUNOL B079690 10-Nov-2017
RF CABLE SF106 HUBER & SUHNER B079716 27-Jul-2017
RF CABLE SUCOFLEX 100 HUBER & SUHNER B108523 4-Aug-2017
EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 25-Apr-2018
RF CABLE SF106 HUBER & SUHNER B079712 27-Jul-2017
LOW NOISE AMPLIFIER TS-PR18 ROHDE & SCHWARZ B094463 22-Feb-2018
RF CABLE SF102 HUBER & SUHNER B079822 27-Jul-2017
RF CABLE SF102 HUBER & SUHNER B079824 27-Jul-2017
HORN(SMALL) LB-180400-20-C-KF A-INFO 15007 21-Mar-2018
LOW NOISE AMPLIFIER NSP1840-HG MITEQ B087572 29-Jul-2017
RF CABLE SF106 HUBER & SUHNER B085892 27-Jul-2017
ANTENNA, DRG HORN (MEDIUM) 3117 ETS LINDGREN B079691 27-Jul-2017
WIDEBAND RADIO CMW500 ROHDE & SCHWARZ B079788 20-Oct-2017

COMMUNICATION TESTER

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3-year calibration
cycle based on manufacturer’s recommendation..
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6.5 Test Data
There were no detectable emissions below 30MHz.
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7 Radiated Emissions at Band Edge / Restricted Band

7.1 Test Result

Test Description Test Specification Test Result
Spurious Emissions 15.205/ 15.209 RSS-GEN S8.9/8.10 | Compliant

7.2 Test Method

Field strength measurements were performed at the restricted band edges of 2390MHz and 2483.5MHz.
Measurements were made using conducted 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
Offsets, =-11.7 + CL + DC + AG

D =3m Distance

CL=1.3dB Cable Loss

DC =5.6 dB (27.3%) Duty Cycle Correction Factor
AG =2 dB* Antenna Gain

Offset = -8.8 dB
¢ The actual antenna gain was -0.9dBi. 2 dB correction is the minimum allowed by the test method.

7.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 24.4 °C
Relative Humidity: 49.5 %

7.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095585 26-Jul-2017

Note: The equipment calibration period is 1 year except for the FSV30 which is on a 2-year cycle.
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75 Test Data — Restricted Band Edge
Basic Rate / DH5

Spectrum 1:%1 Spectrum 1:%1
RefLevel 109.20 dByv  Offset -2.60 dB @ RBW 1 MHz RefLevel 109.20 dByv  Offset -2.60 dB @ RBW 1 MHz
o Att 15 dB @ SWT 25 VBW 3MHz Mode Auto Sweep o Att 15 dB @ SWT 25 VBW 3 MHz Mode Auto Sweep
[@ 1Pk Max@2Rm Max [@ 1Pk Max@2Rm Max
M1[1] 45.96 dBpY] m2[2] 42.61 dBpY]
2.3699830 RHz 2.4835000 GHz
100 deyt M2[2] 39.12 w||| 100 dew M1[1] 62.85 dBpY|
2.3699830(GHz \ 2.4835000 GHz
a0 dep: /[ k a0 dep: / \
&0 dBy ” l &0 dBy \
D1 74.000 dey 1 D1 74.000 ceuv—F
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60 dBp f J .\ &0 d / \
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50 dBy o dBy \,
2
N R NV Ay . \mwwﬂ/ R eiresdirane
40 dBp /\ 40 def
(. —
B
T BN 20 dBy
20 dBy 20 dBy
F1 F1
| |
Start 2.31 GHz 2001 pts Stop 2.405 GHz || start 2.475 GHz 2001 pts Stop 2.5 GHz
— ——
Date: 24.JAN.2017 14:04:00 Date: 24.JAN.2017 13:52:31

EDR-3 / DH5

Spectrum ¥ = spectrum =
Reflevel 100.20 deuv  Offset —2.60 B @ RBW 1 MHz Reflevel 100.20 deuv  Offset —2.60 B @ RBW 1 MHz
o Att 15 dB @ SWT 25 VBW 3MHz Mode Auto Sweep o Att 15 dB & SWT 25 VBW 3 MHz Mode Auto Sweep
[@ 1Pk Max@2Rm Max @17k Max@2Rm Max
M1[1] 45.31 dBpY M1[1] 51.40 dBpY
2.3699830 RHz, 2.4835000 GHz,
100 deyt M2[2] 36.81 w||| 100 dew M2[2] 38.53 dBpY|
2.3699830/GHz, 2.4835000 GHz,
a0 dep: ﬂ \ a0 dep: // \\
&0 dey } &0 dey \\
D1 74.000 By oL 74.000 depu—
70 dep 70 dep i
60 dBep / l 60 dBU/ /- \ \
D2 54.000 deut H D2 54.000 deut “q‘
S0 dBy T sod
L TR W A " L /MW“W/K L TTOREN T owdh A
G i u e / 40 dB| \\
A L _—
o 20 depr
20 dBy 20 dBy
F1 F1
| |
Start 2.31 GHz 2001 pts Stop 2.405 GHz || start 2.475 Ghz 2001 pts Stop 2.5 GHz
— ———
Date: 24.JAN.2017 13:59:53 Date: 24.JAN.2017 13:57:28

Frequency Reading Limit Measuremnt

(MH2) (dBuV/m) (dBuV/m) Detector
0 (BR/ DH5) 2370 45.96 74 -28.04 Peak

0 (BR / DH5) 2370 39.12 54 -14.88 RMS
0 (EDR3 / DH5) 2370 45.31 74 -28.69 Peak
0 (EDR3/ DH5) 2370 36.81 54 -17.19 RMS
78 (BR / DH5) 2483.5 62.85 74 -11.15 Peak
78 (BR / DH5) 2483.5 42.61 54 -11.39 RMS
78 (EDR3 / DH5) 2483.5 51.4 74 -22.6 Peak
78 (EDR3 / DH5) 2483.5 38.53 54 -15.47 RMS
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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: 24.6 °C
Relative Humidity: 32.5 %

9.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017

WIDEBAND RADIO

COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B079788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’'s recommendations.
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9.5 Test Data
Channel Spacing

Spectrum
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10 Number of Hopping Channels

10.1 Test Result

Test Description Test Specification Test Result

15.247(a)(1)(iii)

Number of Hopping Channels RSS-247 5.1(4)

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: 24.6 °C
Relative Humidity: 32.5 %

10.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017

WIDEBAND RADIO

COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B0O79788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’s recommendations.
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10.5 Test Data
There are 79 Channels.

Spectrum néll

Ref Level 10.00 dem Offset 1.30 dB @ RBW 10 kHz
Att 25dB  SWT 3.6 ms ¥YBW 30 kHz Mode Auto FFT
@ 1Pk Max

szaunsn i
At
AL VH‘\

|
\
g

Start 2.4 GHz 10001 pts Stop 2.4835 GHz
Marker Peak List
No | X-value Y-wvalue | No | X-value Y¥-value | r
31 2.431973 GHz -4.916 dBm 71 2.473051 GHz -4.917 dBm
3z 2.432975 GHz -4.938 dBn 72 2.473978 GHz -5.361 dBm
33 2.433969 GHz -5.216 dBm 73 2.474971 GHz -5.600 dBm
34 2.434970 GHz -5.170 dBm Kikis 2.475965 GHz -5.9686 dBm
35 2.435972 GHz -5.244 dBm 75 2.476048 GHz -5.877 dBm
36 2.436048 GHz -4.472 dBm 76 2.477050 GHz -6.412 dBm
37 2.436074 GHz -5.084 dBm 77 2.478971 GHz -6.642 dBm
38 2.437968 GHz -5.856 dBm 78 2.479964 GHz -5.837 dBm | |=
39 2.439045 GHz -4.534 dBm 749 2.480048 GHz -4.977 dBm
40 2.439972 GHz -5.835 dBm X
j ) (TR X

Date: 24.JAN.2017 12:14:34
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11 Dwell Time

11.1 Test Result

Test Description Test Result

Test Specification \
15.247(a)(L) i)
RSS-247 5.1(4)

Dwell Time Compliant

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, 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: 24.6 °C
Relative Humidity: 32.5 %

11.4 Test Equipment

Test Date: 24-Jan-2017 Tester: JOP
Equipment Model Manufacturer Asset Number Cal Due Date
SIGNAL ANALYZER FSV30 ROHDE & SCHWARZ B085749 8-Oct-2017
RF CABLE 141 HUBER & SUHNER B095590 26-Jul-2017
WIDEBAND RADIO
COMMUNICATION TESTER CMW500 ROHDE & SCHWARZ B079788 20-Oct-2017

Note: The calibration period equipment is 1 year except for the CMW500 which is on a 3 year cal cycle
and the FSV which is one a 2 year cal cycle per manufacturer’'s recommendations.

11.5 Test Data

Packet Type PUIS?n\éV'dth perpgfg Ssec Dweslle'glme Limit Result
DH1 0.409 317 0.146 0.4 PASS
DH3 1.661 153 0.254 0.4 PASS
DH5 2.912 116 0.338 0.4 PASS
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DH1 Packet Type, EDR 3
Spectrum néll
Ref Level 10.00 dBm Offset 1.30 d& @ RBW 500 kHz
Att 25 dB @ SWT Sms  WBW 2 MHz
SGL TRG:VID
® 1Pk Clrw
M1[1] -0.08 dBm|
0 dem {3 44.000 ps
' [ sanasa d nde 20.00 dB
TRG 6. Bm i
10 dbrm wﬁf v Pwid 410.500 ps
Th
-20 dBm—3
-30 dem
-40 dBm
-50 dem
'\"'\ I‘||i "n\l il LR L AT T‘pl"l’[""r[‘lﬂ||'w'l : lmrll \||]I||I‘]1‘]' TF I""f']"l" S ime 'I"I'I"'I'|'l|'l||‘|'|'|'r "'r' [r' UL R 'rll"l"“l"'l"ﬂ
b ot T 1 e T AT Y U I S PR T
-B20 dBn
] Il !

CF 2.441 GHz 10001 pts 500.0 ps/
Marker
Type | Ref | Tre | X-value | ¥-value |  Function | Function Result |
M1 1 44,0 ps -0.08 dBm nde down 410.5 ps
T1 1 -1.5 ps -20.68 dBm nde 20.00 de
T2 1 409.0 ps -12.70 dBm PWidth 0.0
j ] o
Date: 24.JAN.2017 12:25:26

Spectrum

=)

Ref Level 10.00 dBm
Att
SGL TRG: YID

Offset 1,30 dB & RBW 500 kHz
25 dB @ SWT 3l.6s YBW 2 MHz

® 1Pk Clrw

0L LN A
RiG oo

-5.000 den
INATINATATRAART T

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz

10001 pts

3.16 5/

Il
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DH3 Packet Type, EDR 3

Spectrum n%:ll

Ref Level 10.00 dBm Offset 1.30 d& @ RBW 500 kHz
Att 25 dB @ SWT 5 ms YBW 2 MHz
S5GL TRG:VID

@ 1Pk Clrw

M1[1] -0.15 dBm)|
! 44.000 ps|
ndB 20.00 dB
PWid 1.662 ms

0 dem

L4

™™ assinliaa

TRG 6,000 dRim|
e T

-10 dBm—rj

0
20 dBém i

-30 dBm

-40 dBm

-50 dBm

g8 dBm[

CF 2.441 GHz 10001 pts 500.0 ps/

Marker

Type | Ref | Trc | X-value | v-wvalue | Function \ Function Result |
11 1 44.0 ps -0.15 dBm nde down 1.662 ms
T1 1 -1.5ps -20.91 dBm ndg 20.00 dB
T2 1 1.6605 ms -22.87 dBm Piidth 0.0

Jl J v

Date: 24.JAN.2017 12:24:47

Spectrum néll

Ref Level 10.00 dBm Offset 1.30 dB & RBW 500 kHz
Att 25 dB @ SWT 3l.6 s YBW 2 MHz
SGL TRGYID

@ 1Pk Clrw

WB IR

TRG -6.000

\ | | | M ‘ (LRI 1

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz 10001 pts 3.16 5/
i ] o
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DH5 Packet Type, EDR 3

Spectrum n%:ll
Ref Level 10.00 dBm Offset 1.30 d& @ RBW 500 kHz
Att 25 dBE @ SWT 5ms YBW 2 MHz
S5GL TRG:VID
@ 1Pk Clrw
) M1[1] -0.15 dBm
0 b 5 44.000 ps|
! ™M asssn ialan, | 4 20.00 dB
T o e T | 2.918ms
TR
T v
-20 dBm
-30 dBm
-40 dBm
-50 dBm
50 dBm |
CF 2.441 GHz 10001 pts 500.0 ps/
Marker
Type | Ref | Trc | X-value | v-wvalue | Function \ Function Result |
11 1 44.0 ps -0.15 dBm nde down 2,913 ms
T1 1 -1.5ps -20.97 dBm ndg 20.00 dB
T2 1 2.9115 ms -18.00 dBm Piidth 0.0
i ] o

Date: 24.JAN.2017 12:21:25

Spectrum néll

Ref Level 10.00 dBm Offset 1.30 dB & RBW 500 kHz
Att 25 dB @ SWT 3l.6 s YBW 2 MHz
SGL TRGYID

@ 1Pk Clrw

I T

TRG -6.000 dBm
10| gt~ T

-60 dBm

-70 dBm

-80 dBm

CF 2.441 GHz 10001 pts 3.16 5/
i ] o
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12 Revision History

Revision
Level

0 Initial release 31 May 2017

Description of changes Revision Date
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