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9. Modulation Characteristics
9.1 Provisions Applicable

According to FCC§2.1047 and §90.207, for Voice Modulation Communication Equipment, the frequency
response of the audio modulation circuit over a range of 100 to 5000Hz shall be measured.

9.2 Measurement Procedure

® Modulation Limit

1. Test layout and build equipment as shown below.

2. adjust the audio input for 60% of rated system deviation at 1kHz using this level as a reference (0dB).
3. Vary the input level from —20 to +20dB.

4. Record the frequency deviation obtained as a function of the input level.

5. Repeat step 2 with input frequency changing to 300, 1000, 1500 and 3000Hz in sequence.

® Audio Frequency Response

Test layout and build equipment as shown below.

Adjust the audio input for 20% of rated system deviation at 1 kHz using this level as a reference (0 dB).

1

2

3. Vary the Audio frequency from 100 Hz to 10 kHz and record the frequency deviation.

4. Audio Frequency Response = 20log10 (Deviation of test frequency/Deviation of 1 kHz reference).
9

.3 Measurement Setup
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o Ll d |
Communication LIS g
Test set o G e //Audlo output

=il ) Transmitter |
Under Test

Low Pass

Filter Input
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9.4 Measurement Result
A. Modulation Limit:
12.5kHz, Analog modulation, Assigned Frequency:136.025MHz-High Power
Modulation Level Peak Freq. Peak Freq. Peak Freq. Peak Freq.
(dB) Deviation At 300 Hz | Deviation At 1000 Deviation At 1500 Deviation At 3000
(kHz) Hz (kHz) Hz (kHz) Hz (kHz)
-20 0.23 0.63 1.12 1.63
-15 0.35 0.92 1.41 1.85
-10 0.42 1.05 1.63 1.94
-5 0.53 1.23 1.74 2.05
0 0.61 1.42 1.82 2.12
+5 0.74 1.52 1.99 2.16
+10 0.82 1.63 2.05 2.22
+15 0.95 1.74 212 2.31
+20 0.91 1.69 2.1 2.29
2.5
____ﬂ-—l-—-—
2 /
1.5 AT 300Hz
s T 1000Hz
1 AT 1500Hz
/ /N —— AT 3000Hz
0

=20

-15 -10

-5

1] ] 10

15 20

Note: All the modes had been tested, but only the worst data recorded in the report.
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B. Audio Frequency Response:

12.5kHz, Analog modulation, Assigned Frequency:136.025MHz-High Power
Frequency (Hz) Deviation (kHz) Audio Frequency Response(dB)
100 - -
200 - -
300 0.19 -13.22
400 0.28 -9.85
500 0.39 -6.97
600 0.43 -6.12
700 0.51 -4.64
800 0.62 -2.94
900 0.72 -1.64
1000 0.87 0.00
1200 0.94 0.67
1400 1.12 2.19
1600 1.35 3.82
1800 1.48 4.61
2000 1.61 5.35
2400 1.72 5.92
2500 1.99 7.19
2800 2.23 8.18
3000 2.38 8.74
12.0
- . :,/ﬁ
40 ’;’//
L
= 00 ,/////
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Note: All the modes had been tested, but only the worst data recorded in the report.
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10. Maximum Transmitter Power
10.1 Provisions Applicable

Per FCC §2.1046 and §90.205: Maximum ERP is dependent upon the station’s antenna HAAT and required
service area.

10.2 Measurement Procedure

The RF output of Two-way Radio was conducted to a spectrum analyzer through an appropriate attenuator.

In the semi-anechoic chamber, setup as illustrated above the DUT placed on the 0.8m height of Turn Table,
rotated the table 45 degree each interval to search the maximum radiation power and receiver antenna shall be
rotated vertical and horizontal polarization and moved height from 1m to 4m to find the maximum polar radiated
power for each degree interval. The “Read Value” is the spectrum reading of maximum power value.

The substitution antenna is substituted for DUT at the same position and signals generator (S.G) export the CW
signal to the substitution antenna via a TX cable. The receiver antenna shall be rotated vertical and horizontal
polarization and moved height from 1m to 4m to find the maximum radiation power. Record the power level of
maximum radiation power from spectrum.

So, the Measured substitution value = Ref level of S.G + TX cables loss — Substituted Antenna Gain.

EIRP = “Read Value” + Measured substitution value + 2.15.

10.3 Measurement Setup
XConducted Output Power:

cezoaDoen
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10.4 Measurement Result

Conducted Power Measurement Results

i Measurement Result (dBm)
Mode Channel Separation Test Channel
For 36.99dBm(5W)
Bottom(406.125MHz) 36.54
_ Middle(453.2125MHz) 36.26
Analog +Voice 12.5 kHz -
Middle(458.2125MHz) 36.29
Top (469.975MHz) 36.42
Bottom(406.125MHz) 36.53
iqi Middle(453.2125MHz 36.25
Digital 12.5 kHz ( )
(Voice + Data) Middle(458.2125MHz) 36.30
Top (469.975MHz) 36.39

Conducted Power Measurement Results

Measurement Result (dBm)

Mode Channel Separation Test Channel
For 30.00dBm(1W)
Bottom(406.125MHz) 29.34
_ Middle(453.2125MHz) 29.26
Analog +Voice 12.5 kHz -
Middle(458.2125MHz) 29.42
Top (469.975MHz) 29.64
Bottom(406.125MHz) 29.40
i Middle(453.2125MHz 29.39
Digital 12.5 kHz ( )
(Voice + Data) Middle(458.2125MHz) 29.51
Top (469.975MHz) 29.56
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Radiated Power Measurement Results
Tosthode | Froduency | “[CgS | Amema | SG. | o0 | Antain | pogyy | Limit
(dBuv/m) (dB) (dBm)
406.1250 105.42 Y, 30.19 | 0.85 6.9 36.24 | 36.99
406.1250 105.35 H 30.12 | 0.85 6.9 36.17 | 36.99
453.2125 105.13 Y, 29.90 | 0.85 6.9 3595 | 36.99
Analog +Voice 453.2125 105.00 H 29.77 | 0.85 6.9 35.82 | 36.99
458.2125 105.17 Y, 2994 | 0.85 6.9 3599 | 36.99
458.2125 105.09 H 29.86 | 0.85 6.9 35.91 36.99
469.975 105.30 Y, 30.07 | 0.85 6.9 36.12 | 36.99
469.975 105.18 H 29.95 | 0.85 6.9 36.00 | 36.99
406.1250 105.40 Y, 30.17 | 0.85 6.9 36.22 | 36.99
406.1250 105.29 H 30.06 | 0.85 6.9 36.11 36.99
453.2125 105.23 Y, 30.00 | 0.85 6.9 36.05 | 36.99
Digital 453.2125 105.14 H 2991 | 0.85 6.9 35.96 | 36.99
(Voice+ Data) 458.2125 105.18 Y, 29.95 | 0.85 6.9 36.00 | 36.99
458.2125 105.15 H 29.92 | 0.85 6.9 3597 | 36.99
469.975 105.25 Y, 30.02 | 0.85 6.9 36.07 | 36.99
469.975 105.14 H 2991 | 0.85 6.9 35.96 | 36.99
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Radiated Power Measurement Results
Tosthode | Freguency | LGS | Amerma | SG. | S0 | Antain | poqy, | Limit
(dBuv/m) (dB) (dBm)
406.1250 98.22 Y, 22.99 | 0.85 6.9 29.04 | 30.00
406.1250 98.14 H 2291 | 0.85 6.9 28.96 | 30.00
453.2125 98.14 \Y; 2291 | 0.85 6.9 28.96 | 30.00
, 453.2125 98.09 H 22.86 | 0.85 6.9 28.91 30.00
Analog +Voice
458.2125 98.28 Y, 23.05 | 0.85 6.9 29.10 | 30.00
458.2125 98.21 H 22.98 | 0.85 6.9 29.03 | 30.00
469.975 98.51 Y, 23.28 | 0.85 6.9 29.33 | 30.00
469.975 98.41 H 23.18 | 0.85 6.9 29.23 | 30.00
406.1250 98.28 Y, 23.05 | 0.85 6.9 29.10 | 30.00
406.1250 98.18 H 22.95 | 0.85 6.9 29.00 | 30.00
453.2125 98.25 Y, 23.02 | 0.85 6.9 29.07 | 30.00
Digital 453.2125 98.19 H 22.96 | 0.85 6.9 29.01 30.00
(Voice+Data) 458.2125 98.39 Y, 23.16 | 0.85 6.9 29.21 30.00
458.2125 98.34 H 23.11 | 0.85 6.9 29.16 | 30.00
469.975 98.43 Y, 23.20 | 0.85 6.9 29.25 | 30.00
469.975 98.35 H 23.12 | 0.85 6.9 29.17 | 30.00

Note:
Calculation Formula; CP=R+A+L
B CP: The final Conducted Power

R: The reading value from spectrum analyzer
A: The attenuation value of the used attenuator
L: The loss of all connection cables
Measurement Result=Peak Power (Max)
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11. Spurious Emission on Antenna Port
11.1 Provisions Applicable

Please refer to FCC 47 CFR 2.1051, 2.1057 & 90.210 for specification details.
Emissions shall be attenuated below the mean output power of the transmitter as follows:

FCC Rules Attenuation Limit (dBc)

§90.210 Atleast 50 + 10 log (P) dB

50 +10 log (Pwatts)

Note: In general, the worse case attenuation requirement shown above was applied.
Calculation: Limit (dBm) =EL-50-10log10 (TP)

EL is the emission level of the Output Power expressed in dBm,

In this application, the EL is P( dBm)

Limit (dBm) = P( dBm)-50-10 log (Pwatts) = -20dBm

11.2 Measurement Procedure

1. The RF output of the EUT was connected to a spectrum analyzer through appropriate attenuation.

2. The resolution bandwidth of the spectrum analyzer was set to 100 kHz. Sufficient scans were taken to

3. show any out of band emission up to 10th . Harmonic for the lower and the highest frequency range.

4. Set RBW 100 kHz, VBW 300 kHz in the frequency band 30MHz to 1GHz, while set
RBW=1MHz.VBW=3MHz from the 1GHz to 10th Harmonic.

5. The audio input was set the unmodulated carrier, the resulting picture is print out for each channel

separation.

11.3 Measurement Setup

RF @
Corprgnstﬁrgg?tion . Eﬂ . | _—Audio output
Transmitter
Under Test
Dummy
- Microphone
Analyzer I e el e | | s

EUT
Power divider
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Avg Type: Log-Pur
AvglHold:>100/100

‘Start Freq 30.000000 MHz

NO: Fost ) Trig: Free Run
IFGain:L ow Atten: 22 dB
Ref Offset 28.4 dB

Ref 40.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz
#VBW 300 kHz

Frequency

Auto Tune|

Center Freq
516.000000 MHz,

Sweep 94.00 ms (30000 pts)

Agilent Spoctrum Analyzer - Swopt SA
R

Start Freq 1.000000000 GHz
Trig: Free Run

0: Fast Cp)
IFGain:Low Atten: 22 dB
Ref Offset 284 dB
Ref 40.00 dBm

Start 1.000 GHz
#Res BW 1.0 MHz #VBW 3.0 MHz

usc

12.5kHz, Analog modulation, Assigned Frequency:406.125MHz, 5W

Avg Type: Log-Pwr
AvglHold:> 100100

Stop 12.750 GHz
Sweep 20.00 ms (30000 pts),

STATUS.

Avg Type: Log-Pur

‘Start Freq 30.000000 MHz
AvgiHold:» 1001100

PHO: Fast
IFGain:Low

" Trig: Free Run
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Ref Offset 284 dB
Ref 40.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz
#VBW 300 kHz

Mkr1 906.42 MHz
8 dBm

Frequency

Auto Tune|

CenterFreq

Sweep 94.00 ms (30000 pts)

12.5kHz, Analog modulation, Assigned Frequency:453.2125MHz, 5\W

Agilent Spoctrum Analyzer - Swopt SA
R

Start Freq 1.000000000 GHz
PNO: Fast
IFGain:Low

" Trig: Free Run
Atten: 22 dB

Ref Offset 284 dB
Ref 40.00 dBm

Start 1.000 GHz
#Res BW 1.0 MHz #VBW 3.0 MHz

usc

Avg Type: Log-Pwr
AvglHold:> 100100

Stop 12.750 GHz
Sweep 20.00 ms (30000 pts),

STATUS.

Avg Type: Log-Pur
™ Trig: Free Run AvglHold:>100/100

Atten: 22 dB

PHO: Fast
IFGain:Low

Ref Offset 284 dB
Ref 40.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz
#VBW 300 kHz

Sweep 94.00 ms (30000 pts)
STATUS

Frequency

Auto Tune|

12.5kHz, Analog modulation, Assigned Frequency:458.2125MHz, 5W

Agilent Spoctrum Analyzer - Swopt SA
R

Start Freq 1.000000000 GHz
PNO: Fast
IFGain:Low

" Trig: Free Run
Atten: 22 dB

Ref Offset 284 dB
Ref 40.00 dBm

Start 1.000 GHz
#Res BW 1.0 MHz

#VBW 3.0 MHz

Avg Type: Log-Pwr
AvglHold:> 100100

25.415 dBm

Stop 12.750 GHz
Sweep 20.00 ms (30000 pts),

STATUS.
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12.5kHz, Analog modulation, Assigned Frequency:469.975MHz, 5W

Agilent Spectrum Analyzer - Swept SA Agilent Spectrum Analyzer - Swept SA
3 a E R E

104:39:42PM Jan

‘Start Freq 30.000000 MHz Avg Type: Log-Pwr ‘Start Freq 1.000000000 GHz Avg Type: Log-Pwr TRACE
ot Trig:Free Run AvglHold:>100/100 TFast o Trig: Free Run AvglHold:>100/100
IFGoin:Low Atten: 22 4B IFGainLow Atven: 22 dB
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12.5kHz, Digital modulation, Assigned Frequency:406.125MHz, SW

Agilent Spoctrum Analyzer - Swopt SA
R

Avg Type: Log-Pwr Start Freq 1.000000000 GHz Avg Type: Log-Pwr
Pno T Trig:Free Run AvglHold>100/100 PNOTFast o Trig: Free Run AvglHold:>100/100
IFGoin:Low Atten: 22 4B IFGoin:Low Atten: 22 dB
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Start 30.0 MHz Stop 1.0000 GHz Start 1.000 GHz Stop 12.750 GHz
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= STATUS usc g

Agilent Spoctrum Analyzer - Swopt SA
R

324 PM 115 g NG 3
Avg Type: Log-Pur et Start Freq 1.000000000 GHz Avg Type: Log-Pwr
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STATUS

usc STATUS.
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12.5kHz, Digital modulation, Assigned Frequency:458.2125MHz, 5W

Agilent Spectrum Anolyzer - Swept SA Agilent Spoctrum Anolyzer - Swept SA
R R

5, 1 , o = .. 4 43,005 o
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12.5kHz, Analog modulation, Assigned Frequency:406.125MHz, 1W
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12.5kHz, Analog modulation, Assigned Frequency:469.975MHz, 1W

Agilent Spectrum Analyzer - Swopt SA Agilent Spoctrum Anolyzer - Swept SA
R { 3 R E
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12.5kHz, Digital modulation, Assigned Frequency:406.125MHz, 1W
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12.5kHz, Digital modulation, Assigned Frequency:458.2125MHz, 1W
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12. Transmitter Frequency Behavior

12.1 Provisions Applicable

47CFR FCC PART §90.214

All equipment
. ) Maximum frequency
Time intervals L. 2 ;
difference? 150 to 174 MHz 421 to 512
MHz
Transient Frequency Behavior for Equipment Designed to Operate on 256 kHz Channels
+ 250 kHz 5.0 ms 10.0 ms
+12.5 kHz 20.0 ms 25.0 ms
+ 250 kHz A0 ms 10.0 ms
nt Designed to Operate on 12.5 kHz Channels
+12.5 kHz 5.0 ms 10.0 ms
+ 6.25 kHz 20.0 ms 25.0 ms
+12.5 kHz 5.0 ms 10.0 ms
nt Designed to Operate on 6.25 kHz Channels

+ 6.25 kHz 5.0 ms 10.0 ms
+ 3125 kHz 20.0 ms 25.0 ms
+ 6.25 kHz 5.0 ms 10.0 ms

1t oo i5 the instant when a 1 kHz test signal is completely suppressed, including any capture time due to phasing.

t, is the time period immediately following ...

1z is the time period immediately following t..

13 is the time period from the instant when the transmitter is turned off until t.=.

L. i5 the instant when the 1 kHz test signal stars to rise.

2 Dwring the time from the end of t2 to the beginning of t3, the frequency difference must not exceed the limits specified in
580213,

3 Difference between the actual transmitter frequency and the assigned fransmitter frequenut:jy.

4 If the transmitter carrier output power rating 1s & watts or less, the frequency difference during this time peried may exceed
the maximum freguency difference for this time period.

12.2 Measurement Setup

5 03 poer altenuaton {ad)
Transmikler Tiast
undber test discriminaior ifd}

Combining nebwork

lofage
oscilloscope

Signal generalor
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12.3 Measurement Procedure

According to TIA/EIA-603 2.2.19 requirement, as for the product different from PTT, we use test steps as
follows:

Ok WN =

N

©x®

10.

11.
12.

13.
14.
15.
16.
17.

18.
19.

20.

Connect DUT into Test discriminator and Storage Oscilloscope and keep DUT stats ON;

Input 1kHz signal into DUT;

Set the modulation domain analyzer to trigger on the rising edge of the waveform in order to capture a
single-shot turn-on of the transmitter signals;

Keep DUT in OFF state and Key the PTT;

Observe the stored oscilloscope of modulation domain analyzer. The signal trace shall be maintained
within the allowable limits during the periods t1 and t2,and shall also remain within limits following t2;
Adjust the modulation domain analyzer to trigger on the falling edge of the transmitter waveform in order
to capture a single-shot turn-off transmitter of the transmitter signal.

Keep the digital portable radio in ON state and unkey the PTT;

Observe the stored oscilloscope of modulation domain analyzer, The signal trace shall be maintained
within the allowable limits during the period t3.

Set the signal generator to the assigned transmitter frequency and modulate it with a 1 kHz tone at £12.5
kHz deviation and set its output level to -100dBm.

Turn on the transmitter.

Supply sufficient attenuation via the RF attenuator to provide an input level to the stored oscilloscope
that is 40 dB below the maximum allowed input power when the transmitter is operating at its rated power
level. Note this power level on the stored oscilloscope as PO.

Turn off the transmitter.

Adjust the RF level of the signal generator to provide RF power equal to P0. This signal generator RF level
shall be maintained throughout the rest of the measurement.

Remove the attenuation, so the input power to the stored oscilloscope is increased by 30 dB when the
transmitter is turned on.

Adjust the vertical amplitude control of the stored oscilloscope to display the 1000 Hz at +4 divisions
vertically centered on the display. Set trigger mode of the Spectrum Analyzer to “Video”, and tune the
“trigger level” on suitable level. Then set the “tiger offset” to -10ms for turn on and -15ms for turn off.
Turn on the transmitter and the transient wave will be captured on the screen of Spectrum Analyzer.
Observe the stored display. The instant when the 1 kHz test signal is completely suppressed is
considered to be ton. The trace should be maintained within the allowed divisions during the period t1 and
t2.

Then turn off the transmitter, and another transient wave will be captured on the screen of Spectrum
Analyzer. The trace should be maintained within the allowed divisions during the period t3.
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Describe limit line of transmitter frequency behavior:

ton: The switch-on instant ton of a transmitter is defined by the condition when the output power,
measured at the antenna terminal, exceeds 0,1 % of the full output power (-30 dBc).

t1: period of time starting at ton and finishing according to above 11.1
t2: period of time starting at the end of t1 and finishing according to above 11.1

® toff: switch-off instant defined by the condition when the output power falls below 0,1 % of the full output
power (-30 dBc).

® t3: period of time that finishing at toff and starting according to above 11.1
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