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Report Number: 376484TRFWL

Specification: FCC 90

Test data

® RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -48.42 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 3.848000000 GHz
e Madker 1 [T1])
-39.26 dBm
2.405000000 GHz
D ap Maxker 2 [77 11
-53.13 dBm
m 3.36700(3000 GHz
[--30 MIRET T 1T
-53%.74 dBm
% 1.443003000 GHz
--40
4
L - ; T .AW&
W‘W R
=0
--80
F-90
-100
1 GHz 6 GHz

Date: 27.JUN.2019 19:03:13

Channel MID — 4FSK (Frequency range 1000 MHz to 6000 MHz with antenna in vertical polarization
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AC
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Test data
® RBW 1 MHz Marker 3 [T1 ]
MT 1 ms -48.48 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 1.443000000 GHz
dBm 1o Magker 1 [T1/]
-29.81 dBm
2.405000000 GHz
8 e 20 1D Maodkar 2 Il’r“\ J
!IEE -44.49 dBm
s 1.924004000 GHz
-30 -
TDF
F-40 >
N y
3 Jd\
v
B Mw a
| . TYWAT | ‘WM

F-60
W _—
AC

F-70

F-80

F-90

F-100

1 GHz 6 GHz

Date: 27.JUN.2019 19:00:53

Channel MID — 4FSK (Frequency range 1000 MHz to 6000 MHz with antenna in horizontal
polarization
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Test data

® RBW 100 kHz  Marker 1 [T1 |
MT 1 ms —-24.34 dBm

Step TD AUTO PULSE  Att 0 dB AUTO PREAMP ON 512.000000000 MHz
aEBm o 100 MHz boeleete 2wl 1] GHz
-49.6} dpm
Lo sh .92b00400¢ MHz
1 PK
praxce I
-10
TDF
55 - e
y
F-30
-40
2

I

o e M

Q/E—
_
L

=

-850

F-90

F-100

30 MHz 1 GHz

Date: 27.JUN.2019 17:10:44

Channel HIGH — 4FSK
Frequency range 30 MHz to 1000 MHz with antenna in horizontal polarization
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Test data
® RBW 100 kHz  Marker 1 [T1 ]
MT 1 ms ~13/. 090 @B
Step TD AUTO PULSE Att 0 dB AUTO PREAMP ON 512.000000000 MHz
aBm | og 100 MHz doeleat=—0 2l 1] GHz
-39.0% dBm
Lo 8l . 92500000 iz
renc [
-10 -
y TDF
-30
2
y
- Cuﬂ Mq\ /*\ 6DB
i/ Ll i
L _co I"'”IUI ¥ llvli\k[‘llb\lﬂ‘r \V\J/\Aj\}\ l ML 11 || 7\"&
e I ] LY
-80
-90
-100
30 MHz 1 GHz

Date: 27.JUN.2019 17:09:50

Channel HIGH — 4FSK
Frequency range 30 MHz to 1000 MHz with antenna in vertical polarization
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Test data

® RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -54.34 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 2.048000000 GHz
dBm " M
--10 Manker 1 [T1]1
-34.74 dBm
2.560009000 GHz
ikl SR Mo L - [’T‘W ]
-5%.52 dBm
1.536004000 GHz
--30
T MaRer 3 T[]
y -59.30 dBm
1.02400¢000 GHz
F-40
N Y I
o T
F-380
F-90
--100
1 GHz 6 GHz

Date: 27.JUN.2019

Channel HIGH — 4FSK (Frequency range 1000 MHz to 6000 MHz with antenna in vertical polarization

19:21:36

TDF

6DB
AC
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Date: 27.JUN.2019 19:20:56

Channel HIGH — 4FSK (Frequency range 1000 MHz to 6000 MHz with antenna in horizontal

polarization

TDF

6DB
AC

Test data
® RBW 1 MHz Marker 4 [T1 ]
MT 1 ms =82x 78 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 2.048000000 GHz
dBm L 10 Madker 1 [T111
=39=82 dBmM
2.560000000 GHz
0l 20 1D M. [’T‘T ]

1 PK] -4%.16 dBm
1.536004000 GHz
F-30 MITRET T T

-59.35 dBm
2 1.024004000 GHz
F-40
2
v
F-50 4 L
5 W\M
1Y 60 | Il i T
-70
-80
F-90
F-100
1 GHz 6 GHz
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Test data

® RBW 100 kHz Marker 3¢ [T1 ]
MT 1 ms -47.34 dBm
Step TD AUTO PULSE Att 0 dB AUTO PREAMP ON 900.000000000 MHz
aBm oo 100 MHz foedeate 4L 11 GHZ
-13.6F7 dBm
Lo 45p.00p004o0 MHz
Markefr 2 [[T1]]
1 PK] L, -49.84 dBm
8lL.92p00¢00¢ MHz
--10 4
Y TDF
P
Bt
--30
F—-40
2 y
-50 - 6DB
ALl "
- Wl‘“’\/‘ W/A\ 1 I "
i N
v\ lm"
F-80
-—-90
F-100
30 MHz 1 GHz

Date: 27.JUN.2019

Frequency range 30 MHz to 1000 MHz with antenna in horizontal polarization

17:28:14

Channel LOW — C4FM
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Test data
® RBW 100 kHz  Marker 3 [T1 ]
MT 1 ms -43.29 dBm
Step TD AUTO PULSE  Att 0 dB AUTO PREAMP ON 900.000000000 MHz
aBm | og 100 MHz faslee—2 UL ] GHz
.82 dRm
Lo 45p. 00000400 1z
Mgkor 2 [[T1]]
Lo v -43.5% dBm
raaxH] sh.92koodood mhz
-10
TDF
F-30
-40 - <

6DB
f Lk /‘\ \ P Hl|“||| | d)Ac

--70

=
=
<
=
S

-850

F-90

F-100

30 MHz 1 GHz

Date: 27.JUN.2019 17:28:58

Channel LOW — C4FM
Frequency range 30 MHz to 1000 MHz with antenna in vertical polarization
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Test data

ég RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -46.59 dBm
Step TD AUTO PULSE  Att 0 dB PREAMP OFF 4.050000000 GHz
am | g Madker 1 [T1]]
-4%.22 dBm
1.800000000 GHz
Dl e} aB. M. kar l’T“\ J
-43%.63 dBm
2.700004000 GHz
--30 MIRET T 17
-51.61 dBm]opg
2.250000000 GHz
--40
L 4
--50 T I L'AJM m ..Alvp""/\\
--60 T M\M’A‘/’W
6DB
AC
--70
--80
--90
-100
1 GHz 6 GHz
Date: 27.JUN.2019 19:08:35
Channel LOW — C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in vertical polarization

Page 108 of 128



Appendix A: Test results

Nem kO Report Number: 376484TRFWL

Specification: FCC 90

Test data
@ RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -46.77 dBm
Step TD AUTO PULSE Att O dB PREAMP OFF 2.250000000 GHz
dBm L o Magker 1 [T1{]
-5(}.89 dBm
1.80000¢000 GHz
Dl —20 4R Madkor o o}
1 PYj -44.67 dBm
2.70000¢000 GHz
F-30 DEHKEE &7 L |4

-4¢.12 dBm]opp

5.40000(3000 GHz
F—-40

. 1 [ T e

W i
.. | . . HAMMJNMAuwMbik“\\*iﬁﬁﬂﬂﬂif~k¢
TR Y
6DB
W aAc

F-70

-850

F-20

F-100

1 GHz 6 GHz

Date: 27.JUN.2019 19:14:45

Channel LOW — C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in horizontal
polarization
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Test data
@ RBW 100 kHz  Marker 3 [Tl ]
MT 1 ms -45.89 dBm
Step TD AUTO PULSE  Att 0 dB AUTO PREAMP ON 962.000000000 MHz
aBm | o 100 MHz fomeleet— L ] GHz
-4.52 dBm
Lo 4801 .00p00¢000 MHz
arker 2 |[T1]]
o -43.60 dBm
- 92boodood
F-10 [
TDF
F-30
F-40 = 3
| _c M T 6DB
P‘ l AC
. AV , I | i
L1, | At AL
F-70 i
—-80
F-90
F-100
30 MHz 1 GHz
Date: 27.JUN.2019 17:30:53
Channel MID — C4FM
Frequency range 30 MHz to 1000 MHz with antenna in horizontal polarization
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Test data

® RBW 100 kHz Marker 2 [T1 ]
MT 1 ms -46.20 dBm
Step TD AUTO PULSE Att 0 dB AUTO PREAMP ON 962.000000000 MHz
aBm o 100 MHz et UL ] GHz
-1.64 dpm
1o 48[1L.00Pp00GO0Y Hz
e i
F-10 f
TDF
F-30
_ n -
v
- CU HJI l 6DB
AC
Lo M‘ﬂ.ﬂ' VA‘“’V\A ! (\ | AIlH“l || | I1} ||
" RAT R R I 4 i
-70 “llU VM "kll&lr )
F-80
-90
F-100
30 MHz 1 GHz
Date: 27.JUN.2019 17:38:50
Channel MID — C4FM
Frequency range 30 MHz to 1000 MHz with antenna in vertical polarization
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Test data
@ RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -57.06 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 1.924000000 GHz
dBm L ¢ Manker 1 [T1(]
-37.46 dBm
2.405000000 GHz
T s 1 1D Maodkaor 2 !’T‘_\ !

1 PK] -5}.28 dBm
MARE 3.36700Q000 GHz
--30 MIRET |t e

L -5%.82 dBm]ppp

1.443003000 GHz

F-40

s M

--80

-90

--100

1 GHz 6 Gz

Date: 27.JUN.2019 19:06:37

Channel MID — C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in vertical polarization
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Test data
@ RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -45.10 dBm
Step: TD AUTO PULSE Att 0 dB PREAMP OFF 1.924000000 GHz
dBm L o Madker 1 [T11]1
=234 07 dbm
2.405000000 GHz
0l 20 1D Modlkar [’T‘T ]
HEE) -53.66 dBm
= 3.367004000 GHz
-30 MEReT S T[T

-49.82 dBm]lqopg
1.44300¢000 GHz

F-40

3
v X M

Lo MW" g
; {2 Y ka“ﬁHMNMW
[F-c0 otz A
6DB
AC

F-70

F-80

F-90

F-100

1 GHz 6 GHz

Date: 27.JUN.2019 19:05:42

Channel MID— C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in horizontal
polarization
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Test data
@ RBW 100 kHz  Marker 1 [T1 ]
MT 1 ms —2:5. 92 dBm
Step TD AUTO PULSE Att 0 dB AUTO PREAMP ON 512.000000000 MHz
aBm o 100 MHz fordecte 2 P 11 GHz
-4¢.8¢ apm
Lo 8l1. 92500400 Mz
rxce: I Y
F-10
TDF
e B SR
T
y
F-30
F-40
2
y
-50 ! | 6DB
ALl .
LLE bkfﬁdﬂ A | f | “M | Ll
-70 v K, h'/‘*/ M M
WV
-50
-90
-100
30 MHz 1 GHz

Date: 27.JUN.2019 17:07:14

Channel HIGH- C4FM
Frequency range 30 MHz to 1000 MHz with antenna in horizontal polarization
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Test data
® RBW 100 kHz Marker 2 [T1 |
MT 1 ms -40.28 dBm
Step TD AUTO PULSE Att 0 dB AUTO PREAMP ON 81.925000000 MHz
aBm o 100 MHz boeleete 4 1wt 1] GHz
-4.1% dpm
Lo 51p.00p00¢00) MHz
Markefr 3 [[T1]]
= o] -4.1% dpm
51f.00p00¢00¢ Mz
y
F-10
TDF
--30
B
F-40
= J 6DB

A A PRAYEE T T

F-80

30 MHz 1 GHz

Date: 27.JUN.2019 17:05:42

Channel HIGH — C4FM
Frequency range 30 MHz to 1000 MHz with antenna in vertical polarization
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Test data
é; RBW 1 MHz Marker 4 [T1
MT 1 ms -51.94 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 2.048000000 GHz
dBm 10 Madker 1 [T11]1
-33.89 dBm
2.56000¢000 GHz
Dl 2 P it Modkar 2 [’T‘] ]
=515 «Bm
1.53600¢4000 GHz
--30 T MafgrRer 5 [TT|]
r -59.97 dBm|pp
1.02400¢000 GHz
-40
L 50 2 4 M Ii }’M
' P
Ly - )
RS
6DB
AC
-70
--80
--90
--100
1 GHz 6 GHz

Date: 27.JUN.2019

Channel HIGH — C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in vertical polarization

19:18:22
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Test data

® RBW 1 MHz Marker 4 [T1 ]
MT 1 ms -52.65 dBm
Step TD AUTO PULSE Att 0 dB PREAMP OFF 2.048000000 GHz
dem | o Madker 1 [T1]]
-39.14 dBm
2.56000¢000 GHz
o o ap. Madker 2 [71 1
-47.34 dBm
M 1.53600(3000 GHz
F-30 MakeT 3 TTTTT
-54.49 dBm
J; 1.02400¢000 GHz
F-40
[ A Pt et
: M"MM
Hs0 A o
ALV ey
F-70
F-80
F-90
F-100
1 GHz 6 GHz
Date: 27.JUN.2019 19:17:37

Channel HIGH- C4FM (Frequency range 1000 MHz to 6000 MHz with antenna in horizontal
polarization

TDF

6DB
AC
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Clause 90.213 and 22.355 Frequency stability

§90.213 Frequency stability.

Unless noted elsewhere, transmitters used in the services governed by this part must have a
minimum frequency stability as specified in the following table.
[Parts per million (ppm)]

Mobile stations

Frequency range (MHz)|Fixed and base stations|Over 2 watts output power|2 watts or less output power
Below 25 123409 100 200
25-50 20 20 50
72-76 5 50
150-174 altg bg 4550
216-220 1.0 1.0
220-222"% 0.1 1.5 1.5
421-512 711145 ¢ s S
806-809 0 15 1.5
809-824 g 25 25
851-854 1.0 1.5 1.5
854-869 1.5 2.5 2.5
896-901 5 1 15 1.5
902-928 2.5 2.5 2.5
902-.928"2 2.5 25 25
929-930 1.5

935-940 0.1 1.5 1.5
1427-1435 9300 300 300
Above 2450

“Stations operating in the 154.45 to 154.49 MHz or the 173.2 to 173.4 MHz bands must have a
frequency stability of 5 ppm.

5In the 150-174 MHz band, fixed and base stations with a 12.5 kHz channel bandwidth must have a
frequency stability of 2.5 ppm. Fixed and base stations with a 6.25 kHz channel bandwidth must have
a frequency stability of 1.0 ppm.

8In the 150-174 MHz band, mobile stations designed to operate with a 12.5 kHz channel bandwidth or
designed to operate on a frequency specifically designated for itinerant use or designed for low-power
operation of two watts or less, must have a frequency stability of 5.0 ppm. Mobile stations designed to
operate with a 6.25 kHz channel bandwidth must have a frequency stability of 2.0 ppm.

""Paging transmitters operating on paging-only frequencies must operate with frequency stability of 5
ppm in the 150-174 MHz band and 2.5 ppm in the 421-512 MHz band.

Page 118 of 128



Appendix A: Test results

Report Number: 376484TRFWL

Specification: FCC 90

§22.355 Frequency tolerance.

Except as otherwise provided in this part, the carrier frequency of each transmitter in the Public
Mobile Services must be maintained within the tolerances given in Table C-1 of this section.

Mobhile
Base, fixed Mobile >3 watts =3 watts

Frequency range (MHz) (ppm) (ppm) (ppm)
25t0 50 20.0 20.0 50.0
50 to 450 5.0 5.0 50.0
450 to 512 2.5 5.0 5.0
821 to 896 1:5 2.5 2i5
928 to 929 5.0 n/a n/a
929 to 960 1.5 n/a n/a
211010 2220 10.0 n/a n/a

§2.1055 Measurements required: Frequency stability.

(a) The frequency stability shall be measured with variation of ambient temperature as follows:

(1) From -30° to + 50° centigrade for all equipment except that specified in paragraphs (a) (2)
and (3) of this section.

(2) From -20° to + 50° centigrade for equipment to be licensed for use in the Maritime Services
under part 80 of this chapter, except for Class A, B, and S Emergency Position Indicating
Radiobeacons (EPIRBS), and equipment to be licensed for use above 952 MHz at operational
fixed stations in all services, stations in the Local Television Transmission Service and Point-
to-Point Microwave Radio Service under part 21 of this chapter, equipment licensed for use
aboard aircraft in the Aviation Services under part 87 of this chapter, and equipment
authorized for use in the Family Radio Service under part 95 of this chapter.

(8) From 0° to + 50° centigrade for equipment to be licensed for use in the Radio Broadcast
Services under part 73 of this chapter.

(b) Frequency measurements shall be made at the extremes of the specified temperature range and
at intervals of not more than 10° centigrade through the range. A period of time sufficient to stabilize
all of the components of the oscillator circuit at each temperature level shall be allowed prior to
frequency measurement. The short term transient effects on the frequency of the transmitter due to
keying (except for broadcast transmitters) and any heating element cycling normally occurring at each
ambient temperature level also shall be shown. Only the portion or portions of the transmitter
containing the frequency determining and stabilizing circuitry need be subjected to the temperature
variation test.

Page 119 of 128



Appendix A: Test results
Report Number: 376484TRFWL
Specification: FCC 90

(c) In addition to all other requirements of this section, the following information is required for
equipment incorporating heater type crystal oscillators to be used in mobile stations, for which type
acceptance is first requested after March 25, 1974, except for battery powered, hand carried, portable
equipment having less than 3 watts mean output power.

(1) Measurement data showing variation in transmitter output frequency from a cold start and the
elapsed time necessary for the frequency to stabilize within the applicable tolerance. Tests
shall be made after temperature stabilization at each of the ambient temperature levels; the
lower temperature limit, 0° centigrade and + 30° centigrade with no primary power applied.

(2) Beginning at each temperature level specified in paragraph (c)(1) of this section, the frequency
shall be measured within one minute after application of primary power to the transmitter and
at intervals of no more than one minute thereafter until ten minutes have elapsed or until
sufficient measurements are obtained to indicate clearly that the frequency has stabilized
within the applicable tolerance, whichever time period is greater. During each test, the ambient
temperature shall not be allowed to rise more than 10° centigrade above the respective
beginning ambient temperature level.

(3) The elapsed time necessary for the frequency to stabilize within the applicable tolerance from
each beginning ambient temperature level as determined from the tests specified in this
paragraph shall be specified in the instruction book for the transmitter furnished to the user.

When it is impracticable to subject the complete transmitter to this test because of its physical
dimensions or power rating, only its frequency determining and stabilizing portions need be tested.

(d) The frequency stability shall be measured with variation of primary supply voltage as follows:

(1) Vary primary supply voltage from 85 to 115 percent of the nominal value for other than hand
carried battery equipment.

(2) For hand carried, battery powered equipment, reduce primary supply voltage to the battery
operating end point which shall be specified by the manufacturer.

(8) The supply voltage shall be measured at the input to the cable normally provided with the
equipment, or at the power supply terminals if cables are not normally provided. Effects on
frequency of transmitter keying (except for broadcast transmitters) and any heating element
cycling at the nominal supply voltage and at each extreme also shall be shown.

(e) When deemed necessary, the Commission may require tests of frequency stability under
conditions in addition to those specifically set out in paragraphs (a), (b), (c), and (d) of this section.
(For example measurements showing the effect of proximity to large metal objects, or of various types
of antennas, may be required for portable equipment.)

Test date: 2019-06-27

Test results: Pass
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Test data
Test conditions Frequency (MHz) ppm
+50 °C, Nominal 481.0006215 -0.0345
+40 °C, Nominal 481.0006216 -0.0343
+30 °C, Nominal 481.0006194 -0.0389
+20 °C, +15 % 481.0006381 0.0000
+20 °C, Nominal 481.0006381 Reference
+20 °C, -15% 481.0006372 -0.0019
+10 °C, Nominal 481.0006244 -0.0285
0 °C, Nominal 481.0006324 -0.0119
-10 °C, Nominal 481.0006213 -0.0349
-20 °C, Nominal 481.0006223 -0.0328
-30 °C, Nominal 481.0006215 -0.0345

Limit applied: 1.5 ppm

Note 7

In the 421-512 MHz band, fixed and base stations with a 12.5 kHz channel bandwidth must have a
frequency stability of 1.5 ppm. Fixed and base stations with a 6.25 kHz channel bandwidth must have

a frequency stability of 0.5 ppm.
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Clause 90.214 Transient frequency behaviour

Transmitters designed to operate in the 150-174 MHz and 421-512 MHz frequency bands must maintain
transient frequencies within the maximum frequency difference limits during the time intervals indicated:

Maximum 5
frequency All equipment
Time intervals'? difference’ 150 to 174 MHz 421 to 512 MHz
Transient Frequency Behavior for Equipment Designed to Operate on 25 kHz Channels
ti? +25.0 kHz 5.0 ms 10.0 ms
[ +12.5 kHz 20.0ms 25.0ms
5 +25.0 kHz 5.0ms 10.0 ms
Transient Frequency Behavior for Equipment Designed to Operate on 12.5 kHz Channels
o +12.5 kHz 5.0ms 10.0 ms
| +6.25 kHz 20.0 ms 25.0ms
ok +12.5 kHz 5.0ms 10.0 ms
Transient Frequency Behavior for Equipment Designed to Operate on 6.25 kHz Channels
o +6.25 kHz 5.0 ms 10.0 ms
to +3.125 kHz 20.0 ms 25.0ms
s +6.25 kHz 5.0 ms 10.0 ms

" on is the instant when a 1 kHz test signal is completely suppressed, including any capture time due to
phasing.

t1 is the time period immediately following ton.

t2 is the time period immediately following t1.

t3 is the time period from the instant when the transmitter is turned off until toff.

toff is the instant when the 1 kHz test signal starts to rise.

2 During the time from the end of t2 to the beginning of t3, the frequency difference must not exceed the
limits specified in §90.213.

3 Difference between the actual transmitter frequency and the assigned transmitter frequency.

* If the transmitter carrier output power rating is 6 watts or less, the frequency difference during this time
period may exceed the maximum frequency difference for this time period.

Test date: 2019-06-28

Test results: Pass
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Test data
2019-07-04 18:38:23 [ niox  Normal
YOKDGAWA 1 50kS/s  20msiliv
: : : T MainE 10k 3 : : :
................................................................................................... o
0.200 Usdiv
................................................................................................... nc Full
................................................................................................... Edge CHZ %
Single
................................................................................................... _0.260 U

Switch on condition, t1=10 ms, t2=25 ms, 481 MHz, channel separation + 12.5 kHz
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Test data

20196704 18:34:17 1ok Normal

YOROGAWA hi] S0kS-s  Z0nsiiv

T e MainEl0k 3

CHZ 1:1
9.260 Uadiv
AC  Full

T

Edge CHZ £}
Single
-0.330 V

Switch off condition, t3=10 ms, 481 MHz, channel separation + 12.5 kHz
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Appendix B: Block diagrams of test set-ups

Radiated emissions set-up

1

4m
’— Measuremel] t‘(
Distance
Ant
EUT o
_ T | |
1m

[ | l

Turntable |080r15m

‘ RF Test
| | Recerver
s s S S S s s S S S S s S S S
Ground Plane
Substitution method set-up for radiated emission
1
4m
li Measurement-——‘
Substituti % Distance
ubstitution Ant At
0
|
[ IT
Turn Table
0.8mor 1.5 1m
- RF Test
n ‘ I | Receiver
s S S s S s s S S S S S S S
Ground Plane
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Appendix C: Photos

Set-up photos
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Set-up photos
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EUT photos

End of report
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