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1. Measurement diagrams
1.1. Fundamental field strength (15.231(¢))
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Diagram 3.01: EUT is at standing position and transmits continuous wave.
PK-Value: 74.17 - 9.71 dB (Averaged timing over 100 ms) = 64.46 dBuV/m @ 3m

Limit in range 260-470MHz:
Field strength = 20*log10((16.67 X flmH2)-2833.33) = 20*1og10(4400.12 pV/m) = 72.87 dBuV/m

Margin to limit = 8.41 dB -> Pass
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Diagram 3.02, EUT is at lying position and transmits continuous wave.
PK-Value: 73.93 - 9.71 dB (Averaged timing over 100 ms) = 64.22 dBuV/m @ 3m

Limit: 72.87 dBuV/m

Margin to limit = 8.65 dB -> Pass
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1.2. Radiated magnetic field strength measurements (f < 30 MHz)

Common Information
Test Description:
Test Site Location:
Version of Testsoftware:
Used Filter:
Test Standard:

Operator:
Operating Mode:
Power during tests:
Comment 1:

Environmental Conditions::

EUT Setup:
Verdict:
Comment:

60
50
40
30
20

10

2.01 RSE_TX standing

Magnetic Field Strength Measurement related to 30/300 m distance
Ref.-Nr. 441 Semi Anechoic Chamber (SAC1) with 3 m measurement
EMC32 V10.50.0

bypass

FCC 15.205 § 15.209; RSS-Gen: Issue 5

GHu

434 MHz TX CW

3V battery

S10

Humidity : 38% rH; Temperature: 20 °C
standing

Passed

FCC15.209_Magnetic_Field

16,030000 MHZz
18,390 dBuV/m v v

682,000 kHz

§ 1,215 dBpv/im
é \ 22,486000 MHz
2 0 20,097 dBpV/m
I
>
3 10
17,400 kHz
sl 282164BWVIm
v

-30

-40

-50

9k 20 30 200 300 500 ™ M 3am 5M 10M 20 30M
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Common Information
Test Description:
Test Site Location:
Version of Testsoftware:
Used Filter:
Test Standard:

Operator:
Operating Mode:
Power during tests:
Comment 1:

Environmental Conditions::

EUT Setup:
Verdict:
Comment:

60
50
40
30
20

10

2.02_RSE_TX lying

Magnetic Field Strength Measurement related to 30/300 m distance
Ref.-Nr. 441 Semi Anechoic Chamber (SAC1) with 3 m measurement
EMC32 V10.50.0

bypass

FCC 15.205 § 15.209; RSS-Gen: Issue 5

GHu

434 MHz TX CW

3V battery

S10

Humidity : 40% rH; Temperature: 21 °C
lying

Passed

FCC15.209_Magnetic_Field

22,482000 MHz
20,428 dBuVv/m v

562,000 kHz

£
3 1,373 dBuV/im
a Vv
T 0
£
°
>
3 10
17,400 kHz
22,801 dBLV/m
20 v
238,000 kHz
-32,821 dBpV/m
-307 v
-40
-50
ok 20 30 200 300 500 iy 2M  3M 5M 10M 20 30M
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1.3. Radiated emissions in the frequency range 30 to 1000 MHz

3.11 RSE _TX standing
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10

433,920000 MHz
73,332 dBpV/m

Y

FCC15.231(e)

FCC15.209

45 _I—/
401

30,000000 MHz
24,536 dBpv/im

v

794,160000 MHz 867,862000 MHz
32,941 dBpV/m v 41,590 dBuV/rﬁ* AV

hd

963,660000 MHz
33,669 dBuv/m

100 200

300

400

500

Frequency

600

700 800 900 1000

Remark: wanted TX emission at 434 MHz visible on diagram, not relevant for test decision
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Level in dBpuV/m

30
25V
20
15

10

40—

30,930000 MHz
24,607 dBpv/m

3.12 RSE_TX lying

433,920000 MHz
74,460 dBuV/m

v

FCC15.231(e)

FCC15.209

867,870000 MHz
37,473 dBpV/m \v4

\%

v

933,420000 MHz

847,380000 MHz 36,346 dBpVim

33,563 dBpV/m

100 200

300

400

500

Frequency

600

700 800 900 1000

Remark: wanted TX emission at 434 MHz visible on diagram, not relevant for test decision
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1.4. Radiated emissions in the frequency range above 1000 MHz

4.01 RSE_TX

FCC15 231(e) PK

65

60

55

50

45

Evaluation Result in dBpV/m

40

35

30

25

1,735600000 GHz
56,840 dBLV/m

v

1,735600000 GHz
47,130 dBpV/m

2,169600000 GHz
60,205 dBpV/m

Y

\Y

2,169600000 GHz
50,495 dBLV/m

3,037600000 GHz
61,392 dBuv/m

%

3,037600000 GHz

51,682 dBuv/m

v

3,471600000 GHz
44,156 dBRV/m

4,339200000 GHz
57,544 dBuv/m

\Y%

4,339200000 GHz
47,834 dBuvV/m

4,773200000 GHz
45,395 dBpuv/m

20
16

2G

Frequency in Hz

3G

4G 56

Remark: Test mode (CW signal) is applied for this test. Thus the emission level measured by peak detector
(blue trace) is corrected according the worst case of duty cycle by -9.71 dB. in order to get the emission level
related to AVERAGE detector (green trace). See section 1.7. Duty-Cycle correction for determination of worst-
case timing and corresponding correction factor calculation.
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1.5. 20dB bandwidth
1.5.1. Operating mode 2, (Trigger command No.28)

*RBW 3 kHz Marker 1 [T I
VBW 10 kHz 52,27 dBpt
Ref 110 dBuv ALt 30 dB SWT 35 ms 433.924326923 MHz

110 Markdr 2 [T1]]
9 dBp\

L oo 44z.874324923 vz [IEN

& 14 dBpv

;m/\f\ﬂ Jl e
A CR VY

10

Center 433.92 MHzZ 30 kHz/ Span 300 kHz

neu

Date: 16.MAR.2020 14:25:14
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1.5.2. Operating mode 3, (Trigger command No.29)

*RBW 2 kHz larker 1 [T ]
VBW 5 kHz 4,54 dBuV
Ref 110 dBpv Attt 30 dB SWT 75 ms 433.906057692 MHz
10 Mar [T1
6z]49 aBpv
Lo 4 el A |
1ark [T1
1 PFK - By
VIEW| [
- ﬁ i A A
L A f \'VM (V\\jﬂ
1 dBp H d{l l’
¥
. I i {
{h 1”\ DB
Ww gl gy
T T i)
2
10
Center 433.92 MHz 30 Hz/ Span 300 kiz
neu

Date; 16.MAR.2020 14:31:52

1.5.3. Operating mode 4, (Trigger command No.30)

“RBW 2 kHz larker 1 [TL ]
VBW 5 kHz 3,99 dBuV
Ref 110 de']J\t' Att 30 dB SWT 75 ms 433,900288462 MHz
10 Mark [Tl
Fio0 443.88394 o MEz |IEY
Markdr 3 [T1]]
oo
I :
) LN
‘ T
Dl 63.9% dBuv 1 it
R 1

: As
Wb A MMMA.MWMWV w
IM'EERL MY

Center 433.92 MHz 30 kHz/ Span 300 kHz

neu

Date; 16.MAR.2020 14:36:52
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1.5.4. Operating mode 5, (Trigger command No.31)

*RBW 3 kHz

VBW 10 kHz

ABuV

Ref 110 dBpv Attt 30 dB SWT 35 ms 433.895480762 MHz
10 larkdr 2 [T1
5499 amuv
Fi00 493.88201923 el | » |
Markdr 3 [T1]]
1 PF 40 d
vIEW N N .
" JAU rf\
lf“ \ AW/ \A\
Dl 66.11 dBuv } L\
e /Wf"
A 3DB
g W, ﬂuﬁcﬁ'
20
10
Center 433.92 MHz 30 kHz/ Span 300 kHz
neu

Date: 16.MAR.2020

14:46:43
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1.5.5. Operating mode 6, (Trigger command No.32)

*RBW 3 kHz larker 1 [T1 ]

VBW 10 kHz 36.21 dBPV

Ref 110 dEpV Att 30 dB SWT 35 ms 433,890192308 MHz
110 Markdr 2 [T1]]

54la7 dabpv

Lo ad3.67336dz6 - |EM
Marke (Tl
e 11 dEy

< |
<
|
>
[ 1
>
[

Dl 86.2] dBuv

Center 433.92 MHz 30 kHz/ Span 300 kHz

neu

Date:; 16.MAR.2020 14:53:01

1.5.6. Operating mode 7, (Trigger command No.33)

*RBW 2 kHz jarker 1 [T1 ]
VBW 5 kHz 54.43 dBRV
Ref 110 dBpv Att 30 dE SWT 75 ms 433.8853684615 MHz
110 Markdr 2 [T1]]
51 dBuV
Lo ada.67250]e46 e |EN
Markdr 3 [T1]]
Eb &L ! 1B}

vV IEW|

S A LA A

T e et

Center 433.92 MHz 30 kHz/ Span 300 kHz

neu

Date; 16.MAR.2020 15:04:03
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1.5.7. Operating mode 8, (Trigger command No.34)

*RBW Z kHz larker 1 [T |

VBW S kHz 54,49 dBpv
Ref 110 dEuV Att 30 dB SWT 75 ms 433.875769231 MHz

110 arh ;
4 dBpv
100 4 s

farke T

1 PE BV
vIEW

n[mnnﬂ ﬂﬂnw\‘ﬂ

SR A AR WAV AN AW TV Y

Al VAR IV ]

W VG iy

Center 433.92 MHz 30 kHz/ Span 300 kHz

neu

Date:; 16.MAR.2020 15:10:35
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1.6. 99% Occupied bandwidth
1.6.1. Operating mode 2, (Trigger command No.28)

*RBW 5 kHz
VBW 20 kHz
Ref 100 dBuv ALt 5 dB SWT 20 ms

100

\J"W\f

0

Center 433.92 MHz 50 kHz/

neu

te: Z6.FEB.2020 16:50:03

CETECOM_TR19_1 0198101T01a Al
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1.6.2. Operating mode 3, (Trigger command No.29)

“RBW 2 kHz farker 1 [Tl ]
VBW 5 kHz 8.28 dBuV
Ref 100 dBpV Attt 5 dB SWT 50 ms 433,.307179487 MHz
100 CBW 42.820513821 kHz
remp |1 [T1 ofw]
L ; deuv|IEM
433.895864 MHz
1 _FE T"-\"l' Tl OFfW]
2 W 1 L
IEW| - = 1 —H'.
A 14943.958461538 MHz
B Wf\ f\jf"\
L. f\ } mw) U
L. Aj /
/\m’\[\[\j \[\(‘\ 3DB
L, N A
WWU - e
=3
20
0
Center 433.92 MHz 20 kHz/ Span 200 kHz
neu

Date:; Z6.FEB.2020 16:56:35

1.6.3. Operating mode 4, (Trigger command No.30)

“RBW 2 kHz farker 1 [T1 ]
VBW 5 kHz §.27 dBuV
Ref 100 dBuV Att 5 dB SWT 50 ms 433,902051282 MHz
100 CBW 17.884619385 kHz
remp |1 oW
L 1euv | IEN
4 MHz
1 PF Temp
v 1w [ 1 .
f\;\ - .
. A il iy /\"W\
- / \ / /\ j / o
B f\j U N v \f\
= J
,J\N \“\ A oE
:jﬂ\,x‘—'\*"‘m-"\"uwmv Y L‘\r'\‘]‘
3
20
0
Center 433.52 MHz 20 kHz/ Span 200 kHz
neu

Date; Z6.FEB.2020 16:59:46
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1.6.4. Operating mode 5, (Trigger command No.31)

* RBW 2 kHz larker 1 [T
VBW S kHz §.23 dBpV
Ref 100 dEuV Att 5 dE SWT 50 ms 433.897564103 MHz
100 CBW §3.012820513 kHz
remp |1 [T1 CHW] |
| 14 deuv|IEN
4 MHz
1 PE Temp |z T1 CHW]
v IEW| s 1 4 ST

) AV IV

s o A ’
WMVV iy
F"V"'\v'\r‘

Center 433.92 MHz 20 kHz/ Span 200 kHz

neu

Date; Z6.FEB.2020 17:02:50

CETECOM_TR19_1 0198101T01a Al
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1.6.5. Operating mode 6, (Trigger command No.32)
*RBW 3 kHz larker 1 [T

Ref 100 dBpV Attt 5 dB SWT 35 ms 433.892115385 MHz
00 CEW J9.03846]538 kHz
Pemp ofu]
- apuv | IEN
3 MHz
T 1 Temp T1 ofwW]
= |, y P EET
\’\ FEEUETIEN P
L j A A N [\
ll_/ U\ /\ / J \ :
L. A A A
j v
e e
\/\ 3DB
- ] A
T ]
-2
20
0
Center 433.92 MHz 30 kHz/ Span 300 kiHz
neu

Date; Z6.FEB.2020 17:10:48

1.6.6. Operating mode 7, (Trigger command No.33)
*RBW 3 kHz farker 1 [T

Ref 100 dBpV Attt 5 dB SWT 35 ms
100
1 PFK
1
IEW) s =
i A /
f\/ ” \‘/\{\ NJ U M
| 1 A
h ﬂ‘j il M
. ;
L Py A
MT ol - /\M\w\r
i NW
20
0
Center 433.92 MHz 30 kHz/ Span 300 kHz
neu

Date; Z6.FEB.2020 17:12:50

CETECOM_TR19_1 0198101T01a Al
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1.6.7. Operating mode 8, (Trigger command No.34)
*RBW 3 kHz farker 1 [T

Ref 100 dEpV Att 5 dB SWT 35 ms 433.877692308 MH
100 CBW1JS.261534462 ]
T'emp b: 10N |
| 1euv | IEM
4 MHz
1 PE Temp T 1
|V IEW)|

il T
™% L

0

Center 433.92 MHz 30 kHz/ Span 300 kHz

neu

Date; Z6.FEB.2020 17:14:58

CETECOM_TR19_1 0198101T01a Al
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1.7. Duty-Cycle correction
A duty-cycle Peak to AV applies since the transmitter is not 100% on during a 100 ms time unit. Pls. see below

diagrams showing the behavior of the pulses and calculations performed

Worst-Case Duty-Cycle correction = -9.71 dB (section 1.8. Transmission characteristics).

CETECOM_TR19_1 0198101T01a Al
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1.8. Transmission characteristics
1.8.1. Duty cycle of transmission (§15.231(b)(2))
1.8.1.1. Set. 1/ Op. 9 (Trigger command No.2)

RBW 3 MHz
VEW 10 MHz
Ref 20 dBm Att 5 dB SWT 20 =

neu

Date: 10.MAR.Z020 16:09:12

Diagram 40.01a — Sweep time of 20 s

= One period of transmission takes 385 ms (including TX-off time + 4 TX-on pulses)

® RBW 3 MHz
VEW 10 MHz

Ref 20 dBm Att 5 dB SWT 400 ms
20
B 5GIL
[ g8
VIEW]| T
&= |,
. -
--60
--&
L
F-11
1z0
Center 34 MHz ms
Date: 10.MAR.Z020 16:04:11

Diagram 40.01b — Sweep time of 400 ms

CETECOM_TR19_1 0198101T01a Al
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=> Each pulse takes 22.7 ms in average

AVERAGE to PEAK correction calculations:

Cycle Time within 400 ms: TXon-Pulse + TXore = 123.1 ms

Only one Pulse can be observed during a period of 100 ms:

Therefore: Duty-Cycle [dB] related to 100 ms = 20*l0g10(22.7 ms / 100 ms) = -12.88 dB

For Peak to AV correction of measured field strength: -12.88 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

1. TX-ontime: 385 ms < 1 second (§15.231(e)) -> pass
2. Silent period: 15.994 s - 0.385 s = 15.609 s > 11.55 5 (30 * 385 ms TX-on time) > 10 s -> pass
3. Device shall show a means for automatically limiting operation:
Automatically limiting operation after each train pulse of 385 ms TX-on time -> pass
VERDICT:

Device under Op. mode 9 (trigger command no.2) complies with the regulation.

1.8.1.2. Set. 1/ Op. 10 (Trigger command No.7)

3 MHz
10 MHz

18 =

Att 15 dB

Diagram 40.02a — Sweep time of 18 s

CETECOM_TR19_1 0198101T01a Al
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= One period of the transmission takes 404 ms (including TX-off time + 4 TX-on pulses)

® REW 3 MHz
VEW 10 MHz

Ref 10 dBm AL 15 dB SWT 400 ms

:

Center 434 MHz 40 ms/

Date: 11.MAR.2020 11:27:44

Diagram 40.01b — Sweep time of 400 ms

= Each pulse takes 31.1 ms in average

AVERAGE to PEAK correction calculations:

Cycle Time within 400 ms: TXon-Pulse + TXorr = 130.8 ms

Only one Pulse can be observed during a period of 100 ms:

Therefore: Duty-Cycle [dB] related to 100 ms = 20*log10(31.1 ms / 100 ms) = -10.14 dB

For Peak to AV correction of measured field strength: -10.14 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

=

TX-on time: 404 ms < 1 second (815.231(e)) -> pass

Silent period: 16.356 s - 0.404 s = 15.952 s > 12.12 5 (30 * 404 ms TX-on time) > 10 s -> pass
3. Device shall show a means for automatically limiting operation:

Automatically limiting operation after each train pulse of 404 ms TX-on time -> pass

n

VERDICT:

Device under Op. mode 10 (trigger command no.7) complies with the regulation.

CETECOM_TR19_1 0198101T01a Al
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1.8.1.3. Set. 1/ Op. 11 (Trigger command No.8)

® REW 3 MHz
VEW 10 MHz

Ref 10 dBm AL 15 dB SWT 20 =

L. 2]

Center 434 MHz 2z s/

Date: 21.APR.2020 17:11:54

Diagram 40.03a — Sweep time of 20 s

= One non-periodic transmission takes 578 ms (including TX-off time + 4 TX-on pulses)

® REW 3 MHz
VEW 10 MHz

Ref 10 dBm Att 15 dB SWT 600 ms
-10
- . - SGI
T -
= | TF
"—“ — —
4
oar
-5
|--&
-1
-110
Center 434 MHz 60 ms/
Date: 21.APR.2020 17:09:54

Diagram 40.03b — Sweep time of 600 ms

= The longest single pulse takes 32.7 ms

CETECOM_TR19_1 0198101T01a Al
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AVERAGE to PEAK correction calculations:

Cycle Time within 600 ms: TXon-Pulse + TXoer = 133.7 ms

Only one Pulse can be observed during a period of 100 ms:

Therefore: Duty-Cycle [dB] related to 100 ms = 20*log10(32.7 ms / 100 ms) = -9.71 dB

For Peak to AV correction of measured field strength: -9.71 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

=

TX-on time: 578 ms < 1 second (§15.231(e)) -> pass

Silent period: = oo (Non-periodic, non-repetitive) -> pass

3. Device shall show a means for automatically limiting operation:

Automatically limiting operation after each train pulse of 578 ms TX-on time -> pass

N

VERDICT:

Device under Op. mode 11 (trigger command no.8) complies with the regulation.

CETECOM_TR19_1 0198101T01a Al
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1.8.1.4. Set. 1/ Op. 12 (Trigger command No.12)

RBW 3 MHz
VBW 10 MHz
AL 15 dB SWT 20 =

Center 434 MHz 2z s/

Date: 21.APR.2020 17:22:04

Diagram 40.04a — Sweep time of 20 s

= One non-periodic transmission takes 898 ms, containing 8 pulses (including TX-off time and TX-on time)

® REW 3 MHz
VEW 10 MHz

Ref -10 dBm Att 15 dB SWT 1.5 =

-10

= . - SGI
[ g
vIEW I TF

2 r
—y ar ~ I
4

4

15

|5

-1

-110

Center 434 MHz 150 ms/
Date: 21.APR.2020 17:23:43

Diagram 40.04b — Sweep time of 1.5 s

= The longest single pulse takes 28.8 ms

CETECOM_TR19_1 0198101T01a Al
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AVERAGE to PEAK correction calculations:

Cycle Time within 1.5 s: TXon-Pulse + TXorr = 130.6 ms

Only one Pulse can be observed during a period of 100 ms:

Therefore: Duty-Cycle [dB] related to 100 ms = 20*log10(28.8 ms / 100 ms) = -10.81 dB

For Peak to AV correction of measured field strength: -10.81 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

=

TX-on time: 898 ms < 1 second (§15.231(e)) -> pass

Silent period: = o (Non-periodic, non-repetitive) -> pass

3. Device shall show a means for automatically limiting operation:

Automatically limiting operation after each train pulse of 898 ms TX-on time -> pass

N

VERDICT:

Device under Op. mode 12 (trigger command no.12) complies with the regulation.

CETECOM_TR19_1 0198101T01a Al
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1.8.1.5. Set. 2/ Op. 13 (Trigger command No.17)

® REW 3 MHz
VEW 10 MHz

Ref 0 dBm AL 25 dB SWT 530 s

B

a
]
3

100

Center 434 MHz

Date: 28.JUL.202C 11:37:40

Diagram 40.05a — Sweep time of 530 s

=>» One periodic transmission takes less than 1 s, containing 1 pulse

® REW 3 MHz
VEW 10 MHz

Ref 0 dBm AL 25 dB SWT 40 ms

B

a
]
3

100

Center 434 MHz 4 ms/

Date: 28.JUL.2020 11:27:25

Diagram 40.05b — Sweep time of 40 ms

= One pulse takes 23.04 ms
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AVERAGE to PEAK correction calculations:
Only one Pulse can be observed during a period of 100 ms:
Therefore: Duty-Cycle [dB] related to 100 ms = 20*log10(23.04 ms / 100 ms) = -12.75 dB

For Peak to AV correction of measured field strength: -12.75 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

=

TX-on time: 23.04 ms < 1 second (815.231(e)) -> pass

Silent period: 255.15 s - 0.023 s = 255.127 s > 10 s > 0.69 s (30 * 23.04 ms TX-on time) -> pass
3. Device shall show a means for automatically limiting operation:

Automatically limiting operation after each train pulse of 23.04 ms TX-on time -> pass

>

VERDICT:

Device under Op. mode 13 (trigger command no.17) complies with the regulation.
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1.8.1.6. Set. 2/ Op. 14 (Trigger command No.20)

® REW 3 MHz
VEW 10 MHz

Ref 0 dBm AL 25 dB SWT 270 s

B

a
]
3

100

Center 434 MHz 27 s/

Date: 28.JUL.202C 11:45:48

Diagram 40.06a — Sweep time of 270 s

=>» One periodic transmission takes less than 1 s, containing 1 pulse

® REW 3 MHz
VEW 10 MHz

Ref 0 dBm AL 25 dB SWT 50 ms

Diagram 40.06b — Sweep time of 50 ms

= One pulse takes 30.9 ms
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AVERAGE to PEAK correction calculations:
Only one Pulse can be observed during a period of 100 ms:
Therefore: Worst case of Duty-Cycle [dB] related to 100 ms = 20*log10(31 ms/ 100 ms) = -10.17 dB

For Peak to AV correction of measured field strength: -10.17 dB apply for averaging the peak emission values.

LIMITS FOR TIMING:

=

TX-on time: 30.9 ms < 1 second (§15.231(e)) -> pass

Silent period: 254.85 s - 0.031 5 =254.819 s> 10 s > 0.93 5 (30 * 30.9 ms TX-on time) -> pass
3. Device shall show a means for automatically limiting operation:

Automatically limiting operation after each train pulse of 30.9 ms TX-on time -> pass

>

VERDICT:

Device under Op. mode 14 (trigger command no.20) complies with the regulation.

1.8.1.7. Conclusion about duty cycle

= Worst case of the duty cycle: Operating mode 11 (Trigger command No.8) with the DC-correction factor of
-9.71 dB, which is 9.71 dB in the absolute value.

END OF ANNEX 1

CETECOM_TR19_1 0198101T01a Al



