1100 E Chalk Creek Road
Coalville, UT 84017

(435) 336-4433
FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (¢)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter

1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - X Axis - Horizontal

Ref Level 107.00 dBpY

Spectrum |

=)

@ RBW (CISPR) 1 MHz

I

j& Att 10de  SWT 10 s @ VBW 3 MHz Mode Sweep
SGL Count 10/10 TOF
® 1Pk Max@2RA Max
FCC AARTIE THRATKRBE AVERAGE PAES M1i[1] | 92.16 dBp¥Y
100 gAY FECPART TS Z47 RBE HEAK — PASS Wil 3 2.47994380 GHz
Line FEC PART 15) 247 RBE AVERAG PASS ., M201] 74.00 dBpv
o0 dBpv = 2.48102490 GHz
80 dBpv
70 dBy
60 dBy |

40 dBpv
30 dBpY
20 dBpv
10 dey
CF 2.48 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc X-value Y-value Function Function Result
M1 1 2.4799438 GHz 92.16 dBpY
M2 1 2.4810249 GHz 74.00 depy
M3 2 2.4802962 GHz 91.70 dBpY
M4 2 2.481661 GHz 54.02 dBpv

T

Date: 13.MAR.2018 10:06:30

Ready

17.05.2018
10:06:30 %
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433

FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (c)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter

1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - X Axis- Vertical

Spectrum |

=)

Ref Level 107.00
j& Att
SGL Count 10/10

dBpy
10 dB

@ RBW (CISPR) 1 MHz
SWT 105 ® VBW 3 MHz
TDF

Mode Sweep

@ 1Pk Max@2R4A Max

100 gRyd/r

FCC AARTid ©HEekRBE AVERAGE

PA

Mi[1]

LG PAKRT

Line FGCC PART

90 depy

15 247 FBE
15[ 247 RBE &

EAK FA
YERAG PA

M2[1]

80 dBpy

d

[ 85.65 dBpV
2.48012120 GHz

76.10 dBpY
2.48090860 GHz

70 dBp

60 dBp

50 dBpY

40 dBpv

[A T popaTTY

30 depy

20 depy

10 dBp

CF 2.48 GHz

8001 pts

Span 10.0 MHz

Marker

Type | Ref | Trc

X-value Y-value

Function

Function Result

M1 1

2.4801212 GHz 85.65 dBpY

Mz

2.4809086 GHz 76.10 depy

M3

1
2
2

2.4802975 GHz 85.15 dBpy

M4

2.4815298 GHz 54.00 dBpy

)

Date: 13.MAR.2018

10:54:53

Ready

13.03.2018
105453 7
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433

FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (c)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter

1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - Y Axis - Horizontal

Spectrum | ':%1

Ref Level 107.00 dBpY @ RBW (CISPR) 1 MHz
j& Att 10dE  SWT 10s @ VBW 3 MHz
SGL Count 10/10 TDF

® 1Pk Max@2RA Max
FCC RARTILTLRATKRBE AVERAGE PAES
100 g FEC PART IS 237 RBEHEAR  PARS

Line FEC PART 15 247 RBE AVERAG PAES m2[1]
90 depy

Mode Sweep

M1[1] [ 81.48 dBpv
2.48010620 GHz

75.82 dBuvY
2.48075120 GHz

80 dBpy

70 dBp

60 dBp

50 dBpY

I | Y Ak L al L

40 dBpv

30 depy

20 depy

10 dBy!
CF 2.48 GHz 8001 pts
Marker

Span 10.0 MHz

Type | Ref | Trc X-value Y-value Function

M1 1 2.4801062 GHz 81.48 dBpY
M2 | 1 2.4807512 GHz 75.82 depv
M3 2 2.4802962 GHz 80.94 dBpy
M4 2 2.4814398 GHz 54.02 dBpv

Function Result

eI T
T T Ready  WMMRRRNAD 6 “oiats

Date: 13.MAR.2018 10:14:16
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (¢)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter
1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - Y Axis- Vertical

Spectrum |

=)

Ref Level 107.00 dBpY

@ RBW (CISPR) 1 MHz

80 dBpy

j& Att 10de  SWT 10 s @ VBW 3 MHz Mode Sweep
SGL Count 10/10 TOF
@ 1Pk Max@2RA Max
FCC RARTIE BLRAGKRBE AVERAGE PAES M1l [ 92.66 dBpv
100 g FEC PART IS 237 RBEHEAR  PARS YT 2.48010870 GHz
- dla_ille FCC PART 15| 247 RBE AYERAG PABSS M2[1] 74.03 dBpvY
Il

2.48103990 GHz

70 dBp

Date: 13.MAR.2018 10:48:03

40 dBpy
30 dBpY
20 dBpv
10 dey
CF 2.48 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc X-value Y-value Function Function Result
M1 1 2.4801087 GHz 92.66 dBpY
M2 1 2.4810399 GHz 74.03 dBpY
M3 2 2.4802962 GHz 92.22 depy
M4 | 2 2.481671 GHz 54.03 dBpy
032018
il ] Ready T i
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433

FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (¢)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter
1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - Z Axis - Horizontal

Ref Level 107.00 dBpY

Spectrum |

=)

@ RBW (CISPR) 1 MHz

Date: 13.MAR.2018 10:23:23

j& Att 10de  SWT 10 s @ VBW 3 MHz Mode Sweep
SGL Count 10/10 TOF
@ 1Pk Max@2RA Max
FCC AARTIE THRATKRBE AVERAGE PAES M1i[1] | 91.62 dBp¥Y
100 g FEC PART IS 237 RBEHEAR  PARS g 2.47991380 GHz
Line FCC PART 15| 247 RBE AYERAG PABS e M2[1] 74.03 dBpv
90 depy 2.48101240 GHz
80 depy
40 dBpy /
30 depy
20 depy
10 dBy
CF 2.48 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc X-value Y-value Function Function Result
M1 1 2.4799138 GHz 91.62 dBpY
M2 | 1 2.4810124 GHz 74.03 dBpY
M3 2 2.4802962 GHz 91.15 dBpY
M4 | 2 2.481651 GHz 53.98 dBpv
W
il ] Ready BRRRRR e

10:23:24 %
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1100 E Chalk Creek Road

Coalville, UT 84017

(435) 336-4433
FAX (435) 336-4436 Radiated Emissions (Bandedge)
DNB Job Number: 86088 Date: 13 Mar 2018 Specification
Customer: Vutiliti [X] 15.247 (¢)
Model Number: VUHDRF1 [X] ANSI C63.10-2013
Description: BLE Modular Transmitter
1 Mbps (Basic datarate)

Radiated Corrected Band Edge - Upper Edge - Z Axis- Vertical

j& Att

Spectrum |

=)

Ref Level 107.00 dBpY

SGL Count 10/10

10dE  SWT 10s @ VBW

TDF

@ RBW (CISPR) 1 MHz

3 MHz Mode Sweep

@ 1Pk Max@2R4A Max
FCC AARTid ©HEekRBE AVERAGE

PABS

Mi[1]

90 depy

100 g FEC PART IS 237 RBE BEAK
Line FCC PART 15 247 RBE AVERAG PABS

PAES

M2[1]

80 dBpy

85.18 dBpV
2.48011620 GHz

76.87 dBpv
2.48086490 GHz

70 dBp

60 dBp

llSD JEIBI.I\.-

avininiiiiotibih Al

40 dBpv

30 depy

20 depy

10 dBp

CF 2.48 GHz

8001 pts

Span

10.0 MHz

Marker

Type | Ref | Trc

X-value

Y-value

Function

Function Result

M1

1

2.4801162 GHz

85.18 dBpY

Mz

2.4808649 GHz

76,67 dBpy

M3

2.4802975 GHz

1
2
2

84.66 dBpy

M4

2.4815198 GHz

54,01 dBpy

)

J Ready

Date: 13.MAR.2018 10:40:59

Gonn
CETTN ] 1030550

10:40:59 %
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15.247 (a,2) 6 dB Bandwidth
Test Procedure: ANS| C63.10-2013
6 dB Bandwidth

Use the following spectrum analyzer settings:

Span = approximately 2 to 3 times the 6 dB bandwidth, centered on a hopping channel
RBW 3 1% of the 6 dB bandwidth

VBW 3 RBW

Sweep = auto

Detector function = peak

Trace = max hold

The EUT should be transmitting at its maximum datarate. Allow the trace to stabilize. Usethe
marker-to-peak function to set the marker to the peak of the emission. Use the marker-delta
function to measure 6 dB down one side of the emission. Reset the marker-delta function, and
move the marker to the other side of the emission, until it is (as close as possible to) even with
the reference marker level. The marker-deltareading at this point is the 6 dB bandwidth of the
emission. If thisvalue varies with different modes of operation (e.g., data rate, modulation
format, etc.), repeat this test for each variation. The limit is specified in one of the
subparagraphs of this Section. Submit this plot(s).

EUT operating conditions:

The software provided by the client to enable the EUT to transmit continuously.

Test Set Up: (Note following set up was used for alantenna conducted measurements)

SPECTRUM
EUT ANALYZER
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N

1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Measurement Test Set Up

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247

Antenna Conducted Measurement Set Up

KIRKLAND .,

M
ANVINNINM
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

6 dB Single Channel Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2)
Test Procedure

Environmental Conditions

Ambient Temperature

Relative Humidity

Barometric Pressure

26 °C

30 %

101.35 kPa

EUT performed within the requirements of the applicable standard

[X]Yes [ ]No JPayne

6 dB Bandwidth

ANSI C63.10-2013 Clause 11.8.1

The steps are as follows:

a  SetRBW =100 kHz
b)  SettheVBW > [3x RBW]

* per ANSI C63.10-2013 clause 6.9.2

C) Detector = peak

d) Trace mode = max hold

) Sweep = auto couple

f) Allow trace to stabilize

0) M easure the maximum width of the emission that is constrained by the frequencies
associated with the two outermost amplitude points (upper and lower frequencies) that
are attenuated by 6dB relative to the maximum level measured in the fundamental

emission.

h) Submit this plot(s).

Set the span to 2 to 5 times the OBW
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1100 E Chalk Creek Road

Coalville, UT 84017
(435) 336-4433

FAX (435) 336-4436

6 dB Single Channel Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2
1 Mbps (Basic datarate) @2)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30% 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Channel Chl Freq (MHz) 6dB BW (kHz) Limit Pass/Fail
Low 2402 729.910 > 500 kHz Pass

Spectrum | ':%I
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 1.90 dBm
2.402117490 GHz
10 dBm " mM2[1] -4.23 dBm
2.401743160 GHz
0 dBm )L;? ‘!“ “i
-10 dBm / \\
-20 dBm /
-30 dBm ,."“"'"‘:. Y™,
o dem " M’/ M
-60 dBm
-70 dBm
CF 2.402 GHz 8001 pts Span 5.0 MHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.40211749 GHz 1.90 dBm
MQ; 1 2.40174316 GHz -4,23 dBm
D3 M2 | 1 729.91 kHz -0.04 de

] Measuring...

Date: 6.MAR.2018 14:16:10

06.03.2018
14:16:10 7
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

6 dB Single Channel Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
: 15.247(a,2
1 Mbps (Basic datarate) @2)
Environmental Conditions
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30% 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Channel Chl Freq (MH2z) 6dB BW (kHz) Limit Pass/Fail
Middle 2440 726.660 > 500 kHz Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk Wiew
M1[1] 1.95 dBm
2.440116990 GHz
10 dBm L M2[1] -4.18 dBm
Sg— -‘}i‘/ }L _ 2.439747660 GHz
-10 dBm //
-20 dBm
P4
-30 dBm e \"“J-“\
-40 dBm \\Mm
-50 dBm
-60 dBm
-70 dBm
CF 2.44 GHz 8001 pts Span 3.0 MHz
Marker
_Type | Ref | Tre X-value y-value Function Function Result
Mli 1 2.44011699 GHz 1.95 dBm
M2‘ 1 2.43974766 GHz -4,18 dBm
D3 M2 | 1 726.66 kHz 0.00 de
H ] Measuring... 'lllllll' “ 06.03.2018

Date: 6.MAR.2018 14:41:23

14:41:22 %
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

6 dB Single Channel Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
: 15.247(a,2
1 Mbps (Basic datarate) @2)
Environmental Conditions
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30% 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Channel Chl Freq (MH2z) 6dB BW (kHz) Limit Pass/Fail
High 2480 728.160 > 500 kHz Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk Wiew
M1[1] 2.14 dBm
2.480120730 GHz
10 dBm L M2l1] -3.87 dBm
Sg— :’;/ b 4 ""‘-\DB\ 2.479750660 GHz
-10 dBm / \
-20 dBm
/
-30 dém WY ™ "
-50 dBm
-60 dBm
-70 dBm
CF 2.48 GHz 8001 pts Span 3.0 MHz
Marker
_Type | Ref | Tre X-value y-value Function Function Result
Mli 1 2.48012073 GHz 2.14 dBm
MQ; 1 2.47975066 GHz -3.87 dBm
D3 M2 | 1 728.16 kHz -0.13 dB
H ] Measuring... 'lllllll' “ 06.03.2018

Date: 6.MAR.2018 14:47:34

14:47:34 %
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1100 E Chalk Creek Road

Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

99% Occupied Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 RSS-Gen
Description: BLE Modular Transmitter Clause
: Section 6.6
1 Mbps (Basic datarate)

Environmental Conditions

Ambient Temperature

Relative Humidity

Barometric Pressure

26 °C

30 %

101.35 kPa

EUT performed within the requirements of the applicable standard

[X]Yes [ ]No

J Payne

Channel

Chl Freq (MH2z)

99% BW (MHz)

Low

2402

1.076740407

Spectrum |

=)

Ref Level 20.00 dBm
Att 35de

@ RBW 100 kHz

SWT 8 ms @ YBW 300 kHz

Mode

Sweep

@ 1Pk View

10 dBm

M1[1]

0 dBm

M1

Occ Bw

1.76 dBm
2.402116860 GHz
1.076740407 MHz

-10 dBm

vl

=}

X A
N

NT2

-20 dBm

-30 dBm

pf
/

L

-40 dBm

-60 dBm

M

-70 dBm

CF 2.402 GHz

8001 pts

Span 5.0 MHz

Marker
_Type | Ref | Tre

X-value

Y-value

Function

Function Result

M1 1

2.40211686 GHz

1,76 dBm

Tl 1

2.401570054 GHz

-12.38 dBm

Occ Bw

1.076740407 MHz

T2| [

2.402646794 GHz

-12.19 dBm

J

)

Date: 6.MAR.2018 14:17:05

Measuring...

06.03.2018
141704 7
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

99% Occupied Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 RSS-Gen
Description: BLE Modular Transmitter Clause
: Section 6.6
1 Mbps (Basic datarate)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Channel Chl Freg (MH2z) 99% BW (MH2z)
Middle 2440 1.079490064
Spectrum | ':%I
Ref Level 20.00 dBm @ RBW 100 kHz
Att 35dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 1.96 dBm
2.440118490 GHz
10.cBeh mi__OccBw 1.079490064 MHz
0 dem / .
-10 dBm 1L ] Iz
-20 dBm P4
-30 dBm / m—-‘} m\
-40 dBm M \mm
dBm
-60 dBm
-70 dBm
CF 2.44 GHz 8001 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
[ w1 1 2.44011849 GHz 1.96 dBm
T1 1 2.439571429 GHz -12.37 dBm Occ Bw 1.079490064 MHz
T2| [ 1 2.440650919 GHz -12.62 dBrm

) )

Date: 6.MAR.2018 14:42:05

Measuring...

06.03.2018

| CEEEEREE N izs
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

99% Occupied Bandwidth

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 RSS-Gen
Description: BLE Modular Transmitter Clause
: Section 6.6
1 Mbps (Basic datarate)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30% 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Channel Chl Freq (MH2z) 99% BW (MH2z)
High 2480 1.078740157

Spectrum | ':%I
Ref Level 20.00 dBm @ RBW 100 kHz
Att 35dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 2.16 dBm
2.480119990 GHz
10.cBeh M1 OccBw 1.078740157 MHz
A din /H, \
-20 dBm /
-30 dém W .
dBm
-60 dBm
-70 dBm
CF 2.48 GHz 8001 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.48011999 GHz 2.16 dBm
Tl‘ 1 2.479573303 GHz -12,36 dBm Occ Bw 1.078740157 MHz
T2 | 1 2.480652043 GHz -12.45 dBm
. 06.03.2018
H ] Measuring... 'lllllll' “ gl %

Date: 6.MAR.2018 14:48:13
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15.247 (8,2,03)

Test Procedure: ANSI C63.10-2013

Peak Output Power

Per clause 11.9.1.1 RBW > DTS Bandwidth

Maximum Peak Output Power (Conducted)

The following procedure shall be used when an instrument with a resolution bandwidth that is

greater than the DTS bandwidth is available to perform the measurement.

a) Set the RBW > DTS bandwidth
b) Set the VBW > [ 3x RBW ]

C) Set span > [ 3x RBW |

d) Sweep time = auto couple

€) Detector = peak

f) Trace mode = max hold

0) Allow trace to fully stabilize
h)

1) Submit plots

Test Set Up:

Use peak marker function to determine the peak amplitude

EUT

SPECTRUM
ANALYZER
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436 Peak Output Power (Cond)
DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
Low Channel - 1 Mbps (Basic datarate) 15:247(b)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Meas Peak Limit Delta Meas Peak Limit Delta .
FreaMHz | oy dBm) | (dBm) @Bm) | Pwr(mw) | (mw) (mw) el
2402 2.05 30.00 -27.95 1.603 1000 -998.397 Pass

Spectrum | ':%1

Ref Level 20.00 dBm @ RBW 1 MHz
Att 40dB  SWT 8ms @ VBW 3 MHz Mode Sweep
@ 1Pk View
M1[1] 2.05 dBm
2.40235620 GHz
10 dBm
M1
¥
0 dem /
-10 dBm /] \

-20 dBm / \

e / h

-50 dBm

-50 dBm

-70 dBm

CF 2.402 GHz 8001 pts Span 10.0 MHz
Marker

Type | Ref | Trc | X-value | Y-value | Function | Function Result |

M1 1] 2.4023562 GHz | 2,05 dBm | | |
H ] Measuring... '.l.ll.l' “ o 1?'33%";2 %

Date: 6.MAR.2018 14:30:26
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436 Peak Output Power (Cond)
DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
Middle Channel - 1 Mbps (Basic data rate) 15:247(b)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Meas Peak Limit Delta Meas Peak Limit Delta .
FreaMHz | oy dBm) | (dBm) @Bm) | Pwr(mw) | (mw) (mw) el
2440 2.10 30.00 -27.9 1.622 1000 -998.378 Pass

Spectrum | ':%1

Ref Level 20.00 dBm @ RBW 1 MHz
Att 40dB  SWT 8ms @ VBW 3 MHz Mode Sweep
@ 1Pk View
M1[1] 2.10 dBm
2.43986500 GHz
10 dBm
M1
¥
0 dem /
-10 dBm v \

-20 dBm / \

e / A

-50 dBm
-50 dBm
-70 dBm
CF 2.44 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M1 1] 2.439865 GHz | 2.10 dBm | | |
— W
H ] Measuring... IIIIIIII' “ o 1?'3422"33 %

Date: 6.MAR.2018 14:42:50
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Peak Output Power (Cond)

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
. Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
. ) 15.247(b
High Channel - 1 Mbps (Basic datarate) (b)
Environmental Conditions
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30% 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Meas Peak Limit Delta Meas Peak Limit Delta .
FreaMHz | oy dBm) | (dBm) @Bm) | Pwr(mw) | (mw) (mw) el
2480 2.27 30.00 -27.73 1.687 1000 -998.313 Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 1 MHz
Att 40dB  SWT 8ms @ VBW 3 MHz Mode Sweep
@ 1Pk Wiew
M1[1] 2.27 dBm
2.48035750 GHz
10 dBm
Pi}
0 dem
/
-10 dBm / \\
-20 dBm / \\
-30 dBm w
-50 dBm
-60 dBm
-70 dBm
CF 2.48 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc | X-value | ¥Y-value | Function | Function Result |
M1 1] 2.4803575 GHz | 2,27 dBm | | |
H ] Measuring... iillll.l' “ “ 1?134;29033 %

Date: 6.MAR.2018 14:49:03
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15.247 (a,2,d) Conducted Band Edge and Out of Band Emissions
Test Procedure: ANSI C63.10-2013

Band-edge Compliance of RF Conducted Emissions

Use the following spectrum analyzer settings:

Span = wide enough to capture the peak level of the emission operating on the channel closest to
the bandedge, as well as any modulation products which fall outside of the authorized band of
operation

RBW 3 1% of the span

VBW 3 RBW

Sweep = auto

Detector function = peak

Trace = max hold

Allow the trace to stabilize. Set the marker on the emission at the bandedge, or on the highest
modulation product outside of the band, if thislevel is greater than that at the bandedge. Enable
the marker-delta function, then use the marker-to-peak function to move the marker to the peak
of the in-band emission. The marker-delta value now displayed must comply with the limit
specified in this Section. Submit this plot.

Now, using the same instrument settings, enable the hopping function of the EUT. Allow the
trace to stabilize. Follow the same procedure listed above to determine if any spurious emissions
caused by the hopping function also comply with the specified limit. Submit this plot.

Test Set Up: Same as 15.247 (a,2) 6dB Emission Bandwidth
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Band Edge M easurements

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2,d
1 Mbps (Basic datarate) (@2.d)
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Conducted Band Edge Measurement Freq
Delta Pass/Fail
Limit Lower (MH2z) Upper (MH2z) (MHz2)
2400 2401.491310 1.491 Pass

Spectrum | ':%I
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 1.88 dBm
2.402117490 GHz
10 dBm " mM2[1] -17.66 dBm
2.401491310 GHz
0 dBm / .. \
-10 dBm \
MT/ \
S aEm—ID1 -18.120 dém 5 :
30 dom o~/ N
-40 dBm / Vo
e W WWM
e
-60 dBm
-70 dBm
iy
CF 2.402 GHz 8001 pts Span 5.0 MHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.40211749 GHz 1.88 dBm
MQ‘ 1 2.40149131 GHz -17.66 dBm
D3 M2 | 1 -1.49131 MHz -30.326 dB
- ——
H ] Measuring... 'lllllll' “ U6-0=-2015

Date: 6.MAR.2018 14:20:24

14:20:23 %
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Band Edge M easurements

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2,d
1 Mbps (Basic datarate) (@2.d)
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Conducted Band Edge Measurement Freq
Delta Pass/Fail
Limit Lower (MH2z) Upper (MH2z) (MHz2)
2483.5 2480.732400 2.768 Pass

Spectrum |

=)

Ref Level 20.00 dBm

@ RBW 100 kHz

Att 40dB  SWT 8ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
Mi[1] [ 2.11 dBm
2.48012120 GHz
10 dBm ™~ M2[1] -17.83 dBm
0dp % 2.48073240 GHz
m ot
-10 dBm / \
/ ¥
20 dBm D1 -17.890 dBm 1 7
30 dem /‘\/ \/’*\

-40 dBm

Wmmmmw*’"‘“/

-60 dBm
-70 dBm
F1
|
CF 2.48 GHz 8001 pts Span 10.0 MHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
[ M1 1 2.4801212 GHz 2.11 dBm
M2; 1 2.4807324 GHz -17.83 dBm
D3 M2 | 1 2.7676 MHz -30.46 dB
— W
H ] Measuring... 'Illlllll “ " 1?'352:;: %

Date: 6.MAR.2018

14:50:49
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433

FAX (435) 336-4436 Conducted Spurious

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
Test Procedure 15.247(a,2,d)
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa

EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne

Test Procedure: ANSI C63.10-2013
15.247 (a,2,d) Spurious RF Conducted Emissions
Use the following spectrum analyzer settings:

Span = wide enough to capture the peak level of the in-band emission and all spurious emissions
(e.g., harmonics) from the lowest frequency generated in the EUT up through the 10" harmonic.
Typicaly, several plots are required to cover this entire span.

RBW = 100 kHz

VBW 3 RBW

Sweep = auto

Detector function = peak

Trace = max hold

Allow the trace to stabilize. Set the marker on the peak of any spurious emission recorded. The
level displayed must comply with the limit specified in this Section. Submit these plots.
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1100 E Chalk Creek Road
Coalville, UT 84017

(435) 336-4433
FAX (435) 336-4436 Conducted Spurious
DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
. Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2,d
Low Channel - 1 Mbps (Basic datarate) (@2.d)

Ambient Temperature

Relative Humidity

Barometric Pressure

26 °C

30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Peak Output Power Reading (dBm) -20dBc (dBm) Pass/Fall
2.05dBm 1.89 -18.11 Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40 dB  SWT 250 ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 1.89 dBm
2.40340 GHz
10 dBm il mM2[1] -37.63 dBm
¥ 4.80340 GHz
0 dem
-10 dBm

50 dBm—HC1 -18.110 dBm

-30 dBm

M3
-40 dBm Y

M3

Md"‘%wum

-60 dBm
-70 dBm
Start 30.0 MHz 8001 pts Stop 25.0 GHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.4034 GHz 1.89 dem
M2; 1 4,8034 GHz -37.63 dBm
M3 | 1 19.6337 GHz -39.60 dBm
H ] Measuring... 'lllllll' “ " 1?'3327033 %
Date: 6.MAR.2018 14:37:05
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436 Conducted Spurious
DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2,d
Middle Channe! - 1 Mbps (Basic data rate) (@2.d)
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Peak Output Power Reading (dBm) -20dBc (dBm) Pass/Fall
2.10dBm 2.07 -17.93 Pass

Spectrum |

=)

Ref Level 20.00 dBm @ RBW 100 kHz
Att 40 dB  SWT 250 ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 2.07 dBm
2.44090 GHz
10 dBm i mM2[1] -36.68 dBm
¥ 4.88140 GHz
0 dBm
-10 dBm

20 dem D1 -17.930 dBm

-30 dBm

S

-40 dBm Y

M3

,,.,,W@M.MWWWWWW

-60 dBm
-70 dBm
Start 30.0 MHz 8001 pts Stop 25.0 GHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.4409 GHz 2.07 dBm
M2 1 4.8814 GHz -36.628 dBm
M3 | 1 19,5869 GHz -39.32 dBm
H I Measuring... '.I.II." “ Ub-0=-2015

Date: 6.MAR.2018 14:45:23

14:45:22 %

Page 137 of 144




1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436 Conducted Spurious
DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(a,2,d
High Channel - 1 Mbps (Basic datarate) (@2.d)
Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Peak Output Power Reading (dBm) -20dBc (dBm) Pass/Fall
2.27dBm 0.06 -19.94 Pass

Spectrum | ':%I
Ref Level 20.00 dBm @ RBW 100 kHz
Att 40 dB  SWT 250 ms @ VBW 300 kHz Mode Sweep
@ 1Pk View
M1[1] 0.06 dBm
2.48140 GHz
10 dBm mM2[1] -38.89 dBm
M 4.95940 GHz
0 dBm
-10 dBm
20-cBr D1 -19.940 dBm
-30 dBm
Mp 13
-40 dBm - o
-60 dBm
-70 dBm
Start 30.0 MHz 8001 pts Stop 25.0 GHz
Marker
Type | Ref | Trc X-value y-value Function Function Result
M1 1 2.4814 GHz 0.06 dBm
M2‘ 1 4.9594 GHz -38.89 dBm
M3 | 1 16.3318 GHz -39.58 dBm
- o —
H ] Measuring... 'lllllll' “ Ub-U=-2015

14:53:31 %
Date: 6.MAR.2018 14:53:32
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15.247(a,2,€): Power spectral density(PSD).

Test Procedure: ANS| C63.10-2013

Clause 11.10.2 Method PKPSD (peak PSD)

The following procedure shall be used if the maximum peak conducted output power was used to
determine compliance, and it is optiona if the maximum conducted ( average ) output power was
used to determine compliance:

a)
b)
C)
d)
€)
f)
Q)
h)
i)
j)

K)

Set analyzer center frequency to DTS channel center frequency

Set the span to 1.5 times the DTS bandwidth

Set the RBW to 3 kHz < RBW < 100 kHz

Set the VBW > [ 3x RBW ]

Detector = peak

Sweep time = auto couple

Trace mode = max hold

Allow trace to fully stabilize

Use the peak marker function to determine the maximum amplitude level within the RBW
If measured value exceeds requirement, then reduce RBW (but no less than 3 kHz ) and
repeat

Submit plots
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Power Spectral Density

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(d
Low Channel - 1 Mbps (Basic datarate) @

Environmental Conditions

Ambient Temperature

Relative Humidity

Barometric Pressure

26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Meas PSD Limit Delta .
Channel Freqg MHz (dBm) (dBm) (dBm) Pass/Fail
Low 2402 -12.32 8.0 -20.32 Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 3 kHz
Att 40dB  SWT 33.4ms @ VBW 10 kHz Mode Sweep
@ 1Pk View
M1[1] -12.32 dBm

10 dBm

2.402120730 GHz

D1 8.000 dBm

0 dBm

-10 dBm

M1

-20 dBm

-30 dBm

-40 dBm

-50 dBm

vy,

-70 dBm

CF 2.402 GHz 8001 pts Span 3.0 MHz

Marker
Type | Ref | Trc | Y-value | _Function Function Result |
M1 1] 2.40212073 GHz | -12,32 dBm | |

J

Date: 6.MAR.2018 14:31:43

] Measuring...

06.03.2018

—
QN frico-

Page 140 of 144



1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Power Spectral Density

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(d)

Middle Channel - 1 Mbps (Basic datarate)

Environmental Conditions

Ambient Temperature

Relative Humidity

Barometric Pressure

26 °C

30 %

101.35 kPa

EUT performed within the requirements of the applicable standard

[X]Yes [ ]No JPayne

Channel

Meas PSD

Freq MHz (dBm)

Limit
(dBm)

Delta
(dBm)

Pasg/Fail

Middle

2440 -13.89

8.0

-21.89

Att

Ref Level 20.00 dBm

Spectrum |

=)

@ RBW 3 kHz

40 dB SWT 33.4ms & VBW 10 kHz

Mode Sweep

@ 1Pk View

10 dBm

mM1[1]

-13.89 dBm
2.440118110 GHz

0 dBm

D1 8.000 dBm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

MW

-50 dBm

AP,

N i

-60 d

-70 dBm

il m

CF 2.44 GHz

8001 pts

Span 3.0 MHz

Marker

Type | Ref | Trc | X-value |
|

Y-value |

Function

Function Result

M1

1 2.44011811 GHz | ~13.89 dBm |

) )

Date: 6.MAR.2018 14:43:52

Measuring...

06.03.2018
144351 7
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1100 E Chalk Creek Road
Coalville, UT 84017
(435) 336-4433
FAX (435) 336-4436

Power Spectral Density

DNB Job Number: 86088 Date: 6 Mar 2018 Conformance
o Standard
Customer: Vutiliti
Model Number: VUHDRF1 FCC Part 15
Description: BLE Modular Transmitter Clause
15.247(d)

High Channel - 1 Mbps (Basic datarate)

Environmental Conditions

Ambient Temperature Relative Humidity Barometric Pressure
26 °C 30 % 101.35 kPa
EUT performed within the requirements of the applicable standard [X] Yes [ ] No JPayne
Meas PSD Limit Delta .
Channel Freqg MHz (dBm) (dBm) (dBm) Pass/Fail
High 2480 -13.59 8.0 -21.59 Pass
Spectrum | [@
Ref Level 20.00 dBm @ RBW 3 kHz
Att 40dB  SWT 33.4ms @ VBW 10 MHz Mode Sweep
@ 1Pk View
M1[1] -13.59 dBm
2.480123730 GHz
10 A8 550 dem
0 dBm
-10 dBm ML
-20 dBm NWMMM
-30 dBm M‘M‘J‘ M
-40 dBm i

-50 dBm

i,

e

-70 dBm
CF 2.48 GHz 8001 pts Span 3.0 MHz

Marker
Type | Ref | Trc | X-value | ¥Y-value | Function | Function Result |
M1 1] 2.48012373 GHz | -13.59 dBm | | |

Date: 6.MAR.2018 14:51:51

] Measuring...

06.02.2018

—
CHRREEEED e 145150 7
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2.1033 (b) (7) Equipment Photographs

Supplied separately for confidentiality
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End of Report UT86088A-003
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