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(2441MHz)

Agilent Spectrmn Analyzer - Swept SA
RE [500  AC | |

Marker 2 A 1.258000000 MHz

PHO: Wid
IFGain:L ow

SEMNSE:INT| | ALIGMAUTO
Avg Type: Log-Pwr
Avg|Held: 1001100
Ext Gain: 0.81 dB

| 12:12:48 PM
TRACE
TYPE

e —»— Trig:Free Run
#Atten: 30 dB
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Select Marker

Ref 20.00 dBm

Center 2441000 GHz ~ Span 2.000 MHz

#VBW 100 kHz

FUNCTIOM FUNCTIOM WIDTH
2 440 996 GHz
[(A) 1.258 MHz|(A ‘0201 dB

2.440 368 GHz -12.820 dBm

N
v

o
@
=
)

Normal

Fixed!>

O

2

Properties >

(2480MHz)

Agilent Spectrum Analyzer - Swept SA

| wSEMSE:INT| | ALIGNAUTD
Avg Type: Log-Pwr
Avg|Held: 100/100
Ext Gain: 0.81 dB

Marker 2 A 1.252000000 MHz
PHO: Wid
IFGain:L ow

e —»— Trig:FreeRun
#Atten: 30 dB

AMkr2 1.252 MHz

Ref 20.00 dBm 0.242 dB

~Span 2.000 MHzZ
Sweep 2.13 ms (1001 pts)

Center 2.480000 GHz
#VBW 100 kHz

MKR| MODE| TRC| SCL. FUNCTIOM
1 INEEREE 2 479 994 GHz [ 690 #Bml [ [ 000000
PN A3 (1] F (A 1.252 MHz p242g8 | ]
3 | F | = 2.479 358 GHz A3082dBm| [ ]
r

FUNETION WIDTH FUNCTION YALUE

(=]
o
= N
o v

Marker

Select Marker

Normal

Fixed>

Of

=1

Properties»

= =
=)
IEHI

Report Number: MLT2111P15001



ML

Technology Lab

5. Hopping Frequency Separation Requirements

5.1 Test Condition & Setup:
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The antenna port of the EUT was connected to the input of a spectrum analyzer. Analyzer
RBW set to 30 kHz .VBW set to 100kHz. The 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.

This test method according to the techniques described in Measurement procedure ANSI
C63.10-2013 (7.8.2) for this testing.

5.2 Test Instruments Configuration:

Spectrum Analyzer

O
[ @)
f
RF Cable
EUT
5.3 Test Equipment List:
Model/T Calibrated Next Cal.
Item | Mfr/Brand Instruments Serial No. oderlype . uha extLa
No. Date Date
1. Agilent Spectrum Analyzer | MY46471764 N9020A 2020/12/31 2021/12/31

Report Number: MLT2111P15001
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5.4 Test Result:

Data Rate Frequency Results _—
(Mbps) Channel (MHz) (kHz) Limit
0 2402 998.00
1 39 2441 998.00
78 2480 996.00
separated by
0 2402 1000.00 25 kHz or
2 39 2441 1000.00 two-thirds of
78 2480 1000.00 tt)he 30_351
0 2402 1000.00 anawl
3 39 2441 1000.00
78 2480 1000.00

Data Rate : 1Mbps
(2402MH2z)

Agilent Spectrum Analyzer - Swept SA
| SEMSE:INT | ALIGHAUTO | 12:18:31 PMDex

{
Marker 1 A 998.000000 kHz . Avg Type: Log-Pwr
NO: Wide T Trig: Free Run Avg|Held:>100/100
in:Low

P|
IFGain:L o #Atten: 30 dB Ext Gain: 0.81 dB Select Marker.

AMEKr1 998 kHz
Ref 20.00 dBm -0.3156dB

1A2
| S

f

Properties»

Center 2.402500 GHz Span 2.000 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)

Report Number: MLT2111P15001
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(2441MHz)

Agilent Spectrum Analyzer - Swept SA
| RE |sog  ac | | SEMSEINT] | ALIGHAUTD | 12:19:55 PMDec 10, 2021

: Mark:
Marker 1 A 998.000000 kHz ) Avg Type: Log-Pwr iakin
PNO: Wide () Trig: Free Run Avg|Held:>100/100

IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
AMkr1 998 kHz g
-0.069 dB

Ref 20.00 dBm

’11_\.2‘

%

Properties».

Center 2.441500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ESTATUS

(2480MHz)

Agilent Spectrum Analyzer - Swept 5A
L | RF | 509 AT | SEMEE:NT| | ALIGMAUTO | 12:21:18 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Wide C,) Trig: Free Run Avg|Held:>100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
»

AMEkr1 996 kHz
-0.106 dB

éw_\.z:

Properties».

Center 2.479500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts) |

Report Number: MLT2111P15001
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Data Rate : 2Mbps
(2402MHz)

SENSE:INT| | ALIGMAUTO | 12:22:52 PMDec 10, 2021
Avg Type: Log-Pwr Marker

PNO: Wide C,) Trig: Free Run Avg|Held:>100/100
IFGain:Low #Atten: 30 dB Ext Gain: -0.31 dB
AMkr1 1.000 MHz

-0.088 dB

Agilent Spectrum Analyzer - Swept SA
L | RF [50%  AC |

Select Markerb

Ref 20.00 dBm

Span 2.000 MHz

Center 2.402500 GHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ﬁESTATUS

(2441MHz)

SENSE:INT| | ALIGMAUTO | 12:24:22 PM Dec 10, 2021
T Marker

Avg Type: Log-Pwr

& Trig: Free Run Avg|Held:>100/100
#Atten: 30 dB Ext Gain: 0.81 dB Select Marker
>

Agilent Spectrum Analyzer - Swept SA
L | RF [ 505 Nac |

IFGain:L ow

Span 2.000 MHz

Center 2.441500 GHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ﬁESTATUS

Report Number: MLT2111P15001
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(2480MHz)

Agilent Spectrum Analyzer - Swept SA
| RF [sog  AC | | SENSE:INT | ALIGNAUTO | 12:25:49 PM
Avg Type: Log-Pwr
PNO: Wide () Trig: Free Run Avg|Held:>100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B & : Select Marker
>

AMkr1 1.000 MH
-0.016 dB

Marker

Center 2.479500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ESTATUS

Data Rate : 3Mbps
(2402MHz)

Agilent Spectrum Analyzer - Swept SA
L | RF [ 505 Nac | SEI_\I_Q_E:INT\ | ALIGHAUTO | 12:28:02 PM Dec 10, 2021
Avg Type: Log-Pwr
PNO: Wide () Trig: Free Run Avg|Held:>100/100
IFGain:L ow RAtten: 30 dB Ext Gain: -0.81 dB Select Marker
>

Marker

Properties»

Center 2.402500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ﬁESTﬂTUS

Report Number: MLT2111P15001
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(2441MHz)

Agilent Spectrum Analyzer - Swept SA
| RF [sog  AC | | SENSE:INT] | ALIGNAUTO | 12:29:49 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Wide () Trig: Free Run Avg|Held:>100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
>

AMkr1 1.000 MHz
-0.019 dB

Marker

Properties».

Center 2.441500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts)
E ESTATUS

(2480MHz)

Agilent Spectrum Analyzer - Swept 5A
L | RF | 509 AT | SEMEE:NT| | ALIGMAUTO | 12:31:31 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Wide ) Trig: Free Run Avg|Held:>100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
»

AMkr1 1.000 MHz
-0.050 dB

Properties».

Center 2.479500 GHz Span 2.000 MHz

#Res BW 30 kHz #VBW 100 kHz Sweep 2.13 ms (1001 pts) |

Report Number: MLT2111P15001
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6. Number of Hopping Channels Requirements

6.1 Test Condition & Setup:

Page: 28 / 80

The antenna port of the EUT was connected to the input of a spectrum analyzer. Analyzer
RBW set to 100 kHz and VBW set to 300 kHz. The hopping systems in the 2400-2483.5 MHz

band shall use at least 15 channels.

This test method according to the techniques described in Measurement procedure ANSI
C63.10-2013 (7.8.3) for this testing.

6.2 Test Instruments Configuration:

Spectrum Analyzer

]
A
+
RF Cable
EUT
6.3 Test Equipment List:
M T li N 1.
Item | Mfr/Brand Instruments Serial No. odel/Type Calibrated ext Ca
No. Date Date
1. Agilent Spectrum Analyzer | MY46471764 N9020A 2020/12/31 2021/12/31
6.4 Test Result:
Result Limit
P / Fail
(Channel) (Channel) e 4
79 =15 Pass

Report Number: MLT2111P15001
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Data Rate : 1Mbps

SEMSE:INT]| | ALIGMAUTO | 02:59:09 PM De:
el T Marker

Agilent Spectrum Analyzer - Swept SA
| RE |soq ac |

Avg Type: Log-Pwr
PNO: Fast (,) 11g:FreeRun .Evtggoldzlg(:fltg) s
il SelectMarker

AMKr1 39.010 0 MHz
-1.288 dB

IFGain:Low #Atten: 30 dB

Start 2.40000 GHz Stop 244150 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 4.00 ms (1001 pts)
E ﬁESTATUS

Agilent Spectrum Analyzer - Swept SA
L | RF [S50% “ac | SEMSE:INT | ALIGMAUTO | 03:00:11 PM Mark
Avg Type: Log-Pwr RESEE

PNO: Fast Cy ) Trig: Free Run Avg|Ho_Id:>100r100 7
IEGain:L ow #Atten: 30 dB Ext Gain: 0.81 B Select Marker
>

12

#VBW 300 kHz

Start 2.44150 GHz Stop 2.48350 GHz
#Res BW 100 kHz Sweep 4.07 ms (1001 pts)
E BSTATUS

Report Number: MLT2111P15001
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Data Rate : 2Mbps

| ALIGNAUTD | 03:06:42 PM Dec 10, 2021

Agilent Spectrum Analyzer - Swept SA
RE [ 508  AC | SEMSEINT
Avg Type: Log-Pwr
Avg|Held:>100/100
Select Marker’

PNO: Fast () Trig: Free Run 4
Ext Gain: -0.81 dB

#Atten: 30 dB
AMkr1 39.010 0 MHz

IFGain:Low
-1.637 dB

13

Start 2.40000 GHz Stop 2.44150 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 4.00 ms (1001 pts)
E ﬁBSTﬂTUS

ALIGMAUTO

| 03:12:35 P
Marker

Agilent Spectrum Analyzer - Swept SA
| RE |s0e Sac | SEMSE:INT|
Avg Type: Log-Pwr
PNO: Fast () 119:FreeRun Avg|Held:>100/100 K
IFGain:L ow #Atten: 30 dB Ext Gain: 0.81 dB Select Ma",(e'-b
AMkr1 38.010 MHz
-1.789 dB

Ref 20.00 dBm
142

Properties»

Start 2.44150 GHz Stop 248350 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 4.07 ms (1001 pts)
E ﬁESTATUS

Report Number: MLT2111P15001
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Data Rate : 3Mbps

Agilent Spectrum Analyzer - Swept SA
L | RF [50%  AC |

| ALIGNAUTO
Marker

Avg Type: Log-Pwr

Trig: Free Run Avg|Held:>100/100
Ext Gain: 0.51 dB Select Markerb

PHO: Fast )
IFGain:Low #Atten: 30 dB
AMEkr1 39.010 0 MHz
-1.412 dB

SEMNSE:INT|

1A

Properties».

Start 2.40000 GHz Stop 2.44150 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 4.00 ms (1001 pts)
E ESTATUS

| 09:23:53 PM
= Marker

ALIGNAUTD

Agilent Spectrum Analyzer - Swept SA
| RE | S0 CAC | | _SEMSE:INT|
Avg Type: Log-Pwr
PNO: Fast () Trig:Free Run Avg|Held:>100/100
Ext Gain: 0.81 dB Select Marker.
AMkr1 38.010 MHz
-1.404 dB

IFGain:Low #Atten: 30 dB

142

Properties»

Start 2.44150 GHz Stop 2.48350 GHz :
#Res BW 100 kHz #VBW 300 kHz Sweep 4.07 ms (1001 pts) |

Report Number: MLT2111P15001
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7. Dwell Time of Each Channel Requirements

7.1 Test Condition & Setup:
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The antenna port of the EUT was connected to the input of a spectrum analyzer. Analyzer
RBW set to 1000 kHz and VBW set to 1000 kHz. The hopping systems in the 2400-2483.5
MHz band shall use at least 15 channels. 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.

This test-method according to the techniques described in Measurement procedure ANSI
C63.10-2013 (7.8.4) for this testing.

7.2 Test Instruments Configuration:

Spectrum Analyzer

-
ISES
N
o O
+
RF Cable
EUT
7.3 Test Equipment List:
ModellT Cali N .
Item | Mfr/Brand Instruments Serial No. sl alibrated ext Ca
No. Date Date
1. Agilent Spectrum Analyzer | MY46471764 N9020A 2020/12/31 2021/12/31

Report Number: MLT2111P15001
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7.4 Test Result:

Number of transmission per Length of .
\ . . . Result Limit
Mode channel in the cycle times transmission
times m sec m sec m sec
DH1 320 0.403 128.96 400
DH3 160 1.659 265.44 400
DH5 106.6 2.910 310.21 400

Report

Normal mode test period: 0.4(second/ channel) x 79 channel= 31.6 second

The DH1 packet can cover a single time slot. A maximum length packet has duration of
1 time slots. The hopping rate is 1600 hops/second so the maximum dwell time is
1/1600°seconds, or 0.625ms. DH1 Packet permit maximum 1600/ 79 /2 = 10.12 hops
per second in.each channel (1 time slot RX, 1 time slot TX). So, the dwell time is the
time duration of the pulse times 10.12 x 31.6 = 320 within 31.6 seconds.

The DH3 packet can cover up to 3 time slots. A maximum length packet has duration of
3 time slots. The hopping rate is 1600 hops/second so the maximum dwell time is
3/1600 seconds; or 1.875ms. DH3 Packet permit maximum 1600 /79 /4 = 5.06 hops
per second in each channel (3 time slots TX, 1 time slot RX). So, the dwell time is the
time duration. of the pulse times 5.06 x 31.6 = 160 within 31.6 seconds.

The DH5 packet.can cover up to 5time slots. A maximum length packet has duration of
5 time slots. The hopping rate is 1600 hops/second so the maximum dwell time is
5/1600 seconds, or 3.125ms. DH5 Packet permit maximum 1600/ 79 / 6 = 3.37 hops
per second in each channel (5 time slots TX, 1 time slot RX). So, the dwell time is the
time duration of the pulse times 3.37 x31.6 = 106.6 within 31.6 seconds

Example:

CHO,DH1 mode = 0.403 (ms)*(1600/79/2)*31.6 = 128.96 (ms)
CHO,DH3 mode = 1.659 (ms)*(1600/79/4)*31.6 = 265.44 (ms)
CHO,DH5 mode = 2.910 (ms)*(1600/79/6)*31.6 = 310.21 (ms)

Number: MLT2111P15001
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DH1

Agilent Spectrum Analyzer - Swept SA
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| SEMSEINT] | ALIGNAUTD

| 03:26:42 PM

Trig Delay: 3500 ps  Avg Type: Log-Pwr
Trig: Video
#Atten: 30 dB

PHO: Fast —»—

IFGain:Low Ext Gain: 0.81 dB

Center 2.402000000 GHz
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.

IMSG E STATUS

 —
Fixedl>
 —

Marker

Select Marker.
1

Normal

Delta

Ooff

Properties».

CLCES

Report Number: MLT2111P15001
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DH3

Agﬁent Spectrum Analyzer - Swept SA
| ALIGMAUTD | 03:33:18 PM Dec 10, 2021
Trig Delay: -731.0 ys  Avg Type: Log-Pwr
—— Trig: Video
IFGain:Low #Atten: 30 dB Ext Gain: 0.81 dB Select Marker’

AMKr1 1.659 ms
1.79 dB

Marker

1A2
)

Center 2.402000000 GHz Span 0 Hz |

Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.000 ms (1001 pts) |

Report Number: MLT2111P15001



Technology Lab

DH5

Agilent Spectrum Analyzer - Swept SA

| SEMSE:INT | ALIGNAUTD
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Trig Delay: -1.111 ms
PNO: Fast —»— 1rig: Video
IFGain:Low #Atten: 30 dB

Avg Type: Log-Pwr
Ext Gain: 0.81 dB

A

Center 2.402000000 GHz
Res BW 1.0 MHz #VBW 1.0 MHz Sweep §.

IMSG ﬁESTﬂTUS

Marker

Select Marker.
1

Mkr1 2.910 ms
6.27 dB

Normal

Properties»

Span 0 Hz |

000 ms (1001 pts) _l

Report Number: MLT2111P15001
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8. Out of Band Conducted Spurious Emissions Requirements

8.1 Test Condition & Setup:

In any 100 kHz bandwidth outside the EUT pass band, the RF power produced by the
modulation products of the spreading sequence, the information sequence, and the carrier
frequency shall be at least 20 dB below that of the maximum in-band 100 kHz emission,
antenna output of the EUT was coupled directly to spectrum analyzer; if an external attenuator
and/or cable was used, these losses are compensated for with the analyzer OFFSET function.

All other types of emissions from the EUT shall meet the general limits for radiated
frequencies outside the pass band. The test was performed at 2 channels (Channel 0, 78)

This test method according to the techniques described in Measurement procedure ANSI
C63.10-2013 (7.8.8) for this testing.

8.2 Test Instruments Configuration:

Spectrum Analyzer

RF Cable
EUT
8.3 Test Equipment List:
Model/T Calibrated Next Cal.
Item | Mfr/Brand Instruments Serial No. ougllype i extLa
No. Date Date
1. Agilent Spectrum Analyzer | MY46471764 N9020A 2020/12/31 2021/12/31

8.4 Test Result:

Refer to attached data sheets. Data shows out of band emissions are suppressed well

below the -20 dB minimum required by the Rules.

Report Number: MLT2111P15001
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Data Rate : 1Mbps
(2402MHz)

Agilent Spectrum Analyzer - Swept SA
L | RF [50%  AC | | SENSE:INT] | ALIGMAUTO | 12:38:33 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Fast —»— Trig:FreeRun Avg|Held: 100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
»

Mkri1 2.400 00 GHz
Ref 20.00 dBm . . ‘ -32.130 dBm

Marker

Center 2.40000 GHz Span 50.00 MHz.

#Res BW 100 kHz #VBW 300 kHz Sweep 4.80 ms (1001 pts) |

SENSE!INT| | ALIGMAUTO | 12:39:53 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Fast b= Trig:Free Run Avg|Held: 14i100
IFGain:Low #Atten: 30 dB Ext Gain: -0.31 dB

Peak Search

Mkr1 24.875 GHz NextPeak
-37.210 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

-

Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz

Report Number: MLT2111P15001
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(2480MHz)

Agilent Spectrum Analyzer - Swept SA
S0G AC | | SEMSEINT] | ALIGNAUTED

Marker 1 A 2.484000000000 GHz ) Avg Type: Log-Pwr
PNO: Fast —»— Trig:FreeRun Avg|Held: 100/100

IFGain:Low #Atten: 30 dB Ext Gain: 0.51 dB

Mkr1 2.484 00 GHz
Rgf 20.00 dpm ) ‘ . i '42.230 dBmﬂ

Center 2.48350 GHz Span 50.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep

IMSG E STATUS
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Marker

Select Marker.

Properties».

Agilent Spectrum Analyzer - Swept SA
| RE |sag Jhe | | SEMEE:INT| | ALIGHAUTD | 12:44:17 PMDec 10, 2021

Marker 1 24.725330000000 GHz ) Avg Type: Log-Pwr
PNO: Fast —»— TYig:Free Run Avg|Held: 20/100

IFGain:Low #Atten: 30 dB Ext Gain: 0.51 dB

Mkr1 24.725 GHz
Rgf 20.00 dpm . . . i -37.333 dBmﬂ ’

Start 30 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.39 s (1001 pts)

IMSG E STATUS

Trace
(+ State)

Data
(Export) >
Trace 1

Report Number: MLT2111P15001
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Data Rate : 2Mbps
(2402MHz)

Agilent Spectrum Analyzer - Swept SA
L | RF [50%  AC | | SENSE:INT] | ALIGMAUTO | 12:45:55 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Fast —»— Trig:FreeRun Avg|Held: 100/100
IEGain:Low #Atten: 30 dB Ext Gain: 0.81 B Select Marker
»

Mkri1 2.399 65 GHz
Ref 20.00 dBm . . ‘ -30.939 dBm

Marker

Center 2.40000 GHz Span 50.00 MHz.

#Res BW 100 kHz #VBW 300 kHz Sweep 4.80 ms (1001 pts)
E ﬁESTATUS

Agilent Spectrum Analyzer - Swept 5A
! | RF | 505 Nac | SENSE!INT| | ALIGMAUTO | 12:46:49 PMDec 10, 2021
Avg Type: Log-Pwr
PNO: Fast b= Trig:Free Run Avg|Held: 12{100
IFGain:Low #Atten: 30 dB Ext Gain: -0.31 dB

Peak Search

Mkr1 24.775 GHz NextPeak
-38.617 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

#VBW 300 kHz

Report Number: MLT2111P15001





