DEKRA Certification, Inc.
405 Glenn Dr. Suite 12, D E KRA
Sterling, VA 20164

United States of America

TEST B.1: 20DB EMISSION BANDWIDTH, OCCUPIED BANDWIDTH AND
CARRIER FREQUENCY SEPARATION

Product standard: § 2.1049, Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard: Part 15 Subpart C 815.247(a) (1) and RSS-247 5.1 (b)

LIMITS

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 2400-2483.5 MHz band 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 the systems operate with an
output power no greater than 125 mW.

TEST SETUP:

Spectrum Analyzer
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Non-Conducted
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= Ground Reference Plang e
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DEKRA Certification, Inc.
405 Glenn Dr. Suite 12,
Sterling, VA 20164

United States of America

D DEKRA

TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#01
TEST RESULTS: PASS
Lowest frequency Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
20dB Bandwidth (kHz) 925 925 925
Occupied bandwidth (kHz) 860 860 860
Measurement Set up
Setting Instrument Instrument | Instrument
Value Value Value
Start Frequency 2.40100 GHz 2.43900 2.47900
Stop Freauency 2.40300 GHz 2.44100 2.48100
Span 2.000 MHz 2.000 MHz 2.000 MHz
RBW 10.000 kHz 10.000 kHz | 10.000 kHz
VBW 30.000 kHz 30.000 kHz | 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm | 10.000
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 200 200 200
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweep tvpe FFT FFT FFT
Preamp off off off
Stable mode Trace Trace Trace
Stable value 0.50dB 0.50dB 0.50dB
Run 12 / max. 150 8 [ max. 9 / max.
Stable 5/5 5/5 5/5
Max Stable 0.09 dB 0.10 dB 0.04 dB
Difference
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TEST RESULTS (Cont.): 20 dB BANDWIDTH
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TEST RESULTS (Cont.): OCCUPIED BANDWIDTH
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DEKRA Certification, Inc.
405 Glenn Dr. Suite 12,
Sterling, VA 20164

United States of America

D DEKRA

TEST RESULTS (Cont.):

OCCUPIED BANDWIDTH

Measurement Set- up

Setting Instrument Instrument | Instrument
Value Value Value

Start Frequency 2.40100 GHz 2.43900 2.47900
Stop Freauency 2.40300 GHz 2.44100 2.48100
Span 2.000 MHz 2.000 MHz | 2.000 MHz
RBW 10.000 kHz 10.000 kHz | 10.000 kHz
VBW 30.000 kHz 30.000 kHz | 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm | 10.000 dBm
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 500 500 500
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweenp tvpe FFT FFT FFT
Preamp off off off
Stable mode Trace Trace Trace
Stable value 0.30dB 0.30dB 0.30dB
Run 5/ max.150 5/ max.150 | 6/ max.150
Stable 3/3 3/3 3/3
Max Stable 0.05 dB 0.05 dB 0.07 dB
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405 Glenn Dr. Suite 12, D E K RA
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TEST RESULTS (Cont.) CARRIER FREQUENCY SEPARATION

Spectrum | [“f]

Ref Level 23.00 dBm  Offset 1.20 B & RBW 300 kHz

Att 40 dB SWT 1 ms & YBW 300 kHz Mode Sweep

@ 1Pk View

20 dBm D2[1] -0.02 dB
1.02400 MHz

M1[1] 2.49 dBm

10 dBm 2.44001200 GHZ
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Start 2.438 GHz 1000 pts Stop 2.4<46 GHz

The hopping channel carrier frequencies are separated by a
minimum of the two-thirds of the 20dB bandwidth of the hopping
channel.
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D DEKRA

TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#02
TEST RESULTS: PASS
Lowest frequency Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
20dB bandwidth (MHz) 1.320 1.320 1.320
Occupied bandwidth (MHz) 1.165 1.165 1.170
Measurement Setup
Setting Instrument Instrument Instrument
Value Value Value
Start Freaquencv 2.40100 GHz | 2.43900 GHz 2.47900 GHz
Stop Frequency 2.40300 GHz | 2.44100 GHz 2.48100 GHz
Span 2.00 MHz 2.00 MHz 2.00 MHz
RBW 10.000 KHz 10.000 KHz 10.000 KHz
VBW 30.000 kHz 30.000 kHz 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm 10.000 dBm
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 200 200 200
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweep tvpe FFET FFET FFT
Preamnp off off off
Stable mode Trace Trace Trace
Stable value 0.50 dB 0.50 dB 0.50 dB
Run 10/ max. 150 | 7/ max. 150 8 / max. 150
Stable 5/5 5/5 5/5
Max Stable 0.10dB 0.10dB 0.07 dB
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TEST RESULTS (Cont.):

20 dB BANDWIDTH
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TEST RESULTS (Cont.):

OCCUPIED BANDWIDTH

Lowest Channel
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TEST RESULTS (Cont.):

OCCUPIED BANDWIDTH

Measurement Set- up

Setting Instrument Instrument Instrument
Value Value Value

Start Frequency 2.40100 GHz 2.43900 GHz | 2.47900
Stop Freauency 2.40300 GHz 2.44100 GHz 2.48100
Span 2.000 MHz 2.000 MHz 2.000 MHz
RBW 10.000 kHz 10.000 kHz 10.000 kHz
VBW 30.000 kHz 30.000 kHz 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm 10.000 dBm
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 500 500 500
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweep tvpe FFET FFT FET
Preamp off off off
Stable mode Trace Trace Trace
Stable value 0.30dB 0.30 dB 0.30dB
Run 5/ max. 150 5/ max. 150 5/ max. 150
Stable 3/3 3/3 3/3
Max Stable 0.09 dB 0.06 dB 0.30 dB

Niffaranca
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TEST RESULTS (Cont.) CARRIER FREQUENCY SEPARATION

( '| o= I
Spectrum A

Ref Level 23.00 dem Offset 1.20 dB & RBW 300 kHz
Att 40 dB  SWT 1 ms & YBW 300 kHz Maode Sweep
@ 1Pk View

20 dBm D2[1] 0.19 dB
1.02400 MHz

M1[1] 1.55 dBm
244001200 GHz

10 dBm
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The hopping channel carrier frequencies are separated by a
minimum of the two-thirds of the 20 dB bandwidth of the hopping
channel.
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#03
TEST RESULTS: PASS
Lowest frequency Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
20dB bandwidth (MHz) 1.295 1.295 1.295
Occupied bandwidth (MHz) 1.175 1.175 1.175
Measurement Setup
Setting Instrument Instrument Instrument
Value Value Value
Start Freaquencyv 2.40100 GHz 2.43900 GHz | 2.47900 GHz
Stop Freauencv 2.40300 GHz 2.44100 GHz 2.48100 GHz
Span 2.00 MHz 2.00 MHz 2.00 MHz
RBW 10.000 kHz 10.000 kHz 10.000 kHz
VBW 30.000 kHz 30.000 kHz 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm 10.000 dBm
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 200 200 200
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweep tvpe FFT FFT FFT
Preamp off off off
Stable mode Trace Trace Trace
Stable value 0.50 dB 0.50 dB 0.50 dB
Run 7 /[ max. 150 7 /[ max. 150 8 / max. 150
Stable 5/5 3/3 5/5
Max Stable 0.07 dB 0.04 dB 0.09 dB
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TEST RESULTS (Cont.): 20 dB BANDWIDTH
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TEST RESULTS (Cont.)

OCCUPIED BANDWIDTH

Lowest Channel

Level in dBm

Middle Channel

Level in dBm

2402 24025
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2403

Level in dBm

2441 24415
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TEST RESULTS (Cont.):

OCCUPIED BANDWIDTH

Measurement Set- up

Setting Instrument Instrument Instrument
Value Value Value

Start Frequency 2.40100 GHz 2.43900 GHz | 2.47900
Stop Freauency 2.40300 GHz 2.44100 GHz 2.48100
Span 2.000 MHz 2.000 MHz 2.000 MHz
RBW 10.000 kHz 10.000 kHz 10.000 kHz
VBW 30.000 kHz 30.000 kHz 30.000 kHz
Sweep Points 400 400 400
Sweep time 189.648 us 189.648 us 189.648 us
Reference Level 10.000 dBm 10.000 dBm 10.000 dBm
Attenuation 30.000 dB 30.000 dB 30.000 dB
Detector MaxPeak MaxPeak MaxPeak
Sweep Count 500 500 500
Filter 3dB 3dB 3dB
Trace Mode Max Hold Max Hold Max Hold
Sweep tvpe FFET FFT FET
Preamp off off off
Stable mode Trace Trace Trace
Stable value 0.30dB 0.30 dB 0.30dB
Run 5/ max. 150 5/ max. 150 5/ max. 150
Stable 3/3 3/3 3/3
Max Stable 0.11dB 0.10 dB 0.10 dB

Niffaranca
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TEST RESULTS (Cont.) CARRIER FREQUENCY SEPARATION

( ‘I u:nr]
Spectrum Y

Ref Level 23.00 dem  Offset 1.20 dB & RBW 300 kHz
Att 40 dBb SWT 1ms & YBW 300 kHz Mode Sweep
@ 1Pk View
20 dBm ! D2[1] 0.50 dB
1.02400 MHz
M1[1] 1.73 dBm
10 dBm 2. 44001200 GHz
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The hopping channel carrier frequencies are separated by a
minimum of the two-thirds of the 20 dB bandwidth of the hopping
channel.
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TEST B.2: NUMBER OF HOPPING CHANNELS

Product standard: Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard: Part 15 Subpart C §15.247(a) (1) (iii) and RSS-247 5.1 (d)

LIMITS
Frequency hopping system in the 2400-2483.5 MHz band shall use at least 15 channels.

TEST SETUP:

Spectrum Analyzer
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#01

TEST RESULTS:

PASS
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Ref Level 0,00 dBm @ RBW 200 kHz

ALt 20 dBe  SWT 47.4 ps & YBW 200 kHz  Mode auto FFT
SGL Count 1004100
@ 1Pk Max
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Number of Hopping Frequencies: 79

Span §3.5 MHz
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#02
TEST RESULTS: PASS

Level in dBm

2400 2410 2420 2430 2440 2450
Frequency in MHz

Spectrum

2460 2470

Ref Level 0,00 dBm @ RBW 200 kHz
Al 20 dB SWT 47.4 ps @ YBW 200 kHz  Mode aAuto FFT
SGL Count 1004100

® 1Pk Max
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Span 83.5 MHz

Number of Hopping Frequencies: 81
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DEKRA Certification, Inc.
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United States of America

TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#03
TEST RESULTS: PASS
5
o——W&WW
4 |
101 |
E of |
T |
g 0] |
& 7 u
|
-0 |
ol K
2400 2410 2420 2430 2440 2450 2480 2470 2483 5
Frequency in MHz
Spectrum [T
Ref Level 10.00 dim @ RBW 200 kHz
Att 30dB SWT 47.4ps & YBW 200 kHz  Mode Auto FFT
SGL Count 1007100
@ 1Pk Max
WWMMWWWM
-60 dBm
-70dBm
-80 dBm
CF 2.44175 GHz 418 pts Span 83.5 MHz
Number of Hopping Frequencies: 79
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TEST B.3: TIME OF OCCUPANCY (DWELL TIME)

Product standard: Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard: Part 15 Subpart C §15.247(a)(1)(iii) and RSS-247 5.1(d)

LIMITS

The average time of occupancy on any channel shall not be greater than 0.4 seconds (400
ms) within a period of 0.4 seconds multiplied by the number of hopping channels employed
= 0.4 x 79= 31.6 seconds.

TEST SETUP:

Spectrum Analyzer
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Non-Conducted
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D DEKRA

TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#01 (GFSK)

TEST RESULTS:

PASS

TEST RESULTS (Cont.)

PACKET TYPE DH1

Transmit Time per Hop: 0.370 ms
Spectrum I'I

(7]

Ref Level 21.20 dém
fo Att
SGL TRG:VID

Offset 1,20 dB & RBW 100 kHz
30 dé & SWT 5 ms @ VBW 300 kHz

@ 1Pk Clrw

10 dB

D2[1]

TRG 3.200 dBnr

m1[1]

3.98 dB)
370.37 ps

1.94 dBm)|

11 3.55355 ms|

0 dém

-10 dBi

-20 dBm

-30 dBi

-40 dBm

-50 dBém

CF 2.441 GHz

1000 pts
p-

500.0 ps/

Spectrum |

(=]

Ref Level 21.20 dém
@ Att
TRG: VID

Offset 1.20 dB & RBW 100 kHz
30 dB @ SWT 3s @ VBW 300 kHz

@ 1Pk Clrw

10 dB

TRG 3.200 den

-10 dgm

-20 dgm

-30 d§

Ly wiin {RITERS

-70 dém

shid,
Liay

CF 2.441 GHz
r— —

1000 Ets

Number of hops over a period of 3 seconds: 28 hops.

300.0 ms/
—_—

Number of hops in the period specified in the requirements = (28 hops) x (31.6 s/ 3 s) = 294 hops.
Averaging time of occupancy = 0.370ms x 294 hops = 108.78 ms per 31.6 seconds.
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#01 (GFSK)
TEST RESULTS: PASS
TEST RESULTS (Cont.) PACKET TYPE DH3

Transmit Time per Hop: 1.161 ms

Spectrum I [@

Ref Level 21.20 dém Offset 1.20 dB & RBW 100 kHz
fo att 30 de & SWT Sms & VBW 300 kHz
SGL TRG: VID

(@ 1Pk Clrw

D2[1] 1.10 dBj|
1.61161 ms|

10 d& M1[1] 1.92 dBm)|
M1 415.42 ps|

TRG 3.200 denr -

S, ki

CF 2.441 GHz 1000 pts 500.0 ps/

Spectrum fl =
Ref Level 21.20 dém Offset 1.20 dB & RBW 100 kHz

| ALt 30 de @ SWT 3 s @ VBW 300 kHz
TRG: VID
@ 1Pk Clrw

D2[1] 22.83 dB)|

1.61 ms|
10 d8 Mi[1] 59.70 dBm
415 ps|

0 dBm

-10 dB

-20 dBm

-30 dB:

_-40.1 m

-50 dBm

| T LAY Y m.r.Ju Gl .Llp\w;\ 1TIET Y LR m#ﬂ'}" AL A0 ) OO .2

B

-70 dBm

CF 2.441 GHz 1000 Els 300.0 ms/
—

Number of hops over a period of 3 seconds: 14 hops.

Number of hops in the period specified in the requirements = (14 hops) x (31.6 s / 3 s) = 147 hops.
Averaging time of occupancy = 1.161 ms x 147 hops = 170.67 ms per 31.6 seconds.

Report No: 3154ERM.009 Page 82 of 416 12-02-2021



DEKRA Certification, Inc.
405 Glenn Dr. Suite 12,
Sterling, VA 20164

United States of America

D DEKRA

TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#01 (GFSK)

TEST RESULTS:

PASS

TEST RESULTS (Cont.)

PACKET TYPE DH5

Transmit Time per Hop: 2.858 ms
Spectrum l'l

(7]

Ref Level 21.20 dém

Offset 1.20 dB » RBW 100 kHz

fo Att 30 d8 @ SWT Sms @ VBW 300 kHz
SGL TRG:VID
(@ 1Pk Clrw
D2[1] 2.40 dB
2.85786 ms|
10 de m1[1] 1.95 dBm
870.87 ps|
-20 de:
-30 dB
-40 dBi
-50 de:
-50 dBr
I\ I
i U U Y
CF 2.441 GHz 1000 pts 500.0 ps/

Spectrum # |

(7]

j& Att
TRG: VID

Ref Level 21.20 dBm
30 dé & SWT

Offset 1,20 d& & RBW 100 kHz
3 s @ VBW 200 kHz

@ 1Pk Clrw

10 dB

-10 dém

-20 dBm

-30 dBém:

-40|dBm

-50|dgm

Lyl

bl

el ly

RPN AR

-70 dém

CF 2.441 GHz

1000 pts

300.0 ms/

Number of hops over a period of 3 seconds: 9 hops.

Number of hops in the period specified in the requirements = (9 hops) x (31.6 s/ 3 s) = 94 hops.
Averaging time of occupancy = 2.858 ms x 94 hops = 268.652 ms per 31.6 seconds.
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES: TC#02 (11/4-DQPSK)

TEST RESULTS: PASS

TEST RESULTS (Cont.)

PACKET TYPE 2DH1

Transmit Time per Hop: 0.375 ms
Spectrum ﬁl

ao
o
Ref Level 21.20 dém Offset 1.20 d8 w» RBW 100 kHz

I Att 30 dé @ SWT Sms @ VBW 300 kHz
SGL TRG:VID

@ 1Pk Clrw

6,77 dB|
375.38 ps
10 dB 1.66 dBm)
M 2.72272 ms|

TRG 3.200 dBn

bt v

CF 2.441 GHz 1000 pts
pi

500.0 ps/ |

Spectrum #

[E
o
ReflLevel 24.10 dbm  Offset 1.10 db e RBW 100 kHz
lo att 35dB @ SWT 15 @ VBW 300 kHz

TRG:VID

(@ 1Pk Clrw

20 dBm

10 dBm:

TRG 4,100 dBr

T ’ i At g
-60 dBi

iith, el pntishy )

-70 dB

CF 2.441 GHZ 1000 pts

100.0 ms/
J Wait for Trigger.. GRLLRLLLS = 5]

7%

Number of hops over a period of 3 seconds: 31 hops.

Number of hops in the period specified in the requirements = (31 hops) x (31.6 s/ 3 s) = 326 hops
Averaging time of occupancy = 0.375 ms x 326 hops = 122.25 ms per 31.6 seconds.
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#02 (11/4-DQPSK)
TEST RESULTS: PASS

TEST RESULTS (Cont.) PACKET TYPE 2DH3

Transmit Time per Hop: 1.631 ms

Spectrum # -

Ref Level 21.20 dBm Offset 1.20 dB & RBW 100 kHz

o Att 30 d8 &« SWT 5ms @ VBW 300 kHz
SGL TRG:VID

@ 1Pk Clrw

D2[1) 9.82 dB)

1.63163 ms
10 d8 m1[1] 1.56 dBm|
HF 1.50651 ms|

TRG 3.200 dBmy i
0 dBrm

-10 dBm WMMMWW

-20 dém

-30 dBm

-40 dém

-50 dém
M

|LCF 2.441 GHz 1000 pts 500.0 ps/

Spectrum # I ry
Ref Level 21.20 dém Offset 1.20 dB » RBW 100 kHz

j& Att 30 dé & SWT 3 s @ VBW 3200 kHz
TRG: V1D
@ 1Pk Clrw
D2[1] 0.00 dB
1.63 ms
10de M1[1] 59.30 dBm)|
1.51 ms|
TRG 3.200 dBn
0
-10y dBm
-20 dém:
-30) dBm:

ii
Al ‘l, AL L ol Il .IL 4{].“ L I it Al b

-70 dém
CF 2.441 GHz 1000 pts 300.0 ms/
— — —

Number of hops over a period of 3 seconds: 10 hops.

Number of hops in the period specified in the requirements = (10 hops) x (31.6 s/ 3 s) = 105 hops.
Averaging time of occupancy = 1.631 ms x 105 hops = 171.26 ms per 31.6 seconds.
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D DEKRA

TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#02 (T1/4-DQPSK)

TEST RESULTS:

PASS

TEST RESULTS (Cont.)

PACKET TYPE 2DH5

Transmit Time per Hop: 2.877 ms

Spectrum # I

(7]

Ref Level 21.20 dBm  Offset 1.20 dB & RBW 100 kHz

o Att 30 d8 @ SWT Sms @ VBW 300 kHz
SGL TRG: VID
@ 1Pk Clrw
D2[1] 12.41 dB|
2.87788 ms
10dB m1[1] 1.63 dBm)|
340.34 ps

TRG 3.200 dBnr

:w I ‘l“‘ ﬁ m%mw i .

-20 dBm

.30 dB

-40 dBm

-50 dBr

-60 dBr

e

f

CF 2.441 GHz

1000 pts

500.0 I:s/

Spectrum |

e

f Att 30 dé @ SWT
TRG: VID

Ref Level 21.20 dBm Offset 1.20 dB & RBW 100 kHz

3 s @ VBW 300 kHz

@ 1Pk Clrw

D2[1]

M1[1)

10 dB!

0.00 dB)
1.63 ms
60.04 dBm)|
1.51 ms|

TRG 3.200 dBnr

p dBm:

10 dBm

20 dbm

30 dBm)|

(40 [dBm

UL

shali i ‘1‘41‘10_\4.5, ‘IL i

il

il
epuf

-70 dBm:

CF 2.441 GHz
—

1000 Es

300.0 ms/
o—

Number of hops over a period of 3 seconds: 10 hops.

Number of hops in the period specified in the requirements = (10 hops) x (31.6 s/ 3 s) = 105 hops.
Averaging time of occupancy = 2.877 ms x 105 hops = 302.08 ms per 31.6 seconds.
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#03 (8DPSK)

TEST RESULTS:

PASS

TEST RESULTS (Cont.)

PACKET TYPE 3DH1

Transmit Time per Hop: 0.370 ms

Spectrum # |

(=)

Ref Level 21.20 dBm
j& Att
SGL TRG:VID

30 dB & SWT

Offset 1.20 dB & RBW 100 kHz

5 ms @ VBW 300 kHz

@ 1Pk Clrw

10 dB

D2[1]

RG 3,200 dBn

M1[1]

2.59 dB
370.37 ps
1.68 dBm)|

1.56156 ms|

0 dB

-10 dém

—any

-20 dBm

W

-30 dém

-40 dam

-50 dém

-60 dBém

[ CF 2.441 GHz

1000 pts

500.0 ps/

Spectrum # I

(7

Ref Level 21.20 dBm
jo Att
TRG: VID

30 dB & SWT

Offset 1.20 d& & RBW 100 kHz

3s @ VBW 300 kHz

@ 1Pk Clrw

D2[1]

M1[1]

0.00 dB|
370 ps
51.04 dBm)|
1.56 ms|

=

-70 dém

M Ahh, ik L&lemud r\vl..uw Il

CF 2.441 GHz

1000 pts

300.0 ms/

Number of hops over a period of 3 seconds: 25 hops.

Number of hops in the period specified in the requirements = (25 hops) x (31.6 s/ 3 s) = 263 hops.
Averaging time of occupancy = 0.370 ms x 263 hops = 97.31 ms per 31.6 seconds.
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES: TC#03 (8DPSK)

TEST RESULTS: PASS

TEST RESULTS (Cont.) PACKET TYPE 3DH3

Transmit Time per Hop: 1.626 ms
(Spectram ) (Z)

Ref Level 21.20 dBm Offset 1.20 dB & RBW 100 kHz

fo att 30 dé & SWT Sms & VBW 200 kHz
SGL TRG:VID
@ 1Pk Clrw

D2[1] 3.50 dB

1.62663 ms
10 dbi M1[1] 1.64 dBm|

- 905.91 ps
RG 3.20§ dBnr
0 dBm: ':? t

10.d8m WMMMMW&M& I

-20 dém:

-30 dim:

-40 dém

-50 dém

-60 dBm

Hﬁﬂ

[
1000 pt:
i

Spectrum ¥ I [@

Ref Level 21.20 dém Offset 1.20 dB & RBW 100 kHz

p Att 30 dB8 & SWT 3 s & VBW 3200 kHz
TRG: YID
(@ 1Pk Clrw

CF 2.441 GHz
—

D2[1] 0.00 dB)
370 ps|
10de M1[1] 58.50 dBm)|

1.56 ms|
RG 3.200 dBnv

0 dem:

-10 dBm

-20 dBm

-30 dém:

JULL " M.MLL”. L bl ol s

E

LA LI

-70 dém:

CF 2.441 GHz 1000 pl-s
—

300.0 ms/
— —_—

Number of hops over a period of 3 seconds: 10 hops.

Number of hops in the period specified in the requirements = (10 hops) x (31.6 s / 3 s) = 105 hops.
Averaging time of occupancy = 1.626 ms x 105 hops = 170.73 ms per 31.6 seconds.
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES: TC#03 (8DPSK)

TEST RESULTS: PASS

TEST RESULTS (Cont.)

PACKET TYPE 3DH5

Transmit Time per Hop: 2.877 ms
Spectrum ‘I

o
A
Ref Level 21.20 dém Offset 1.20 dB » RBW 100 kHz

o Att 30 dé @ SWT Sms @ VBW 300 kHz
SGL TRG:VID

@ 1Pk Clrw

D2[1] 5.69 dB|

2.87788 ms
10 de! Mi[1] 1.62 dBm)|
1.39139 ms|

-10 dB ] : ‘[ 1 i

G s

CF 2.441 GHz 1000 pts

500.0 ps/

Spectrum # |

[=-=3
a
Ref Level 21.20 dém Offset 1.20 dB & RBW 100 kHz

fo Att 30 dBé @ SWT 35 @ VBW 300 kHz
TRG: ¥ID

@ 1Pk Clrw

10 dB

0 dBm

-10 dBi

-20 dBi

-30 dBi

-40 dBi

-30 di

“l ot ;‘L'* l" Es

.LMN.LJ ‘ ]Lu 1. il Lu J Lh " Hll mﬁ.il L J‘L.‘”J-lej..‘."

-70 dém

CF 2.441 GHz

1000 pts

Number of hops over a period of 3 seconds: 7 hops.

300.0 ms/

Number of hops in the period specified in the requirements = (7 hops) x (31.6 s/ 3 s) = 73 hops.
Averaging time of occupancy = 2.877 ms x 73 hops = 210.02 ms per 31.6 seconds.
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D DEKRA

TEST B.4: MAXIMUM PEAK CONDUCTED OUTPUT POWER AND ANTENNA
GAIN

Product standard: Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard:

Part 15 Subpart C §15.247(b) (3) and RSS-247 5.4(b)

LIMITS

For Frequency Hopping systems operating in the 2400 — 2483.5 MHz band employing at least 75 hopping
channels: 1 watt (30 dBm). (Part 15 Subpart C §15.247).

The e.i.r.p. shall not exceed 4 W (RSS-247).

TEST SETUP

The EIRP power (dBm) is calculated by adding the declared maximum antenna gain to the measured
conducted power

power meter

Canimm
1 oo=

EUT

Non-Conducted
Table

s Ground Reference Plang s

TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#01
TEST RESULTS: PASS

Maximum declared antenna gain: -2.5 dBi

Lowest frequency | Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
Maximum conducted power (dBm) 1.2 25 3.1
Maximum EIRP power (dBm) -1.3 0.0 0.6

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power
is not required to be reduced from the stated values.

12-02-2021
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D DEKRA

Report No: 3154ERM.009

TEST RESULTS (Cont.): CONDUCTED OUTPUT POWER
Lowest Channel
251
20T
£ 10T
@ 1
=
£ %
©
=
L]
—
} } } } } } f f } f } |
2400.5 2401 2401.5 2402 2402.5 2403 2403.5
Frequency in MHz
Connector 1 x Peak Connector 1
Middle Channel
25T
20T
£ 10T
[id 1
o H%
= e
)
@
-
} t t } } t t } t t t {
2439.5 2440 24405 2441 24415 2442 24425
Frequency in MHz
Connector 1 X Peak Connector 1
Highest Channel
25T
20T
s 10T
m 1
€ _— Ke——
= o7 o —_
2 1
- o0+
20T
} t t } } } t t } } t i
24785 2479 2479.5 2480 2480.5 2481 24815
Frequency in MHz
—— Connector 1 X Peak Connector 1
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#02
TEST RESULTS: PASS
Maximum declared antenna gain: -2.5 dBi
Lowest frequency | Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
Maximum conducted power (dBm) 3.3 4.6 5.5
Maximum EIRP power (dBm) 0.8 2.1 3.0

is not required to be reduced from the stated values.

Lowest Channel

25T
207

101

Level in dBm

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power

} t } } t } t
2399 2400 2401 2402
Frequency in MHz

—— Connector 1 X Peak Connector 1

2403 2404

2405
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D DEKRA

TEST RESULTS (Cont.)

CONDUCTED OUTPUT POWER

Middle Channel

25+
20T
£ 10T
Q 1 Y S —
/_/__— T T
c
— 0 _— b
T T
3
=107
-207
} } } } } f f } } } } i
2438 2439 2440 2441 2442 2443 2444
Frequency in MHz
—— Connector 1 X Peak Connector 1
Highest Channel
25 1
20+
g 10T
g+ R
£ ot T T
g N
it
10T
20T
; I ; ; I ; ; I ; ; ; |
2477 2478 2479 2480 2481 2482 2483
Frequency in MHz
— Connector 1 X Peak Connector 1
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#03
TEST RESULTS: PASS
Maximum declared antenna gain: -2.5 dBi
Lowest frequency | Middle frequency | Highest frequency
2402 MHz 2441 MHz 2480 MHz
Maximum conducted power (dBm) 3.5 4.9 5.3
Maximum EIRP power (dBm) 1.0 2.4 2.8

Lowest Channel

20T

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power
is not required to be reduced from the stated values.

=
S 7 i S S
£ — T
©
>
['}]
-
} f } } } } } } |
2399 2400 2401 2402 2403 2404
Frequency in MHz
— Connector 1 X Peak Connector 1

2405
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D DEKRA

TEST RESULTS (Cont.)

Middle Channel

Level in dBm

—— Connector 1 X

Highest Channel

Level in dBm

=20

2441 2442
Frequency in MHz

Peak Connector 1

2477 2478 2479

Connector 1 X

2480 2481
Frequency in MHz

Peak Connector 1
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TEST B.5: BAND-EDGE EMISSIONS COMPLIANCE (TRANSMITTER)

Product standard: Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard: Part 15 Subpart C §15.247(d) and RSS-247 5.5

LIMITS

Emissions outside the frequency band in which the intentional radiator is operating shall be at least 20dB
below the highest level of the desired power.

TEST SETUP

Spectrum Analyzer

—
‘?j: E EUT

Non-Conducted
Table

= Ground Reference Plane ==
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TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#01
TEST RESULTS: PASS
TEST RESULTS (Cont.) HOPPING OFF (Lowest channel)
5T
é -20
g |
3 -40 1 |
memmwwmm«wwwwj i i YAl o tndyhorhidis sl

2310 2320 2340 2360 2380 2400 2420 2440 2460 24835
Frequency in MHz

Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) | (dBm)

2314.675000| -51.7 32.8 -18.9 | PASS
2314.625000| -52.1 331 -18.9 | PASS
2399.975000| -52.5 33.6| -18.9| PASS
2314.725000 | -53.2 34.3| -18.9|PASS
2393.375000| -53.6 34.7 -18.9 | PASS
2314.775000| -53.8 34.8 -18.9 | PASS
2393.425000| -53.8 34.8 -18.9 | PASS
2313.425000| -53.8 34.9 -18.9 | PASS
2313.375000| -53.8 34.9 -18.9 | PASS
2323.325000| -54.0 35.0 -18.9 | PASS
2323.375000| -54.0 35.1 -18.9 | PASS
2314.575000| -54.1 35.2 -18.9 | PASS
2393.575000 | -54.3 35.3| -18.9| PASS
2393.625000 | -54.4 35.5| -18.9| PASS
2341.125000| -54.5 35.5| -18.9]|PASS
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TEST RESULTS (Cont.): HOPPING OFF (Highest channel)

=201 | .‘

Level in dBm

401

|
LN Y R T e T VMY SV VR ST P N e W LR LW‘““'J“"WMwM

2400 2420 2440 2460 2480 2500
Frequency in MHz

Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) (dB) (dBm)

2483.625000 | -53.9 37.0 -16.9 | PASS
2484.775000| -53.9 37.0 -16.9 | PASS
2488.575000 | -54.2 37.2 -16.9 | PASS
2487.525000 | -54.2 37.2 -16.9 | PASS
2484.825000 | -54.2 37.3| -16.9 | PASS
2488.625000 | -54.3 37.3| -16.9 | PASS
2488.475000 | -54.3 374| -16.9 | PASS
2484.275000 | -54.3 374| -16.9 | PASS
2485.325000 | -54.5 37.5| -16.9|PASS
2484.325000 | -54.5 37.5| -16.9|PASS
2483.925000 | -54.5 37.6| -16.9|PASS
2487.475000 | -54.5 37.6| -16.9|PASS
2487.325000 | -54.5 37.6| -16.9|PASS
2487.575000 | -54.5 37.6| -16.9|PASS
2484.725000 | -54.6 376 -16.9]|PASS
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TEST RESULTS (Cont.):

HOPPING ON (Lowest channel)

& 201
o
i= L
g | ﬂ
3 40+ i
by ooty WMMMWMW L
t f t t t t f f t t t t f t f t —
2310 2320 2340 2360 2380 2400 2420 2440 2460 2483.5

Frequency in MHz

Limit ——  Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) (dB) (dBm)
2365.075000 -50.4 335 -16.9 | PASS
2365.125000 -50.5 33.6 -16.9 | PASS
2360.425000 -50.9 34.0 -16.9 | PASS
2360.375000 -51.0 341 -16.9 | PASS
2364.175000 -51.1 34.2 -16.9 | PASS
2364.125000 -51.4 345 -16.9 | PASS
2375.175000 -51.7 34.8 -16.9 | PASS
2375.125000 -51.8 34.9 -16.9 | PASS
2368.075000 -51.8 34.9 -16.9 | PASS
2368.125000 -52.1 35.2 -16.9 | PASS
2314.325000 -52.6 35.7 -16.9 | PASS
2314.375000 -52.6 35.7 -16.9 | PASS
2342.325000 -52.6 35.7 -16.9 | PASS
2342.375000 -52.7 35.7 -16.9 | PASS
2373.075000 -52.7 35.8 -16.9 | PASS
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TEST RESULTS (Cont.):

HOPPING ON (Highest channel)

5
NN RN
__H'H\ﬂn" 'w‘l AT T ul | | J i "'IF” \
e e
S 207 |
7] [ \
- 40 '—‘I 1
-50 7
j . ‘ . ‘ . LWJWWMMLVH\“\M‘J
2400 2420 2440 2460 2480 2500
Frequency in MHz
Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit | Result
(MHz) (dBm) (dB) (dBm)
2491.675000 -48.6 31.6 -17.0 | PASS
2491.625000 -49.0 32.0 -17.0 | PASS
2491.725000 -50.2 33.1 -17.0 | PASS
2499.875000 -52.6 35.6 -17.0 | PASS
2485.275000 -52.6 35.6 -17.0 | PASS
2499.925000 -52.8 35.7 -17.0 | PASS
2485.325000 -52.8 35.8 -17.0 | PASS
2499.825000 -52.9 35.8 -17.0 | PASS
2491.575000 -53.3 36.3 -17.0 | PASS
2485.225000 -53.5 36.5 -17.0 | PASS
2488.675000 -53.7 36.7 -17.0 | PASS
2499.975000 -53.8 36.7 -17.0 | PASS
2500.000000 -53.8 36.7 -17.0 | PASS
2495.925000 -54.3 37.3 -17.0 | PASS
2488.625000 -54.3 37.3 -17.0 | PASS
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405 Glenn Dr. Suite 12,
D DEKRA
TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#02 (11/4-DQPSK)
TEST RESULTS: PASS
TEST RESULTS (Cont.) HOPPING OFF (Lowest channel)

_20: ﬂ

_ |
-40 ll

Level in dBm

ety Mot b bl oy m'mﬂMWJMW&WWWMWMWWMW

f t t f t f t t t t f f t f t t —
2310 2320 2340 2360 2380 2400 2420 2440 2460 2483.5
Frequency in MHz

Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) (dBm)

2399.825000| -50.0 30.8 -19.2 | PASS
2399.875000| -50.2 31.0 -19.2 | PASS
2399.925000| -50.2 31.0 -19.2 | PASS
2399.775000| -50.3 311 -19.2 | PASS
2399.975000| -50.6 31.4| -19.2 | PASS
2399.725000| -50.7 31.5| -19.2 | PASS
2399.675000| -52.3 331 -19.2 | PASS
2399.625000| -52.9 33.7 -19.2 | PASS
2399.425000| -52.9 33.7 -19.2 | PASS
2399.575000| -52.9 33.7 -19.2 | PASS
2399.375000| -53.0 33.8 -19.2 | PASS
2399.275000| -53.1 33.9 -19.2 | PASS
2399.325000| -53.4 34.2 -19.2 | PASS
2328.475000| -53.5 34.3| -19.2 | PASS
2328.425000| -53.5 34.3| -19.2 | PASS
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TEST RESULTS (Cont.): HOPPING OFF (Highest channel)

| i

! »W‘/j |
Pyt il MrM‘-\WMMr{L d’l»@r-jmJ—»MMaMuﬂwv\ &WWM"JMWM‘H« e K‘MLM‘TMWM
t t t t t t t t t {
2400 2420 2440 2460 2480 2500
Frequency in MHz

Level in dBm

Limit Sum Level X Fail
. Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) (dBm)

2484.375000 | -53.6 36.8 -16.9 | PASS
2484.875000| -53.7 36.9 -16.9 | PASS
2483.525000| -53.8 36.9 -16.9 | PASS
2484.425000| -53.8 36.9 -16.9 | PASS
2484.925000| -53.8 37.0 -16.9 | PASS
2483.925000| -54.0 37.2 -16.9 | PASS
2489.375000 | -54.1 37.2 -16.9 | PASS
2484.825000| -54.2 37.3| -16.9 | PASS
2489.425000| -54.2 374| -16.9 | PASS
2486.325000| -54.3 374| -16.9 | PASS
2483.675000| -54.3 374| -16.9 | PASS
2484.975000| -54.3 37.5| -16.9 | PASS
2486.875000| -54.3 37.5| -16.9 | PASS
2484.275000| -54.4 37.5| -16.9 | PASS
2486.275000| -54.4 37.5| -16.9| PASS
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TEST RESULTS (Cont.):

HOPPING ON (Lowest channel)

Lowest Channel

-20T

Level in dBm

-40

byt b e sl o] N

Wﬁ\hMﬂWﬂwMawa‘wwwwm

# |

2310 2320 2340 2360

t t t t t f t t f t |
2380 2400 2420 2440 2460 2483.5
Frequency in MHz

Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) | (dBm)
2364.525000 -52.9 36.1 -16.8 | PASS
2364.575000 -53.4 36.7 -16.8 | PASS
2364.475000 -53.6 36.8 -16.8 | PASS
2356.075000 -54.0 37.3 -16.8 | PASS
2356.025000 -54.1 37.3 -16.8 | PASS
2321.075000 -54.5 37.7 -16.8 | PASS
2356.725000 -54.5 37.7 -16.8 | PASS
2338.175000 -54.7 37.9 -16.8 | PASS
2333.075000 -54.7 37.9 -16.8 | PASS
2381.775000 -54.7 38.0 -16.8 | PASS
2323.125000 -54.8 38.0 -16.8 | PASS
2333.125000 -54.8 38.0 -16.8 | PASS
2318.825000 -54.8 38.1 -16.8 | PASS
2318.875000 -54.8 38.1 -16.8 | PASS
2320.875000 -54.9 38.1 -16.8 | PASS
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TEST RESULTS (Cont.): HOPPING ON (Highest channel)
5
O T ATV AR AR M AN AVMIATAN,
|
] -10__4
S 207
% =301+ |
5 .0 |
- -40-;1 1
50+
T : | | | : b A
2400 2420 2440 2450 2480 2500
Frequency in MHz
Limit Sum Level X Fail
~____ _______ Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) (dB) (dBm)
2483.775000 -51.8 35.0 -16.8 | PASS
2483.825000 -51.9 35.1 -16.8 | PASS
2483.725000 -53.4 36.6 -16.8 | PASS
2499.125000 -53.6 36.8 -16.8 | PASS
2487.775000 -53.9 37.1 -16.8 | PASS
2487.825000 -54.0 37.2 -16.8 | PASS
2499.175000 -54.0 37.2 -16.8 | PASS
2483.875000 -54.1 37.3 -16.8 | PASS
2492.725000 -54.2 37.4 -16.8 | PASS
2499.075000 -54.2 37.4 -16.8 | PASS
2493.875000 -54.4 37.6 -16.8 | PASS
2492.775000 -54.4 37.6 -16.8 | PASS
2485.375000 -54.5 37.7 -16.8 | PASS
2492.675000 -54.6 37.8 -16.8 | PASS
2489.775000 -54.7 37.9 -16.8 | PASS
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#03 (8DPSK)

TEST RESULTS:

PASS

TEST RESULTS (Cont.)

HOPPING OFF (Lowest channel)

-20

Level in dBm

-40 1

|

_WW‘M‘U‘W%WWMMMMWWWMWMWWMM WMW-M*MMMWMMMHMWM

2310 2320 2340 2360

t t t t t t t t t t —
2380 2400
Frequency in MHz

2420 2440 2460 2483.5

Limit ——  Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) (dBm)
2399.875000 -47.3 28.2 -19.1 | PASS
2399.925000 -47.3 28.3 -19.1 | PASS
2399.775000 -48.1 29.0 -19.1 | PASS
2399.825000 -48.3 29.2 -19.1 | PASS
2399.625000 -49.0 29.9 -19.1 | PASS
2399.675000 -49.0 29.9 -19.1 | PASS
2399.975000 -49.2 30.1 -19.1 | PASS
2399.725000 -49.3 30.2 -19.1 | PASS
2399.575000 -49.9 30.8 -19.1 | PASS
2398.925000 -50.6 31.5 -19.1 | PASS
2398.875000 -50.7 31.6 -19.1 | PASS
2398.975000 -50.8 31.7 -19.1 | PASS
2399.525000 -51.0 31.9 -19.1 | PASS
2399.375000 -51.3 32.2 -19.1 | PASS
2399.075000 -51.5 324 -19.1 | PASS
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TEST RESULTS (Cont.): HOPPING OFF (Highest channel)

| S—

4o J )

Level in dBm

LTI N PPN RPT TSR RR Y WO Sy S ppRRpav eIy Dt VYT Wesairiossn

2400 2420 2440 2460 2480 2500
Freguency in MHz

Limit Sum Level X Fail
~__ ___ ___ _____ Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) (dB) (dBm)

2485.475000| -52.7 35.7 -16.9 | PASS
2485.425000| -52.7 35.7 -16.9 | PASS
2483.525000| -52.9 36.0 -16.9 | PASS
2484.475000 | -53.0 36.0 -16.9 | PASS
2484.425000 | -53.1 36.1 -16.9 | PASS
2483.825000 | -53.2 36.3| -16.9 | PASS
2483.875000 | -53.5 36.5| -16.9 | PASS
2483.775000 | -53.7 36.7 -16.9 | PASS
2483.925000| -53.7 36.8 -16.9 | PASS
2484.275000| -54.0 37.0 -16.9 | PASS
2484.325000| -54.0 371 -16.9 | PASS
2485.525000 | -54.0 371 -16.9 | PASS
2485.375000 | -54.1 37.1 -16.9 | PASS
2484.225000 | -54.1 371 -16.9 | PASS
2483.675000| -54.2 37.2 -16.9 | PASS
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TEST RESULTS (Cont.): HOPPING ON (Lowest channel)

f rwM*WMM‘*‘WWWWWWWMM‘W

-20T
|

_T-WWWMMWWMWMWWWWW |

Level in dBm

f ‘ f f f f i \ f f ‘ f ‘ f f —
2310 2320 2340 2360 2380 2400 2420 2440 2460 2483.5
Frequency in MHz

Limit Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) (dB) (dBm)

2357.925000| -53.9 36.9 -17.0 | PASS
2335.575000| -54.0 37.0 -17.0 | PASS
2357.875000 | -54.1 371 -17.0 | PASS
2312.625000 | -54.1 371 -17.0 | PASS
2335.625000 | -54.1 371 -17.0 | PASS
2314.425000| -54.1 371 -17.0 | PASS
2315.675000 | -54.1 37.2 -17.0 | PASS
2314.375000| -54.2 37.2 -17.0 | PASS
2312.575000| -54.3 373 -17.0 | PASS
2393.475000 | -54.5 37.5| -17.0| PASS
2358.075000 | -54.5 37.5| -17.0 | PASS
2350.975000 | -54.5 376 -17.0 | PASS
2367.925000| -54.6 376 -17.0 | PASS
2350.925000| -54.6 37.6| -17.0 | PASS
2385.675000| -54.6 37.6| -17.0 | PASS
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TEST RESULTS (Cont.): HOPPING ON (Highest channel)

o
'

ANV ANV A A
-10 T |

-20
-30

Level in dBm

-40 ']IJ J\
50+
T ; I . . ' : ‘ ‘ kM,MM{n&fuiwmlw
2400 2420 2440 2460 2480 2500
Frequency in MHz
Limit ——  Sum Level X Fail
Measurement
Frequency Level | Margin | Limit Result
(MHz) (dBm) | (dB) (dBm)

2498.225000 | -51.2 34.2 -16.9 | PASS
2498.175000| -51.3 344| -16.9 |PASS
2483.625000| -53.7 36.8 -16.9 | PASS
2498.275000| -53.9 36.9 -16.9 | PASS
2483.675000| -54.0 3741 -16.9 | PASS
2485.825000| -54.2 373 -16.9 | PASS
2485.875000| -54.3 374| -16.9 | PASS
2484.525000| -54.6 376| -16.9 |PASS
2487.525000| -54.6 376| -16.9 | PASS
2483.725000| -54.6 37.7 -16.9 | PASS
2484.575000| -54.6 37.7 -16.9 | PASS
2485.125000| -54.6 37.7 -16.9 | PASS
2484.625000| -54.7 37.8 -16.9 | PASS
2487.575000| -54.8 37.9 -16.9 | PASS
2492.425000| -54.9 38.0 -16.9 | PASS
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TEST B.6: EMISSION LIMITATIONS CONDUCTED (TRANSMITTER)

Product standard:

Part 15 Subpart C §15.247 and RSS-247

LIMITS:
Test standard:

Part 15 Subpart C §15.247(d) and RSS-Gen 8.9

and 8.10

SPECIFICATION

In any 100 kHz bandwidth outside the frequency band in which the digitally modulated intentional radiator
is operating, the radio frequency power that is produced by the intentional radiator shall be at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the desired power.
If the transmitter complies with the conducted power limits based on the use of RMS averaging over a
time interval, the attenuation required shall be 30 dB instead of 20 dB.

TEST SETUP

Spectrum Analyzer

IEDD

s

EUT

Non-Conducted
Table

= Ground Reference Plane ==
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TEST RESULTS:

TESTED SAMPLES: S/01
TESTED CONDITIONS MODES: TC#01 (GFSK)
PASS

Frequency range 30 MHz — 26 GHz

high operating channels.

Low Channel:

=20

Conducted spurious signals detected were minimum 20 dB below the reference limit for low, mid and

Level in dBm

Mid Channel:

30M 5060 8&0100M 200 300 400500 8001G 2G
Frequency in Hz
— Limit Sum Level —— - Threshold X

3G 4G5G 6

Critical X

20G26G

Final Critical

Level in dBm

2G

30M 5060 80100M 200 300 400500 8001G 3G 4G5G 6 810
Frequency in Hz
e Limit Sum Level - = Threshold X Critical X

20G26G

Final Critical
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TEST RESULTS (Cont.):

High Channel:

20+
-40-

-60

Level in dBm

-80

30M 5060 80I00M 200 300 400500 8001G 2G 3G 4G5G6 810G 20G26G
Frequency in Hz

Sum Level e - Threshold X Critical X Final Critical

Measurement Settings

Setting Instrument Value
Start Frequency 30.000 MHz
Stop Frequency 26 GHz
RBW 100.000 kHz
VBW 300.000 kHz
Sweep Points 32001
Sweep time 32.100 ms
Reference Level -30.000 dBm
Attenuation 0.000 dB
Detector MaxPeak
Sweep Count 30
Filter 3dB
Trace Mode Max Hold
Sweep type FFT
Preamp off
Stable mode Trace
Stable value 1.00 dB
Run 6 / max. 40
Stable 1/1
Max Stable 0.00 dB
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#02 (T1/4-DQPSK)

TEST RESULTS:

PASS

Frequency range 30 MHz — 26 GHz

operating channels.

Low Channel:

5

-201

Conducted spurious signals detected were minimum 20 dB below the reference limit for low and high

-401

-601

-801

Level in dBm

506

30M 80100 200 3

Sum Level

Limit

Mid Channel:

-201

00 400500

3G 4G5G 6

8001G 2G 810G 20G26G
Frequency in Hz

Threshold X Critical X Final Critical

Level in dBm

30M 5060 80100M 200 300 400500 8001G 2G 3G 4G5G6 810G 20G26G
Frequency in Hz
e Limit Sum Level ———— = Threshold X Critical X Final Critical
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TEST RESULTS (Cont.):
High Channel:
57
£
2
=
3
30M 5060 80100M 200 300 400500 8001G 2G 3G 4G5G6 810G 20G26G
Frequency in Hz
— | imit Sum Level ——— = Threshold x Critical X Final Critical
Measurement Settings
Setting Instrument Value
Start Frequency 30.000 MHz
Stop Frequency 26 GHz
RBW 100.000 kHz
VBW 300.000 kHz
Sweep Points 32001
Sweep time 32.100 ms
Reference Level -30.000 dBm
Attenuation 0.000 dB
Detector MaxPeak
Sweep Count 30
Filter 3dB
Trace Mode Max Hold
Sweep type FFT
Preamp off
Stable mode Trace
Stable value 1.00 dB
Run 3/ max. 40
Stable 1/1
Max Stable 0.00 dB
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TESTED SAMPLES:

S/01

TESTED CONDITIONS MODES:

TC#03 (8DPSK)

TEST RESULTS:

PASS

Frequency range 30 MHz — 26 GHz

operating channels.

Low Channel:

-20T

Conducted spurious signals detected were minimum 20 dB below the reference limit for low and high

40t

Levelin dBm

60T

-801

30M 5060 80100

Sum Level

Limit

Mid Channel:

200 300 400500
Frequency in Hz

= Threshold

8001G 2G 3G 4G5G8 810 20G26G

X Critical Final Critical

Level in dBm

30M 5060 80100M 200 300 400500 8001G 2G 3G 4G5G6 810G 20G26G
Frequency in Hz
— Limit Sum Level ———e - Threshold X Critical X Final Critical
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TEST RESULTS (Cont.):
High Channel:
5T
20+
£
a
< -401
T
5 -601
-801
30M 5060 80100M 200 300 400500 2G 3G 4G5G6 20G26G
Frequency in Hz
— _imit Sum Level e = Threshold X Critical Final Critical
Measurement Settings
Setting Instrument Value
Start Frequency 30.000 MHz
Stop Frequency 26 GHz
RBW 100.000 kHz
VBW 300.000 kHz
Sweep Points 32001
Sweep time 32.100 ms
Reference Level -30.000 dBm
Attenuation 0.000 dB
Detector MaxPeak
Sweep Count 30
Filter 3dB
Trace Mode Max Hold
Sweep type FFT
Preamp off
Stable mode Trace
Stable value 1.00 dB
Run 3/ max. 40
Stable 1/1
Max Stable 0.00 dB
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TEST B.7: EMISSION LIMITATIONS RADIATED (TRANSMITTER)

Product standard: Part 15 Subpart C §15.247 and RSS-247

LIMITS:

Test standard: Part 15 Subpart C §15.247(d) and RSS-247 5.5

LIMITS

Radiated emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the
radiated emission limits specified in §15.209(a) (see §15.205(c) / RSS-Gen):

Frequency Range Field strength (uV/m) Field strength Measurement
(MHz2) (dBuv/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30-88 100 40 3
88 - 216 150 43.5 3
216 - 960 200 46 3
960 - 25000 500 54 3

The emission limits shown in the above table are based on measurements employing CISPR quasi-peak
detector except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000 MHz. Radiated emission
limits in these three bands are based on measurements employing an average detector.

For average radiated emission measurements above 1000 MHz, there is also a limit corresponding to 20
dB above the indicated values in the table is specified when measuring with peak detector function.

RSS-247. Attenuation below the general field strength limits specified in RSS-Gen is not required

TEST SETUP

All radiated tests were performed in a semi-anechoic chamber. The measurement antenna is situated
at 3 m for the frequency range 30-1000 MHz (Bilog antenna) and 1-18 GHz (Double ridge horn
antenna), and 1m for the frequency range 18 GHz- 26 GHz (Double ridge horn antenna).

For radiated emissions in the range 18 - 26 GHz that is performed at a distance closer than the specified
distance, an inverse proportionality factor of 20 dB per decade is used to normalize the measured data
for determining compliance.

The equipment under test was set up on a hon-conductive platform above the ground plane and the
situation and orientation was varied to find the maximum radiated emission. It was also rotated 360°
and the antenna height was varied from 1 to 4 meters to find the maximum radiated emission.

Measurements were made in both horizontal and vertical planes of polarization.

The field strength is calculated by adding correction factor to the measured level from the spectrum
analyzer. This correction factor includes antenna factor, cable loss and pre-amplifiers gain.
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TEST SETUP (CONT.)

Radiated measurements Setup f <1 GHz
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Radiated measurements setup f > 1-18 GHz
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TESTED SAMPLES:

S/02

TESTED CONDITIONS MODES:

TC#01 (GFSK)

TEST RESULTS:

PASS

Frequency range 30 MHz — 1000 MHz

The spurious emissions below 1 GHz do not depend on the operating channel selected in the EUT.

Frequency range 1 GHz — 26 GHz

The results in the following plots and tables show the maximum measured levels in the 1-26 GHz range

including the restricted bands 2.31-2.5 GHz.

TEST RESULTS (Cont.):

30 MHz — 1000 MHz (GFSK)

Mid Channel

v
X

Levelin dBuV/im
w
o

551
50T

IN
(=]

N
(@)
T
T

10t

RF_FCC_15.247_E Field_30MHz_1GHz

30M

50 60

PK+_MAXH
T X limits to Spurious Emission FCC15.247 (30MHzto 1GHz) Restricted Bands QPK Lir

80 100M

200
Frequency in Hz

300

400 500 800 1G

MaxPeak-P K+ (Single)

QuasiPeak-QPK (Single)
Frequency | MaxPeak | QuasiPeak | Pol Margin - Limit -

(MHz) (dBuv/m) | (dBuVv/m) QPK QPK

(dB) (dBuV/m)

133.353500 26.0 18.5 \Y 25.1 43.5
400.055000 34.2 24.3 \Y 21.7 46.0
612.194000 41.6 30.6 \Y 155 46.0
625.046500 44.0 37.0 \Y === ---
875.015500 46.6 40.7 H === ---
966.923000 44.9 33.6 \Y 20.4 54.0
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