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9. Number of Hopping Channel

9.1.Block diagram of test setup

Control > EUT
Computer Control Tonscend RF Measurement
Port(s)
system
Antenna (Spectrum/SGIRF auta
Port(s) .
control unit)

Power .| Power
Supply “| Port

9.2.Limits
Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels.

9.3.Test procedure

(1) The test according to ANSI C63.10-2013 clause 7.8.3.

(2) Connect EUT’s antenna output to spectrum analyzer by RF cable, the path loss was
compensated to the results.

(3) Setthe EUT as maximum power setting and enable the EUT transmit continuously.

(4) Use the following spectrum analyzer settings for the maximum peak output power

measurement:
= N RBW to less than 30% of the channel
spacing or the 20 dB bandwidth, whichever is smaller.
VBW: VBW = RBW.
Span: The frequency band of operation
Detector Mode: Peak
Sweep time: Auto
Trace mode: Max hold

Measure and record the results in the report.

(5) Measure the hopping number and record the results in the report.

9.4.Test result

Test Mode Antenna Fr?&'ﬁir]'cy ';\?j;l]t [Il:lllrjnrlr;[] Verdict
DH5 Ant1 Hop 79 215 PASS
2DH5 Ant1 Hop 79 215 PASS
3DH5 Ant1 Hop 79 215 PASS
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9.5.Test graphs
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10.Band Edge Compliance (Conducted Method)

10.1.Block diagram of test setup

Control > EUT
Computer Control Tonscend RF Measurement
Port(s)
system
Antenna (Spectrum/SGIRF auta
Port(s) .
control unit)

Power .| Power
Supply “| Port

10.2.Limit

All restriction band should comply with 15.209, other emission should be at least 20dB below the

fundamental.

10.3. Test procedure

(1) Connect EUT’s antenna output to spectrum analyzer by RF cable.

(2) Establish a reference level by using the following procedure:

RBW: 100 kHz

VBW: 300 kHz

Span Encompass frequency range to be measured
Detector Mode: Peak

Sweep time: Auto

Trace mode Max hold

(3) Allow the trace to stabilize, use the peak marker function to determine the maximum peak
power level to establish the reference level.
(4) Then mark the maximum amplitude of all unwanted emissions outside of the authorized

frequency band.

10.4. Test result

Mode Freq. (MHZz) Verdict
Hopping off 2402 Pass
GFSK Hopping off 2480 Pass
Hopping on Pass
Hopping off 2402 Pass
n/4-DQPSK Hopping off 2480 Pass
Hopping on Pass
Hopping off 2402 Pass
8DPSK Hopping off 2480 Pass
Hopping on Pass
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10.5.Test graphs
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11.RF Conducted Spurious Emissions

11.1.Block diagram of test setup

Tonscend RF Measurement

Control EUT
Computer | Control
Port(s)
Antenna
Port(s)
Power .| Power
Supply "| Port

11.2.Limits

system
(Spectrum/SG/RF auto
control unit)

In any 100 kHz bandwidth outside the frequency bands in which the spread spectrum intentional

radiator in 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.

11.3.Test procedure

(1) Connect EUT’s antenna output to spectrum analyzer by RF cable.

(2) Establish a reference level by using the following procedure:

Center frequency
RBW:
VBW:

Span

Detector Mode:
Sweep time:

Trace mode

Test frequency

100 kHz

300 kHz

Wide enough to capture the peak level of the in-
band emission

Peak

Auto

Max hold

(3) Allow the trace to stabilize, use the peak marker function to determine the maximum peak

power level to establish the reference level.

(4) Set the spectrum analyzer as follows:

RBW:

VBW:

Span

Number of measurement
points

Detector Mode:

Sweep time:

Trace mode

100 kHz
300 kHz

Encompass frequency range to be measured

=Span/RBW

Peak
Auto
Max hold

Allow the trace to stabilize, use the peak marker function to determine the maximum amplitude of
all unwanted emissions outside of the authorized frequency band
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11.4. Test result

Mode Freq. (MHZz) Verdict

Hopping off 2402 Pass

GFSK Hopping off 2441 Pass
Hopping off 2480 Pass

Hopping off 2402 Pass

n/4-DQPSK Hopping off 2441 Pass
Hopping off 2480 Pass

Hopping off 2402 Pass

8DPSK Hopping off 2441 Pass
Hopping off 2480 Pass
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11.5.Test graphs
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12.Duty cycle

12.1.Block diagram of test setup

Control > EUT
Computer Control Tonscend RF Measurement
Port(s)
system
Antenna (Spectrum/SGIRF auta
Port(s) .
control unit)

Power .| Power
Supply “| Port

12.2.Limit
Just for Report.

12.3.Test procedure

(1) Connected the EUT’s antenna port to the Spectrum Analyzer by suitable attenuator, The cable
loss and attenuator loss have been put into spectrum analyzer as amplitude offset.
set the Spectrum Analyzer as below:
Centre Frequency: The centre frequency of the middle hopping channel.
Resolution BW: 10 MHz.
Video BW: 10 MHz.
Span: Zero span.
Detector: Peak.
Trace Mode: Clear Write.
Sweep: Video Trigger
(2) When the trace is complete, measure the sending time of 1 burst and the duty cycle of 1 burst
cycle.
(3) Calculate dwell time follow below formula:

Duty cycle= Pulse’s on time / Burst cycle

12.4. Test result

Frequency ON Time Period Duty Cycle Duty Cycle

EShoe | AIETnE [MHz] [ms] [ms] [%] Factor[dB]
2402 2.89 3.75 77.07 113
DH5 Ant1 2441 2.89 3.75 77.07 113
2480 2.89 3.75 77.07 113
2402 2.89 3.76 76.86 1.14
2DH5 Ant1 2441 2.89 3.75 77.07 113
2480 2.89 3.76 76.86 1.14
2402 2.89 3.75 77.07 113
3DH5 Ant1 2441 2.90 3.76 77.13 113
2480 2.89 3.75 77.07 113
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12.5. Test graphs

DH5_Ant1_2402

MultiView *  Spectrum

RefLevel 1500d8m  Offset 12.70d8 » RBW 10 MHz
. A 008 ® SWT  7ms @ VBW 10MHz
TRGVID

1Zero Span

Mi[1] 15848

10 dBr

0'dBnr l‘

10 dBan-
TRG -13.200 dBem

-20 dBor

-30 dB

db A

ﬂu.{*ﬂu/m\‘—dwl

-50 dB

60 dBer

-70 B

80 dBr

2402 Gz : 1001 pts

700.0 ps/

13:43:28 28.07.2023

FraT
ety D S UG

DH5_Ant1_2441

MultiView * Spectrum
Reflevel 15.00d8m  Offset 125248 » RBW 10 MHz

- At 2048 & SWT Tms ® VBW 10 MHz
TRGVID

MI[1] 271 dBm)

03|

Wit 1654

289000 ms|

TRG -12.000 dBm

40 dbm iwel mo

Il
AT

-70 dBa

80 dir

2841 Ghe n 1001 pts

7000 s/ |

2 Marker Table

M1 1 00s 2.71dBm
] M1 289ms 0.16dB
D2 M1 375 ms -44.89 dB

13:46:23 28.07.2023

FToTT
ety [ S U

DH5_Ant1_2480

MultiView * Spectrum

RefLevel 1500d8m  Offset 1266 d8 ® RBW 10MHz
- A 008 ® SWT  7ms ® VBW 10MHz
TRGVID

1Zer0 Span 1Pk Cirw

D2 M1 3.75 ms -45.87 dB

MI[1] 272 dBm|
10 dBar |
! 03|
| ; L soon
0B ‘ 1
10 dBa TRG -12.200 dBan
0 d8o
30 dBon
- v N T
50 dBm
60 dBm
70 dBo
80 dBr ™ Wowl
U n 1001 s —
2 Marker Table

13:49:07 28.07.2023

FroT
ety N S UG

2DH5_Ant1_2402

TRF No.: FCC Part 15C and RSS-247 BT Ver.1.0

Page 55 of 91



Dongguan Dongdian Testing Service Co., Ltd. Report No.:DDT-RE23060623-2E01

RefLevel 1500d8m  Offset 12.70d8 ® RBW 10 MHz SGl.
. At 2008 ® SWT 7ms  VBW 10MHz
TRGVID

| MI[1] 177 dBm)
iz [ p 107000 ms
& v f 0] 18348
g 2800 ms

-10 dg F—TRG -10.900 dBa

-20 dBor

-30 dB

"
AR R WS

-50 dB

-60 dBnr

-70 B

-80 dBr

(F2.402 G - 1001 pts 7000 s/
2 Marker Table

2 M1 376 ms 0.6 d8

e S U

13:51:17 28.07.2023

MultiView * | Spectrum B

RefLevel 1500d8m  Offset 12.52d8 & RBW 10 MHz S6L
- At 2048 & SWT Tms ® VBW 10 MHz
TRGVID

-10 dBm—+ TRG ~10.800 B

|
\
\
N
Wy VIR ] ‘ T T
\
\
\

80 dir o
CF 2.441 GHz 1001 pts 700.0 ps/ |

2 Marker Table

M1 1 -690.0 ps 190 dBm
] M1 289ms 182d8
D2 M1 375 ms 06748

S
e S

13:53:01 28.07.2023

2DH5_Ant1 2480
MultiView * Spectrum .

Reflevel 1500d8m  Offset 12,668 ® RBW 10MHz s6L
- At 2008 ® ST 12ms @ VBW 10MHz
TRGVID
| MI[1] 218d8m
10 dBe = I 23200ms
o ke PR 1z bk o e e gz T T [ 2
0 dBnr ‘ ‘ ‘ 28500
10 dBay TRG~1:200 e
|
0 dBr
A .
UL i Tty T e
50 dBar
-80 dBar TR
CF 2.48 GHz 1001 pts 1.2ms/
2 Marker Table

D2 M1 3.76 ms 0.26 dB

FrT
ety NN U

13:54:41 28.07.2023

3DH5_Ant1_2402

TRF No.: FCC Part 15C and RSS-247 BT Ver.1.0 Page 56 of 91



Dongguan Dongdian Testing Service Co., Ltd. Report No.:DDT-RE23060623-2E01

MultiView * Spectrum .

RefLevel 1500d8m  Offset 12.70d8 ® RBW 10 MHz SGl.
. At 2008 ® SWT 7ms  VBW 10MHz
TRGVID

1Zero Span »

| 1.80 dBm)
10 dBe = T 2 T s
aonen

e S T R T T

| 289000 ms

0dBnr

-10 dBnf- TRG=10:500 wiBar

PR W piil R

-50 dB

-60 dBnr

-80 dBr

CF 2.402 GHz 1001 pts 7000 ps/
2 Marker Table

M 1 -790.0 ps 1.80 dBm
0 Ml 1 2.89ms 0.83dB
D2 M1 3.75 ms .03 dB

e S U

13:56:19 28.07.2023

3DH5_Ant1_2441
MultiView = Spectrum .

Reflevel 15.00d8m  Offset 125248 » RBW 10 MHz S6L
* Att 2008 * SWT Tms & VBW 10 MHz
TRGVID
| 4272 dBm
10 dBm: : T sowm
s o ! . 2| ot st e 5
1 ‘ l 290000 ms|
-10 4B TRG 10300 d8ar I
-30 dBar ‘
u | !
0 AR AAR R ‘ WA
50 dBe 1
-80 dBnr TRGH
CF 2.441 GHz 1001 pts 700.0 ps/ |
i 1 9400 ps -42.72 dBm
oM 29ms 231648
2 M1 376 ms 44569 dB

00
ety N 5N

13:58:30 28.07.2023

3DH5_Ant1_2480
Spectrum .

RefLevel 1500d8m  Offset 1266 d8 ® RBW 10MHz SGL
- A 2008 ® SWT  12ms ® VBW 10MHz
TRGVID

10 dBar

e S e R S penetbent

0 dBnr

o B Rt -
|

-80 dBar TRG
CF 2.48 GHz 1001 pts 1.2ms/

2 Marker Table

D2 M1 3.75 ms -0.04 dB

FroT
ety N U

14:00:21 28.07.2023

TRF No.: FCC Part 15C and RSS-247 BT Ver.1.0 Page 57 of 91



Dongguan Dongdian Testing Service Co., Ltd. Report No.:DDT-RE23060623-2E01

13.Radiated Emission

13.1.Block diagram of test setup

In 3 m Anechoic Chamber, test setup diagram for 9 kHz - 30 MHz:

T— —
———
Semi-anechoic Chamber
3m
| +— >
EUT and
E ] Support System
I |
Turntable
1.5 m(L)*1.0 m{W)*0.8 m{H) —™
- - —
EMI Test Receiver PC System =
In 3 m Anechoic Chamber, test setup diagram for 30 MHz - 1 GHz:
——— —
|
Semi-anechoic Chamber
vl I : | ANTENNA ELEVATION VARIES FROM 1 TO 4 METERS
A\ 3m
|.d h-.l
1< *l
EUT and
Support System
[ ]
Turntable
1.5 m{L)*1.0 m{W)*0.8 m(H) —™
- - e
EMI Test Receiver PC System =
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In 3 m Anechoic Chamber, test setup diagram for frequency above 1 GHz:

p— —
=
Semi-anechoic Chamber
m ANTENNA ELEVATION VARIES FROM 1 TO 4 METERS
am |
| < >
EUT and
Support System
1.5 miL1.0 m{(W)*1.5 m(H) —m | |
Turntable
+
Pre-Amplifier EMI Test Receiver PC System —

Note: For harmonic emissions test an appropriate high pass filter was inserted in the input port of

AMP.
13.2.Limit
(1) FCC 15.205 Restricted frequency band

MHz MHz MHz GHz

0.090-0.110 16.42-16.423 399.9-410 4.5-5.15
10.495-0.505 16.69475-16.69525 608-614 5.35-5.46
2.1735-2.1905 16.80425-16.80475 960-1240 7.25-7.75
4.125-4.128 25.5-25.67 1300-1427 8.025-8.5
4.1772&4.17775 37.5-38.25 1435-1626.5 9.0-9.2
4.2072&4.20775 73-74.6 1645.5-1646.5 9.3-9.5
6.215-6.218 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225 123-138 2200-2300 14.47-14.5
8.291-8.294 149.9-150.05 2310-2390 15.35-16.2
8.362-8.366 156.52475-156.52525 2483.5-2500 17.7-21.4
8.37625-8.38675 156.7-156.9 2690-2900 22.01-23.12
8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025 240-285 3345.8-3358 36.43-36.5
12.57675-12.57725 322-335.4 3600-4400 )
13.36-13.41

1yntil February 1, 1999, this restricted band shall be 0.490-0.510 MHz

2Above 38.6
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RSS-Gen section 8.10 Restricted frequency bands*

MHz MHz MHz GHz
0.090-0.110 12.51975-12.52025 240-285 3.5-44
0.495-0.505 12.57675-12.57725 322-3354 4.5-5.15
2.1735-2.1905 13.36-13.41 399.9-410 5.35-5.46
3.020-3.026 16.42-16.423 608-614 7.25-7.75
4.125-4.128 16.69475-16.69525 960-1427 8.025-8.5
4.1772&4.17775 16.80425-16.80475 1435-1626.5 9.0-9.2
4.207284.20775 25.5-25.67 1645.5-1646.5 9.3-9.5
5.677-5.683 37.5-38.25 1660-1710 10.6-12.7
6.215-6.218 73-74.6 1718.8-1722.2 13.25-13.4
6.26775-6.26825 74.8-75.2 2200-2300 14.47-14.5
6.31175-6.31225 108-138 2310-2390 15.35-16.2
8.291-8.294 149.9-150.05 2483.5-2500 17.7-21.4
8.362-8.366 156.52475-156.52525 2655-2900 22.01-23.12
8.37625-8.38675 156.7-156.9 3260-3267 23.6-24.0
8.41425-8.41475 162.0125-167.17 3332-3339 31.2-31.8
12.29-12.293 167.72-173.2 3345.8-3358 36.43-36.5
Above 38.6

* Certain frequency bands listed in table and in bands above 38.6 GHz are designated for licence-

exempt applications. These frequency bands and the requirements that apply to related devices
are set out in the 200 and 300 series of RSSs.

(2) FCC 15.209 Limit & RSS-Gen section 8.9 Limit

FREQUENCY DISTANCE FIELD STRENGTHS LIMIT
MHz Meters uV/m dB(uV)/m
0.009 ~ 0.490 300 2400/F (kHz) 67.6-20l0g(F)
0.490 ~ 1.705 30 24000/F(kHz) 87.6-20l0g(F)
1,705 ~ 30.0 30 30 29.54
30 - 88 3 100 40.0
88 ~ 216 3 150 43.5
216 ~ 960 3 200 46.0
960 ~ 1000 3 500 54.0
74.0 dB(uV)/m (Peak
Above a0 & 54.0 dB(u(\}/L)/r)n (A(verag)e)

Note: (1) The emission limits shown in the above table are based on measurements employing a
CISPR QP detector except for the frequency bands 9 - 90 kHz, 110 - 490 kHz and above 1000

MHz, radiated emissions limits in these three bands are based on measurements employing an

average detector.

(2) At frequencies below 30 MHz, measurement may be performed at a distance closer than

that specified, and the limit at closer measurement distance can be extrapolated by below

formula;

Limitsm(dBuV/m)= Limitzom(dBuV/m) + 40Log(30m/3m)
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