TCPETC “OMEGA” FCC TEST REPORT No. 13/1413 page 1 from 27

FCC TEST REPORT No. 13/1413 March 24, 2014
for 47 CFR Part 15 Subpart C date of issue
Model name: 2.4 Dual FHSS BAT 60 Transmitter
Product description 2.4 GHz FHSS Transceiver
FCCID W3X2754-60
Avnlicant weatronic GmbH, Schmiedestr. 2A, D-
pp 15745 Wildau, Germany
weatronic GmbH, Schmiedestr. 2A, D-
Manufacturer

15745 Wildau, Germany

The results in this report apply only to the samples tested.

Reproduction or copying of this report or its any part may only be made
with the prior

written approval of PE TC “Omega”

TESTING CENTER OF
PUBLIC ENTERPRISE
TESTING CENTER
“OMEGA”

( _Chief TC of PE TC “OMEGA”

29 Vakulenchuk str., Sevastopol,
99053, Crimea, Ukraine, P.O.B.-37
phone: +380 692 53 70 72

fax: +380 692 46 96 79

e-mail: stcomega@stc-omega.biz




TC PE TC “OMEGA” FCC TEST RERDNo. 13/1413 page 2 f@mn

Table of contents

1 EQUIPMENT UNDER TEST .uiii oottt e et e et s s e e e e e s e etaaaa s s e e e e e sanatann s s eeeeaeeneessnnes 3
L. 1 BASIC DESCRIPTION .tuuuiiittueetetteeetttttesettaaeessttaeesesasanaesstanaeesstaaeesttneeestanaeesstaaanessrnnaeesstnnnns 3
1.2 TECHNICAL CHARACTERISTICS DECLARED BY MANUFACTURER  ..vvviiiieeiiiiiiiiiineee e eeerriiee e 3...
C] = T0 ) K0 1S TP 3

2 GENERAL INFORMATION ABOUT TESTS ..ottt e e e et 5
2.1 TEST PROGRAM AND RESULTS OF THE TESTS .uttuuiiiieiitetttiiiiieeeeeeertiniaaeeeeeeserrsnnssinaeessseesinns 5
A I =S Y VN N V= = R 6
2.3TEST CONDITIONS AND TEST MODES ....iittunieeittieeeeetteeeeeteeeeeeteeeseemaataeeeataaeesataeesesaaeesssnnaeeesenn 6
2. 4TEST EQUIPMENT USED ..vuuiituietueettieitteestesstesstnessseessassssssnesssnessteestntesteesteesteesrneessssessnnns 6
2. 5MEASUREMENT UNCERTAINTY ..iiiiittttueieeeieieettanseeeesseesesssssesseseessssstsnnseeesseessssnseeessresssssnnnns 7
2 B PHOTO OF TEST SITE .iiiittttutiieeeeeeeetttaeteeeeteestaa s araseeeeeteettraeeeaeresatraseeeererssrrn—asseeesseessranns 7

3 REPORT OF MEASUREMENTS AND EXAMINATIONS. ... 11
3.1HOPPING CHANNEL SEPARATION ...etttuiiieeieiettiutieeeeeeeeestunaaeeessesssneesstsnnaaeesssessrneeeseseesrnnns 1.1
3.2NUMBER OF HOPPING FREQUENCIES USED ......uuiiiitiiiieeitieeeeeeteeeeeateeeeetimeeaesestaaeesesanaeesesanaeeeens 12
3.3HOPPING CHANNEL BANDW IDTH ...ivtuiiiiitiieeietie e e ettt e e e et e e e e eteeaee s et e e e eataeeseatneesssanaeesarannns 14.
3.4DWELL TIME OF EACH FREQUENCY ...cvuiiittiiiitieittieietieeeteeeetee et e e seaneeestasestnsessnessnseseneestaeesrnnans 16
YO 10 =10 =10 1LY = o SR 18
3.6100KHZ BANDWIDTH OF FREQUENCY BAND EDGES MEASUREMENT .....ouiiiiiiieeeeiiieeeeerieeeeenannns 19
3. 7RADIATED EMISSION ..uutiiiiiiiiiiiiiiee et e e e e e e e e e e e et e e e e et eeee st e e eetan e e e eetaneesestnaaaeenestaneeesnns 20
3.8BANTENNA REQUIREMENT ..euuiittuiittntieteteetteetneestestaessueeentaersaessaessnetsnesssessteeestaeerenseessnnns 26

G TR o 2T 1 U] =3 27



TC PE TC “OMEGA”

FCC TEST RERDNo. 13/1413 page 3 f@m

1 EQUIPMENT UNDER TEST

1.1 Basic description

Equipment Category

Transceiver

Test item description

2.4 GHz FHSS Transceiver

Model name

2.4 Dual FHSS BAT 60 Transmitter

Serial numbers

6000-000144

1.2 Technical characteristics declared by manufacturer

Frequency range
Transmission

Channel Usage
Number of transceivers
Channel Spacing used
Maximum output power (EIRP)
Modulation form
Modulation type

MSK Deviation

Symbol Rate

Maximal Duty Cycle:
Antenna type

Antenna gain
Temperature range
Supply voltage

1.3 Photos

2.400 to 2.4835 GHz
Adaptive and non-adaptive frequency hopping opanati
with “listen before talk” function
80
2 (two separate transmistedsreceivers Tx1 and Tx2)
1 MHz
+20 dBm (100 mW)
FHSS
MSK
2.182 kHz
150 kHz
20 %
2 x patch antennas (angle of radiati@B80°)
2 dBi
from 0 °C to + 50 °C, non-cosithen
from3.0Vto4.2V

Figure 1
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2 GENERAL INFORMATION ABOUT TESTS
2.1 Test program and results of the tests
Number Result
of test FCC rule Description of test (Pass, Fall,
N/A)
1 FCC CFR 47:2008 § 15.24a)(1) : .
IC RSS-210 A 8.1(b) Hopping channel separation Pass
2 FCC CFR 47:2008 § 15.24a)(1)(iii) | Number of hopping Pass
IC RSS-210 A 8.1(b) frequencies used
3 FCC CFR 47:2008 8§ 15.243)(1) : .
IC RSS-210 A 8.2 (a) Hopping channel bandwidth Pass
4 FCC CFR 47:2008 § 15.24a)(1)(iii) | Dwell time of each Pass
IC RSS-210 frequency
5 FCC CFR 47:2008 § 15.247 (b)(1)
IC RSS-210 A 8.4 (2) Output power Pass
100 kHz Bandwidth of
6 FCC CFR 47:2008 § 15.247 (d)
IC RSS-210 A 8.5 Frequency Band Edges Pass
measurement
7 FCC CFR 47:2008 § 15.209 . .
IC RSS-210 A 8.5 Radiated Emission Pass
8 FCC CFR 47:2008 § 15.203 Antenna Requirement Pass
9 FCC CFR 47:2008 §15.109 Radiated Emission from Pass
IC RSS-210 A 8.5 Receiver Part
10 FCC CFR 47:2008 § 15.247 (h)(i)
IC RSS-102 (4.2) RF exposure Pass
Tested by:

Laboratory engineer

Laboratory engineer

Checked by:
Leading engineer

@Q A

Boris Trifonov

Sergey Melnik

%9,_\ Fjodor Shubin
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2.2 Test manner

The EUT consists from two identical transmitteriosavith two transmitters and two antennas.
For organization of connection was used ancilleapdceiver.

The test distance of radiated emission from antém@UT is 3 m.

Methods of measurement - according to ANSI C63.@320

2.3 Test conditions and test modes

Normal temperature and humidity:

- temperature: from 0 °C to 50 °C (non-condensing);
- relative humidity: from 20 % to 75 %

Normal power source:

Unom=3.0Vto4.2V.
The frequencies for the testing

Channel, No. Frequency, MHz
0 24C1.7
40 2441.7
79 2480.7

2.4 Test equipment used

N Name Model Inventorlzoor serial

1. | Spectrum analyzer FSVv40 100821

2. | EMI test receiver R&S ESU-26 100260

3. | Directional coupler 773D 100101

4. | Attenuator Agilent 8494B MY42141168

5. | Attenuator PE7014-10 101692

Schwarzbeck

6. | Antenna UBAA 9114 9111-214

7. HP11966 i
Antenna model 3115 9903-5701

8. | Antenna BBHA 9170 9170446

9. | Power supply B5-29 12426

10. | Psychrometer BUT-2 BO31

All listed above test equipment is calibrated arattifted in accordance with established

procedure. The equipment has certificates curremtigrce.

Ancillary equipment

Ne Name Model Serial Number

1. Servo - mechanism MULTIPLEX 65003
PS-30BH

2. 2.4 Dual FHSS Dual Receiver 8 Smart N/A
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2.5 Measurement uncertainty

Parameter

Maximum uncertainty

Output power +1.3dB
Frequency range +1x10°
Spurious emissions +27dB
Radiated Emission +4.8dB
Time +3%
Temperature +1°C
Humidity +5%
DC voltage +2%

This uncertainty represents an expanded uncertakpfessed at approximately the 95 %
confidence level using a coverage factor of k=2.

Measurement uncertainty complies with the requirgsief the normative documents
and is guaranteed by the test procedures anddqesgneent.

2.6 Photo of test site

Figure 4 Conducted Test

T
------ :}

page 7 f&dn
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Figure 5 Radiated Emission (30 MHz to 1000 MHz)
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Figure 6 Radiated Emission (1000 MHz to 18000 MHz)
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Figure 7 Radiated Emission (18000 MHz to 25000 MHz)
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3 REPORT OF MEASUREMENTS AND EXAMINATIONS.

3.1 Hopping channel separation

3.1.1 Test procedue

1) The EUT output was connected to the spectrunyas@according to test setup layout (3.1.2).
2) Set RBW of spectrum analyzer to 100 kHz and VW00 kHz.

3) The Hopping channel separation is defined aslh@nel is separated with the next channel.
3.1.2 Test setup layout

ATT
10dB

Spectrum analyzel

EUT

3.1.3 Test result
Temperature: + 18C

Relative humidity: 60 %

Hopping channel separation, | Limit (2/3 of 20dB Bandwidth) Test Result
MHz kHz (Pass, Fail, N/A)
Tx 1 1.0009 374 Pass
TX 2 1.0008 374 Pass

Remark: frequency hopping systems operating in the 240@BZ4BIHz band may have
hopping channel carrier frequencies that are segghley 25 kHz otwo-thirds of the 20 dB
bandwidth of the hopping channel, whichever is gnegrovided the systems operate with an
output power no greater than 125 mW.

3.1.4 PlotHopping channel separatidix 1

Spectrum :%:
Ref Level 26.00 dBm  Offset 10.00 dB e RBW 50 kHz
Att 35 dB SWT 5ms @ VBW 200 kHz  Mode Sweep
(@ 1Rm Max
D2[1] 0.07 dB|
20 dBm frit- ) 1.000900 MHZ|
M A M1 15.5¢¢dBm
10 dem / 2.401766(00\GHZ
ode \ nv/ \u\ als \h il Av ¥ i 'A‘
o A\fﬂ'ﬁ \ ’L ].;1 HPJL \ﬂk A
Wﬂ il wll
U1 s o
Y
-40 dem
-50 dem
-60 dBl
-70 del
Start 2.4 GHz 5001 pts Stop 2.405 GHz
Marker
Type | Ref | Trc | X-value Y-value | Function Function Result |
M1 1 2.401766 GHz 15.54 dBm
Dz2| M1 1 1.0009 MHz 0.07 dB
Spectrum u%:
Ref Level 26.00 dBm Offset 10.00 dB @ RBW 50 kHz
Att 35 dB  SWT 5 ms @ VBW 200 kHz _Mode Sweep
(@ 1Rm Max
D2[1] -0.07 dB)|
20 dém T no 1.000800 MHZz
M1[1] 15, Bm)|
10 dBm ) "'ﬁ /\’\ 2.4u3731?]$ﬁHz
0de i v .,:J‘MI \\n [ W " L
- ML AR TR A
ol ey |4
-10 dB”W W 'M W V\JUVW
0 .Mu.# h ’1 nwj
-30 del ¥ n‘vvwn ¥
-40 del
-50 del
-60 dB
-70 del
Start 2.401 GHz 5001 pts Stop 2.406 GHz
Marker
Type | Ref | Tre | X-value Y-value | Function Function Result
M1 1 2.4037819 GHz 15.19 dBm
D2| M1 1 1.0008 MHz -0.07 dB
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3.2 Number of hopping frequencies used
3.2.1 Test procedure

1) The EUT output was connected to the spectrurtyagraaccording to test setup layout (3.2.2).
2) Set RBW of spectrum analyzer to 300 kHz and V&V800 kHz.

3) The Number of hopping frequencies used is ddfias the device has numbers of total
channel.

3.2.2 Test setup layout

ATT Spectrum analyzel
EUT | 10dB >
3.2.3 Test result
Temperature: +18C Relative humidity: 46 %
Number of hopping Limit Test Result
frequencies (Pass, Fail, N/A)

Tx 1 67 15 Pass
TX 2 71 15 Pass
TX1+Tx2 80 15 Pass

Remark: The hopping sequence of a FHSS system is the seg¢ithe hopping channels used
by the equipmeniNon-adaptive Frequency Hopping systems shall noakeof a hopping sequence(s)
that contains at least 15 hopping channels. Adagfirequency Hopping systems shall make use of a
hopping sequence(s) that is capable of operatieg @minimum of 90 % of the band specified in table
from which at any given time a minimum of 20 hogpthannels shall be used. Each hopping channel of
the hopping sequence shall be occupied at leastduming a period not exceeding four times the pcod

of the dwell time per hop and the number of chasinel

3.2.4 Plot Tx 1 - Number of hopping frequencies

Spectrum | ln%:l I

Ref Level 256.00 dbm  Offset 10.00 dB & RBW 100 kHz
Att 35 dB SWT Ems @ YBW 300 kHz Mode Sweep
@ 1Rm Max

M2[1] 13.67 dBm
20 dBm—mr 2 4807800 GHz

k Li AL 1] ¥ 15.17 dBm
10 dem l 4017880 GHz
0 dBm ‘ J

=

——

-10 dBm [ \

P11 | |
ool MR A

-30 dBE r T N T F

-30 dBm

-a0 dBm

-70 dBm

CF 2.442 GHz 5001 pts Span 100.0 MHz
Marker
Type | Ref | Tre | X-value | T-walue |  Function Function Result
K1 1 2.401788 GHz 15,17 dBm

2 1 2.,48078 GHz 13.67 dBm
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3.2.5 Plot Tx 2 - Number of hopping frequencies

Spectrum | In%:[ I

Ref Level 26.00 dém  Offset 10.00 dB & RBW 100 kHz

Att 35 dE  SWT 5ms @ ¥YBW 300 kHz Mode Sweep
@1Rm Max
M2[1] 13.54 dBm

20 dBm—r 24807800 GHz

7 | T I (11 | A1[1] 15.02 dBm
10 dBm 1 J\ \ 3 17880 GHz
0 dem } T \ \
-10 dBm

AT J

S|/ W
L

-50 dBm
-60 dBm
-70 dBm
CF 2.442 GHz 45001 pts Span 100.0 MHz
Marker
Type | Ref | Trc | ¥-walue Y-value | Function Function Result
M1 1 2.401738 GHz 15.03 dBm
M2 1 2.48078 GHz 13.54 dBm

3.2.6 PlotTx 1 + Tx 2 - Number of hopping frequencies

Spectrum | Iné-:[ I

Ref Level 26.00 dém Offset 10.00 dB & RBW 100 kHz

Att 35dB SWT & ms @ YBW 300 kHz Mode Sweep
@1Rm Max
M2[1] 13.54 dBm
20 dBm—mir 2,4807800 GHz
b L | T AL 15.05 dBm
10 dBm 1 A n “ , 3 17880 GHz
| i
-10 dBm
| FTHI | ] (I "

-20 dBm b
|

30d T

-50 dBm

-60 dBm

-70 dBm

CF 2.442 GHz 4001 pts Span 100.0 MHz
Marker

Type | Ref | Trc | X-value | ¥-wvalue | Function Function Result |
M1 1 2.401788 GHz 15.05 dBm
Mz 1 2.48078 GHz 13,54 dBm
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3.3 Hopping channel bandwidth

3.3.1 Test procedure

1) The ETU output was connected to the spectrurtyaeravia attenuator.
2) Set RBW of spectrum analyzer to 100 kHz and V&®WO0O0 kHz.

3) The Hopping channel bandwidth is defined asfithguency range where the power is higher

than peak power minus 20 dB.

3.3.2 Test setup layout

A

>
l

Direct Coupler

EUT

3.3.3 Test result

Temperature: +18C

-20dB

A 4

Spectrum analyzel

1)

8 Smart

Relative humidity: 46 %

Channel | Freduency, Hopping channel Limit, Test Result
MHz bandwidth, kHz MHz (Pass, Fail, N/A)
0 2401.7 531.0 1.0
40 2441.7 561.0 1.0
79 2480.7 549.0 1.0

Remark:Non-adaptive Frequency Hopping systems shall makeofinon-overlapping hopping channels

separated by the channel bandwidth as measurédd® Below peak power.

The hopping channels defined within a hopping seceishall be at least 1 MHz apart (channel

separation).

3.3.4 PlotChannel bandwidth (240¥Hz)

Spectrum |

(=]

Ref Level 25.00 dBm  Offset 20.00 dB & RBW 100 kHz
Att 30 dB SWT

19 ps @ YBW 100 kHz Mode FFT

@ 1Rm Max

20 dBm

M1[1]

9.80 dBm|
2.40176760 GHz|

M1 ndB 20.00 dB
10 dBm Bw 531.000000000 kHz
\ Q factor 4523.1
0 dBem
Th \L_
-10 dBm
-20 dBm \/\
-30 dBm
)/ V
[~40-dBrm=
-50 dBm
-60 dBm
-70 dBm
CF 2.4017653 GHz 2000 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value Y-value | Function | Function Result |
M1 1 2.4017676 GHz 9.80 dBm ndB down 531.0 kHz
Tl 1 2.4014631 GHz -10.23 dBm ndB 20.00 dB
T2 1 2.4019941 GHz -10.19 dBm Q factor

4523.1

page 14 f&n
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3.3.5 PlotChannel bandwidth (244%Hz)

page 15 f@&m

Spectrum | nv:\:l
Ref Level 25.00 dBm  Offset 20.00 dB & RBW 100 kHz
Att 30dE SWT 19 ps & YBW 100 kHz Mode FFT
@ 1Rm Max
M1[1] 16.31 dBm
(¥R
20 dBm 2.44175630 GHz
\f'\ ndB 20.00 dB
10 dem 7 Bw 561.000000000 kHz
4 / - q_jac:tor 4352.5
0 dBm -
/ N 7’ N
-10 dBpr J/
*20 dBm N el
»—W\F\_\_ﬂ/\v
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
CF 2.4417 GHz 2000 pts Span 3.0 MHz
Marker
Type | Ref | Trc X-value | Y-value | Function Function Result
M1 1 2.4417563 GHz 16.31 dBm ndB down £61.0 kHz
T1 1 2.4414353 GHz -3.65 dBm ndB 20.00 dB
T2 1 2.4419963 GHz -3.72 dBm Q factor 4352.5
3.3.6 PlotChannel bandwidth (248%Hz)
Spectrum | n%:
Ref Level 25.00 dBm  Offset 12.00 dB @ RBW 100 kHz
Att 30dB  SWT 19 ps @ YBW 100 kHz Mode FFT
@ 1Rm Max
M1[1] 13.54 dBm
20 dem M1 2.48074580 GHz
ndB 20.00 dB
10 dBm /'\ .
I J N Bw 549.000000000 kHz
/' AN \  Qfactor 4518.7
0 dém — e
F \ Ty]]f \%v
/
-10 dBm— -
f b
=20 dBr;nf/ -
\.—-J e
-30 dBm e
m -y J\/
-40 dBm
-50 dBm
-60 dBm
-70 dBm
CF 2.4807 GHz 2000 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value Y-value | Function | Function Result
Ml\ 1 2.4807458 GHz 13.54 dBm ndB down 549.0 kHz
Tl‘ 1 2,4804323 GHz -6.51 dBm ndg 20.00 dB
T2‘ 1 2,4809813 GHz -6.37 dBm Q factor 4518.7
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3.4 Dwell Time of Each Frequency

3.4.1 Test procedure
1) The EUT output was connected to the spectrunyas@according to test setup layout (3.4.2).
2) Set RBW of spectrum analyzer to 1 MHz and VBWL tdHz.

3) Set the center frequency on any frequency wbaltheasured and set the frequency span to
zero span.

3.4.2 Test setup layout

EUT Direct Coupler |

») »
< «

A
A 4

A 4

8 Smart

-20dB

A 4

Spectrum analyzel

(1)

3.4.3 Test result

Temperature: +18C Relative humidity: 46 %

Pulse width | Number of | Dwell Time, - Test Resul

Channeis | Plee al [ Nemberof ToueiTime: Ty o [ TestResdt

0 2.13 6 12.78 0.4 Pass

79 2.13 8 17.04 0.4 Pass
Remark:

1. Dwell time = pulse width * Number of 6 sec.
2. 6 sec = 0.4 sec *1bmes (Dwell Time * Minimum number of hopping fregpcies)

3.4.4 Plot“Pulse width”

Spectrum n%:
Ref Level 25.00 dBm Offset 20.00 dB @ RBW 1 MHz
Att 30 dE @ SWT 10ms @ YBW 1 MHz
TRG:VID
@ 1Rm Clrw
[ D2[1] 0.25 dB)|
20 dBm bz 2.13107 ms
TRG 14.000 #em M1[1] 14.51 dBm
10 dBm 0.00000000 s
0 dBm
-10 dem
-20 dem
-30 dBm
-40 dBm
g M g b
-60 dBm
-70 dBm
CF 2.4017 GHz 2000 pts 1.0 ms/
Marker
Type | Ref | Trc \ X-value | Y-value | Function | Function Result |
M1 1 0.0s 14,51 dBm
02| M1 1 2,13107 ms 0.25 dB
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3.4.5 Plot“Number of 6 sec” (2401.7 MHz)

(=]

Ref Level 25.00 dBm
Att 30 dB
TRG:VID

Offset 20.00 dB @ RBW
@ SWT 6s @ VBW

300 kHz
1 MHz

@ LRm Clrw

D2[1]

20 dem
1

M1[1]

4
10 dBm

0 dBm

-64.32 dB

2.13 ms
12.51 dBm
0.00000 s

TRG -2.000

dBm;

-10 dBm

-20 dBm

-30 dBrm

-40 gBm

-60 dBm

-70 dBm

CF 2.4017 GHz

2000 pts

600.0 ms/

Marker
Type | Ref | Trc

X-value | Y-value

Function

Function Result

[ om1 1

0.0s 12,51 dBm

| pz[ mi| 1

2,13 ms -64.32 dB

Spectrum

mber of 6 sec” (2480.7 MHz)

(=)

Ref Level 25.00 dBm
Att 30 de
TRG:VID

Offset 20.00 dB @ RBW 300 kHz
@ SWT 6s @ VBW 1 MHz

@ 1Rm Clrw

20 dBm

M1[1]

1
10 dBm :

10.37 dBm|
0.00000 s

0 dBrn——

TRG -2.000

-10 dBm

cdBm

-20 dBm

-30 dBm

-40 dBm
i

vinr

-60 dBm

-70 dBm

CF 2.4807 GHz

2000 pts

600.0 ms/

Marker
Type | Ref | Trc |

X-value | Y-value |

Function

Function Result |

[ M1 1]

0.0s | 10.37 dem |

page 17 f@&mn
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3.5 Output power
3.5.1 Test procedure

1) The EUT output was connected to the spectrurtyagraaccording to test setup layout (3.5.2).
2) The center frequency of the spectrum analyzer sed to the fundamental frequency and set
RBW to 1 MHz and VBW to 1 MHz.

3.5.2 Test setup layout

Direct Coupler
EUT < < . 8 Smart
-20dB
Y
Spectrum analyzet
1)
3.5.3 Test result
Temperature: +18C Relative humidity: 46 %
Ant. 1
Test Result
Channel SEIENET MIEEELTE U Limit, W (Pass, Fall,
MHz power, W N/A)
0 2401.78 0.061 0.125 Pass
40 2441.78 0.062 0.125 Pass
80 2480.78 0.050 0.125 Pass
Ant. 2
Test Result
Channel Frelslllj_le,-zncy, Meapsolf/;i? (\)/Utpm Limit, W (Pass, Fall,
' N/A)
0 2401.78 0.050 0.125 Pass
40 2441.78 0.060 0.125 Pass
80 2481.78 0.043 0.125 Pass

Remark: For frequency hopping systems operatirthen2400-2483.5 MHz band employing at
least 75 non-overlapping hopping channels andedjuency hopping systems in the 5725-5850
MHz band: 1 watt. For all other frequency hoppirygtems in the 2401-2483.5 MHz band:
0,125 watts.
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3.6100 kHz Bandwidth of Frequency Band Edges measureme

3.6.1 Test procedure

The transmitter output was connected to the spacémalyzer via attenuator. Set both RBW and
VBW of spectrum analyzer to 100 kHz with suitableguency span including 100MHz
bandwidth from band edge. The band edges was nezhsund recorded. The spectrum plots

(Peak RBW=VBW=100 kHz) are attached on the follayyrages.

3.6.2 Test setup layout

EUT

A

_ Direct Coupler

3.6.3 Test result

Temperature: +18C

-20dB

A 4

Spectrum analyzel

(1)

8 Smart

Relative humidity: 46 %

Frequency, MHz Measured, dBm Limit, dBc (P;::,tFRa?IS,UI\IIt/A)
2392.67 - 50.28 - 20 Pass
2397.23 - 47.05 - 20 Pass
2399.83 - 43.67 - 20 Pass
2484.55 - 55.91 - 20 Pass
2484.99 - 56.22 - 20 Pass
2485.47 - 56.09 - 20 Pass

Remark: Below —20dB of the highest emission level of ogagaband (in 100 kHz Resolution Bandwidth)

3.6.4 PlotsFrequency Band Edges

( ] m [ y
Spectrum v Spectrum néfl
Ref Level 25.00 dém  Offset 20.00 db & RBW 100 kHz RefLevel 25.00 dm  Offset 20.00 dB @ RBW 100 kHz
Att 30db @ SWT  76.1ms @ YBW 100kHz Mode Sweep Att 30dE @ SWT  76.1ms @ VBW 100 kHz Mode Sweep
@1Rm Max @ 1Rm Max
20 dem o211 [ -46.25 do o0 D4[1] “54.07 dp)

-1.890011Hz] com 7.09500 MHz
0 M1[1] | 13.31 fpm 0l M1[1] 12.13 dBm
- 2,40175201 Hz pal 2.48076130 GHZ]
0 dBm 0d mll
-10 dem: w -1 ca.‘“
-20 dem: t daml {
-30 dém -30 dBm
L 40 db
-40 dem: 4 -40 dBm
PP
R I TR ‘"WMMMW}‘M -50 der
L
-60 dem -60 dr
20d8m Fi -70 dém
|1
Start 0.38 OHz 2000 pts Stop 2.4025 Gz Start 2.48 GHz 2000 pts Stop 2.495 GHz
Marker Marker n "
Type | Ref | Tre | X-value | Y-value | Function | Function Result Type | Ref | Tre X-value ¥-value Function Function Result
| 1 S A0TTSI O 13,31 dim | M1 1 24807613 GHz 12.13 dBum
Do ML 1 -1.89 Mz 46,25 b | D2l Wil L 3.0 Mz '47‘“;
D3 ML 1 4,534 MHz 5226 0B | D3| Mi 1 §.8575 Mhiz “52.15 db
pal Wi 1 S0 5795 b | D4l w1 1 7.095 MHz -54,07 dB
F1 = 2400 MHz F2 = 2483.5 MHz
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3.7 Radiated Emission
3.7.1 Test procedure

1) The EUT was placed on a turn table top 0.8 nvalbioe floor.

2) The EUT was set 3 meters from the interfereeceiving antenna which was mounted on the
top of a variable height antenna tower.

3) The table was rotated 360 degrees to deterrhepdsition of the highest radiation.

4) The antenna is a broadband antenna and itsthsiglaried between 1 meter and 4 meters
above the floor to find the maximum value of theekhstrength for both horizontal polarization
and vertical polarization of the antenna.

5) For each suspected emission, the EUT was amda@oges worst case.

6) The test-receiver was set to Peal or Quasi-pe#dct function with specified bandwidth with
maximum hold mode.

7) For testing below 1 GHz, if the emission leveEQT in peak mode was 3 dB lower than the
specified limit, the testing stopped and peak alfeEUT were noted, otherwise, the emissions
were repeating one by one using the quasi-peakadethd noted.

3.7.2Test setup layout

Below 1 GHz ~a | | Am
antenna d .
3m
turn table 1m
EUT
I |
0.8 m .| EMltest
Ground plane | receiver (3)
% » %)
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Above 1 GHz | 4m
antenna 4 .
3m
turn table 1m
EUT
AT |
Spectrum
0.8 m analyzer
Ground plane " 1)
% \/‘ 2
3.7.3 Limits
Limit
Frequency Field Strength Field Strength
(MH2z) (dBuV/m at 3-meter) (uV/m at 3-meter)
30-88 40 100
88-216 43.5 150
216-960 46 200
Above 960 54 500
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3.7.4 Test result
Temperature: +18C Relative humidity: 60 %

Below 1 GHz

FCC CFR 47 part 15.209 30-1000 MHz

10071
90T
80T
70T
E L
2 60T
@ 1 FCC Part 15 Class A 15.209
©
£ 507
Ko} T f
> IR 2
1 . y s
30T -
20T
L *
107
i ¢ | .
0 t t ——t—t t t t t t ——t—t {
30M 50 60 80 100M 200 300 400 500 800 1G
Freauency in Hz
Final Result 1
Frequency | QuasiPeak | Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment
(MHz) (dBuV/m) Time (kHz) (cm) (dB) (dB) (dBuV/m)
(ms)
41.400000 8.7 1.0 120.000 400.0 | H -14.9 31.3 40.0
55.080000 8.3 1.0 120.000 300.0 | H -15.4 31.7 40.0
81.880000 6.8 1.0 120.000 200.0 | V -19.0 33.2 40.0
119.440000 16.7 1.0 120.000 250.0 | V -17.2 26.8 43.5
143.880000 27.2 1.0 120.000 200.0 | V -19.2 16.3 43.5
200.000000 36.8 1.0 120.000 2000 | V -16.2 6.7 43.5
256.160000 33.8 1.0 120.000 200.0 | V -14.1 12.2 46.0
371.920000 37.5 1.0 120.000 150.0 | V -11.4 8.5 46.0
428.080000 40.0 1.0 120.000 100.0 | V -10.5 6.0 46.0
484.240000 39.0 1.0 120.000 100.0 | V -9.8 7.0 46.0
487.800000 35.4 1.0 120.000 100.0 | H -9.7 10.6 46.0
494.000000 37.4 1.0 120.000 1500 | V -9.5 8.6 46.0
543.840000 41.3 1.0 120.000 150.0 | V -8.3 4.7 46.0
546.000000 37.3 1.0 120.000 100.0 | V -8.2 8.7 46.0
600.040000 41.9 1.0 120.000 100.0 | V -6.9 4.1 46.0
800.080000 33.2 1.0 120.000 150.0 | V -4.5 12.8 46.0
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Final Result 2

Frequency Average Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment

(MHz) (dBuV/m) | Time (kHz) (cm) (dB) (dB) (dBuV/m)
(ms)
41.400000 1.9 1.0 120.000 400.0 | H -14.9 38.1 40.0
55.080000 1.8 1.0 120.000 300.0 | H -15.4 38.2 40.0
81.880000 -1.0 1.0 120.000 200.0 | V -19.0 41.0 40.0
119.440000 2.9 1.0 120.000 250.0 | V -17.2 40.6 43.5
143.880000 26.1 1.0 120.000 200.0 | V -19.2 17.4 43.5
200.000000 354 1.0 120.000 200.0 | V -16.2 8.1 43.5
256.160000 25.9 1.0 120.000 200.0 | V -14.1 20.1 46.0
371.920000 33.3 1.0 120.000 150.0 | V -11.4 12.7 46.0
428.080000 35.5 1.0 120.000 100.0 | V -10.5 10.5 46.0
484.240000 34.1 1.0 120.000 100.0 | V -9.8 11.9 46.0
487.800000 29.4 1.0 120.000 100.0 | H -9.7 16.6 46.0
494.000000 36.2 1.0 120.000 150.0 | V -9.5 9.8 46.0
543.840000 36.3 1.0 120.000 150.0 | V -8.3 9.7 46.0
546.000000 36.3 1.0 120.000 100.0 | V -8.2 9.7 46.0
600.040000 36.3 1.0 120.000 100.0 | V -6.9 9.7 46.0
800.080000 27.4 1.0 120.000 150.0 | V -4.5 18.6 46.0
Above 1 GHz

FCC CFR 47 part 15.209 1-18 GHz

12071
11071
1007
90T
80T
£ 1 ECC Part 15.209 Pk 1-25 GHz
2 70
o T 4 e #
£ 80 LN SEGEPA 15.200 AV
T @,
& 50T Y *
- 71 .
407,
307
207
107
0 t t t t t t ——t—t {
1G 2G 3G 4G 5G 6 8 10G 18G
Freauency in Hz
Final Result 1
Frequency MaxPeak | Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment
(MHz) (dBuV/m) | Time (kHz) (cm) (dB) (dB) (dBuV/m)
(ms)
1200.000000 46.5 | 500.0 1000.000 1000 | H 7.2 275 74.0
1775.000000 43.2 | 500.0 1000.000 1000 | H 10.1 30.8 74.0
2375.000000 58.2 | 500.0 1000.000 1000 | H 13.0 15.8 74.0
2526.500000 54.5 500.0 1000.000 100.0 | V 13.5 19.5 74.0
3512.500000 50.6 500.0 1000.000 100.0 | V 15.8 23.4 74.0
5397.500000 52.5 500.0 1000.000 100.0 | V 19.8 21.5 74.0
7424.500000 64.2 | 500.0 1000.000 1000 | H 23.1 9.8 74.0
10081.500000 59.0 | 500.0 1000.000 1000 | H 27.1 15.0 74.0
12309.500000 61.1 | 500.0 1000.000 1000 | H 30.1 12.9 74.0
16201.500000 65.4 500.0 1000.000 100.0 | H 34.2 8.6 74.0
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Final Result 2

Frequency Average Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment

(MHz) (dBuV/m) | Time (kHz) (cm) (dB) (dB) (dBuV/m)
(ms)

1200.000000 38.6 500.0 1000.000 100.0 | H 7.2 15.4 54.0
1775.000000 30.9 500.0 1000.000 100.0 | H 10.1 23.1 54.0
2375.000000 35.1 | 500.0 1000.000 100.0 | H 13.0 18.9 54.0
2526.500000 34.8 | 500.0 1000.000 100.0 | V 135 19.2 54.0
3512.500000 37.3 | 500.0 1000.000 100.0 | V 15.8 16.7 54.0
5397.500000 39.5 500.0 1000.000 100.0 | V 19.8 14.5 54.0
7424.500000 42.1 500.0 1000.000 100.0 | H 23.1 11.9 54.0
10081.500000 46.1 500.0 1000.000 100.0 | H 27.1 7.9 54.0
12309.500000 48.0 | 500.0 1000.000 100.0 | H 30.1 6.0 54.0
16201.500000 52.7 | 500.0 1000.000 100.0 | H 34.2 1.3 54.0

FCC CFR 47 part 15.209 18-25 GHz

1207
1107
1007
90T
80T
£ L FECC Part 15.209 Pk 1-25 GHz
> 70t
oe] L
©
£ 601 FCC Part 15.209 AV
> 4 * * (3
T 50T o o PO Y ) :
407
307
207
10T
0 t t t t t t t t t t t t t {
18 19 20 21 22 23 24 25
Freauency in GHz
Final Result 1
Frequency MaxPeak | Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment
(MHz) (dBuVv/m) | Time (kHz) (cm) (dB) (dB) | (dBuV/m)
(ms)
18260.000000 47.1 500.0 1000.000 100.0 | H 19.8 26.9 74.0
18783.000000 47.0 500.0 1000.000 100.0 | V 20.3 27.0 74.0
19454.000000 47.3 500.0 1000.000 100.0 | H 20.8 26.7 74.0
19933.000000 47.2 500.0 1000.000 100.0 | V 21.2 26.8 74.0
20754.000000 47.2 500.0 1000.000 100.0 | H 21.6 26.8 74.0
21886.000000 47.9 500.0 1000.000 100.0 | H 22.5 26.1 74.0
22519.000000 48.7 500.0 1000.000 100.0 | H 23.6 25.3 74.0
23203.000000 50.4 500.0 1000.000 100.0 | H 24.7 23.6 74.0
24005.000000 51.3 500.0 1000.000 100.0 | V 25.1 22.7 74.0
24830.000000 51.6 500.0 1000.000 100.0 | V 25.4 22.4 74.0
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Final Result 2

Frequency Average Meas. | Bandwidth | Height | Polarization | Corr. | Margin Limit Comment
(MHz) (dBuV/m) | Time (kHz) (cm) (dB) (dB) (dBuV/m)
(ms)

18260.000000 34.2 500.0 1000.000 100.0 | H 19.8 19.8 54.0
18783.000000 34.1 500.0 1000.000 100.0 | V 20.3 19.9 54.0
19454.000000 34.4 | 500.0 1000.000 100.0 | H 20.8 19.6 54.0
19933.000000 34.3 | 500.0 1000.000 100.0 | V 21.2 19.7 54.0
20754.000000 34.4 | 500.0 1000.000 100.0 | H 21.6 19.6 54.0
21886.000000 35.3 500.0 1000.000 100.0 | H 22.5 18.7 54.0
22519.000000 36.2 500.0 1000.000 100.0 | H 23.6 17.8 54.0
23203.000000 37.6 500.0 1000.000 100.0 | H 24.7 16.5 54.0
24005.000000 38.5 | 500.0 1000.000 100.0 | V 25.1 155 54.0
24830.000000 38.5 | 500.0 1000.000 100.0 | V 25.4 155 54.0
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3.8 Antenna Requirement

3.8.1 Test procedure

An intentional radiator shall be designed to engtig no antenna other than that furnished by the
responsible party shall be used with the devicee Tibe of a permanently attached antenna or of an
antenna that uses a unique coupling to the inteatticadiator shall be considered sufficient to ctymp
with the provisions of this section.

3.8.2 Test result
The antennas of the 2.4 Dual FHSS BAT 60 Transnmemanently attached and there are no
provisions for connection to external antennasoihplies with the requirement of §15.203.
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3.9RF exposure

3.9.1 General
This test was performed to determine the minimufa destance between the transmitter antenna
and human to avoid public exposure in excess oitdifor general population (uncontrolled

exposure). Specification test limits are given able 3.10.1.
Table 3.10.1 — Limits For Maximum Permissible Exposre (MPE)

Frequency Electric field Magnetic field Power Averaging
range strength strength density time
(MHz) (V/m) (A/m) (mW/cm?) (minutes)

(A) Limits for Occupational/Controlled Exposure
0.3-3.0 614 1.63 *100 6
3.0-30 1842/t 4.89/f *900/f2 6
30-300 61.4 0.163 1.0 6
300-1,500 - - f/300 6
1,500-100,000 - - 5 6
(B) Limits for General Population/Uncontrolled Exposure
0.3-1.34 614 1.63 *100 30
1.34-30 824/f 2.19/f *1807f 30
30-300 27.5 0.073 0.2 30
300-1,500 - - /1500 30
1,500-100,000 - - 1.0 30

f = frequency in MHz * = Plane-wave equivalent powensity

3.10.2 Test procedure47 CRF, §1.1307(b)(1).

3.10.3 Power density calculation for mobile transntier

The power density at the specified distance wasutated from the following equation:

where

S = power density (mW/cth
P = average power input to the antenna over avegdighe (mw)
G = power gain of the antenna in the directiomodriest relative to an isotropic radiator (numeric)
R = distance to the center of radiation of the ramae(cm)

PG
4mR?’

Power density calculation for duty cycle 20 %:

0.2X62X1.58
= —2222% — 0.0039 [mW /cm?]
4X1TX20?
Frequency Maximum | Antenna EIRP Power Limit Margin
output gain, density, ") '» | Verdict
range, MHz power, dBm 4B dBm | mwW mW/m? mW/cm® | mW/cm
2.400 - 2.4835 18 2 20 10( 0.0039 1.0 0.9961 Pdss

The equipment is intended for use at a distaneeasé than 20 cm from humans.





