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5. 20 dBbandwidth measurement

5.1. Test setup

EUT Spectrum analyzer

5.2. Limit
Not applicable

5.3. Test procedure

1. The 20 dB band width was measured with a spectrum analyzer connected to RF antenna
connector(conducted measurement) while EUT was operating in transmit mode at the appropriate
center frequency. The analyzer center frequency was set to the EUT carrier frequency, using the
analyzer. Display Line and Marker Delta functions, the 20 dBband width of the emission was
determined.

2. The bandwidth of the fundamental frequency was measured with the spectrum analyzer using
RBW = 10 kiz,VBW = 10 Kz, Span = 3M.

5.4. Test results

Ambient temperature: 24C
Relative humidity: 51 % R.H.

Operation mode Frequency(Mk) 20 dB bandwidth (Mk)
2402 0.755
BDR 2441 0.755
2480 0.747
2 402 1.268
EDR 2441 1.268
2 480 1.268
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Operation mode: BDR

A. Low channel(2 402 Mk)- 20 dB bandwidth

®

Spectrum | n%:

Ref Level 3.00 dBm Offset ©5.80 dB & RBW 10 kHz

Att 14dB  SWT 189.6 ps @ VBW 30 kHz Mode Auto FFT
@ 1Pk Max
0 dém ™M1 M1[1] -6.12 dBm|
1 2.40204780 GHZ|
10 dem PAl a1 ndB 20.00 dB|
W TVl Bw 755.400000000 kHz]
20 deém T ng factor 3179.7]
-30 dem m V{ﬂm\
Y ”‘w)\\}

::: ::: b ffNW V\r\ N
i W

-60 dBm w\w
-70 dem
-80 dBm
-90 dém
CF 2.402 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 | 1 2.4020478 GHz | -6.12 dBm nde down 755.4 kHz
T1 | 1 2.4015919 GHz -25.26 dBm | rdB 20.00 dB
T2 | 1 2.4023473 GHz -25.78 dBm | Q factar 3179.7
—
L r ] Measuring... WUELRCLED WG y

B. Middle channel(2 441 Mi)- 20 dB bandwidth

®

Spectrum EVn

RefLevel 3.00 dem Offset 8.20 d& & RBW 10 kHz

Att 14de  SWT 189.6 us @ VBW 30 kHz Mode Auto FFT

@ 1Pk Max

0dBm o M1[1] -5.08 dBm)|
2.44104780 GHZ|

10 dBm 0 ndB 20.00 dB)

NJ{UV I‘J’U Bw 755.400000000 kHz|
-20 dBm — 3231.3

f‘tnr
s i e B L
v m i ot l’
50 dBm aell J‘ﬁ \\ i
g L U,

-70 dBm
-80 dBm
-80 dBm
CF 2.441 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
M1 1 2,4410478 GHz -5.08 dém ndB down | 755.4 kHz
L 1 2,4405919 GHz -23.65 dém ndB 20.00 dB
T2 1 2,4413473 GHz -24.85 dBm Q factor | 3231.3
—
L JL | Measuring...  SERRENAND &0 y
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C. High channel(2 480 Mkz)- 20 dB bandwidth

Spectrum ué!
Ref Level 3.00 dBm Offset .80 d8 & RBW 10 kHz
Att 14d8  SWT  189.6 ps @ VBW 30 kHz Mode Auto FFT
@ 1Pk Max
0dem L M1[1] ~4.82 dBm
,J‘ 2.48004780 GHz
-10 dB LA ndB 20.00 dB
NJ’W VL Bw 746.700000000 kHz|
20 dBm i or 3321.1|
I :
-30 dém i o
-40 dBm {,‘(NI vﬂ\’\q
50 dém IJMVNH f‘wL\J
-60 dem k\,ﬂM’w’\M
-70 dBm
-80 dem
-90 dem
CF 2.48 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
M1 1 2.4800478 GHz | -4.82 dBm | ndB down 746.7 kHz
T1 1 2.4795876 GHz | -26.52 dBm | ndg 20.00 de
I8 1 2.4803343 GHz | -24.92 dBm | Q factor 3321.1
—
)il Measuring...  UNANNAED WG y
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Operation mode: EDR
A. Low channel(2 402 Mk)- 20 dB bandwidth
Spectrum | nél
Ref Level 3.00 dém Offset £.80 dB @ RBW 10 kHz
Att 14dB  SWT 189.6 us @ VBW 30 kHz  Mode Auto FFT
@ 1Pk Max
0 dBm M1[1] -7.55 dBm|
M1 2.40196960 GHz|
1.0/ T ndB 20.00 dB|
WW’\I Mo/ 1.267700000 MHz|
20 dém . Q factol 1894.7
Tl 5
-30 dBm / \T‘H
-40 dBm / L\u
-50 dem a i
TR P S )
-70 dBm
-80 dBm
-390 deém:
CF 2.402 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 | 1 2.4019696 GHz | -7.55dBm | nd@ down 1.2677 MHz
L 1 2.4013488 GHz | -26.97 dbm | nde 20.00 dB
T2 | 1 2.4026165 GHz | -27.96 dém | Q factor 1894.7
[ i | Measuring...  WRRRRRRAD i i
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B. Middle channel(2 441 Miz)- 20 dB bandwidth

®

Spectrum :%:'

Ref Level 3.00 dem Offset 8.80dE & RBW 10 kHz

Att 14dB  SWT  189.6 ps @ VBW 30 kHz Mode Auto FFT
@ 1Pk Max
0 dbm = M1[1] ~6.49 dBm)
| o0 b
10 dem WMU vy g 1.267700000 MHz|
_20 dBm A Q factor . 1925.5

- ] “\
-50 dBm f&,“f/ Lh Nﬁ
d?&ﬂ&m"‘ ,_‘[“/UJW\ IW W “ J,_M"U‘l

-70 dBm
-80 dBm
-80 dBm
CF 2.441 GHz 691 pts Span 3.0 MHz
Marker
Typei Ref | TrI:] X-value I Y-value 1 Function | Function Result I
M1 | i 2.4409696 GHz -6.49 dBm nde down | 1.2677 MHz
T1| 1 2,4403488 GHz -25.44 dBm ndg | 20.00 dB
T2 1 2,4416165 GHz -26.71 dBm Q factor | 1925.5
—
L J—L J Measuring... JUERCLEER B0 y

C. High channel(2 480 Mk)— 20 dB bandwidth

®

Spectrum | -

Ref Level 3.00 dem Offset £.80 dé & RBW 10 kHz

Att 14dB  SWT 189.6 ps @ VBW 30kHz Mode auto FFT
@ 1Pk Max
0 dBm il M1[1] 6.15 dBm)|
; 2.47996960 GHz|
-10 dBm A __ndp 20.00 dB
WWWU BT { 1.267700000 MHz
20 dem A Q factor " 1956.2
i 3
-30 dem / "l
-40 dBm Jj I{u\/\
50 dBm N/\;\[W\ JN:W\ \w"“%mw
qé\a\!“ﬁ?”" o B
-70 dBm
-80 dBm
-30 dem
CF 2.48 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M1 | 1] 2.4799696 GHz | -6.15 dBm nd8 down_ 1.2677 MHz
T1] |1 2.4793444 GHz | -27.10 dém | ndg | 20.00 dB
T2 [ 1] 2,4806122 GHz | -25.62 dBm | Q factor | 1956.2
S ———————
L )i | Measuring...  @EANERNAD W .
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6. Maximum peak output power measurement

6.1. Test setup.

EUT Spectrum analyzer

6.2. Limit

The maximum peak output power of the intentional radiator shall not exceed the following:

1. 815.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies
separated by aminimum of 25 kizor the 20 dB bandwidth of the hopping channel, whichever is
greater, provided thesystems operate with an output power no greater than 125 mW

2. 815.247(b)(1), For frequency hopping systems operating in the 2400-2483.5 M employing at
least 75non-overlapping hopping channels, and all frequency hopping systems in the 5725-5805
Mz band: 1Watt.

6.3. Test procedure

1. The RF power output was measured with a Spectrum analyzer connected to the RF Antenna
connector(conducted measurement) while EUT was operating in transmit mode at the appropriate
center frequency, A spectrum analyzer was used to record the shape of the transmit signal.

2. The bandwidth of the fundamental frequency was measured with the spectrum analyzer using;
Span = approximately 5 times the 20 dB bandwidth, centered on a hopping channel

RBW = 20dB BW, VBW = RBW, Sweep = auto, Detector function = peak, Trace = max hold
6.4. Test results

Ambient temperature: 25C
Relative humidity: 51 % R.H.

Operation mode | Frequency(Mi) Peak output power(dBm) Limit(dBm)
2402 -0.73 30
BDR 2441 0.55 30
2 480 0.95 30
2402 1.87 30
EDR 2441 3.40 30
2 480 3.57 30
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Operation mode: BDR

A. Low channel(2 402 Mk)

Spectrum | ':%1
Ref Level 10.00 dbm  Offset 8.680 dB & RBW 1 MHz
Att 21dB  SWT 18 ps @ VBW 1 MHz Mode Auto FFT
@ 1Pk Max
M1[1] -0.73 dBm
M 2.40183360 GHz
11
0dBm =S
. / \\
-20 dBm
-30 der
-40 dBrm.
-50 dBm
-60 dEm
-70 dBm
-80 dB
CF 2.402 GHz 691 pts Span 5.0 MHz
S—
“T J Measuring... ERNRRRNN G //:

B. Middle channel(2 441 Mk)

Spectrum n%:
Ref Level 10.00 dBm Offset 8.80 dB & RBW 1 MHz
Att 21dB  SWT 1.9 s @ VBW 1 MHz Mode Auto FFT
@ 1Pk Max
mM1[1] 0.55 dBm
11 2.44104340 GHz
0dem / \\
-10 dBm
-20 dBm
-30 dBm
-50 dBm
-60 dBm
-70 dém
-80 dBm
CF 2.441 GHz 691 pts Span 5.0 MHz
———
M ing...
il | Measuring...  LRNRAACED WG y

Page : (38) of (53)
The results shown in this test report refer only to the sample(s) tested unless otherwise stated. This test report
cannot be reproduced, except in full, without the written approval of MOVON CORPORATION.



MOVON CORPORATION
M OVON

vovon comonenon REPOrt Number:  MOV-18-RF-1033

C. High channel(2 480 M)

Spectrum | mv:t

Ref Level 10.00 dém Offset 8.80 d& @ RBW 1 MHz

Att 21de SWT 1.9 ys @ YBW 1 MHz Mode Auto FFT
@ 1Pk Max

M1[1] 0.95 dBm

2.47997110 GHz

0 dBm

-10 dBrn

-20 dBm

-30 dBm
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-50 dBm
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-70 dBm

-80 dBm
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T | Measuring... X #

Operation mode: EDR

A. Low channel(2 402 Mk)

Spectrum |

Ref Level 10.00 dém  Offset 8.80 dB & RBW 1 MHz

Att 21db SWT 1.9ps @ VBW 1 MHz Mode auto FFT
@ 1Pk Mayx

®
=

M1[1] 1.87 dBm
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[
0dBm
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B. Middle channel(2 441 Mk)

Spectrum |

®
&

Ref Level 10.00 dBm

Att 21dB  SWT

Offset 5.80 dB & RBW 1 MHz
1.9 ps @ VBW 1 MHz

Mode Auto FFT

@ 1Pk Max

0 dBrm:
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C. High channel(2 480 M)

Spectrum |

®
&

Ref Level 10.00 dBm
Att 21 dB

Offset 8.80 dB @ RBW 1 MHz
SWT 1.9 ps @ VBW 1 MHz

Mode aAuto FFT

@ 1Pk Max
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| EPPS—
0 dem
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7. Hopping channel separation

7.1. Test setup

EUT Spectrum analyzer

7.2. Limit

815.247(a)(1) Frequency hopping system operating in 2 400 — 2 483.5 M. Band may have hopping
channel carrier frequencies that are separated by 25 kiz or two-third of 20 dB bandwidth of the
hopping channel, whichever is greater, provided the systems operate with an output power no
greater than 125 nW.

7.3. Test procedure

1. Check the calibration of the measuring instrument using either an internal calibrator or a known
signal from an external generator.

2. Position the EUT as shown in test setup without connection to measurement instrument. Turn on
the EUT and connect it to measurement instrument. Then set it to any one convenient frequency
within its operating range.

3. By using the max hold function record the separation of adjacent channels.

4. Measure the frequency difference of these two adjacent channels by spectrum analyzer mark
function. And then plot the result on spectrum analyzer screen.

5. Repeat above procedures until all frequencies measured were complete.

6. Set center frequency of spectrum analyzer = middle of hopping channel.

7. Set the spectrum analyzer as RBW = 10 kiz, VBW = 10 kiz, Span = 3 Mz and Sweep = auto.

7.4. Test results

Ambient temperature: 24C
Relative humidity: 52% R.H.

Frequenc Adjacent hopping |Two-third of 20 dB Minimum

Operation mode (M) Y| channel separation bandwidth bandwidth
(ki) (kfiz) (kfiz)
BDR 2441 998.6 503.33 25
EDR 2441 998.6 845.33 25

¥ Remark:
20 dBbandwidth measurement, the measured channel separation should be greater than two-third of
20 dBbandwidth or Minimum bandwidth.
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Operation mode :BDR

Spectrum I T—,I

Ref Level 10.00 d&m Offset £.80d2 & RBW 10 kHz

Att 21db SWT 189.6ps & VBW 10 kHz
@ 1Pk View@2Pk Max

Mode Auto FFT

D2[2] 0.01 dB
098,60 kHz|
0 dBr = M1[1] -5.04 dBm)|
r D2 2.44104850 GHz

0 dem VAR nflmﬁ A

B 0 “L”W m“\f\,ﬁ.
i . ”*u.‘f 1"\%“
h der“' s Hf W A \

Pl A
FB RV VY b At
70 dBr
a0 dar
CF 2.4415 GHz 691 pts Span 3.0 MHz
il | Measuring...  QUARERRLD W6 y

Operation mode: EDR

Spectrum | :%:'

Ref Level 10.00 dBm Offset £.80 dB @ RBW 10 kHz
Att 21ds  SWT 189.6 ps @ YBW 10 kHz
@ 1Pk Max@2Pk View

Mode Auto FFT

M1[1] -6.46 dBm

2.44097030 GHz

0 dem D2[2] -0.02 dB
M1

ﬁ E'; 998.60 kHz
DO T G ™ i
wan TN ",

A 0
WW“‘JH, W
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v - ——
H | Measuring... | FEECEEE K] y
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8. Number of hopping frequency

8.1. Test setup

EUT Spectrum analyzer

8.2. Limit
815.247(a)(1)(iii) For frequency hopping system operating in the 2400-2483.5Miz bands shall use at
least15 hopping frequencies.

8.3. Test procedure

1. Place the EUT on the table and set it in transmitting mode.

2. Remove the antenna from the EUT and then connect a low loss RF cable from the antenna the
port to the Spectrum analyzer

3. Set spectrum analyzer Start = 2400 M, Stop = 2 441.5 Mz, Sweep=auto and Start = 2 441.5 M,
Stop =2483.5 M, Sweep = auto.

4. Set the spectrum analyzer as RBW, VBW=100 K.

5. Max hold, view and count how many channel in the band.

9.4. Test results

Ambient temperature: 25C
Relative humidity: 52 % R.H.

Number of Hopping Frequency Limit
15

v

79
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Operation mode: Hopping mode

Spectrum

Ref Level 10.00 dBm Offset 5.80 dB @ RBW 100 kHz
21 dB SWT 56.9 ps @ VBW 100 kHz Mode Auto FFT

9

@ 1Pk Max

AR ARAAARALARAAARARR A AL AR
W R R R A A R
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H I Measuri ing... [ EEEEETER ] //fl

®
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Spectrum |

Ref Level 10.00 dém Offset 8.80 dB & RBW 100 kHz
Att 21dB SWT 56.9 ps @ VBW 100 kHz Mode Auto FFT
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L T T

_ |
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-70 dBm
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9. Time of occupancy(Dwell time)

9.1. Test setup

EUT Spectrum analyzer

9.2. Limit
815.247(a)(1)(iii) For frequency hopping system operating in the 2 400 — 2 483.5 Mz band, the

average time of occupancy on any frequency shall not be greater than 0.4 second within a 31.6
second period.

A period time = 0.4(s) * 79 = 31.6(s)

9.3. Test procedure

1. Check the calibration of the measuring instrument using either an internal calibrator or a known
signal from an external generator.

2. Position the EUT as shown in test setup without connection to measurement instrument. Turn on
the EUT and connect its antenna terminal to measurement instrument via a low loss cable.

3. Adjust the center frequency of spectrum analyzer on any frequency be measured and set
spectrum analyzer to zero span mode. And then, set RBW and VBW of spectrum analyzer to
proper value.

4. Measure the time duration of one transmission on the measured frequency. And then plot the
result with time difference of this time duration.

5. Repeat above procedures until all frequencies measured were complete.

6. The hopping rate is1 600 per second.

9.4. Test results

Ambient temperature: 26 C
Relative humidity: 50 % R.H.

0.4 seconds within a 30 second period per any frequency

Mode Number of transm.ission ina Length.of Transmission Result Limit
31.6s ( 79Hopping*0.4) Time (msec) (msec) (msec)
DH1 32(Times / 3.16sec) *10 = 320 0.439 140.48 400
DH3 16(Times / 3.16sec) *10= 160 1.639 262.24 400
DH5 13(Times / 3.16sec) *10= 130 2.893 376.09 400
2-DH5 13(Times / 3.16sec) *10= 130 2.891 375.83 400
3-DH5 13(Times / 3.16sec) *10= 130 2.891 375.83 400
% Remark:

dwell time = {(humber of hopping per second / number of slot ) x duration time per channel} x 0.4 ms
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A. DH1

Spectrum I D%I

Ref Level 10.00 dBm Offset .80 dB @ RBW 1 MHz
Att 21 de @ SWT 1ms & VBW 1 MHz
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Spectrum | nél
Ref Level 20.00 dBm Offset 2.80 dB @ RBW 1 MHz
Att 31dB @ SWT 2ms @ YBW 1 MHz
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C. DH5
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D.2-DH5
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10. Antenna requirement

10.1.Standard Applicable
For intentional device, according to FCC 47 CFR Section §15.203, an intentional radiator shall be

designed to ensure that no antenna other than that furnished by the responsible party shall be used
with the device. And according to FCC 47 CFR Section §15.247 (b) if transmitting antennas of

directional gain greater than 6dBiare used.

10.2.Antenna Connected Construction
Antenna used in this product is PCB antenna
Antenna gain is 0.5 dBi.
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11. RF exposure evaluation

11.1 Environmental evaluation and exposure limit according to FCC CFR 47 part 1,
1.1307(b), 1.1310

According to 815.247(e)(i) and 81.1307(b)(1), systems operating under the provisions of this
section shall be operated in a manner that ensures that the public is not exposed to radio
frequency energy level in excess of the Commission’s guidelines. According to KDB 447498

(2)(@)(0)

Limits for maximum permissible exposure (MPE)

Frequency range Electric field Magnetic field Power density
(MHz) strength(V/m) strength (A/m) (mW/cr)

(A) Limits for Occupational / Control exposures

Average time

300 -1 500 - - F/300 6

1 500 — 100 000 -- -- 5 6

(B) Limits for General Population / Uncontrol Exposures

300 — 1 500 -- -- F/1 500 6

1 500 — 100 000 - - 1 30

RF exposure evaluation is required if the separation distance between the user and the device’s
radiating element is greater than 20 cm, except when the device operates as follows:

below 1.5 GHz and the maximum e.i.r.p. of the device is equal to or less than 2.5 W,

at or above 1.5 GHz and the maximum e.i.r.p. of the device is equal to or less than 5 W.

In these cases, the information contained in the RF exposure technical brief may be limited to
information that demonstrates how the e.i.r.p. was derived.

11.2. Friis transmission formula : Pd=(Pout*G)\(4*pi*R2)

Where

Pd= Power density in mW/cir

Pout=output power to antenna in W

G= Numeric gain of the antenna relative to isotropic antenna

Pi=3.1416

R= distance between observation point and center of the radiator in cm

Pd the limit of MPE, 1 mW/ci'. If we know the maximum gain of the antenna and total power input to the
antenna, through the calculation, we will know the distance where the MPE limit is reached.
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11.3. Test result of RF exposure evaluation
RF Exposure evaluation data
Normal operation

Test Item
Test Mode

11.4. Output power into antenna & RF exposure evaluation distance

Antenna gain:

0.5 dBi

Operation mode : BDR mode

Output Peak Power . Power
Frequency power to Antenna égitne?;B% density | e.i.r.p. E|Irr:|tps density
(Mtz) antenna gain (dBi) Numeric at 20 cn (mW) (W) Limits
(dBm) (aW/crf) (zW/cnr)
2 402 -0.73 0.000 189 | 0.95
2441 0.55 0.5 1.12 0.000 253 1.27 5 1
2 480 0.95 0.000 278 1.40
Operation mode : EDR mode
Output Peak Antenna Power eir Power
Frequency power to Antenna Gain (dBi) density | e.i.r.p. leltps density
(Mtz) antenna gain (dBi) NuUmeric at 20 cn (mW) (W) Limits
(dBm) (aW/crf) (zW/cnr)
2 402 1.87 0.000 344 1.73
2441 3.40 0.5 1.12 0.000 489 2.45 5 1
2 480 3.57 0.000 508 2.55
¥ Remark

The power density P4 (5th column) at a distance of 20 cm calculated from the friis transmission

formula is far below the limit of 1 mW/cr’ .
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