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Chapter 1 — General Information

1-1 Introduction

This Measurement Guide documents Land Mobile Radio signal analysis functions of the
Anritsu LMR Master handheld instrument. Anritsu currently supports measurement of
Narrowband FM Analog (Chapter 2) and digital transmitter Land Mobile Radio technologies
including:

P25 — Project 25 or APCO-25 (Chapter 3)

P25 Phase 2 (Chapter 4)

NXDN™ — Very Narrowband Common Air Interface (Chapter 5)
dPMR - Digital Private Mobile Radio (Chapter 6)

TETRA — Terrestrial Trunked Radio (Chapter 7)

DMR - ETSI Digital Mobile Radio (Chapter 8)

PTC — ITC-R Positive Train Control (Chapter 9)

Not all instrument models offer every option or measurement mode. Please refer to
your instrument technical data sheet for available options and features.

Note The screen images and menus on your instrument may vary from what is shown in
this measurement guide, and may be affected by instrument configuration, setup,
and received measurement data.

Read the Handheld Instruments Product Information, Compliance, and Safety Guide

(PN: 10100-00065) for important safety, legal, and regulatory notices before operating the
equipment. For additional information and literature covering your product, visit the product
page of your instrument and select the Download Library tab.

1-2 Contacting Anritsu

To contact Anritsu, please visit:
http://www.anritsu.com/contact-us

From here, you can select the latest sales, select service and support contact information in
your country or region, provide online feedback, complete a “Talk to Anritsu” form to have
your questions answered, or obtain other services offered by Anritsu.

Updated product information can be found on the Anritsu web site:
http://www.anritsu.com/

Search for the product model number. The latest documentation is on the product page under
the Library tab.

Land Mobile Radio MG PN: 10580-00243 Rev. V 1-1
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General Information

1-3

This Measurement Guide details the following functions and options:

Measurement Guide Overview

Chapter 2, “NBFM Analyzer”

Chapter 3, “P25 Analyzer (Option 521)”
Chapter 4, “P25 Phase 2 Analyzer (Option 521)”
Chapter 5, “NXDN Analyzer (Option 531)”
Chapter 6, “dPMR Analyzer (Option 573)”
Chapter 7, “TETRA Analyzer (Option 581)”
Chapter 8, “DMR Analyzer (Option 591)”
Chapter 9, “PTC Analyzer (Option 721)”
Chapter 10, “LMR Coverage Mapping”

Chapter 11, “High Power Input Protection”

PN: 10580-00243 Rev. V

Land Mobile Radio MG
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General Information 1-4 Selecting a Measurement Mode

1-4  Selecting a Measurement Mode

Press the Menu button and select the measurement mode by tapping its icon on the touch
screen.

Figure 1-1. Menu Button Screen

You can also press the Shift key then the Mode (9) key, select the measurement from the list
using the rotary knob or the Arrow keys, and then press Enter.

Figure 1-2. Measurement Mode Selector List

Note that the shortcut icons and modes include a selection for each application option
installed in the instrument, as shipped from the factory. The Land Mobile Radio modes
are: NBFM, DMR, P25, P25p2, NXDN, dPMR, PTC, and TETRA.

Land Mobile Radio MG PN: 10580-00243 Rev.V 1-3
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1-5 Multi-Screen View General Information

1-5 Multi-Screen View

The preset view in NBFM Analyzer, P25/P25p2 Analyzer, NXDN Analyzer, dPMR Analyzer,
DMR Analyzer, PTC Analyzer, and TETRA Analyzer measurements is the 4 measurement
view (Figure 1-3). Tap once on an individual graph to make it active (red perimeter line).
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Figure 1-3.

4 Measurement View with the Eye Diagram as the Active Measurement

Tap twice on the active graph to display it in full screen view (Figure 1-4). Tap twice on the
active graph again to return to 4 measurement view.
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Figure 1-4.

Eye Diagram as the Active Measurement in Full Screen View

1-4

PN: 10580-00243 Rev. V

Land Mobile Radio MG



000 "TexaHkoMm"

KoHTpornbHo-uaMeputensHbie npubopbl u o6opyaosaHue

General Information

www.tehencom.com

1-5 Multi-Screen View

The default view in Coverage Mapping (Chapter 10) is the map view.
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Coverage Mapping

The two measurement graph view (Figure 1-6) is also available when mapping. Tap once on a
graph to make it the active graph (red perimeter line).
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Two Measurement Mapping View with RSSI as the Active Measurement
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1-6 Coverage Mapping

General Information

Tap the active graph twice to display it in full screen view (Figure 1-7). Tap the active graph

twice again to return to the two measurement graph view.
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Figure 1-7. RSSI Mapping as the Active Measurement in Full Screen View

Note

Double tapping on the screen must be performed within a time limit.
Experimentation will provide you with the acceptable rhythm.

1-6 Coverage Mapping

The LMR Master has several coverage mapping options:

 For NBFM, P25, P25p2, NXDN, dPMR, DMR, PTC, and TETRA coverage mapping
information, refer to Chapter 10, “LMR Coverage Mapping” in this document.

e For Spectrum Analyzer and AM/FM/PM coverage mapping information, refer to the
Spectrum Analyzer Measurement Guide. The PDF document is available on the
Anritsu web site: http://www.anritsu.com.
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Chapter 2 — NBFM Analyzer

2-1 Introduction

The NBFM Analyzer option provides a method to verify the operation of analog FM
land mobile radios and to confirm that such radios are compliant to regulatory standards for
spectrum power.

The LMR Master NBFM measurements include the ability to display frequency spectrum,
audio spectrum, and the audio waveforms. In addition, a summary graph displays numeric
values of Carrier Power, Carrier Frequency, Frequency Error, Frequency Deviation (peak,
RMS, or Average), Modulation Rate, Signal to Noise and Distortion ratio (SINAD), Total
Harmonic Distortion (THD), Occupied Bandwidth, and squelch/tone type (CTCSS, DCS,
DTMF) of the input signal.

T

ér 3 Display

Active Graph
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Summary
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Qcc BW

Carr Freq  Freg Err

Frequency Amplitude Setup Measurement Turn Sig-Gen OFF

Figure 2-1. NBFM Analyzer Display

Other NBFM measurements include coverage mapping, metering of 20 dB Quieting, and
metering of 12 dB SINAD.

NBFM Coverage measurements are described in Chapter 10, “LMR Coverage Mapping”.
NBFM coverage allows drive-testing of analog FM LMR systems while measuring and
mapping RSSI, SINAD, External SINAD, and THD parameters.
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2-2 Transmitter Analysis Setup NBFM Analyzer

Anritsu also supports Narrowband FM Analog (Chapter 2) and digital transmitter Land
Mobile Radio technologies including P25 — Project 25 or APCO-25 (Chapter 3),

P25 Phase 2 (Chapter 4), NXDN™ — Very Narrowband Common Air Interface (Chapter 5),
dPMR - Digital Private Mobile Radio (Chapter 6), TETRA — Terrestrial Trunked

Radio (Chapter 7), DMR — ETSI Digital Mobile Radio (Chapter 8), PTC — ITC-R Positive
Train Control (Chapter 9).

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of LMR radios, with the ability to automatically adjust the
analyzer input sensitivity based on input levels.

2-2  Transmitter Analysis Setup

1. On the LMR Master, press the Menu key then select the NBFM Analyzer icon or press
Shift and then the Mode (9) button to open the Mode Selector dialog box. Highlight
NBFM Analyzer and press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In

50 Ohm connector. To prevent damage, use the Anritsu MA25200A High Power
Tx/Rx Input Protector (Chapter 11), a coupler, or an attenuator to reduce the input
power to below this level when measuring high output power devices.

Caution

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a high
power protection device, or connect an antenna with the appropriate frequency range to
the RF In 50 Ohm connector on the LMR Master.

3. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set the
attenuation (or gain) of any devices between the radio under test and the LMR Master.
Use the arrow keys, rotary knob, or the numeric keypad to enter the adjustment value,
up to 100 dB, and then press either the Loss or Gain submenu key. The offset will be
applied to the Carrier Power value in the Summary graph. For instance, if the
transmitter under test is emitting 50 watts (+47 dBm) of power, and the External
Attenuation value is 40 dB (such as from a 40 dB directional coupler), then the Carrier
Power displayed will be +7 dBm.

4. Press the Frequency main menu key to set the LMR Master receiver center frequency
(Rx Freq) of the measurement. Use the arrow key, rotary knob or the numeric keypad.
When using the keypad, select the appropriate terminator submenu key to set the
center frequency. A second option is to use Auto Scan under the Setup main menu.
Turn Auto Scan on and key the radio or transmitter. Auto Scan will find and display the
highest power signal above +10 dBm (10 mW) between 10 MHz and 1.6 GHz in the
center of the Spectrum graph. After the signal is found and displayed, set Auto Scan to
Off to stop the LMR Master from scanning for a new signal.

Typically, the Auto Scan feature will only work if the radio is cabled to the S412E.
There is a lower-limit to the amount of power needed to make Auto Scan respond;

Note the requirement is just above +10 dBm (10 milliwatts). This is the raw port level,
the requirement increases by the amount of attenuation caused by the RF In
protection device.

2-2 PN: 10580-00243 Rev. V Land Mobile Radio MG
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NBFM Analyzer 2-3 Receiver Analysis Setup

5. Press the Setup main menu key to select the tone type. Select CTCSS, DCS, or DTMF
using the Tone Type key. Press the Filters submenu key and set the intermediate
frequency bandwidth (IFBW) and bandwidth percentage (% IFBW). Filter the audio
signal using the Low Pass Filter or High Pass Filter.

6. Press the Measurement key, then the NBFM Analyzer submenu key. Refer to
“NBFM Analyzer Graphs” on page 2-4 for information on the available graph types.

Many of the displayed settings on the left side of the screen are used as menu
Note shortcuts. Select a setting using the touch screen to display the menu and set the
parameter for editing.

2-3  Receiver Analysis Setup

1. On the LMR Master, press the Menu key, then select the NBFM Signal Analyzer icon or
press Shift and then the Mode (9) button to open the Mode Selector dialog box.
Highlight NBFM Analyzer and press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution 4 4Bm) and the frequency range is 500 kHz to 1.6 GHz (6 GHz with Option 6).

2. Connect with required attenuation the LMR Master Signal Generator Out 50 Ohm
connector to the repeater/receiver or connect an antenna with the appropriate
frequency range to the LMR Master Signal Generator Out connector.

3. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

4. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing a repeater, you can bind the transmit frequency to the receive frequency by
setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is On, the Tx Freq submenu key is disabled.

5. Set the transmit pattern. Press the Setup main menu, then the Tx Pattern submenu key.

6. As needed, adjust the pattern with the pattern specific option buttons and modulation
button in the Setup menu (CTSS Freq, DCS Type, CTSS Freq, DTMF Tone, and
FM Deviation). Additional pattern adjustments (Tone Deviation and Mod Rate) are in the
More submenu. Refer to “Setup (1/2) Menu” on page 2-18 for additional information.

7. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.
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2-4 NBFM Analyzer Graphs NBFM Analyzer

2-4 NBFM Analyzer Graphs

The following NBFM Analyzer measurements are available on the LMR Master. From the
Measurements main menu, press NBFM Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Spectrum Graph

The spectrum view displays signal power (dBm) versus frequency. The frequency span is
adjustable under the Frequency menu using the Span submenu. The reference level is
adjusted with the Amplitude menu. Refer to “Amplitude Menu” on page 2-16 for details.
Figure 2-2 displays the same signal using a 25 kHz span and a 50 kHz span.

]/ll'll‘itSLI 09/21/2011 04:34:04 pm

Rx Freg
122.000 MHz
Tx Freg

122.000 MHz

Frequency

Rx Freg
122.000 MHz
Tx Freqg
122.000 MHz

RxiT< Coupling

Turn Sig-Gen OFF

Figure 2-2. NBFM Spectrum Graph (25 kHz Span and 50 kHz Span)
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NBFM Analyzer 2-4 NBFM Analyzer Graphs

Audio Spectrum Graph

The Audio Spectrum graph displays the frequency deviation in the audio. The Audio
Spectrum span is adjustable in fixed increments using the Audio Span button
(Measurement > NBFM Analyzer). The reference level setting is the product of the
intermediate frequency bandwidth and percentage (Setup > Filters). Figure 2-3 displays the
same signal using a 2 kHz span and a 10 kHz span. High Pass and Low Pass Filters are
available for masking either the tone (low pass) or audio (high pass) in both the Audio
Spectrum graph and Audio Waveform graph.
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Figure 2-3. NBFM Audio Span (2 kHz and 10 kHz)
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2-4 NBFM Analyzer Graphs NBFM Analyzer

Audio Waveform Graph

The Audio Waveform graph displays a zero-span view of frequency deviation vs. time.
The time span is adjustable from 50 us to 150 ms using the Audio Sweep Time button
(Measurement > NBFM Analyzer). The reference level setting is the product of the
intermediate frequency bandwidth and percentage (Setup > Filters). Figure 2-4 shows a
DCS tone after applying a 300 Hz low pass filter. High Pass and Low Pass Filters are
available for masking either the tone (low pass) or audio (high pass) in both the Audio
Spectrum graph and Audio Waveform graph.
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Figure 2-4. NBFM Audio Waveform Example
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NBFM Analyzer 2-4 NBFM Analyzer Graphs

Summary Graph

The summary graph provides an overview of an NBFM radio transmitter. The graph displays
numeric values of carrier power, carrier frequency, freq error, frequency deviation,
modulation rate, Signal to Noise and Distortion ratio (SINAD), Total Harmonic Distortion
(THD), occupied bandwidth, and squelch/tone type of the input signal. Select the Tone Type
(CTCSS, DCS, or DTMF) under the Setup menu.

Toggle between viewing carrier frequency or frequency error using the Measurements >
NBFM Analyzer > Summary Freq Disp submenu key.

The Carrier Power value in the summary graph can be changed between dBm, watts, and
volts using the Amplitude > Units > Rx Units submenu key. This setting also applies to the
squelch level setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the carrier power is
lower than the set squelch level, all summary graph measurements except for Carrier Pwr
are blanked out (--). When the carrier power is above the squelch level, the measurements are
displayed as shown in Figure 2-5.

!Anritsu 094132012 101341 am Setup (1/2)

Tone Type

Summary |\SUSEERESIsRERII LI

Carrier Pwr -3.41 dBm Filters
o Carrier Freq 461.9996 MHz Auto Scan
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DeV(Pk,Fll) 421 00 HZ Tx Pattern
nbfm_dcs
Mod Rate 2.96 Hz
Tz Patiern SINAD 10000 dB
nhfm_dcs DCE Type
i THD 260.47% oz
;II—TI ?El::ﬁ"u nk Snuelch Lyl
Tx Pwr Offset Occ BW 0.907 kHz -100.0 dBm

Fraguency

DCS

Amplitude

+023/-047

heasurement

Tutn 3ig-Gen OFF

Figure 2-5.

NBFM Summary Graph with Carrier Pwr Above the Squelch Level

Carrier Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Carrier Pwr is a function of the instrument’s RBW setting. The reduction is specified as:
10*Log(Signal Bandwidth / Resolution Bandwidth).
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2-5 NBFM Coverage NBFM Analyzer

2-5 NBFM Coverage
Refer to Chapter 10, “LMR Coverage Mapping”.

2-6 20 dB Quieting

The LMR Master can measure FM receiver or radio sensitivity using the 20 dB quieting
procedure.

1. Connect the LMR Master Signal Generator Out port to the radio antenna port. Use
attenuation as required and lock out the radio transmit button during this procedure.

2. Adjust the TX Power Offset to account for the attenuation loss in the Signal Generator
path.

3. Connect the LMR Master Audio In port to the radio loudspeaker or audio out connector
(Figure 2-6).

. Signal Generator Out
Audio In

4 Attenuation
(& Antenna Port
o .

®8® Audio Out

=) ®@ 4
®0 @
i $6é
o 44
e —— | © O ©

S412E LMR Master

LMR Radio

Figure 2-6. Setup for 20 dB Quieting and 12 dB SINAD

4. Set the LMR Master Tx Output Lvl to the minimum level (which will be —130 dBm + the
value entered for Tx Power Offset) and the Tx Pattern to cw. Set the LMR Master
Tx Freq to the radio receive frequency. Confirm that the LMR Master signal generator
is Off (menu key displays Turn Sig-Gen ON).

5. On the LMR Master, press Measurement > NBFM Quieting (twice). The LMR Master
displays the currently voltage at the Audio In port and the current Tx Output level
setting for the LMR Master signal generator.

6. Turn on the radio and set the radio audio level to the manufacturer’s rated audio output
level. The RMS voltage level present at the Audio In port is displayed below the meter
for convenience. Refer to the radio maintenance manual to determine this level. This is
the audio level used for measuring 20 dB quieting (Figure 2-7 on page 2-9).
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2-6 20 dB Quieting

7. Press the Set Reference key and note the Reference Level voltage displayed on the right

side of the blue bar as shown in Figure 2-8 on page 2-10. Setting the reference will

automatically adjust the voltage scale such that the voltage displayed in the middle of
the meter is 10 % (—20 dB) of the reference audio voltage.

8. Press the Turn Sig-Gen ON main menu key to start the LMR Master transmitter.

9. Increase the LMR Master Tx Output Lvl until the needle on the voltage meter is in the
center of the display (Figure 2-8). The Audio In voltage level has decreased to 10 % of

the reference level. The power level displayed on the left side of the blue bar is the

20 dB quieting antenna input power level.
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Figure 2-7. 20 dB Quieting, Ready to Set Reference Level
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2-6 20 dB Quieting NBFM Analyzer
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Figure 2-8. 20 dB Quieting After Increasing the LMR Master Sig-Gen Tx Output
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NBFM Analyzer 2-7 12 dB SINAD

2-7 12 dB SINAD

The LMR Master can measure FM receiver or radio sensitivity using the 12 dB SINAD
procedure.

1. Connect the LMR Master Signal Generator Out port to the radio antenna port. Use
attenuation as required and lock out the radio transmit button during this procedure.

2. Adjust the TX Power Offset to account for the attenuation loss in the Signal Generator
path.

3. Connect the LMR Master Audio In port to the radio loudspeaker or audio out connector
(Figure 2-6).

4. Set the LMR Master Tx Output Lvl to the minimum level (which will be —130 dBm + the
value entered for Tx Power Offset) and the Tx Pattern to fm_1khz_audio® with a
deviation specified by the radio manufacturer. Set the LMR Master Tx Freq to the radio
receive frequency. Confirm that the LMR Master signal generator is Off (menu key
displays Turn Sig-Gen ON).

5. On the LMR Master, press Measurement > NBFM Quieting (twice). The LMR Master
displays the current voltage at the Audio In port, the current Tx Output level setting for
the LMR Master signal generator, and current SINAD, which should be close to 0 dB.

6. Turn on the radio and set the radio audio level to the manufacturer’s rated audio output
level. The RMS voltage level present at the Audio In port is displayed below the meter
for convenience. Refer to the radio maintenance manual to determine this level. This is
the audio level used for measuring 12 dB SINAD.

7. Press the Turn Sig-Gen ON main menu key to start the LMR Master transmitter
(Figure 2-9).
8. Increase the LMR Master Tx Output Lvl until the needle on the SINAD meter is near the

center of the display and equals 12 dB (Figure 2-10). The power level displayed on the
left side of the blue bar is the 12 dB SINAD level.

1. For systems that require an unmute tone in addition to the audio for 12 dB SINAD testing, use one of
the following Tx Patterns:

fm_1khz_ctscc (1 kHz audio plus a CTCSS unmute tone)
or
fm_1khz_DCS (1 kHz audio plus a DCS unmute tone)

Land Mobile Radio MG PN: 10580-00243 Rev.V 2-1
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2-7 12 dB SINAD NBFM Analyzer
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Figure 2-9. 12 dB SINAD with Signal Generator Off
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NBFM Analyzer 2-8 NBFM Analyzer Menus

2-8 NBFM Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

375 Hz

Tone Deviation

pages).
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Figure 2-11. NBFM Analyzer Menu Layout (1 of 2)
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2-8 NBFM Analyzer Menus NBFM Analyzer
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Figure 2-11. NBFM Analyzer Menu Layout (2 of 2)

Many of the displayed settings on the left side of the screen are used as menu
Note shortcuts. Select a setting using the touch screen to display the menu and set the
parameter for editing.
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NBFM Analyzer

29 Frequency Menu

29 Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz
Rx/Tx Coupling
On Off
Coupling Offset
0 Hz
Span
25 kHz

Auto Scan

Rx Freq: Sets the receiver frequency. Press the Rx Freq key (or the menu
shortcut on the left side of the screen) and enter the desired frequency using
the keypad, the arrow keys, or the rotary knob. If entering a frequency using
the keypad, then the submenu key labels change to GHz, MHz, kHz, and Hz.
Press the appropriate units key. Pressing the Enter key has the same effect
as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press the Tx Rx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, then the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing
the Enter key has the same effect as pressing the MHz submenu key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On, the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the
receiver frequency. This is functional only when Rx/Tx Coupling is set to On.

Span: Sets the span of the Spectrum Graph. Span selections are 12.5 kHz,
25 kHz, and 50 kHz.

Auto Scan: Turning Auto Scan On will cause the Rx Frequency to
self-adjust to match the highest power signal detected between 10 MHz and
1.6 GHz that is above +10 dBm (10 mW) in the center of the Spectrum
graph. To lock the new Rx Frequency in place, toggle Auto Scan to Off.

Figure 2-12. NBFM Analyzer Frequency Menu
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2-10 Amplitude Menu
Key Sequence: Amplitude

Amplitude

Ref Level

-70.0 dBm

Scale

10 dB/div

Rx Power Offset

0.0 dB Ext Loss

Auto Rx Range
On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm

Tx Power Offset

0.0 dB Ext Loss

Units

Units

Rx Units
Watts
Tx Units

Volts
C——

/\_/
/\_/

Back
- /

Ref Level: Sets the reference power level at the top of the display when
Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis power scale
of the Spectrum Graph. Enter a value from 1 dB per division to 15 dB per
division using the keypad, the arrow keys, or the rotary knob.

Note: The “Vertical Scale Menu” on page 2-17 is displayed when NBFM
Coverage (Measurement > NBFM Coverage) is selected. This menu is
not used when the NBFM Quieting or NBFM SINAD measurements are
enabled.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select
a value from 0 dB to 100 dB then select either dB External Loss or

dB External Gain. The Rx Power Offset setting is displayed on the left
side of the screen. The Summary graph Carrier Power and Spectrum
Graph Reference Level is adjusted based on this setting.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out
connection) external attenuation or gain. Press the Tx Power Offset
submenu key and select a value from 0 dB to 100 dB then select

either dB External Loss or dB External Gain. The Tx Power Offset setting
is displayed on the left side of the screen. The displayed Tx Output Level
is adjusted based on this setting.

Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.

Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Signal Generator (Tx Output Lvl submenu).

Figure 2-13. NBFM Analyzer Amplitude Menu
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NBFM Analyzer 2-10 Amplitude Menu

Vertical Scale Menu
Key Sequence: Amplitude > Vertical Scale

Vertical Scale

~ RSSI Scale: Sets the number of dB per division in the y-axis power scale
RSSI Scale of the RSSI vs. Time graph in Coverage measurement. Enter a value
from 1 dB per division to 15 dB per division using the keypad, the arrow

10 dB/di
N keys, or the rotary knob. This setting is not used when the NBFM Quieting
SINAD Ref Level or NBFM SINAD measurements are enabled.
50.00 dB SINAD Ref Level: Sets the reference power level at the top of the y-axis
power scale of the SINAD vs. Time graph in Coverage measurement.
THD Ref Level Enter a value from 0 dB to 100 dB using the keypad, the arrow keys, or

the rotary knob.
100.00 %

THD Ref Level: Sets the Total Harmonic Distortion reference percentage
EXT SINAD Ref Level value in Coverage measurement. Enter a value from 0.00 % to 100.00 %

50.00 dB using the keypad, the arrow keys, or the rotary knob.

— EXT SINAD Ref Level: Sets the External SINAD reference power level in
L Coverage measurement. Enter a value from 0 dB to 100 dB using the
1 | keypad, the arrow keys, or the rotary knob.

0\

Back
N /

Figure 2-14. Vertical Scale Menu
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NBFM Analyzer

2-11

Setup (1/2) Menu

Key Sequence: Setup

Setup (1/2)

Tone Type

CTCSS DCS DTMF

Filters
—>

Auto Scan

On Off
—/
Tx Pattern

nbfm_ctcss
FM Deviation
2.400 kHz
CTCSS Freq
67.0 Hz
Squelch Lvl

-100.0 dBm

——<

More

—> /

Tone Type: Sets the information displayed in the last row of the Summary
table. Select Continuous Tone-Coded Squelch System (CTCSS) for
transmitters or radios using an analog squelch system. Select Digital Coded
Squelch (DCS) for systems using digital squelch settings.

Select DTMF and the LMR Master will decode the Dual-tone multi-frequency
signalling sent by the radio or transmitter.

Note: The frequency range for all 3 tone types is below the minimum
spectrum display of the LMR Master in NBFM mode and also has no effect
on the Tx Pattern selection.

Filters: Opens the “Filters Menu” on page 2-20.

Auto Scan: Turning Auto Scan On causes the Rx Frequency to self-adjust
to match the highest power signal detected between 10 MHz and 1.6 GHz
that is above +10 dBm (10 mW) in the center of the Spectrum graph. To lock
the new Rx Frequency in place, toggle Auto Scan to Off. This is available
only in NBFM Analyzer measurements.

Tx Pattern: Selects the transmitter pattern to send when the
Turn Sig-Gen ON main menu key is selected. Select a pattern from the
list box with the arrow keys or rotary knob and press Enter.

Patterns include CW, CTCSS, DCS, DTMF, AM, and FM.

CTCSS adds a low-pitch audio tone (selectable between 67 Hz to 254 Hz)
on the transmitted signal. When CTCSS is selected as the Tx pattern, a
submenu is displayed to set the CTCSS frequency, and the Tone Deviation
is set using the More submenu.

DCS superimposes a continuous stream of frequency shift keying (FSK)
digital data on the transmitted signal at 134.4 bits per second. This data is
referred to as a DCS word and is 23 bits. When DCS is selected as the
Tx pattern, a submenu is displayed to set the DCS Type, and the Tone
Deviation is set using the More submenu.

When DTMF is selected as the Tx pattern, a DTMF digit (0to 9, Ato D, *, or
#) is added to the transmitted signal. The digital consist of paired tones: a
row tone (697 Hz to 941 Hz) and a column tone (1209 Hz to 1633 Hz). The
DTMF Tone submenu is displayed to set the DTMF Tone. Set the

FM Deviation and the Tone Deviation using the More submenu.

When AM is selected as the Tx pattern, a submenu is displayed to set the
percentage of Amplitude modulation. The range is 0 % to 100 %.

When FM is selected as the TX pattern, a submenu is displayed to set the
cycle count of the frequency deviation. The range is 0 Hz to 100 kHz.

Figure 2-15. NBFM Analyzer Setup Menu

PN: 10580-00243 Rev. V Land Mobile Radio MG
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NBFM Analyzer
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2-11 Setup (1/2) Menu

Setup (1/2) Menu (continued)

Setup (1/2)

Tone Type

CTCSS DCS DTMF

Filters

—>

Auto Scan
On Off
Tx Pattern
nbfm_ctcss
FM Deviation
2.400 kHz
CTCSS Freq
67.0 Hz

Squelch Lvl

-100.0 dBm

———<

More

—> Y,

FM Deviation/AM Percentage: Display of this menu is based on the
selected Tx Pattern.

When AM is selected as the Tx pattern, a submenu is displayed to set the
percentage of Amplitude modulation. The range is 0 % to 100 %.

When FM or DTMF is selected as the Tx pattern, a submenu is displayed to
set the cycle count of the frequency deviation. The range is 0 Hz to 100 kHz.

CTCSS Freq/DCS Type/DTMF Done: Display of this menu is based on the
selected Tx Pattern.

When CTCSS is selected as the Tx pattern, press the CTCSS submenu key
to set the CTCSS frequency.

When DCS is selected as the Tx pattern, press the DCS Type submenu key
to set the DCS Type.

When DTMF is selected as the Tx pattern, press the DTMF Tone submenu
to set the DTMF character to transmit.

Note: The Tone Type submenu (top of Setup 1/2) is for the LMR Master
receiver and has no effect on the Tx patterns.

Squelch Lvl: Sets the squelch power level. When the Received Power is
lower than the set squelch level, all summary graph measurements except
for Received Pwr will be blanked out (--).

More: Opens the “Setup (2/2) Menu” on page 2-21.

Figure 2-16. NBFM Analyzer Setup Menu

Land Mobile Radio MG
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2-11 Setup (1/2) Menu NBFM Analyzer

Filters Menu
Key Sequence: Setup > Filters

High Pass Filter: Displays a dialog box to select the cutoff frequency for the
< | high pass filter (attenuates frequencies below the cutoff setting). Cutoff
High Pass Filter frequency options are: None (default), 300 Hz, or 3 kHz.

Filter

None Low Pass Filter: Displays a dialog box to select the cutoff frequency for the
- low pass filter (attenuates frequencies above the cutoff setting). Cutoff
Low Pass Filter frequency options are: None, 300 Hz, 3 kHz (default), or 15 kHz.
3 kHz Filtering adjusts the display in both the Audio Spectrum and Audio Waveform

graphs. In addition, filtering will effect the Deviation and possibly the Mod

De-emphasis Filter | | Rate values in the Summary table.

On Off De-emphasis Filter: This filter produces a 6 dB/octave frequency response,
— | with a cutoff frequency of 212 Hz. FCC rules state that Part 90 analog

FM systems must support the use of a 750 ys pre/de-emphasis filter to allow
10 kHz older PM radios to communicate with narrowband FM radios.

IFBW: . Displays a dialog box to select the intermediate frequency
bandwidth. Bandwidth options are: 5 kHz, 6.25 kHz, 10 kHz, 12.5 kHz,
50.00 % 30 kHz (default), or 50 kHz.

% IFBW: Scales the IFBW between 1 % to 100 %.
~— —~___ | Back: Returns to the “Setup (1/2) Menu” on page 2-18.

% IFBW

Back
S /

Figure 2-17. NBFM Filters Menu
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NBFM Analyzer 2-11 Setup (1/2) Menu

Setup (2/2) Menu
Key Sequence: Setup > More

Deviation: Sets the deviation mode displayed in the NBFM Analyzer
< | measurement Summary table (third row down). Rotates between
Deviation Mode Peak Deviation, RMS deviation, and Average deviation.

Setup (2/2)

Peak RMS Avg Averaging: Sets the refresh rate of the numerical values in the
NBFM Summary window. Setting a higher number (25 maximum) will reduce
FElin measurement jitter.

1 Tone Deviation: Sets the cycle count of the tone deviation. The range is
0 Hz to 100 kHz.

Mod Rate: Use this menu to change the default 1 kHz modulation rate.

Tone Deviation

Srotiz Back: Returns to the “Setup (1/2) Menu” on page 2-18.

Mod Rate

1.000 kHz
—
&

Back
S /

Figure 2-18. NBFM Filter Menu
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2-12 Measurement Menu NBFM Analyzer

2-12 Measurement Menu

Key Sequence: Measurement

NBFM Analyzer: Opens the “Display Menu” on page 2-23.

Measurements

B @) NBFM Coverage (Option 722 required): Opens the NBFM Coverage
menu. Refer to Chapter 10, “LMR Coverage Mapping”.

Analyzer

— NBFM Quieting: Opens the “Quieting Menu” on page 2-24.
NBFM SINAD: Opens the “SINAD Menu” on page 2-25.

NBFM @)

Coverage
%°

NBFM O

Quieting BN

NBFM O

SINAD
—>

Figure 2-19. NBFM Analyzer Measurement Menu
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NBFM Analyzer

2-12 Measurement Menu

Display Menu

Key Sequence: Measurement > NBFM Analyzer

Display

Active Graph

12 3 4

Maximize
Active
Graph

Graph Type

Spectrum
/|

Audio Span
30 kHz
Audio Sweep Time
100 ms
Occ BW
Setup N
Summary Freq Disp

Carr Freq  Freq Err

Back

Active Graph 1 2 3 4: In Four Screen view, use this menu key to make the
next graph (1 2 3 4) active. The current active graph is underlined and has a
red perimeter line. Any of the four graphs can also be made active by
tapping once on the touch screen.

In Standard view (one graph displayed on the screen), the Active Graph key
will change the display to the next graph type.

Maximize/Minimize Active Graph: The submenu key toggles between
displaying the Four Screen view (4 graphs) and the Standard view (1 graph).
Tapping twice on a selected graph also toggles between the two display
options.

Graph Type: The label on the bottom of this button displays the current
active graph type. Pressing the button displays the list of graph types
available for NBFM Analyzer measurements. Select the desired graph type
with the arrow keys or rotatory knob and press Enter. The current active
graph will be replaced with the new selection.

The four available graphs are displayed in the preset view: Spectrum,
Audio Spectrum, Audio Waveform, and Summary.

Refer to “NBFM Analyzer Graphs” on page 2-4 for additional information.

Audio Span: Use this menu to set the frequency span of the Audio
Spectrum graph. Adjust using the predefined increments from 0.3 kHz to
30 kHz using the arrow keys, rotary knob, or the touchscreen.

Audio Sweep Time: Use this menu to set the time length of the
Audio Waveform graph. Adjust from 50 us to 150 ms using the arrow keys,
rotary knob, or the keypad.

Summary Freq Disp: Use this menu to select which of the parameters
(Carrier Frequency or Frequency Error) is displayed in the second row of the
Summary graph.

Occ BW: Displays the “Occ BW Method Menu” on page 2-24.
Back: Returns to the “Measurement Menu” on page 2-22.

Figure 2-20. NBFM Analyzer Display Menu

Land Mobile Radio MG
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2-12 Measurement Menu NBFM Analyzer

Occ BW Method Menu
Key Sequence: Measurement > NBFM Analyzer > Occ BW Setup

Occ BW Method: Toggle between % Int Pwr or > dBc.

When using % integrated power method, the occupied frequency bandwidth
is calculated as the bandwidth containing the specified percentage of the
% Int Pwr >dBc| | transmitted power.

Occ BW

N
Occ BW Method

% Int Pwr When using > dBc method, the occupied bandwidth is defined as the
bandwidth between the upper frequency and lower frequency at which the
99.00 % signal level is a desired number of dB below the peak carrier level.
> dBc % Int Pwr: Use the keypad, the directional arrow keys, or the rotary knob to
enter the percent of power, from 0 % to 100 %. Only active when the Occ
3 BW Method is set to % Int Pwr.

> dBc: Use the keypad, the directional arrow keys, or the rotary knob to
% enter the dBc value (0 dBc to 100 dBc). Only active when the Occ BW
Method is set to > dBc.

T\ .
Back: Returns to the “Display Menu” on page 2-23.

Back
S /

Figure 2-21. NBFM Analyzer Display Menu

Quieting Menu
Key Sequence: Measurement > NBFM Quieting

Quieting Set Reference: Sets the reference level for FM sensitivity testing.
set N | Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).
Reference Average: Sets the refresh rate of the measurement. Setting a higher
Tx Output Lyl number (10 maximum) will dampen the needle movement and reduce
measurement jitter.
22361 mV Back: Returns to the “Measurement Menu” on page 2-22.
Averaging
)
/\/
/\/
 \
Back
S /

Figure 2-22. NBFM Analyzer Display Menu
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NBFM Analyzer 2-13 Sweep Menu

SINAD Menu
Key Sequence: Measurement > NBFM SINAD

FM Deviation: Set the cycle count of the frequency deviation. The range is
SINAD 0 Hz to 100 kHz.

FM Deviation ) Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

2.400 kHz
C-MSG Filter: Toggle the C-MSG Filter On or Off. The audio passband
Tx Output Lvi frequency response curve of the filter simulates the human ear response to
29361 mV radio noise.

Average: Sets the refresh rate of the measurement. Setting a higher
Sz it number (10 maximum) will dampen the needle movement and reduce

o ot measurement jitter.

Back: Returns to the “Measurement Menu” on page 2-22.
Averaging
C—

/\_/
/\_/

T\

Back
o /

Figure 2-23. NBFM Analyzer Display Menu

2-13 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)
sweep and hold sweep. In Run sweep mode, sweeps are continuous and

N . . . .
Sweep one starts immediately after the previous sweep is completed. In Hold sweep
mode, the results of the last sweep are displayed on the screen while the

Sweep

Run Hold ] | instrument waits for a trigger event to start a new sweep. HOLD is displayed
Trigger on the right side of the screen in this mode.
_— Trigger Sweep: Pressing this submenu key causes the instrument to make
Wi

A | asingle sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Figure 2-24. NBFM Analyzer Sweep Menu
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2-14 Measure Menu NBFM Analyzer

2-14 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 2-22.

2-15 Trace Menu

This menu is not available in NBFM Analyzer measurement mode.

2-16 Limit Menu

This menu is not available in NBFM Analyzer measurement mode.

2-17 Other Menus

Preset, Calibrate, File, System, and Mode are described in the User Guide.

2-26 PN: 10580-00243 Rev.V Land Mobile Radio MG
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Chapter 3 — P25 Analyzer
(Option 521)

Option 521 include P25 demodulation (this Chapter) and P25 Phase 2

Note demodulation (Chapter 4).

3-1 Introduction

The P25 Analyzer option provides a method to verify the operation of APCO Project 25 (P25)
and Linear Simulcast Modulation (LSM) tower, mobile, and portable radio transmitters.
Option 521 includes the ability to display constellations, spectrum, histogram, and eye
diagram graphs. In addition, a summary graph displays numeric values of received power,
frequency error, modulation fidelity (Mod Fid), bit error rate (BER), symbol deviation,
Network Access Code (NAC), and symbol rate error of the input signal. BER comparisons can
be made to the Standard Tone or the Standard Transmitter Test (0.153) pattern, regular
voice traffic using a proprietary algorithm, or a Message Error Rate (MER) can be computed
using the control channel messages CRC checking. In addition, estimated BER on the control
channel uses a proprietary algorithm.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of P25 radios, with the ability to automatically adjust the input
sensitivity based on input levels.

3-2 Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key, then select the P25 Signal Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight P25 Analyzer and press
Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In

50 Ohm connector. To prevent damage, use the Anritsu MA25200A High Power
Tx/Rx Input Protector (Chapter 11), a coupler, or an attenuator to reduce the input
power to below this level when measuring high output power devices.

Caution

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the receiver center frequency (Rx Freq) of
the measurement. Use the arrow key, rotary knob or the numeric keypad. When using
the keypad, select the appropriate terminator submenu key to set the center frequency.

Land Mobile Radio MG PN: 10580-00243 Rev. V 3-1
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3-2 Setup Procedure P25 Analyzer (Option 521)

4. Press the Setup main menu key to select the modulation type and Rx pattern.
Select C4FM modulation for Phase I systems or CQPSK for Phase II and LSM systems.
Press the Rx pattern key to choose the pattern against which to measure error rates.
1011/1031 Hz and 0.153 (V.52) will measure BER directly against the selected pattern.
Voice uses a proprietary method to estimate BER from regular voice traffic.
Ctrl Channel will produce a Message Err Rate (MER) based on the CRC checksums
contained in Control Channel messages and estimated BER using a proprietary
algorithm.

5. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set
the receiver attenuation (or gain). Use the arrow keys, rotary knob or the numeric
keypad to enter the adjustment value, up to 100 dB and select either the Loss or Gain
submenu key. The offset will be applied to the Received Power value in the Summary
graph. For instance, if the transmitter under test is emitting 50 watts (+47 dBm) of
power, and the External Attenuation value is 40 dB (such as from a 40 dB directional
coupler), the Received Power displayed will be +7 dBm.

6. Press the Measurement key, then the P25 Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “P25 Analyzer Graphs” on page 3-4 on the available graph types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key, then select the P25 Signal Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight P25 Analyzer and press
Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement
using the Rx Freq key. Use the arrow key, rotary knob or the numeric keypad. When
using the keypad, select the appropriate terminator submenu key to set the center
frequency.

4. Press the Setup main menu key to select the modulation type and Rx Pattern
(BER pattern). Select C4FM modulation for Phase I systems or CQPSK for Phase IT and
LSM systems. Press the Rx Pattern key to choose the pattern against which to measure
error rates. 1011 Hz and O.153 (V.52) will measure BER directly against the selected
pattern. Voice uses a proprietary method to estimate BER from regular voice traffic.
Ctrl Channel will produce a Message Err Rate (MER) based on the CRC checksums
contained in Control Channel messages and estimated BER using a proprietary
algorithm. Refer to “P25 Analyzer Graphs” on page 3-4 on the available graph types.

3-2 PN: 10580-00243 Rev. V Land Mobile Radio MG
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P25 Analyzer (Option 521) 3-2 Setup Procedure

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the P25 Signal Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight P25 Analyzer and press
Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution 45 4Bm) and the frequency range is 500 kHz to 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing a P25 repeater, you can bind the transmit frequency to the receive frequency
by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is on, the Tx Freq submenu key is disabled.

4, Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the transmit pattern by pressing the Setup main menu key then the Tx Pattern
submenu key. Available patterns are listed on the display and additional patterns can
be downloaded via the System > Application Options menu.

Set the Network Access Control (NAC) value that is sent on the standard P25 1011

Note Hz Tx patterns when testing receivers. 293 is the P25 system default value.

6. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.

Caution  The maximum output power from the Signal Generator Out connector is 1 mW.

Land Mobile Radio MG PN: 10580-00243 Rev. V 3-3
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3-3 P25 Analyzer Graphs P25 Analyzer (Option 521)

3-3 P25 Analyzer Graphs

The following P25 Analyzer measurements are available on the LMR Master. From the
Measurements main menu, press P25 Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Constellation and Linear Constellation

Constellation view displays the demodulation information in an IQ format (Figure 3-1).
The chart shows the relationship between the location of a constellation data point, its
deviation frequency, and the information it carries.

Symbol: +3 Symbol: +1
Bit Information: 01 Bit Information: 00
Dev.: +1.8 kHz Dev.: +600 Hz
Symbol: -3 Symbol: -1
Bit Information: 11 Bit Information: 10
Dev.: -1.8 kHz Dev.: -600 Hz
[ Anritsu ss/stiz011 102558 an 5] : ] Display

Active Graph

i} 1234
Rx Pattern r T T T

1011 Hz - Minimize
Mod Type | 1 B | ”' 1 | Active
C4FM S
Rx Puir Offse

0.0dB Ext Loss Graph Type
Auto Rx Range

Constellation
N

Tx Pattem
pzs_10m

Tx Output

aN

Symbol Span
2

Sguelch Lvl
400 dém
Ref Source
Int Ste

Frequency Amplitude teasurement Turmn 3ig-Gen OFF

Figure 3-1. Constellation Diagram
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3-3 P25 Analyzer Graphs

Figure 3-2 shows the same information in the Linear Constellation View.

Symbol: -3 | Symbol: -1 Symbol: +1 Symbol: +3
Bit Information: 11 Bit Information: 10 Bit Information: 00 | Bit Information: 01
Dev.: -1.8kHz | Dev.: -600 Hz | Dev.: +600 Hz | Dev.: +1.8 kHz
[Anritsu oasisz011 1026716 am Display
Active Graph
I‘?x Pattem :
1011 Hz Minimize
Active
Graph
Graph Type
furto Rx Range Linear Const
an
Preamp
QFF
QFF
Tx Pattem
pes_1011
Tx Output
0N
PI(I 3|E|=:rgllu| Lvl Symbaol Span
Offset i
0.0 de
quueIch Lvl )
-40.0 dBm
Ref Source
Int s Y
Frequency Amplitude Measurement Tum Sig-Gen OFF
Figure 3-2. Linear Constellation Diagram

For input signals that are not P25 encoded, the LMR Master will still try to decode it and fit
it to a symbol. This may cause some measurement results that are unexpected.
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3-3 P25 Analyzer Graphs P25 Analyzer (Option 521)

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 % to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.

!Anritsu 03/31/2017 10:26:36 am = : Display
: Active Graph

e ot
Rx Pattern -T = —
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Rx Pwr Offset
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oN | I

Preamp

OFF
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Tx Pattem
pz5_1011

Tx Quiput
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Tz Output Lvi Symbol Epan
0.0 dBm i i
Tx Puwr Offsel 2
0.0 dB Ext Loss ‘ i I T
P S /5 N 1 G
B 3
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e S |
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Int St

Fraguency Amplitude Measurement Turn Sig-Gen OFF

Figure 3-3. P25 Histogram
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P25 Analyzer (Option 521) 3-3 P25 Analyzer Graphs

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) versus frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the P25 signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 3-17 for details. Figure 3-4 displays the same signal using a 25 kHz span and a

500 kHz span.
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Display

Active Graph
Rx Freq

§00.000 MHz
Rx Pattem . I
1011 Hz hinimize
Mod Type s | | | | | i Active
C4Fm

Rz Pwr Offset
0.0 dE E: 1 ol | IR i — —— ] L Graph Type

1234

Graph

Auto Rx Range

i Spectrum

Preamp

Coupling
OFF

Tx Pattern
p25_1011

Tx Output
on

Tx Output Lvi
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Figure 3-4. P25 Spectrum Graph (25 kHz Span and 500 kHz Span)

Amplitude
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3-3 P25 Analyzer Graphs P25 Analyzer (Option 521)

Eye Diagram

The eye diagram is an oscilloscope view of the P25 signal displaying the voltage of the signal
vs. time. The diagram provides an indication of baseband fidelity of a P25 transmitter. With
Over-the-air measurements, the Eye Diagram can indicate phase distortion from multipath.
The number of “eyes” displayed is set with the Symbol Span key under the “Display Menu”
on page 3-21.

i/lnl‘itSLI 03/31/2011 10:29:44 am = . Display
Active Graph

1234
Rx Pattem T - =
1011 Hz H ’ Minimize

Mod Type : ' ‘ 4 Active
C4FM X

Rx Pwr Offset
0.0 dB Ext : Graph Type

Graph

Auto Rz Range

i Eye Diagram

Preamp

Coupling
OFF

Tx Pattermn
pZG_1011

Tx Ouiput
o

Tx Output Lvl
0.0 dBm

Tz Pwr Offset

Symbol Span

Ref Source
Int 3

Freguency amplitude Measurement Turn Sig-Gen OFF

Figure 3-5. P25 Eye Diagram
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P25 Analyzer (Option 521) 3-3 P25 Analyzer Graphs

Summary Graph

The summary graph provides an overview of a P25 transmitter. The graph displays numeric
values of received power, frequency error, modulation fidelity (Mod Fid), bit error rate (BER),
symbol deviation, Network Access Code (NAC), and symbol rate error of the input signal.

The Received Power value in the summary graph can be toggled to dBm, watts, or volts by
using the Amplitude > Units > Rx Units submenu key. This setting also applies to the squelch
level setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the Received Power
is lower than the set squelch level all summary graph measurements except for Received Pwr
will be blanked out (--). When the Received Power is above the squelch level the
measurements are displayed as shown in Figure 3-6.

IAnritsu 03/31/2011 10:30:23 am El W Display
Active Graph
2
Minimize
Received Pwr -30.80 dBm Kt
Graph
; Graph Type
: Freq Error 0.21 Hz ey
Mod Fid 0.85%
: BER 0.000%
0 Symbol Dev 1800.65 Hz
: Symbol Span
: NAC 293h y
Sym Rate Err -0.23 mHz Back

Frequency Amplitude Setup feasurement Turn Sig-Gen OFF

Figure 3-6. P25 Summary Graph with Received Pwr Above the Squelch Level

Received Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instrument’s RBW setting. The reduction is specified as:
10*Log(Signal Bandwidth / Resolution Bandwidth).
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3-4 P25 Control Channel Measurements P25 Analyzer (Option 521)

3-4 P25 Control Channel Measurements

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can log the decoded bits for control messages for either the voice channel or
the control channel.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. From the Setup main menu, choose either Voice (downlink) or Ctrl Channel (uplink) as
the Rx Pattern.

3. From the Measurement main menu press the P25 Control submenu key twice.
4. To log data, insert a formatted flash drive in the LMR Master and set Log Data to On.

5. The Hex Trigger menu and Hex Trigger Value menu are used to find a specific opcode in
the Control Channel data.

To set the hex trigger value, press the Set Trigger Value menu. An on screen keyboard is
displayed and with the numbers 0 to 9 and the letters A to F. Enter the two character
hex value to search for. After entering the value, press Enter to set the trigger value.
Press Esc to cancel entry or changing the current hex value.

Setting Hex Trigger to On will set the Sweep function to Hold when the hex trigger value
is found in the first octet of a packet. The octet row with the found trigger value will be
displayed in the middle of the table (Figure 3-7). If Log Data is set to On, all of the data
on the screen is saved and Log Data is set to Off. When Sweep is set back to Run, the
unit will continue to collect data and stop on the next instance of the hex trigger value.
To continue to capture data to the USB flash drive, set Log Data back to On before
setting Sweep to Run mode.

Figure 3-7 and Figure 3-8 are examples of the display screen measurement in Voice and
Control. Valid Octet data is displayed in blue. Data displayed in red indicates a Cyclic
Redundancy Check (CRC) error. P25 Control measurements include the following
information:

NAC = Network Access Code
DUID = Data Unit Identifier

Control information in the voice channel also includes:

LC = link control data

LS =low speed data

KEY = key ID (part of encrypt sync word which identifies the encryption parameters)
MI = message ID (part of encrypt sync word)

ALG = algorithm ID (part of encrypt sync word)

When Log Data is set to On, the control channel information will be written to a data stamped
folder inside the /usr folder on the root level of the USB flash drive. The file is named:

CTRL LOGyearmonthdaytime.p25 (for Control data)
or

VOICE LOGyearmonthdaytime.p25 (for Voice data)
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P25 Analyzer (Option 521) 3-4 P25 Control Channel Measurements

Decoding Control Channel Measurements

Anritsu offers a Python script that will decode the logged hexadecimal Control Channel
measurements. The script is available for download from the Anritsu web site and requires
that the Python programming language is installed on your computer.

To decode control channel measurements with the Python script:

1. Install the Python programming language on a PC. Download the installer
(http://www.python.org/download/) from the Python Programming Language web site.

2. Download the decoder script from the Anritsu web site:
a. Open the Anritsu home page (http:/www.anritsu.com) with a web browser.

b. Type S412E in the search box to find the LMR Master S412E product page on the
Anritsu web site. Click the product page link to display the LMR Master product

page.
c. Click the Library tab. Under the Drivers/Software Downloads section, select P25

Control Channel Decoder. Next, click the Download button then Save to copy the
file “p25_ctrl_decoder.zip” to your computer.

3. Unzip and launch the python script. The script file name is p25 ctrl decoder.py.

P BEE

P25 Control Channel Decoder
Select File
[ Mon-Standard Filter

I Broadcast Filker
[ Hex Filker
¥ Tab Delimit
Iv Outbound
Select File |

4. Press the Select File button and select the control channel file that was saved on the
USB flash drive. The Python script displays the CRC errors and writes a text file in the
same location with the decoded control channel commands.

Land Mobile Radio MG PN: 10580-00243 Rev.V 3-11


http://www.anritsu.com
http://www.python.org/download/

000 "TexaHkoMm"

3-4 P25 Control Channel Measurements

KoHTpornbHo-uaMeputensHbie npubopbl u o6opyaosaHue

www.tehencom.com
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P25 Analyzer (Option 521) 3-5 P25 Coverage

3-5 P25 Coverage
Refer to Chapter 10, “LMR Coverage Mapping”.

3-6 P25 Bit Capture

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can provide and log raw bits (pre Forward Error Correction) when the
Rx Pattern is set to Voice.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).
2. From the Setup main menu, choose Voice as the Rx Pattern.
3. From the Measurement main menu press the P25 Bit Capture submenu key twice.

4. To log data, insert a formatted USB flash drive in the LMR Master and set Log Data to
On. The bit capture information will be written to a data stamped folder inside the
/usr folder on the root level of the USB flash drive. The tab delimited text file contains
the header and table information shown in Figure 3-9. The files are named:

BIT CAP_LOGyearmonthdaytime.p25

ZINritsu oars1/2011 03:0345 pm Measursments
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OFF 35 [ b€ Fo | @F FF | 05
Tx Output Lyl % [ 89 Bo [ 00 Ez [ 48
v DA 33 C0 | BE Fo | 16
Tx Pwr Offset T 0E B ES 69 zd
DOGBEdLoss 3C ] Fs c1 62
IR 0 | Al
Hex Trig 0C  F0 F | 8 05 | BA
OFF: G5 84  Cs | FB a8 | 12
€0 BE | 1B 58 | 29
co 00 | 0o 49 | 0D
E1 B8 | 4B 9% 27

Coupling Cnverage_I>

Bit Capture

P2s

G Capture

0z
91
Lol
11

Hex Trig Val a5
FF 0E

Squelch Lvl e
100.00 n'w

; Received Pur
Ref Source -0.87 dBm
Int

hod Fid
09z2%

Frag Error
0.16Hz

Measurement

Frequency amplitude Turn Sig-Gen OFF

Figure 3-9. P25 Bit Capture Display
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3-7 P251Q Data P25 Analyzer (Option 521)

3-7 P251Q Data

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can capture and log P25 IQ data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).
2. From the Setup main menu, choose a Mod Type.

For C4FM modulation, interleaved Delta Phase data then Magnitude data is captured.
For CQPSK modulation, interleaved I data then Q data is captured.

3. Insert a formatted USB flash drive into the LMR Master and from the Measurement
main menu, press the P25 IQ Capture submenu key. After approximately 10 seconds,
the instrument displays a message that the capture is complete.

The IQ data is sampled at 4,800 x 11 symbols per second. The saved file has an ASCII header
and binary data (Figure 3-10). The data is written in 24-bit two’s complement integers
format. The header includes “SampleType” (I/Q for CQPSK or DeltaPhase/Mag for C4FM).
The file is intended for post-processing in MATLAB or other data analysis software.

The file will be written to a data stamped folder inside the /usr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.p25

There is no display menu for P25 1Q Capture. The LMR Master will continue to

Note display the previous measurement screen during IQ Capture.

A ] E 5] E F G H
1 |[LMRIQAnaNzer=
[ 2 | <FrojectDefine> 3
| 3 | <Aftribute Name="Type" Yalue="Service" />
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| 10 | <Attribute Name="Format" Value="INT24" /= the parametrlc
il <Attribute Name="CenterFrequency” Value="800000000" £ H H
I <Aftribute Name="SamplingClock" Yalue="52800" /> |nformat|0n.
13 <Attribute Name="Bandwidth" Value="12500" /=
14| <Attribute Name="SampleType' Value="1iQ" />
| 15 | <Attribute Name="Referencelevel" Value="-20.00" />
| 16 | <Attribute Name="AttenuatorLevel' Value="0.00" f=
17 [FAmribute HJ_amE:"CapturESample“ Value="40216 />
| 18 | </{Params> J
[ 18 | <Data>]l bkl Ll T3 ™ Al TG 36T el N
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25 [asi YIE-A\?GP %iifu V¥l il Eail Bt LTua%i‘ i1 el Adegl e HAT 152 Bina ry data in 24-bit
26 |zl -aoel Al paa] &+l ~UaP| YageedE nfeceE B
| 27 | '8KE dRi|E86IE BZSE a0'E V0'E +38E > two's com plement
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Figure 3-10. 1Q Capture (CQPSK Modulation)
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3-8 P25 Analyzer Menus

3-8

P25 Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level Mod Type P25 @
800.000 MHz -69.0 dBm C4FM Analyzer N
Tx Freq Scale Rx Pattern P25 O
800.000 MHz 10 dB/div 1011 Hz Control
Rx/Tx Coupling Rx Power Offset P25 (@)
L
—

On Off 0.0 dB Ext Loss Coverage
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0 Hz On Off 25_1011 Hz Bit Capture

On p25_ P! L
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Figure 3-11. P25 Analyzer Menu Layout
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3-9 Frequency Menu P25 Analyzer (Option 521)

399 Frequency Menu

Key Sequence: Frequency

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the

Frequency desired frequency using the keypad, the arrow keys, or the rotary knob. If
Rx Freq entering a frequency using the keypad, the submenu key labels change
800,000 MHz to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the
Enter key has the same effect as pressing the MHz submenu key.
Tx Freq Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
R T enter the desired frequency using the keypad, the arrow keys, or the rotary

knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key.
Pressing the Enter key has the same effect as pressing the MHz submenu
key.

Rx/Tx Coupling
on oft

Coupling Offset Rx/Tx Coupling: Couples the signal generator to the receiver frequency.

When set to On the Tx Freq key is disabled.

0 Hz

Coupling Offset: Sets the Offset of the signal generator frequency and the
Span receiver frequency. Only functional when Rx/Tx Coupling is set to On.
25 kHz Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,

50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.

Figure 3-12. P25 Analyzer Frequency Menu
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3-10 Amplitude Menu

3-10 Amplitude Menu

Key Sequence: Amplitude

Amplitude

Ref Level

-69.0 dBm

Scale

10 dB/div

Rx Power Offset

0.0 dB Ext Loss

Auto Rx Range
On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm

Tx Power Offset

0.0 dB Ext Loss

—<

Units

—> Y,

Units

Rx Units
dBm

Tx Units

Back
N /

Ref Level: Sets the reference power level at the top of the display when
Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis of the
graticule. Enter a value from 1 dB per division to 15 dB per division using
the keypad, the arrow keys, or the rotary knob. The y-axis power scale is
shown on the left side of the display when viewing the Spectrum Graph.

Note: The “Vertical Scale Menu” on page 3-18 is displayed when P25
Coverage (Measurement > P25 Coverage) is selected.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select a
value from 0 dB to 100 dB then select either dB External Loss

or dB External Gain.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out connection)
external attenuation or gain. Press the Rx Power Offset submenu key and
select a value from 0 dB to 100 dB then select either dB External Loss
or dB External Gain.

Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.

Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Signal Generator (Tx Output Lvl submenu).

Figure 3-13. P25 Analyzer Amplitude Menu
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3-10 Amplitude Menu P25 Analyzer (Option 521)

Vertical Scale Menu

Key Sequence: Amplitude > Vertical Scale

Vertical Scale

RSSI Scale

10 dB/div

BER Ref

100.00 %

Mod Fid Ref

100.00 %

/\_/
/\_/

0\

Back
%

/

RSSI Scale: Sets the number of dB per division in the y-axis power scale
of the RSSI vs. Time graph in Coverage measurement. Enter a value
from 1 dB per division to 15 dB per division using the keypad, the arrow
keys, or the rotary knob.

BER Ref: Sets the BER reference percentage value at the top of the
y-axis in the BER vs. Time graph in Coverage measurement. Enter a
value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
rotary knob.

Mod Fid Ref: Sets the Modulation Fidelity reference percentage value.
Enter a value from 1.00 % to 100.00 % using the keypad, the arrow keys,
or the rotary knob.

Figure 3-14. \Vertical Scale Menu
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P25 Analyzer (Option 521) 3-11 Setup Menu

3-11  Setup Menu
Key Sequence: Setup

Setup

Mod Type
C4FM
Rx Pattern

1011 Hz

/\_/
/\_/

Tx Pattern
p25_1011
NAC
293
Squelch Lvl
-40.0 dBm
Averaging

1

/

Mod Type: Sets the type of modulation. The options are C4FM (Phase |,
12.5 kHz BW) or CQPSK (Phase | or Phase Il, 6.25 kHz equivalent BW).

Rx Pattern: Selects the receiver Bit Error Rate pattern. Select a pattern from
the list box with the arrow keys or rotary knob and press Enter. There are
four available patterns:

Automatic Frequency Control (1011 Hz)
Standard Transmitter Test (O.153 or V.52)
Voice

Ctrl (Control) Channel

Tx Pattern: Selects the transmitter pattern to send when the

Turn Sig-Gen ON main menu key is selected. Select a pattern from the

list box with the arrow keys or rotary knob and press Enter. Refer to “Using
the Signal Generator for Receiver or OTA Analysis” on page 3-3 for the list of
available transmitter patterns.

NAC: Sets the Network Access Control (NAC) that is sent on the standard
P25 1011 Hz Tx Pattern when testing receivers. 293 is the P25 system
default value.

Squelch Lvl: Sets the squelch power level. When the Received Power is
lower than the set squelch level, all summary graph measurements except
for Received Pwr will be blanked out (--).

Averaging: Sets the refresh rate of the numerical values in the
P25 Summary window. Setting a higher number (25 maximum) will reduce
measurement jitter.

Figure 3-15. P25 Analyzer Setup Menu
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P25 Analyzer (Option 521)

3-12 Measurement Menu

Key Sequence: Measurement

Measurements

N
P25 ()
Analyzer
P25 @)

Control
onro%

P25 O

Coverage

<

P25 O

Bit Capture
i ptu Ls )

—\
P25

1Q Capture

P25 Analyzer: Opens the “Display Menu” on page 3-21.

P25 Control: Opens the “Control Channel Menu” on page 3-22. This
submenu key is valid only when Rx Pattern is set to Control Channel or
Voice.

P25 Coverage (Option 522 required): Opens the P25 Coverage menu.
Refer to Chapter 10, “LMR Coverage Mapping”.

P25 Bit Capture: This submenu key is valid only when Rx Pattern is set to
Voice. Pressing this key opens a submenu for data logging. Make sure that
a formatted USB flash drive is attached to the instrument before starting bit
capture. Set Log Data to On to start the bit capture. Bit capture will continue
until Log Data is set to Off or the USB flash drive is filled.

The files are saved in a time-stamped folder under the usr folder on the
USB flash drive.

If Log Data is On, any of the following functions will stop the logging:

Rx Frequency change
Setup change
Starting another measurement

P25 1Q Capture: Pressing this key starts the |IQ data capture. Make sure
that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This
may take a few seconds.

Figure 3-16. P25 Analyzer Measurement Menu

3-20
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3-12 Measurement Menu

Display Menu

Key Sequence: Measurement > P25 Analyzer

Display

Active Graph

Active Graph 1 2 3 4: In Four Screen view use this menu to select which of
the four graphs is active. The current active graph is underlined (1 2 3 4)

and has a red perimeter line. Any of the four graphs can also be made active
by tapping once on the touch screen. Repeatedly pressing the Active Graph

e submenu key will cycle the active graph, 1 through 4.

D In Standard view (one graph displayed on the screen) the Active Graphic
Active . . . .
Graph key will rotate between the four graphs displayed in the Four Screen view.

Maximize/Minimize Active Graph: The submenu key toggles between
Graph Type displaying the Four Screen (4 graphs) view and the Standard view (1 graph).
S Tapping twice on a selected graph also toggles between the two display

/] | options.

-~ | Graph Type: The label on the bottom of this button displays the current
— —— | active graph type. Pressing the button will open a list box of the graphs
types available for P25 Analyzer measurements. Select the desired graph
type with the arrow keys or rotatory knob and press Enter. The current

) active graph will be replaced with the new selection.

—— < | Available graphs include:

Back Constellation
Spectrum
Histogram

Eye Diagram
Linear Constellation
Summary

Symbol Span

Refer to “P25 Analyzer Graphs” on page 3-4 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 and 5 using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside
of this range are ignored.

Back: Returns to the “Measurement Menu” on page 3-20.

Figure 3-17. P25 Analyzer Display Menu
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P25 Analyzer (Option 521)

Control Channel Menu

Key Sequence: Measurement > P25 Control

Control Channel

Log Data
On Off
Hex Trigger
On Off
Set Trigger

Value

Descrambling

Sweep

Run Hold

d
A\

Log Data: Saves the measurements to an external USB flash drive. The
external USB flash drive must be attached to one of the USB Type A
connectors to Log data files.

The files are saved in a time-stamped folder under the usr folder on the
USB flash drive.

If Log Data is On, any of the following functions will stop the logging:

Rx Frequency change
Setup change
Starting another measurement

Hex Trigger: Turns On or Off the Hex Trigger set with the following
command. Sweep will continue until the trigger value is detected. At that
time Sweep will change from Run to Hold.

Set Trigger Value: Opens a touchscreen hexadecimal keyboard for setting
the Trigger value.

Sweep: Toggles the frequency sweep of the LMR Master between Run and
Hold. Save function as Shift + Sweep (3).

Back: Returns to the “Measurement Menu” on page 3-20.

Figure 3-18. P25 Control Channel Menu
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P25 Analyzer (Option 521) 3-13 Sweep Menu

3-13 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

< | sweep and hold sweep. In Run sweep mode, sweeps are continuous and
Sweep one starts immediately after the previous sweep is completed. In Hold sweep
mode, the results of the last sweep are displayed on the screen while the
Run Hold instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make
/| asingle sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Sweep

Trigger Sweep is not available in P25 Control and P25 Bit Capture
measurements.

Figure 3-19. P25 Analyzer Sweep Menu

3-14 Measure Menu

Key Sequence: Shift > Measure (4) key
Displays the “Measurement Menu” on page 3-20.

3-15 Trace Menu

This menu is not available in P25 Analyzer measurement mode.

3-16 Limit Menu

This menu is not available in P25 Analyzer measurement mode.

3-17 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.

Land Mobile Radio MG PN: 10580-00243 Rev. V 3-23
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3-17 Other Menus P25 Analyzer (Option 521)
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Chapter 4 — P25 Phase 2 Analyzer
(Option 521)

Option 521 include P25 demodulation (Chapter 3) and P25 Phase 2 demodulation

Note ihis Chapter)

4-1 Introduction

The P25 Phase 2 Analyzer option provides a method to verify the operation of APCO
Project 25 Phase 2 (P25p2) and Linear Simulcast Modulation (LSM) tower, mobile, and
portable radio transmitters. Option 521 includes the ability to display linear constellation,
spectrum, histogram, power profile, and eye diagram graphs. In addition, summary graphs
display demodulation, active and backup control channel, band plan, and adjacent site
information.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of P25p2 radios, automatically adjusting the input sensitivity
based on input levels.

4-2  Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key then select the P25 2 Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight P25p2 Analyzer
and press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the receiver center frequency (Rx Freq) of
the measurement. Use the arrow key, rotary knob or the numeric keypad. When using
the keypad, select the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to select the modulation type. Select Base Station or
Mobile Station using the Mod Type key. Press the Rx pattern key to choose the pattern
against which to measure error rates. 1031 Hz will measure BER directly against the
selected pattern. Voice uses a proprietary method to estimate BER from regular voice
traffic. Ctrl Channel will produce a Message Err Rate (MER) based on the CRC

Land Mobile Radio MG PN: 10580-00243 Rev. V 4-1
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4-2 Setup Procedure P25 Phase 2 Analyzer (Option 521)

checksums contained in Control Channel messages and estimated BER using a
proprietary algorithm.

5. Select the TDMA slot (0 or 1) using the Rx Slot submenu key.

6. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set
the receiver attenuation (or gain). Use the arrow keys, rotary knob or the numeric
keypad to enter the adjustment value, up to 100 dB and select either the Loss or Gain
submenu key. The offset will be applied to the Carrier Power value in the
Demodulation Summary graph. For instance, if the transmitter under test is emitting
50 watts (+47 dBm) of power, and the External Attenuation value is 40 dB (such as
from a 40 dB directional coupler) the Carrier Power displayed will be +7 dBm.

7. Press the Measurement key, then the P25p2 Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “P25p2 Analyzer Graphs” on page 4-4 on the available graph types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key then select the P25 2 Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight P25p2 Analyzer
and press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement
using the Rx Freq key. Use the arrow key, rotary knob or the numeric keypad. When
using the keypad, select the appropriate terminator submenu key to set the center
frequency.

4. Press the Setup main menu key to select the modulation type. Select Base Station or
Mobile Station using the Mod Type key. Press the Rx pattern key to choose the pattern
against which to measure error rates. 1031 Hz will measure BER directly against the
selected pattern. Voice uses a proprietary method to estimate BER from regular voice
traffic. Ctrl Channel will produce a Message Err Rate (MER) based on the CRC
checksums contained in Control Channel messages and estimated BER using a
proprietary algorithm. Refer to “P25p2 Analyzer Graphs” on page 4-4 on the available
graph types.

5. Select the TDMA slot (0 or 1) using the Rx Slot submenu key.

4-2 PN: 10580-00243 Rev. V Land Mobile Radio MG



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

P25 Phase 2 Analyzer (Option 521) 4-2 Setup Procedure

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the P25 2 Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight P25p2 Analyzer
and press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution 5 4Bm) and the frequency range is 500 kHz to 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing a P25p2 repeater, you can bind the transmit frequency to the receive
frequency by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is on, the Tx Freq submenu key is disabled.

4. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the transmit pattern by pressing the Setup main menu key then the Tx Pattern
submenu key. Available patterns are listed on the display and additional patterns can
be downloaded via the System > Application Options menu.

6. Select the TDMA slot (0 or 1) using the Tx Slot submenu key.

7. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.

Land Mobile Radio MG PN: 10580-00243 Rev. V 4-3



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

4-3 P25p2 Analyzer Graphs P25 Phase 2 Analyzer (Option 521)

4-3 P25p2 Analyzer Graphs

The following P25p2 Analyzer measurements are available on the LMR Master. From the
Measurements main menu press P25p2 Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Linear Constellation

Linear constellation view displays the demodulation information in an IQ format for

Base Station (Figure 4-1) and Mobile Station (Figure 4-2). The chart shows the relationship
between the location of a constellation data point, its deviation frequency, and the
information it carries.

Symbol: -3 | Symbol: -1 Symbol: +1 Symbol: +3
Bit Information: 11 Bit Information: 10 Bit Information: 00 Bit Information: 01

!/lnritsu 09/19/2012 09:51.55 am E : Display

Active Graph

Minimize
Active
Graph

Graph Type

Linear Const

Output Lvi Symhol Span
-45.0 dBm

Pwr Offset i
0.0

Frequency Amplitude Measurement Turn Sig-Gen OFF

Figure 4-1. Linear Constellation Diagram (Base Station)
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P25 Phase 2 Analyzer (Option 521) 4-3 P25p2 Analyzer Graphs

Symbol: -3 | Symbol: -2 | Symbol: -1 | Symbol: 0 | Symbol: +1 | Symbol: +2 | Symbol: +3

!/lnritsu 09/19/2012 09.51:20 am
Mod Type

Mahile Station

1031 Hz
Mod Type

R Pattern

1031 Hz
Pwr Offset Rx Slot
Auto Rx Range 1
Qn

Preamp Tx Slot

= Mone
Freq
000 MHz Tx Pattern

pEsz_ms_1031_0
Sguelch Lyl
-100.0 dBm

teasurement Turn Sig-Gen OFF

Freguency Amplituce

Figure 4-2. Linear Constellation Diagram (Mobile Station)

For input signals that are not P25p2 encoded, the LMR Master will still try to decode it and
fit it to a symbol. This may cause some measurement results that are unexpected.
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4-3 P25p2 Analyzer Graphs P25 Phase 2 Analyzer (Option 521)

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.

Mnritsu 09/19/2012 10:17:34 am = . Display

Active Graph

1234
hdinimize
Active

Graph
Rx Pwr Offset
155

0.0 dB Ex Graph Type

Auto Rx Range
an

Histagram

Preamp
OH

Squelch Lvl

_—1|'|I'I 0dEm | | IE ‘

Ref Source
Int Yy

; ‘ |
Tx Output Lyl | Symbol Span
450 dBm s 1 -+
Tx Pwr Offset | ' 1 2
0.0 dB Ext Loss ! l i
R S E——
3

Fregquency Amplitude hMeasurement Turn Sig-Gen OFF

Figure 4-3. P25p2 Base Station Histogram
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P25 Phase 2 Analyzer (Option 521) 4-3 P25p2 Analyzer Graphs

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the P25p2 signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 4-21 for details. Figure 4-4 displays the same signal using a 25 kHz span and a

500 kHz span.

[ Anritsu sa1az012 10:15:03 am = : Display
Active Graph

Minimize

| | | | Active

on 460 Graph
Rx Pwr Offset
0.0dB Ext Loss

Auto Rx Range Spectrum
ON

Graph Type

Preamp
Oh
Tx Freq

AHz
Coupling
QOFF

Tx Pattem

Tx Output
ON

T Output Lvi
dBm

Pwr Offset
Ext Loss
Squelch Lvi

-100.0 dBm

Ref Source
Int

Frequency Amplitude Measurement

Frequency
Rx Freq
800,000 MHz
TxFreg

§00.000 MHz

Rx Pwr Offset

0.0 dB Ext Lo: RxT Coupling

Auto Rx Range | on ort
oN | —

Preamp 840 | Caupling Offset
0 Hz
Span

500 kHz

Squelch Lvi
- ]

Ref Source

Freguency Amplitude Measursment Turn Sig-Gen OFF

Figure 4-4. P25p2 Spectrum Graph (25 kHz Span and 500 kHz Span)
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P25 Phase 2 Analyzer (Option 521)

Eye Diagram

The eye diagram is an oscilloscope view of the P25p2 signal displaying the voltage of the
signal vs. time. The diagram provides an indication of baseband fidelity of a
P25p2 transmitter. With Over-the-air measurements the Eye Diagram can indicate phase

distortion from multipath. The number of “eyes” displayed is set with the Symbol Span key
under the “Display Menu” on page 4-26.

Mnritsu 09419/2012 10:13:32 am

Display

2opz sctive Graph
Rx Freq

Minitmize
Active
Graph

Graph Type

Eye Diagram

Tx Output Lvi

ac 3 ’
-45.0 dBm = 2 r Symbol Span
i 4
0.0 @ |

Frequency Amplitude

hleasurement Turh Sig-Gen OFF

Figure 4-5. P25p2 Eye Diagram
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P25 Phase 2 Analyzer (Option 521) 4-3 P25p2 Analyzer Graphs

Summary Graphs

The LMR Master offers several summary graphs to give a broad overview of many P25p2
transmitter details.

Demodulation Summary

The Demodulation Summary graph displays numeric values of received power, frequency
error, modulation fidelity (Mod Fid), bit error rate (BER), symbol deviation, and symbol rate
error of the input signal. When the RX Pattern is set to Control Channel, the summary graph
displays message error ratio (MER/BER) in place of BER.

The Received Power value in the summary graph can be displayed in dBm, watts, or volts
using the Amplitude > Units > Rx Units submenu key. This setting also applies to the squelch
level setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the Received Power
is lower than the set squelch level, all summary graph measurements except for Received Pwr
will be blanked out (--). When the Received Power is above the squelch level, the
measurements are displayed as shown in Figure 4-6.

]/Inritsu 06/24/2016 D2:19:04 pm Display

Active Graph

1234

Demodulation Summary

dinimize

Active

Received Pwr -34.69 dBm

ase Statio Graph
Rx Pwr Offset
0.0 dB Ext Loss

20, Frange Freq Error 808.05 Hz

Graph Type

Demodulation Summary,

Preamp
OFF

Mod Fid 18.54%

MER/BER 100% / 50.000%

Symbal Span

Symbol Dev 1798.12 Hz ik

Sym Rate Err 10.78 mHz Back

Measurement

Frequency Amplitude Turn Sig-Gen OFF

Figure 4-6. P25p2 Demodulation Summary Graph with Received Pwr Above the Squelch Level

Received Pwr in the summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instruments RBW setting. The reduction is specified as:
10*Log(Signal Bandwidth / Resolution Bandwidth).
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P25 Phase 2 Analyzer (Option 521)

Active Control Channel Summary

The Active Control Channel Summary graph can be selected only when the Mod Type is set to
Base Station and the RX Pattern is set to Ctrl Channel. This summary displays the hex value of

the active system ID, wide area communications network (WACN) ID, network access control
(NAC), site ID, and the current site status and manufacturer ID.

| Anritsu osreasz01s 022212 pm % B [ Display

SR Active Graph
Rx Freq
50 MHz

§ Active Crl Channel Summary 1234
Rx Patterr

N
B nel

bdinimize

System ID 000h fctive

Graph

Graph Type

WACN ID 00000h Bctive Chil Summary

NAC 63Ah

Site ID 000h

Sytmbal Span

Site Status Not Wide

el Mig ID ooh
Ref Source
Int

Fraguency Amplitude Setup teasurament Turn Sig-Gen OFF

Figure 4-7. P25p2 Active Base Station Control Channel Summary
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P25 Phase 2 Analyzer (Option 521) 4-3 P25p2 Analyzer Graphs

Band Plan Summary

The Band Plan Summary graph can be selected only when the Mod Type is set to Base Station
and the RX Pattern is set to Ctrl Channel. This summary displays the band plan identifier,
bandwidth, transmit offset, channel spacing, and base frequency.

!/Inritsu DE/24/2016 02:21:58 pm Display

Active Graph

hinimize

Identifier 0 Aclive

Graph
Rx Pwr Offset
i 55 .:1EI:";;.-1 Lﬁe Graph Type
orF e Band Width 0.000 kHz Band Flan Summary

TX Offset 0.000 MHz
Chnl Spacing 0.000 kHz Symnal Span
Dr--louq 3 .
Sooaem Base Frequency 0.00000 MHz S

T Pwr Offset
0.0 dE

Squelch Lyl

Ref Source
Int

Measurement

Frequency amplitude Turn Sig-Gen OFF

Figure 4-8. P25p2 Base Station Control Channel Band Plan Summary
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4-3 P25p2 Analyzer Graphs P25 Phase 2 Analyzer (Option 521)

Backup Control Channel Summary

The Backup Ctrl Channel Summary graph can be selected only when the Mod Type is set to
Base Station and the RX Pattern is set to Ctrl Channel. This summary displays the hex values
of the RF sub-system ID, site ID, channels A and B, and the manufacturer ID.

| Anritsu osreasz016 02:20.05 pm % B [ Display

Active Graph

Backup Ctrl Channel Summary 1234

bdinimize

RF Sub-Sys ID fctive

Graph

Mod Type
Ba Q

ion

Rx Pwr Offse’
0.0 dB Ext Loss Graph Type

g‘"__t‘; Rx Range S|te ID Backup Cirl Summary

Preamp
OFF

Channel A

Channel B

Sytmbal Span

-30.0 dEm Mig ID
Tx Pwr Offset
0.0 de

Squelch Lyl

Ref Source
Int Std &

Fraguency Amplitude Setup teasurament Turn Sig-Gen OFF

Figure 4-9. P25p2 Base Station Backup Control Channel Summary

4-12 PN: 10580-00243 Rev.V Land Mobile Radio MG



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

P25 Phase 2 Analyzer (Option 521) 4-3 P25p2 Analyzer Graphs

Adjacent Site Summary

The Adjacent Site Summary graph can be selected only when the Mod Type is set to Base
Station and the RX Pattern is set to Ctrl Channel. This summary displays the hex value of the
adjacent site ID, sub system ID, channel, and the relative condition (F), common state (V),
and RFSS state (A).

!/Inritsu DE/24/2016 02:22:23 pm Display

Active Graph

hinimize

Site ID 000h ctive

Graph

Graph Type

0.0 dB Ex
A R Range Sub System ID 00h

Preamp
OFF

Adjacent Site Summary,

Channel 00h
Condition (F) Good Somael oan
z
Comm State (V) Unknown S
Eolll  RFSS State (A) Site Bach

Measurement

Frequency amplitude Turn Sig-Gen OFF

Figure 4-10. P25p2 Adjacent Base Station Control Channel Site Summary
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4-3 P25p2 Analyzer Graphs P25 Phase 2 Analyzer (Option 521)

Power Profile

The power profile graph is used with Mobile Station Mod Type to display a zero-span view of
power vs. time of the selected Rx Slot.

I/inritsu 09/19/2012 1148:57 am = : Display

Active Graph

1234

hinimize
Mod Type | | | y | | | Active
o on i) | |

Rx Pwr Offset
00d — — - : i 1 : i i SRR e

Graph

Auto Rx Range

) Power Profile
O

Preamp
oV

Tx Freq

iy - Symhol Span
Tx Pwr Offset | 2
0.0 dB | | | ; | | i |
= . -

Frequency Amplitude heasurement Turn 3ig-Gen OFF

Figure 4-11. P25p2 Power Profile
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P25 Phase 2 Analyzer (Option 521) 4-4 P25p2 Control Measurement

4-4 P25p2 Control Measurement

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can log the decoded bits for control messages for either the voice channel or
the control channel.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. From the Setup main menu, choose either Voice (downlink) or Ctrl Channel (uplink) as
the Rx Pattern.

3. From the Measurement main menu press the P25p2 Control submenu key twice.
4. To log data, insert a formatted flash drive in the LMR Master and set Log Data to On.

5. The Hex Trigger menu and Hex Trigger Value menu are used to find a specific opcode in
the Control Channel data.

To set the hex trigger value, press the Set Trigger Value menu. An on screen keyboard is
displayed with the numbers 0 to 9 and the letters A to F. Enter the two-character hex
value to search for. After entering the value, press Enter to set the trigger value. Press
Esc to cancel entry or change the current hex value.

Setting Hex Trigger to On sets the Sweep function to Hold when the hex trigger value is
found in the first octet of a packet. The octet row with the found trigger value is
displayed in the middle of the table (Figure 4-12). If Log Data is set to On, then all of the
data on the screen are saved, and Log Data is set to Off. When Sweep is set back to Run,
the unit continues to collect data and stops on the next instance of the hex trigger
value. To continue to capture data on the USB flash drive, set Log Data back to On
before setting Sweep to Run mode.

Figure 4-12 and Figure 4-13 are examples of the display screen measurement in Voice and
Control Channel. Valid Octet data is displayed in blue. Data displayed in red indicates a
Cyclic Redundancy Check (CRC) error. P25p2 Control measurements include the following
information:

CC = Color Code

DT = Data Type

KEY = key ID (part of encrypt sync word which identifies the encryption parameters)
ALG = algorithm ID (part of encrypt sync word)

MI = message ID (part of encrypt sync word)

Set Descrambling to On to decrypt the data stream based on the WACN ID, System ID, and
Color Code settings.

When Log Data is set to On, the control channel information is written to a data stamped
folder inside the /usr folder on the root level of the USB flash drive. The file is named:

CTRL_LOGyearmonthdaytime.p252 (for Control data)
or

VOICE LOGyearmonthdaytime.p252 (for Voice data)

Land Mobile Radio MG PN: 10580-00243 Rev. V 4-15
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Figure 4-12. P25p2 Control Channel (Voice)
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Figure 4-13. P25p2 Control Channel (Control)
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P25 Phase 2 Analyzer (Option 521) 4-5 P25p2 Coverage

4-5

P25p2 Coverage

Refer to Chapter 10, “LMR Coverage Mapping”.

4-6

P25p2 Bit Capture

Note

This measurement is captured on an external USB flash drive. The captured data
file can not be recalled and displayed on the instrument screen.

The LMR Master can provide and log raw bits (pre Forward Error Correction) when the
Rx Pattern is set to Voice.

1.

From the Frequency main menu, set the receiver frequency (Rx Freq).

2. From the Setup main menu, choose Voice as the Rx Pattern.
3.
4. To log data, insert a formatted USB flash drive in the LMR Master and set Descrambling

From the Measurement main menu press the P25p2 Bit Capture submenu key twice.

to On to decrypt the data stream based on the WACN ID, System ID, and Color Code
settings.

. Set Log Data to On to start the bit capture. The information will be written to a data

stamped folder inside the /usr folder on the root level of the USB flash drive. The tab
delimited text file contains the header and table information shown in Figure 4-14. The
files are named:

BIT CAP_LOGyearmonthdaytime.p252

[ Anritsu czrzazeis 021503 am E = & Bit Capture

Log Data
on off

Date Time cC UFrame SACCH Status Counter 3
Descrambling
02/23/2016 06:16:02 --- il WALID 0054
Octets ot an
Offse 64 Ad 54 34 79 a2 a1 38 46 a1} ab Eg

7 23 EB 23 C3 F& Az B2 BO cZ E3 E7
93 4E EB Pt} ae co BE B3 47 E3 06 ED
A4 F& a3 49

33 E# 3E 9z 1F BC 0 9 B 42 lafi] Gl
48 iE AB c3 Fa ao LT EQ 1E AaF 70 Fé
il T 93 ac 10 Al a3 ZE 1 a0 a7 A
5C FO ES [

oc ac 08 ag aD 74 F3 B3 DE ag BF 35

ED | #4 55 | FB 6F | DO | O | 52 1D | Ef | 5C | 68
: 57 | FB | 62 | OB | ¢ | 8 &0 | F5 | ct | FO &3 | &f
ce | 56 83 | ca
0 %6 | BB S0 | €B | 7F | AE 0z | 72 | s0 | @A 15 | B9
@@ | Ac 91 | @4 o4 | 57 @ | €3 33 | cA 13 | DE
% eF |79 4z | 9a | BF | 1E 62 | 6e | 14 | b4 EC | &5
B3 | 1c 80 | a4
Received Pur Freg Etror Mod Fil BER Eack
-47.69 dBm -0.05Hz 269% 0.000% —
Frequency amplitude Satup Measurament Turn Sig-Gen OFF

Figure 4-14. P25p2 Bit Capture Display
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4-7 P25p21Q Data P25 Phase 2 Analyzer (Option 521)

4-7 P25p21Q Data

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can capture and log P25p2 1Q data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. Insert a formatted USB flash drive into the LMR Master and from the Measurement
main menu, press the P25p2 IQ Capture submenu key. After approximately 10 seconds,
the instrument displays a message that the capture is complete.

The IQ data is sampled at 4,800 x 11 symbols per second. The saved file has an ASCII header
and binary data (Figure 4-15). The data is written in 24-bit two’s complement integer format.
The file is intended for post-processing in MATLAB or other data analysis software.

The file will be written to a data stamped folder inside the /usr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.p252

There is no display menu for P25p2 1Q Capture. The LMR Master will continue to

Note display the previous measurement screen during IQ Capture.

A B € D E E G H
| 1 |LMRIQAnalyzer>
| 2 | <ProjectDefine= N
| 3 | <Atribute Name="Type" Value="Service" />
| 4 | <Attribute Mame="Name" Value="Digitizer" />
| & | <Aftribute Name="FileVersion' Value="1.000"/>
| 6 | <(ProjectDefine>
i <Params> i
| 8 | <Aftribute Name="CaptureDate" Value="04/26/2011" /> ASC” header IIStS
| 9 | <Atribute Name="CaptureTirme" Valug="10/30/24" /> > H
| 10 | <Attribute Mame="Format" VYalue="INT24" /> the parametrlc
il <Aftribute Name="CenterFrequency” Valug="800000000" /> H H
I <Atribute Name="SarmplingClock" Yalue Informatlon'
| 13 | <Attribute Name="Bandwidth" Value="
| 14 | <Aftribute Name="SampleType" Valu:
| 15 | <Aftribute Name="Referencel evel' Valug="-20 00" />
| 16 | <Attribute Name="AttenuatorLevel" Value="0.00" />
| 17 | I<Armhute _’JamE:"CapturESample“ Yalue="40216 G
[ 18 | </Params> /
| 18 | <Data=]l km A LAl =4 T 7.0 Al To2i %07 bl 9 N
20 | <A1 Ambeil A 11 4 1 -180
| 21 |22 GaslE a24Al 13- higgl e [ &0 Il ~ge{l +—1 &l n ol e¥ET PET g2 &1 /1T
| 22 |U8cEE B-85E 9E pAAE ) o' badul Mook ANLDE fa |E O8%E dgeE CO
| 23 %E SLMOE o) alll
24 "8l @11 | gU-ul tAT -EST Aa [y O 6UST 0BT Cj<ET 92+ gt CEM kTl . O 54K . . .
25 |warl VESA] il zu Vi ¥ /] il Eail CEe0!] 1a01 <1 - e<] AR teae | AT 0] Bmary data in 24-bit
26 |Ikami *-goel "8l pag'( &« ~UaP| lagesdE nféceE ’
|97 | '&KE dRi|E 801E BZ6SE 2 0'E Wb E 1348 > two's com plement
28 |®UrE T B BSE 1o Eidnl %ed Gl 540 0FT 2l 14l 1 nl 52— O] ) .
| 20 |Iby7 Bexd 01T oAl el Ltl oy 11 "<l Integel’ format.
3o |han
| 31 | INGeal ‘el "y T ploAl Saal £30y]
E i-il zesid "8 Pl 2&e]l ~=z2 W@a0l e0adl Apall yvTail 9afi 008 %4301 *u</Data> J
| 1846 | </LMRIQANalyzar=>
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W 4 v v\Sheet1 { Shestz { Sheeta / &

Figure 4-15. 1Q Capture
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P25 Phase 2 Analyzer (Option 521) 4-8 P25p2 Analyzer Menus

4-8 P25p2 Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level Mod Type P25p2 @
—_—
800.000 MHz -69.0 dBm Base Station Analyzer N
Tx Freq Scale Rx Pattern P25p2 O
—
800.000 MHz 10 dB/div 1031 Hz Control
Rx/Tx Coupling Rx Power Offset Rx Slot P25p2 @] Cove rage
— Mapping
On Off 0.0 dB Ext Loss 1 Coverage
Off 9 Chapter
Coupling Offset Auto Rx Range Tx Slot P25p2 @] @
—
0 Hz On Off 0 Bit Capture
On pture_
Span Adjust Rx Tx Pattern
25 kHz Range p252_bs_1031
V4
Tx Output Lvl P25p2
0.0 dBm 1Q Capture
Tx Power Offset Squelch Lvl
0.0 dB Ext Loss -100.0 dBm
Units More > @
s — @ Control Channel
Log Data
@ Setup (2) Display @ Bit Capture On Off
Averaging Active Graph Log Data Hex Trigger
1 1 2 3 4 On Off On Off
—" — R R
WACN ID Maximize Descrambling Set Trigger
Active
1 Graph Off On Value
% —— —
System ID Graph Type Descrambling
-
o~
1 Linear Const Off On
,—/ — —_—
Color Code
/\/
o~ Back o~
1
- &
Symbol Span Sweep
/\/
/\/
2 Run Hold
— S
Back Back Back
& & &

Figure 4-16. P25p2 Analyzer Menu Layout
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4-9

Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz

Rx/Tx Coupling

on off

Coupling Offset
0 Hz
Span

25 kHz

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
desired frequency using the keypad, the arrow keys, or the rotary knob. If
entering a frequency using the keypad, then the submenu key labels change
to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the
Enter key has the same effect as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press the Tx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key.
Pressing the Enter key has the same effect as pressing the MHz submenu
key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the
receiver frequency. Only functional when Rx/Tx Coupling is set to On.

Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.

Figure 4-17. P25p2 Analyzer Frequency Menu
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P25 Phase 2 Analyzer (Option 521) 4-10 Amplitude Menu

4-10 Amplitude Menu
Key Sequence: Amplitude

Ref Level: Sets the reference power level at the top of the display when

Amplitude .
Auto Range is Off.
Ref Level Lo . .
Scale: Scale sets the number of dB per division in the y-axis of the
-69.0 dBm graticule. Enter a value from 1 dB per division to 15 dB per division using
the keypad, the arrow keys, or the rotary knob. The y-axis power scale is
Scale shown on the left side of the display when viewing the Spectrum Graph.
10 dB/div Note: The “Vertical Scale Menu” on page 4-22 is displayed when P25p2

Coverage (Measurement > P25p2 Coverage) is selected.
Rx Power Offset

Rx Power Offset: Sets the receiver (RF IN connection) external
0.0 dB Ext Loss attenuation or gain. Press the Rx Power Offset submenu key and select a
value from 0 dB to 100 dB then select either dB External Loss

Auto Rx Range .
or dB External Gain.

G G Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level

Adjust Rx . .
based on the input signal.
Range Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
TX OUtbUt Ly Range sets the Reference Level automatically for the current
measurement.
0.0 dBm Tx Output Lvl: Sets the output power of the Signal Generator
Tx Power Offset (0 dBm or 1 mW or 223 mV max).
10 6 B s Tx Power Offset: Sets the transmitter (Signal Generator Out connection)
,'—< external attenuation or gain. Press the Rx Power Offset submenu key and
select a value from 0 dB to 100 dB then select either dB External Loss
Units or dB External Gain.
i Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Demodulation Summary Graph and the

Units Squelch Level.
N
Rx Units Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
oBm Signal Generator (Tx Output Lvl submenu).
Tx Units
dBm
C—
/\/
/\/
 \
Back
< /

Figure 4-18. P25p2 Analyzer Amplitude Menu
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4-10 Amplitude Menu P25 Phase 2 Analyzer (Option 521)

Vertical Scale Menu

Key Sequence: Amplitude > Vertical Scale

Vertical Scale

RSSI Scale

10 dB/div

BER Ref

100.00 %

Mod Fid Ref

100.00 %

/\_/
/\_/

0\

Back
%

/

RSSI Scale: Sets the number of dB per division in the y-axis power scale
of the RSSI vs. Time graph in Coverage measurement. Enter a value
from 1 dB per division to 15 dB per division using the keypad, the arrow
keys, or the rotary knob.

BER Ref: Sets the BER reference percentage value at the top of the
y-axis in the BER vs. Time graph in Coverage measurement. Enter a
value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
rotary knob.

Mod Fid Ref: Sets the Modulation Fidelity reference percentage value.
Enter a value from 1.00 % to 100.00 % using the keypad, the arrow keys,
or the rotary knob.

Figure 4-19. Vertical Scale Menu
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P25 Phase 2 Analyzer (Option 521) 4-11 Setup Menu

4-11 Setup Menu
Key Sequence: Setup

Mod Type: Sets the type of modulation. The options are Mobile Station or

Setup ;
Base Station.

Mod T
o P Rx Pattern: Selects the receiver Bit Error Rate pattern. Select a pattern from

Base Station the list box with the arrow keys or rotary knob and press Enter. There are

four available patterns:
Rx Pattern

Automatic Frequency Control (1031 Hz)

1031 Hz Silence
s Voice
X Stot Ctrl (Control) Channel
1 Rx Slot: Selects the receiver time slot 0 or 1

e (not available when Rx pattern is set to Ctrl Channel).

Tx Slot: Selects the LMR Master generator time slot (0 or 1) for the receiver.
0

Tx Pattern: Selects the transmitter pattern to send when the

Tx Pattern Turn Sig-Gen ON main menu key is selected. Select a pattern from the

list box with the arrow keys or rotary knob and press Enter. Refer to “Using
the Signal Generator for Receiver or OTA Analysis” on page 4-3 for the list of
available transmitter patterns.

p252_bs_1031

Squelch Lvl: Sets the squelch power level. When the received power is
lower than the set squelch level, all demodulation summary graph
Squelch Ll measurements except for Received Pwr will be blanked out (--).

G More: Opens the “Setup (2/2) Menu” on page 4-24.

—<

More

—> Y,

Figure 4-20. P25p2 Analyzer Setup Menu
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4-11 Setup Menu P25 Phase 2 Analyzer (Option 521)

Setup (2/2) Menu
Key Sequence: Setup > More

Setup (2) Averaging: Sets the refresh rate of the numerical values in the
< | P25p2 demodulation summary graph. Setting a higher number (25
RUEEEITE, maximum) will reduce measurement jitter.
1 WACN ID: Sets the Wide Area Communication Network Identifier (WACN)
value the LMR Master receiver looks for in the received P25 Phase 2
WACN ID transmission.
1 System ID: Sets the System Identifier value the LMR Master receiver looks
for in the received P25 Phase 2 transmission.
System ID
Color Code: Sets the System Identifier value the LMR Master receiver looks
1 for in the received P25 Phase 2 transmission.
Color Code Back: Returns to the “Setup Menu” on page 4-23.
1
C—
/\/
/\/
 \
Back
o /

Figure 4-21. P25p2 Analyzer Setup (2/2) Menu
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P25 Phase 2 Analyzer (Option 521) 4-12 Measurement Menu

4-12 Measurement Menu

Key Sequence: Measurement

P25p2 Analyzer: Opens the “Display Menu” on page 4-26.

Measurements

P25p2 Control: Opens the “Control Channel Menu” on page 4-27. This
submenu key is valid only when Rx Pattern is set to Control Channel or
Analyzer BN Voice.

N
P25p2 @

P2sp2 O P25p2 Coverage (Option 522 required): Opens the P25p2 Coverage
menu. Refer to Chapter 10, “LMR Coverage Mapping”.

Control P25p2 Bit Capture: This submenu key is valid only when Rx Pattern is set
P25p2 O to Voice. Pressing this key opens the “Bit Capture Menu” on page 4-28 for
data logging.

Coverage

— P25p2 1Q Capture: Pressing this key starts the 1Q data capture. Make sure
pesp2 O | | that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This
BitCapture_ | | may take a few seconds.

P25p2

1Q Capture

Figure 4-22. P25p2 Analyzer Measurement Menu
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4-12 Measurement Menu P25 Phase 2 Analyzer (Option 521)

Display Menu

Key Sequence: Measurement > P25p2 Analyzer

Display

Active Graph

Active Graph 1 2 3 4: In Four Screen view use this menu to select which of
the four graphs is active. The current active graph is underlined (1 2 3 4)

and has a red perimeter line. Any of the four graphs can also be made active
by tapping once on the touch screen. Repeatedly pressing the Active Graph

Lees submenu key will cycle the active graph, 1 through 4.
s In Standard view (one graph displayed on the screen) the Active Graphic
Active . . . .
Graph key will rotate between the four graphs displayed in the Four Screen view.
Maximize/Minimize Active Graph: The submenu key toggles between
Graph Type displaying the Four Screen (4 graphs) view and the Standard view (1 graph).
S Tapping twice on a selected graph also toggles between the two display
/] | options.
) | Graph Type: The label on the bottom of this button displays the current
— —— | active graph type. Pressing the button will open a list box of the graphs
types available for P25p2 Analyzer measurements. Select the desired graph
Symbol Span type with the arrow keys or rotatory knob and press Enter. The current

) active graph will be replaced with the new selection.

<

Back Linear Constellation

Spectrum

Histogram

Eye Diagram

Summary Graphs (demodulation, active and backup control channel,
band plan, and adjacent site)

Power Profile

Available graphs include:

Refer to “P25p2 Analyzer Graphs” on page 4-4 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 and 5 using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside
of this range are ignored.

Back: Returns to the “Measurement Menu” on page 4-25.

Figure 4-23. P25p2 Analyzer Display Menu
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P25 Phase 2 Analyzer (Option 521) 4-12 Measurement Menu

Control Channel

Menu

Key Sequence: Measurement > P25p2 Control

Control Channel

Log Data
On Off
Hex Trigger
On Off
Set Trigger

Value

Descrambling

Sweep

Run Hold

/\

Back

Log Data: Saves the measurements to an external USB flash drive. The
external USB flash drive must be attached to one of the USB Type A
connectors to Log data files.

The files are saved in a time-stamped folder under the usr folder on the
USB flash drive.

If Log Data is On, any of the following functions will stop the logging:

Rx Frequency change
Setup change
Starting another measurement

Hex Trigger: Turns On or Off the Hex Trigger set with the following
command. Sweep will continue until the trigger value is detected. At that
time Sweep will change from Run to Hold.

Set Trigger Value: Opens a touchscreen hexadecimal keyboard for setting
the Trigger value.

Descrambling: Decrypts the bit capture stream based on the following
parameters from the “Setup (2/2) Menu” on page 4-24:

WACN ID: Sets the Wide Area Communication Network |dentifier
(WACN) value the LMR Master receiver looks for in the received
P25 Phase 2 transmission.

System ID: Sets the System Identifier value the LMR Master receiver
looks for in the received P25 Phase 2 transmission.

Color Code: Sets the System Identifier value the LMR Master
receiver looks for in the received P25 Phase 2 transmission.

Sweep: Toggles the frequency sweep of the LMR Master between Run and
Hold. Save function as Shift + Sweep (3).

Back: Returns to the “Measurement Menu” on page 4-25.

Figure 4-24. P25p2

Control Channel Menu
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4-12 Measurement Menu P25 Phase 2 Analyzer (Option 521)

Bit Capture Menu
Key Sequence: Measurement > P25p2 Bit Capture

: Log Data: Enables data logging. Make sure that a formatted USB flash drive
Bit Capture is attached to the instrument before starting bit capture. Set Log Data to On
Log Data to start the bit capture. Bit capture will continue until Log Data is set to Off or
the USB flash drive is filled.
On Off
— The files are saved in a time-stamped folder under the usr folder on the
Descrambling USB flash drive.
off on If Log Data is On, any of the following functions will stop the logging:
—
Rx Frequency change
- Setup change
o T— Starting another measurement
Selecting Log Data Off
Back Descrambling: Decrypts the bit capture stream based on the following
- parameters from the “Setup (2/2) Menu” on page 4-24:

WACN ID: Sets the Wide Area Communication Network Identifier
(WACN) value the LMR Master receiver looks for in the received
P25 Phase 2 transmission.

System ID: Sets the System Identifier value the LMR Master receiver
looks for in the received P25 Phase 2 transmission.

Color Code: Sets the System Identifier value the LMR Master
receiver looks for in the received P25 Phase 2 transmission.

Back: Returns to the “Measurement Menu” on page 4-25.

Figure 4-25. P25p2 Analyzer Display Menu
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P25 Phase 2 Analyzer (Option 521) 4-13 Sweep Menu

4-13 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

< | sweep and hold sweep. In Run sweep mode, sweeps are continuous and
Sweep one starts immediately after the previous sweep is completed. In Hold sweep
mode, the results of the last sweep are displayed on the screen while the
Run Hold instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make
/| asingle sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Sweep

Trigger Sweep is not available in P25p2 Control and P25p2 Bit Capture
measurements.

Figure 4-26. P25p2 Analyzer Sweep Menu

4-14 Measure Menu

Key Sequence: Shift > Measure (4) key
Displays the “Measurement Menu” on page 4-25.

4-15 Trace Menu

This menu is not available in P25p2 Analyzer measurement mode.

4-16 Limit Menu

This menu is not available in P25p2 Analyzer measurement mode.

4-17 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.
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4-17 Other Menus P25 Phase 2 Analyzer (Option 521)
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Chapter 5 — NXDN Analyzer
(Option 531)

5-1 Introduction

The NXDN Analyzer option provides a method to verify the operation of NXDN tower, mobile,
and portable radio transmitters. Option 531 includes the ability to display constellation,
spectrum, histogram, and eye diagram graphs. In addition, a summary graph displays
numeric values of received power, frequency error, modulation fidelity (Mod Fid), bit error
rate (BER), symbol deviation, Radio Access Number (RAN), and symbol rate error of the
input signal. BER comparisons can be made to the 1031 Hz Standard Tone or the Standard
Transmitter Test (0.153) pattern, regular voice traffic using a proprietary algorithm, or a
Message Error Rate (MER) can be computed using the control channel messages CRC
checking. In addition, estimated BER on the control channel uses a proprietary algorithm.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of NXDN radios, automatically adjusting the input sensitivity
based on input levels.

5-2  Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key then select the NXDN Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight NXDN Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the center frequency of the measurement.
Use the arrow key, rotary knob or the numeric keypad. When using the keypad, select
the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to select the modulation bandwidth and Rx pattern.
Select 12.5 kHz or 6.25 kHz modulation bandwidth. Press the Rx pattern key to choose
the pattern against which to measure error rates. 1031 and 0.153 (V.52) will measure
BER directly against the selected pattern. Voice uses a proprietary method to estimate
BER from regular voice traffic. Ctrl Channel will produce a Message Err Rate (MER)
based on the CRC checksums contained in Control Channel messages and estimated
BER using a proprietary algorithm.
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5-2 Setup Procedure NXDN Analyzer (Option 531)

5. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set the
receiver attenuation (or gain). Use the arrow keys, rotary knob or the numeric keypad
to enter the adjustment value, up to 100 dB. The offset will be applied to the Received
Power value in the Summary graph. For instance, if the transmitter under test is
emitting 50 watts (+47 dBm) of power, and the External Attenuation value is 40 dB
(such as from a 40 dB directional coupler) the Received Power displayed will be
+7 dBm.

6. Press the Measurement key, then the NXDN Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “NXDN Analyzer Graphs” on page 5-4 on the available graph types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key then select the NXDN Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight NXDN Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement.
Use the arrow key, rotary knob or the numeric keypad. When using the keypad, select
the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to select the modulation bandwidth and Rx pattern
(BER pattern). Select 12.5 kHz or 6.25 kHz modulation bandwidth. Press the Rx Pattern
key to choose the pattern against which to measure error rates. 1031 and 0.153 (V.52)
will measure BER directly against the selected pattern. Voice uses a proprietary
method to estimate BER from regular voice traffic. Ctrl Channel will produce a Message
Err Rate (MER) based on the CRC checksums contained in Control Channel messages
and estimated BER using a proprietary algorithm. Refer to “NXDN Analyzer Graphs”
on page 5-4 on the available graph types.
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NXDN Analyzer (Option 531) 5-2 Setup Procedure

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the NXDN Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight NXDN Analyzer
and press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution (0 dBm) and the frequency range is 500 kHz to 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing an NXDN repeater, you can bind the transmit frequency to the receive
frequency by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is on, the Tx Freq submenu key is disabled.

4. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the bandwidth by pressing the Setup main menu key and then the Mod Bandwidth
submenu key. Set the signal generator pattern with the Tx Pattern submenu key.
Available patterns are listed on the display and additional patterns can be downloaded
via the System > Application Options menu.

Set the Radio Access Number (RAN) value (Setup > RAN) that is sent on the

Note standard NXDN 1013 Hz Tx pattern when testing receivers. Default value is 01.

The 9600 bps patterns are shown when the bandwidth is set to 12.5 kHz. The 6.25 kHz
bandwidth setting displays the 4800 bps patterns.

6. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.
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5-3 NXDN Analyzer Graphs NXDN Analyzer (Option 531)

5-3 NXDN Analyzer Graphs

The following NXDN Analyzer measurements are available on the LMR Master. From the
Measurements main menu press NXDN Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Constellation and Linear Constellation

Constellation view displays the demodulation information in an IQ format (Figure 5-1).
The charts show the relationship between the location of a constellation data point, its
deviation frequency, and the information it carries.

NXDN definition for 6.25 kHz bandwidth (4800 bps) NXDN definition for 12.5 kHz bandwidth (9600 bps)

Symbol: +3 Symbol: +1 Symbol: +3 Symbol: +1
Bit Information: 01 Bit Information: 00 Bit Information: 01 Bit Information: 00
Deviation: +1050 Hz Deviation: +350 Hz Deviation: +2400 Hz Deviation: +800 Hz
Symbol: -3 Symbol: -1 Symbol: -3 Symbol: -1
Bit Information: 11 Bit Information: 10 Bit Information: 11 Bit Information: 10
Deviation: -1050 Hz Deviation: -350 Hz Deviation: -2400 Hz Deviation: -800 Hz

[ Anritsu savo1iz011 020028 an H X Display
Active Graph

" Minimize
Mod Bandwidth 8 1 i | | | Active
125 kHz Graph
Rx Pwr Offset
0.0 dB Ext Loss Graph Type
Auto Rx Range
=i}

Preamp
QFF

Constellation

Coupling

. Symhol Span
0.0 dBm
Tz Pwr Offset &

Squelch Lvl
Z40.0 dBm
Ref Source
I

Frequency Amplitude Measurement Tum Sig-Gen OFF

Figure 5-1. Constellation Diagram (12.5 kHz BW)
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5-3 NXDN Analyzer Graphs

Figure 5-2 shows the same information is the Linear Constellation View.

NXDN definition for 6.25 kHz bandwidth (4800 bps)

Symbol: -3 | Symbol: -1 Symbol: +1 | Symbol: +3
Bit Information: 11 Bit Information: 10 Bit Information: 00 | Bit Information: 01
Deviation: -1050 Hz | Deviation: -350 Hz | Deviation: +350 Hz | Deviation: +1050 Hz
NXDN definition for 12.5 kHz bandwidth (9600 bps)

Symbol: -3 Symbol: -1 Symbol: +1 | Symbol: +3
Bit Information: 11 Bit Information: 10 | Bit Information: 00 | Bit Information: 01
Deviation: -2400 Hz Deviation: -800 Hz Deviation: +800 Hz | Deviation: +2400 Hz

!/]I'Il‘itSLl 04/01/2011 08.:00:43 am

0.0
Auto Rx Range
ON

Preamp

Tx Qutput

OM

Tx Output Lvl
0.0 dém

Tx Pwr Offset
0.0 dE Ext

Squelch Lvl
-40.0 dBm

Frequency Amplitude

Measurement

Display

Active Graph

1234
Minimize
Active
Graph

Graph Type

Linear Const

Symhol Span

Tum Sig-Gen Ol

FF

Figure 5-2.

Linear Constellation Diagram

For input signals that are not NXDN encoded, the LMR Master will still try to decode it and
fit it to a symbol. This may cause some measurement results that are unexpected.

Land Mobile Radio MG
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5-3 NXDN Analyzer Graphs NXDN Analyzer (Option 531)

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.

| Anritsu oa12011 080102 am 5] e Display
Active Graph

1234
1 H ‘ hinimize
Mod Bandwidth Active
12.5 : Graph

Rz Pwr Offset

0.0 dB Ext Lo Graph Type

futo Rx Range Histogram
ON ;

Preamp
QOFF

Tx Freq

Tx Ouiput
oM

Tx Output Lvi S
0.0 dBm AL i 1

Tx Pwr Offset 1 | 2z

0.0 dB E 1 i |

Squelch Lvl
-40.0 dBm

Ref Source
Int St

Freguency amplitude Setup Measurement Turn Sig-Gen OFF

Figure 5-3. NXDN Histogram
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NXDN Analyzer (Option 531)

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the NXDN signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 5-17 for details.Figure 5-4 displays the same signal using a 25 kHz span and a

500 kHz span.

Display

I/lnritsu 04/01/2011 08:01:25 am
#ctive Graph

Minimize
Active
Graph

Graph Type

Auto Rx Range Spectrum
ON

\
i
LYV
il

ich Lvi

40.0 dBm
Ref Source
Inf
Frequency Amplitude Measurement Tumn Sig-Gen OFF

Frequency

R Freg
800.000 MHz

Tx Freg

Mod Bandwidth 1 | | 1 | | | | |
125 kHz 10 600,000 MHz
Rx Pwr Offset e

0.0dB E:
Auto Rx Range
oN

on oft

Preamp Coupling Offset
0 Hz
Span

500 kHz

i

,‘\n,‘ i .“."‘

t WL
!

® Pwr Offset

quelch Lvi
-40.0 dBm

Ref Source
Int Si
Freguency Amplitude Measurement Turn Siy-Gen OFF

Figure 5-4. NXDN Spectrum Graph (25 kHz Span and 500 kHz Span)
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5-3 NXDN Analyzer Graphs NXDN Analyzer (Option 531)

Eye Diagram

The eye diagram is an oscilloscope view of the NXDN signal displaying the voltage of the
signal vs. time. The diagram provides an indication of baseband fidelity of an

NXDN transmitter. With Over-the-air measurements the Eye Diagram can indicate phase
distortion from multipath. The number of “eyes” displayed is set with the Symbol Span key
under the “Display Menu” on page 5-21.

I/Inritsu 04/01/2011 08:02:41 am = : Display

Active Graph

1234
Pdinimize
active

Graph
Rz Pwr Offset
0.0 dB Ext 5 Graph Type
Auto Rx Range

OnN

Eye Diagram

Preamp
OFF

Tx Output

QN

Tx Output Lvl | Symbal Span
4

quelch Lvl
-40.0 dBm

Fregquency Amplitude hMeasurement Turn Sig-Gen OFF

Figure 5-5. NXDN Eye Diagram
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NXDN Analyzer (Option 531) 5-3 NXDN Analyzer Graphs

Summary Graph

The summary graph provides an overview of an NXDN transmitter. The graph displays
numeric values of received power, frequency error, modulation fidelity (Mod Fid), bit error
rate (BER), symbol deviation, Radio Access Number (RAN), and symbol rate error of the
input signal.

The Received Power value in the summary graph can be toggled to dBm, watts, or volts by

using the Amplitude > Units > Rx Units submenu key. This setting also applies to the squelch
level setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the Received Power
is lower than the set squelch level all summary graph measurements except for Received Pwr
will be blanked out (--). When the Received Power is above the squelch level, the
measurements are displayed as shown in Figure 5-6.

IAnritsu 04/01/2017 D8:02:57 am El [ Display
Active Graph
1234
Mlinimize
odl B Received Pwr -0.48 dBm Active
Graph ‘
e Graph Type
Freq Error 1.07 Hz Sy
Mod Fid 0.84%
BER 0.000%
0 Symbol Dev 240094 Hz
: Symbol Span
- RAN 001h .
Sym Rate Err -0.51 mHz Back

Freguency Amplitude Setup Measurement Turh Sig-Gen OFF

Figure 5-6. NXDN Summary Graph with Received Pwr Above the Squelch Level

Received Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instruments RBW setting. The reduction is specified as:
10*Log(Signal Bandwidth / Resolution Bandwidth).
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5-4 NXDN Control Measurement NXDN Analyzer (Option 531)

5-4 NXDN Control Measurement

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can log the decoded bits for control messages for either the voice channel or
the control channel.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. From the Setup main menu, choose either Voice (downlink) or Ctrl Channel (uplink) as
the Rx Pattern.

3. From the Measurement main menu press the NXDN Control submenu key twice.

4. To log data, insert a formatted USB flash drive in the LMR Master and set Log Data to
On.

5. The Hex Trigger menu and Hex Trigger Value menu are used to find a specific opcode in
the Control Channel data.

To set the hex trigger value, press the Set Trigger Value menu. An on screen keyboard is
displayed with the numbers 0 to 9 and the letters A to F. Enter the two-character hex
value to search for. After entering the value, press Enter to set the trigger value. Press
Esc to cancel entry or changing the current hex value.

Setting Hex Trigger to On sets the Sweep function to Hold when the hex trigger value is
found in the first octet of a packet. The octet row with the found trigger value is
displayed in the middle of the table (Figure 5-7 on page 5-12). If Log Data is set to On,
then all of the data on the screen are saved and Log Data is set to Off. When Sweep is
set back to Run, the unit continues to collect data and stops on the next instance of the
hex trigger value. To continue to capture data to the USB flash drive, set Log Data back
to On before setting Sweep to Run mode.

Figure 5-7 and Figure 5-8 are examples of the display screen measurement in Voice and
Control. Valid Octet data is displayed in blue. Data displayed in red indicates a Cyclic
Redundancy Check (CRC) error. NXDN Control measurements include the following
information:

RAN: Radio Access Number
STR: a 4-bit field which identifies the channel type
bits 0, 1 = structure field
bits 2, 3 = channel type (0 = CAC, 1 = SACCH, 2 = FACCH1, 3 = FACCH2)

When Log Data is set to On, the control channel information will be written to a data stamped
folder inside the /usr folder on the root level of the USB flash drive. The file is named:

CTRL_LOGyearmonthdaytime.nxdn (for Control data)
or

VOICE LOGyearmonthdaytime.nxdn (for Voice data)
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NXDN Analyzer (Option 531) 5-4 NXDN Control Measurement

Decoding Control Channel Measurements

Anritsu offers a Python script that will decode the logged hexadecimal Control Channel
measurements. The script is available for download from the Anritsu web site and requires
that the Python programming language is installed on your computer.

To decode control channel measurements with the Python script:

1. Install the Python programming language on a PC. Download the installer
(http://www.python.org/download/) from the Python Programming Language web site.

2. Download the decoder script from the Anritsu web site:
a. Open the Anritsu home page (http:/www.anritsu.com) with a web browser.

b. Type S412E in the search box to find the LMR Master S412E product page on the
Anritsu web site. Click the product page link to display the LMR Master product

page.
c. Click the Library tab. Under the Drivers/Software Downloads section, select

NXDN Control Channel Decoder. Next, click the Download button then Save to
copy the file “dmr_ctrl_decoder.zip” to your computer.

3. Unzip and launch the python script. The script file name is nxdn ctrl decoder.py.

m LEX

MXDM Control Channel Decoder
Select File
[ Mon-Standard Filker

I Broadcast Filter
I Hex Filter
[w Tab Delimit
v Qutbound
Select File |

4. Press the Select File button and select the control channel file that was saved on the
USB flash drive. The Python script will display the CRC errors and write a text file in
the same location with the decoded control channel commands.

Land Mobile Radio MG PN: 10580-00243 Rev. V 5-11
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NXDN Analyzer (Option 531) 5-5 NXDN Bit Capture

5-5 NXDN Bit Capture

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can provide and log raw bits (pre Forward Error Correction) when the
Rx Pattern is set to Voice.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).
2. From the Setup main menu, choose Voice as the Rx Pattern.
3. From the Measurement main menu press the NXDN Bit Capture submenu key twice.

4. To log data, insert a formatted USB flash drive in the LMR Master and set Log Data to
On. The bit capture information will be written to a data stamped folder inside the
/usr folder on the root level of the USB flash drive. The tab delimited text file contains
the header and table information shown in Figure 5-9. The files are named:

BIT CAP_LOGyearmonthdaytime.nxdn

!/]I'Iﬂtsl.l 04/01/2011 08:04:47 amn L-E:.I [ rMeasurements
NYXDN O
Analyzer
Date Time RAN STRUCT LICH Status Counter NHDN o
5 0470142011 0f:04:47 oot 2 WALID a03c
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Offse
cD Fa ao aD F& A 1B 48 a1 Ab E2 an DM o
4C B8 DE fil=} z6 E4 Fe g2 aa Ch aa 74
: 29 ad EC: oo 08 22 GE B2 FC o1 8C EL: Cnverage_p
D& oA Al EE ga 7E 2B 26 CE; F& ga 08 NXDOM ®
cD Fa aD 57 F4 2 &3 0z BO 2D 07 E#
ca | A o N . B . B - BN oo 7 Bit Capture__
a0 18 38 il B9 an 48 AE 03 Af BO 21

0 Gz b EZ 25 20 24 a9z 94 1a AE EE Al
cD Fa a0 a0 FC Fa 0a BE aa 23 96 Ed

4C | &4  DE | 6B 26 | E4 Fz | 02 oo | c6 om | 74 o
o 2o Bl cc Bl - Bl = W - Bl - B
DA L 0A | 40 | EE 84 | 7E 25 | @  cc | F8 A | 08 IEHE
0 co el o0 B rc Biel o Bl o Bl s B
T EE BB B B3 Bl
¥ a0 | 18 34 | 86 69 | 8A 48 | AE 03 | @B B0 | 21

G2 38 EZ 25 20 24 a9z 94 14 AE EE Al

Received Pwr Freq Error hod Fid BER
ource -0.52 dBm 1.16Hz 0.79% 0.000%
Frequency Amplitude Setup Measurement Tumn Sig-Gen OFF

Figure 5-9. NXDN Bit Capture Display
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5-6 NXDN IQ Data NXDN Analyzer (Option 531)

5-6 NXDN IQ Data

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can capture and log NXDN IQ data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).
2. From the Setup main menu, choose a Mod Bandwidth.

3. Insert a formatted USB flash drive into the LMR Master and from the Measurement
main menu, press the NXDN IQ Capture submenu key. After approximately 10 seconds
the instrument will display a message that the capture is complete.

The IQ data is sampled at 2,400 x 11 (6.25 kHz BW) or 4,800 x 11 (12.5 kHz BW) symbols per
second. The saved file has an ASCII header and binary data (Figure 5-10). The data is written
in 24-bit two’s complement integers format. Interleaved Delta Phase (I) data then Magnitude
(Q) data is captured. The file is intended for post-processing in MATLAB or similar software.

The file will be written to a data stamped folder inside the /usr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.nxdn

There is no display menu for NXDN IQ Capture. The LMR Master will continue to

Note display the previous measurement screen during IQ Capture.

2l Book2

I=
m
[l
21
m
ul
7]
aE

LMRIGARalyzer=

1
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Figure 5-10. 1Q Capture (6.25 kHz Bandwidth)
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5-7 NXDN Analyzer Menus

5-7

NXDN Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level Mod Bandwidth NXDN @
—_—
800.000 MHz -69.0 dBm 12.5 kHz Analyzer
Tx Freq Scale Rx Pattern NXDN @]
—_—
800.000 MHz 10 dB/div 1031 Hz Control
Rx/Tx Coupling Rx Power Offset /\/ NXDN (@) COVe rage
T~ — Mapping
On Off 0.0 dB Ext Loss Coverage N
Chapter
Coupling Offset Auto Rx Range Tx Pattern NXDN (@)
—
0 Hz On Off nxdn_1031_9600 Bit Capture
=n L = 3 AN
Span Adjust Rx RAN
25 kHz Range 01
Tx Output Lvl Squelch Lvl NXDN
0.0 dBm -40.0 dBm 1Q Capture
Tx Power Offset Averaging
0.0 dB Ext Loss 1
Units
—>
@ Display Control Channel @ Bit Capture
Active Graph Log Data Log Data
1.2 3 4 On off On off
—_—
Maximize Hex Trigger
Active %
Graph On Off
D— D—
Graph Type Set Trigger
Back
Linear Const Value
e e <—
—— ——
Symbol Span Sweep
2 Run Hold
S — e ¢
Back Back
— —

Figure 5-11. NXDN Analyzer Menu Layout
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5-8

Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz
Rx/Tx Coupling

On Off

d

) N
Coupling Offset

0 Hz

Span

25 kHz

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
desired frequency using the keypad, the arrow keys, or the rotary knob. If
entering a frequency using the keypad, the submenu key labels change to
GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the Enter
key has the same effect as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing
the Enter key has the same effect as pressing the MHz submenu key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the
receiver frequency. Only functional when Rx/Tx Coupling is set to On.

Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.

Figure 5-12. NXDN Analyzer Frequency Menu
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5-9 Amplitude Menu

5-9

Amplitude Menu

Key Sequence: Amplitude

Amplitude

Ref Level

-69.0 dBm

Scale

10 dB/div

Rx Power Offset

0.0 dB Ext Loss

Auto Rx Range
On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm
Tx Power Offset

0.0 dB Ext Loss

Units

Units

Rx Units

dBm

Tx Units

Back

&«—

/

Ref Level: Sets the reference power level at the top of the display when
Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis of the
graticule. Enter a value from 1 dB per division to 15 dB per division
using the keypad, the arrow keys, or the rotary knob. The y-axis power
scale is shown on the left side of the display when viewing the Spectrum
Graph.

Note: The “Vertical Scale Menu” on page 5-18 is displayed when NXDN
Coverage (Measurement > NXDN Coverage) is selected.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select
a value from 0 dB to 100 dB then select either dB External Loss or dB
External Gain.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out
connection) external attenuation or gain. Press the Rx Power Offset
submenu key and select a value from 0 dB to 100 dB then select
either dB External Loss or dB External Gain.

Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.

Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Signal Generator (Tx Output Lvl submenu).

Figure 5-13. NXDN Analyzer Amplitude Menu

Land Mobile Radio MG
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5-9 Amplitude Menu NXDN Analyzer (Option 531)

Vertical Scale Menu

Key Sequence: Amplitude > Vertical Scale

Vertical Scale

RSSI Scale

10 dB/div

BER Ref

100.00 %

Mod Fid Ref

100.00 %

/\_/
/\_/

0\

Back
%

/

RSSI Scale: Sets the number of dB per division in the y-axis power scale
of the RSSI vs. Time graph in Coverage measurement. Enter a value
from 1 dB per division to 15 dB per division using the keypad, the arrow
keys, or the rotary knob.

BER Ref: Sets the BER reference percentage value at the top of the
y-axis in the BER vs. Time graph in Coverage measurement. Enter a
value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
rotary knob.

Mod Fid Ref: Sets the Modulation Fidelity reference percentage value.
Enter a value from 1.00 % to 100.00 % using the keypad, the arrow keys,
or the rotary knob.

Figure 5-14. \Vertical Scale Menu
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5-10 Setup Menu

5-10 Setup Menu
Key Sequence: Setup

Setup

N
Mod Bandwidth
12.5 kHz
Rx Pattern

1031 Hz
—

/\_/
/\_/

Tx Pattern
nxdn_1031_9600
————<

RAN

01
Squelch Lvl
-40.0 dBm

Averaging

1

/

Mod Bandwidth: Sets the type of modulation bandwidth. This key toggles
between 12.5 kHz and 6.25 kHz.

Rx Pattern: Selects the receiver Bit Error Rate pattern. Select a pattern from
the list box with the arrow keys or rotary knob and press Enter. There are
four available patterns:

1031 Hz

Standard Transmitter Test (O.153 or V.52)
Voice

Ctrl (Control) Channel

Tx Pattern: Selects the transmitter pattern to send when the
Turn Sig-Gen ON main menu key is selected. Select a pattern from the
list box with the arrow keys or rotary knob and press Enter.

RAN: Sets the Radio Access Number (RAN) that is sent on the standard
NXDN 1031 Hz Tx Pattern when testing receivers.

Squelch Lvl: Sets the squelch power level. When the Received Power is
lower than the set squelch level, all summary graph measurements except
for Received Pwr will be blanked out (--).

Averaging: Sets the refresh rate of the numerical values in the
NXDN Summary window. Setting a higher number (25 maximum) will reduce
measurement jitter.

Figure 5-15. NXDN Analyzer Setup Menu
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5-11

Measurement Menu

Key Sequence: Measurement

Measurements

N
NXDN @
Analyzer
NXDN O
Control
—>
NXDN O
Coverage
e
NXDN O
Bit Capture
it Captu >
NXDN
1Q Capture

NXDN Analyzer: Opens the “Display Menu” on page 5-21.

NXDN Control: Opens the “Control Channel Menu” on page 5-22. This
submenu key is valid only when Rx Pattern is set to Control Channel or
Voice.

NXDN Coverage (Option 532 required): Opens the NXDN Coverage
menu. Refer to Chapter 10, “LMR Coverage Mapping”.

NXDN Bit Capture: This submenu key is valid only when Rx Pattern is set
to Voice. Pressing this key opens a submenu for data logging. Make sure
that a formatted USB flash drive is attached to the instrument before starting
bit capture. Set Log Data to On to start the bit capture. Bit capture will
continue until Log Data is set to Off or the USB flash drive is filled.

The files are saved in a time-stamped folder under the usr folder on the
USB flash drive.

If Log Data is On, any of the following functions will stop the logging:

Rx Frequency change
Setup change
Starting another measurement

NXDN IQ Capture: Pressing this key starts the IQ data capture. Make sure
that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This
may take a few seconds.

Figure 5-16. NXDN Analyzer Measurement Menu

5-20
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5-11 Measurement Menu

Display Menu

Key Sequence: Measurement > NXDN Analyzer

Display

Active Graph

1 2 3 4

Maximize
Active
Graph

Graph Type

Constellation

—

/\_/
/\_/

Symbol Span

2

<

Back

Active Graph 1 2 3 4: In Four Screen view use this menu to select which of
the four graphs is active. The current active graph is underlined (1 2 3 4)
and has a red perimeter line. Any of the four graphs can also be made active
by tapping once on the touch screen. Repeatedly pressing the Active Graph
submenu key will cycle the active graph, 1 through 4.

In Standard view (one graph displayed on the screen) the Active Graphic
key will rotate between the four graphs displayed in the Four Screen view.

Maximize/Minimize Active Graph: The submenu key toggles between
displaying the Four Screen (4 graphs) view and the Standard view (1 graph).
Tapping twice on a selected graph also toggles between the two display
options.

Graph Type: The label on the bottom of this button displays the current
active graph type. Pressing the button will open a list box of the graphs
types available for NXDN Analyzer measurements. Select the desired graph
type with the arrow keys or rotatory knob and press Enter. The current
active graph will be replaced with the new selection.

Available graphs include:

Constellation
Spectrum
Histogram

Eye Diagram
Linear Constellation
Summary

Refer to “NXDN Analyzer Menus” on page 5-15 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 and 5 using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside
of this range are ignored.

Back: Returns to the “Measurement Menu” on page 5-20.

Figure 5-17. NXDN Analyzer Display Menu

Land Mobile Radio MG
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5-11 Measurement Menu NXDN Analyzer (Option 531)

Control Channel Menu

Key Sequence: Measurement > NXDN Control

Log Data: Saves the measurements to an external USB flash drive. The
< external USB flash drive must be attached to one of the USB Type A
Log Data connectors to Log data files.

Control Channel

On Off The files are saved in a time-stamped folder under the usr folder on the
— USB flash drive.
Hex Trigger . ) i . )
If Log Data is On, any of the following functions will stop the logging:
on O ) | Rx Frequency change
ST Setup change
Starting another measurement
Value

Hex Trigger: Turns On or Off the Hex Trigger set with the following
command. Sweep will continue until the trigger value is detected. At that
% time Sweep will change from Run to Hold.

Set Trigger Value: Opens a touchscreen hexadecimal keyboard for setting
Sweep the Trigger value.

Run Hold Sweep: Toggles the frequency sweep of the LMR Master between Run and
Hold. Save function as Shift + Sweep (3).

Back Back: Returns to the “Measurement Menu” on page 5-20.

- /

Figure 5-18. NXDN Control Channel Menu
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NXDN Analyzer (Option 531) 5-12 Sweep Menu

5-12 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous and one

starts immediately after the previous sweep is completed. In Hold sweep

mode, the results of the last sweep are displayed on the screen while the

Run Hold | [instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make

Sweep a single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Trigger Sweep is not available in NXDN Control and NXDN Bit Capture
measurements.

Figure 5-19. NXDN Analyzer Sweep Menu

5-13 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 5-20.

5-14 Trace Menu

This menu is not available in NXDN Analyzer measurement mode.

5-15 Limit Menu

This menu is not available in NXDN Analyzer measurement mode.

5-16 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.
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5-16 Other Menus NXDN Analyzer (Option 531)
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Chapter 6 — dPMR Analyzer
(Option 573)

6-1 Introduction

The dPMR Analyzer option provides a method to verify the operation of dPMR tower, mobile,
and portable radio transmitters. Option 573 includes the ability to display constellation,
spectrum, histogram, and eye diagram graphs. In addition, a summary graph displays
numeric values of received power, frequency error, modulation fidelity (Mod Fid), symbol
deviation, and symbol rate error of the input signal.

The LMR Master dPMR Analyzer and dPMR Coverage Mapping options are intended for use
on over-the-air (OTA) signals. The LMR Master signal generator outputs CW, AM and FM
signals while in the dPMR Analyzer mode.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of dPMR radios, automatically adjusting the input sensitivity
based on input levels.

6-2 Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key then select the dPMR Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight dPMR Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the center frequency of the measurement.
Use the arrow key, rotary knob or the numeric keypad. When using the keypad, select
the appropriate terminator submenu key to set the center frequency.

4. The Setup main menu key shows the modulation bandwidth and allows setup of the
squelch level and averaging.

5. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set the
receiver attenuation (or gain). Use the arrow keys, rotary knob or the numeric keypad
to enter the adjustment value, up to 100 dB. The offset will be applied to the Received
Power value in the Summary graph. For instance, if the transmitter under test is
emitting 50 watts (+47 dBm) of power, and the External Attenuation value is 40 dB
(such as from a 40 dB directional coupler) the Received Power displayed will be
+7 dBm.

Land Mobile Radio MG PN: 10580-00243 Rev. V 6-1
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6-2 Setup Procedure dPMR Analyzer (Option 573)

6. Press the Measurement key, then the dPMR Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to

adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.

Refer to “dPMR Analyzer Graphs” on page 6-3 for the available graph types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key and then select the dPMR Analyzer icon, or press Shift and then the

Mode (9) button to open the Mode Selector dialog box. Highlight dPMR Analyzer and
press Enter.

Caution 50 ohm connector. To prevent damage, use a coupler or attenuator to reduce the

The maximum input power without damage is 2 watts (+33 dBm) to the RF In

input power to below this level when measuring high output power devices.

. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm

connector on the LMR Master.

. Press the Frequency main menu key to set the center frequency of the measurement.

Use the arrow key, rotary knob or the numeric keypad. When using the keypad, select
the appropriate terminator submenu key to set the center frequency.

. Press the Amplitude main menu key and insure the Rx Power Offset is set 0.0 dB, then

set the Auto Rx Range to On.

. Press the Measurement key, then the dPMR Analyzer submenu key. Select the Graph

types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “dPMR Analyzer Graphs” on page 6-3 for the available graph types.

PN: 10580-00243 Rev. V Land Mobile Radio MG
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6-3 dPMR Analyzer Graphs

6-3

dPMR Analyzer Graphs

The following dPMR Analyzer measurements are available on the LMR Master. From the

Measurements main menu press dPMR Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Constellation and Linear Constellation

Constellation view displays the demodulation information in an IQ format (Figure 6-1).
The charts show the relationship between the location of a constellation data point, its

deviation frequency, and the information it carries.

Symbol: +3 Symbol:
Bit Information: 01 Bit Information: 00
Dev.: +1050 Hz Dev.: +350 Hz
Symbol: -3 Symbol:
Bit Information: 11 Bit Information: 10
Dev.: -1050 Hz Dev.: -350 Hz

i/lnritsu 02/08/20116 01:20:55 pm

Bandwidth
Rx Pwr Offset
0.0 dB Ext Loss
Auto Rx Range
oM

Preamp
QFF

Tx Pattem
o

Tx Outpul
OFF

Tx Output Lvl
dB

-100.0 dBm

Frequency

Amplitude

H =

heasurement

DPMR|

Display
Active Graph

1234

Minimize
Active
Graph

Graph Type

Caonstallation

&

Turn Sig-Gen ON

Figure 6-1.

Constellation Diagram

Land Mobile Radio MG
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6-3 dPMR Analyzer Graphs dPMR Analyzer (Option 573)

Figure 6-2 shows the same information is the Linear Constellation View.

Symbol: -3 | Symbol: -1 Symbol: +1 Symbol: +3
Bit Information: 11 Bit Information: 10 Bit Information: 00 Bit Information: 01
Dev.: -1050 Hz Dev.: -350 Hz Dev.: +350 Hz Dev.: +1050 Hz

[ Anritsu oensreote 012205 pm Display

Active Graph

1234
Minimize
Active
Graph

Auto Rz Range
N g Graph Type

Linear Const

Preamp
OFF

Tx Pattem
e

Tx Output
OFF

Tx Output Lvl
0.0 dBm

Tz Pwr Offset Symhol Span
0.0
2

Squelch Lvl
-100.0 dBm

Ref Source
Int

Frequency Amplitude Measurement Turn Sig-Gen QN

Figure 6-2. Linear Constellation Diagram

For input signals that are not dPMR encoded, the LMR Master will still try to decode it and
fit it to a symbol. This may cause some measurement results that are unexpected.
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dPMR Analyzer (Option 573) 6-3 dPMR Analyzer Graphs

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.

!/Inritsu 02/08/2016 01:21:31 pm iz Display
Active Graph

1234
Mod Bandwidth
B.25 kHz hinimize
Pwr Offset i Active
0.0 dB E> 5 il Ei 7 i Graph

Graph Type

Auto Rx Range
OM

Preamp I Histogram
OFF !

Tx Freg
i ] MHz
Coupling

ON

Tx Pattem
ow

Tx Output
OFF

Tx Output Lvl

0.0 ¢Bm |
Offset i s Symbol Span
0.0de ] | ;

Seuelch Lyl
-100.0 dBm

Ref Source
Int &

Frequency amplitude Measurament Turn Sig-Gen ON

Figure 6-3. dPMR Histogram
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6-3 dPMR Analyzer Graphs dPMR Analyzer (Option 573)

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the dPMR signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 6-13 for details. Figure 6-4 displays a dPMR signal using a 25 kHz span.

!/]nritsu 03/09/2016 07-25:25 pm = Amplituds

RefLvl 7.0 dBm
T

Mod Bandwidth
[ 2

2 Srale
Rx Pwr Offset i | 1 | . | 8 |
00 B E [ 10 dB/div
Auto Rx Range
aN

Preamp 0.0 ¢B Ext Loss
OFF | LN | | |

Rx Power Offset

Auto R= Range
on off
0 Adjust Rx
Tx Fattem Al I Range
T« Output e i ] i i i [ T Output Lyl

OFF

Tx Output Lvl ¥ e y T

et T

0.0 dBm A A . u\,‘p,)-“lﬁ " “1_1“‘
Tz Pwr Offset ' T L
00 B E

0.0 dBm
Tx Power Offset
0.0 dB Exd Loss

Siuelch Lvl
-100.0 dBm

Ref Source
Int St y

Frequency Amplitude Measurement Turn Sig-Gen ON

Figure 6-4. dPMR Spectrum Graph (25 kHz Span)
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dPMR Analyzer (Option 573) 6-3 dPMR Analyzer Graphs

Eye Diagram

The eye diagram is an oscilloscope view of the dPMR signal displaying the voltage of the
signal vs. time. The diagram provides an indication of baseband fidelity of an

dPMR transmitter. With Over-the-air measurements the Eye Diagram can indicate phase
distortion from multipath. The number of “eyes” displayed is set with the Symbol Span key
under the “Display Menu” on page 6-17.

!Anritsu 02/08/2016 01:21:50 pm Display
DPMAR Active Gragh

1234

Mod Bandwidth
Hz

inimize
Rx Pwr Offset ! Active
0.0 0ss Graph

Auto Rx Range

oM Graph Type

Preamp Eye Diagram
OFF

Tx Freq
s 0 MHz

Coupling

R

Tx Pattern
C

Tx Output
OFF
Qutput Lvi

0 m % =
Tx Pwr Offset - Symbol Span
il 0ss

= 2 2

Squelch Lvl
-100.0 dBm

Ref Source
Int 3

Freguency Amplitude Measurement Tum Sig-Gen ON

Figure 6-5. dPMR Eye Diagram

Land Mobile Radio MG PN: 10580-00243 Rev.V 6-7



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

6-3 dPMR Analyzer Graphs dPMR Analyzer (Option 573)

Summary Graph

The summary graph provides an overview of a DPMR transmitter. The graph displays
numeric values of received power, frequency error, modulation fidelity (Mod Fid), symbol
deviation, and symbol rate error of the input signal.

The Received Power value in the summary graph can be toggled to dBm, watts, or volts by
using the Amplitude > Units > Rx Units keys. This setting also applies to the squelch level
setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the Received Power
1s lower than the set squelch level all summary graph measurements except for Received Pwr
will be blanked out (--). When the Received Power is above the squelch level, the
measurements are displayed as shown in Figure 6-6.

[Anritsu vzoseoie vzz14 pr H = é Display
Active Graph
1234
Mlinimize
aLos Received Pwr -0.56 dBm i
g Graph Type
Summary
Freq Error -193.52 Hz
Mod Fid 1.42%
: Symbol Dev 1049.77 Hz
0 Symbol Span
2
Sym Rate Err 0.41 mHz o

Freguency Amplitude Setup Measurement Tum Sig-Gen ON

Figure 6-6. dPMR Summary Graph with Received Pwr Above the Squelch Level

Received Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instruments RBW setting. The reduction is specified as:
10*Log(Signal Bandwidth / Resolution Bandwidth).
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dPMR Analyzer (Option 573) 6-4 dPMR IQ Data

6-4 dPMR IQ Data

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can capture and log dPMR 1Q data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. Press the Amplitude main menu key and insure the Rx Power Offset is set 0.0 dB, then
set the Auto Rx Range to On.

3. Insert a formatted USB flash drive into the LMR Master and from the Measurement
main menu, press the dPMR 1Q Capture submenu key. After approximately 10 seconds
the instrument will display a message that the capture is complete.

The IQ data is sampled at 2,400 x 11 (6.25 kHz BW) symbols per second. The saved file has an
ASCII header and binary data (Figure 6-7). The data is written in 24-bit two’s complement
integers format. Interleaved Delta Phase (I) data then Magnitude (Q) data is captured. The
file 1s intended for post-processing in MATLAB or similar software.

The file will be written to a data stamped folder inside the /usr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.dpmr

There is no display menu for dAPMR 1Q Capture. The LMR Master will continue to

Note display the previous measurement screen during IQ Capture.
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6-4 dPMR IQ Data dPMR Analyzer (Option 573)

A B © D E B G H
| 1 |LMRIQAnalyzer>
| 2 | <ProjectDefine> 2
| 3 | <Attribute Narme="Type" Value="3ervice" />
| 4 ] <Attribute Marne="Narme" Value="Digitizer" />
| 8 <Attribute Marme="FileVersion" Value="1.0.0.0" />
| 6 | </ProjectDefine>
7 <Params> H
&8 | <Aftribute Name="CaptureDate" Value="04/26/2011" /= ASC” header |IStS
9 <Aftribute Name="CaptureTime" Value="10/31/24" /> H
| 10 | <Attribute Narme="Format" Value="INT24" /> > the pa rametrlc
1" <Aftribute Name="CenterFrequency” Yalue="800000000" /> H H
| 12 | <Attribute Name="SamplingClock" Value="26400" /> Informatlon'
| 13 | <Attribute Marne="Bandwidth" Value="§250" />
| 14 | <Aftribute Name="SampleType" Value="DeltaPhase/Mag" /=
| 15 | <Attribute Name="Referencelevel" Value="7.00" />
|16 | I<Aﬂr\but5 _‘lamEZ"AﬂenuamrLEve\" Walue="0.00" />
17 <Attribute Name="CaptureSample” Value="40216 " />
18| <(Params> J
| 19 | <Data=]l prnbAl Lef 2T 1.0 AT Tl A% hL2l 8 N
| 20 | <A Amial A1 T s-1a
| 21 |zE OBFUE ArkAl 911 il v 80 bl =gl il 0l n°ol eYET PE g2 g7l S
| 22 |06p@E B-6SE 0'E WAAL | 0'E haoul jNiof AROE Ga I O8'sE dye- £ CO
| 23 [% S1R6E 4 all
24|l @11 1 Uil Jhekd LEET Ba T O BUT @ ¢ < 2+ e tCE Tk rdl . OUT 2471, . . .
35 [ k2 YESA G 14l 20 YA ¥y 0l Bl CE6 Y 1661 <1 T- e<l Aol txae 14T 931 Blnary data in 24-bit
| 26 |1ea@l acel "aUl pag’ | Tadl ~UAP] Yagzeok nfzceE ,
| 27 | 'eKE oRIE 188IE BZ6SE a-0'E VU'E 134SE > two's com plement
| 20 |@JpiE v ERSE 1 Binl %G L 0F] 24T Vel e O] el .
28 [i0f] sl 20FT el LEA=T dh 1 <41 1 integer format.
30 |ial
31 TGl el ey v T PIOAT Gl gl
(18481l zaoi T "aePT 28] ~=a vaBaall eoadl el yTAl 9af] 004 3e+30l u</Data> y,
1846 | </LMRIQAalyzer=
1847
W« » wiP\Sheet1 { Shest2 / Sheeta / |<

Figure 6-7. 1Q Capture (6.25 kHz Bandwidth)
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6-5 dPMR Analyzer Menus

6-5

dPMR Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level Mod Bandwidth DPMR @
800.000 MHz -69.0 dBm 6.25 kHz Analyzer N
Tx Freq Scale
—
800.000 MHz 10 dB/div T
Rx/Tx Coupling Rx Power Offset Tx Pattern DPMR (@)
On Off 0.0 dB Ext Loss cw Coverage
Coupling Offset Auto Rx Range
0 Hz On off
Span Adjust Rx Squelch Lvl
25 kHz Range -40.0 dBm
Tx Output Lvl Averaging DPMR
0.0 dBm 1 1Q Capture
Tx Power Offset
0.0 dB Ext Loss
R
Units
— Units
Rx Units
dBm
@ Display Tx Units
Active Graph dBm
12 3 4
—
Maximize /\/
Active
Graph O
R —
Graph Type R
< /

«—

Linear Const
S
L
—
S
Symbol Span

S ——

Back

~-®

Coverage
— Mapping
Chapter

Figure 6-8.

dPMR Analyzer Menu Layout

Land Mobile Radio MG
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dPMR Analyzer (Option 573)

6-6

Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz
Rx/Tx Coupling
On Off

Coupling Offset

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
desired frequency using the keypad, the arrow keys, or the rotary knob. If
entering a frequency using the keypad, the submenu key labels change to
GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the Enter
key has the same effect as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing
the Enter key has the same effect as pressing the MHz submenu key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the

OH
i receiver frequency. Only functional when Rx/Tx Coupling is set to On.
S Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
25 kHz 50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.
Figure 6-9. dPMR Analyzer Frequency Menu
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dPMR Analyzer (Option 573) 6-7 Amplitude Menu

6-7 Amplitude Menu
Key Sequence: Amplitude

Ref Level: Sets the reference power level at the top of the display when

Al Auto Range is Off.
RefLevel Scale: Scale sets the number of dB per division in the y-axis of the
69.0 dBm graticule. Enter a value from 1 dB per division to 15 dB per division
using the keypad, the arrow keys, or the rotary knob. The y-axis power
Szl scale is shown on the left side of the display when viewing the Spectrum
10 dB/div Graph.
Note: The “Vertical Scale Menu” on page 6-14 is displayed when dPMR
Rx Power Offset Coverage (Measurement > dPMR Coverage) is selected.
0.0 dB Ext Loss Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select
Auto Rx Range a value from 0 dB to 100 dB then select either dB External Loss or dB
on off External Gain.
P Auto Rx Range: Pressing this submenu key toggles between On and
: Off. When On, this function automatically adjusts the reference level
Range based on the input signal.
Tx Output Lyl Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
0.0 dBm ) measurement.
Tx Power Offset ) Tx Output Lvl: Sets the output power of the Signal Generator

(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out
connection) external attenuation or gain. Press the Rx Power Offset
Units submenu key and select a value from 0 dB to 100 dB then select
either dB External Loss or dB External Gain.

0.0 dB Ext Loss

/
Units: Opens to Units Submenu.
Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Units Received Power in the Summary Graph and the Squelch Level.
RxUnts ) Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
o Signal Generator (Tx Output Lvl submenu).
m
Tx Units
dBm
C—
/\/
/\/
— \
Back
< /

Figure 6-10. dPMR Analyzer Amplitude Menu
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6-7 Amplitude Menu dPMR Analyzer (Option 573)

Vertical Scale Menu
Key Sequence: Amplitude > Vertical Scale

Note Note: The “Vertical Scale Menu” is displayed when dPMR Coverage
(Measurement > dPMR Coverage) is selected.
Vertical Scale
RSSI Scale: Sets the number of dB per division in the y-axis power scale
Rl of the RSSI vs. Time graph in Coverage measurement. Enter a value
BT from 1 dB per division to 15 dB per division using the keypad, the arrow
keys, or the rotary knob.
/\/
/\/
O\
Back
< /

Figure 6-11. Vertical Scale Menu
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6-8 Setup Menu

6-8 Setup Menu

Key Sequence: Setup

Setup
N
Mod Bandwidth
6.25 kHz
/\/
/\/
Tx Pattern
cw
C—
Squelch Lvl
-40.0 dBm
Averaging
1
/

Mod Bandwidth: Displays the modulation bandwidth.

Tx Pattern: Selects the transmitter signal modulation to send when the
Turn Sig-Gen ON main menu key is selected. Select a modulation type from
the list box with the arrow keys or rotary knob and press Enter.

Squelch Lvl: Sets the squelch power level. When the Received Power is
lower than the set squelch level, all summary graph measurements except

for Received Pwr will be blanked out (--).

Averaging: Sets the refresh rate of the numerical values in the
dPMR Summary window. Setting a higher number (25 maximum) will reduce

measurement jitter.

Figure 6-12. dPMR Analyzer Setup Menu

Land Mobile Radio MG PN: 10580-00243 Rev. V



000 "TexaHkoMm"

KoHTpornbHo-uaMepuTtensHbie npubopbl u o6opyaosaHne www.tehencom.com

6-9 Measurement Menu dPMR Analyzer (Option 573)

6-9 Measurement Menu

Key Sequence: Measurement

Measurements

Analyzer
veer

DPMR O

Coverage
—

—\
DPMR

1Q Capture

N
DPMR @

dPMR Analyzer: Opens the “Display Menu” on page 6-17.

dPMR Coverage (Option 572 required): Opens the dPMR Coverage
menu. Refer to Chapter 10, “LMR Coverage Mapping”.

dPMR IQ Capture: Pressing this key starts the 1Q data capture. Make sure
that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This
may take a few seconds.

Figure 6-13. dPMR Analyzer Measurement Menu

PN: 10580-00243 Rev. V Land Mobile Radio MG
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6-9 Measurement Menu

Display Menu

Key Sequence: Measurement > dPMR Analyzer

Display

Active Graph

1 2 3 4

Maximize
Active
Graph

Graph Type

Constellation

—

/\_/
/\_/

Symbol Span

2

<

Back

Active Graph 1 2 3 4: In Four Screen view use this menu to select which of
the four graphs is active. The current active graph is underlined (1 2 3 4)
and has a red perimeter line. Any of the four graphs can also be made active
by tapping once on the touch screen. Repeatedly pressing the Active Graph
submenu key will cycle the active graph, 1 through 4.

In Standard view (one graph displayed on the screen) the Active Graphic
key will rotate between the four graphs displayed in the Four Screen view.

Maximize/Minimize Active Graph: The submenu key toggles between
displaying the Four Screen (4 graphs) view and the Standard view (1 graph).
Tapping twice on a selected graph also toggles between the two display
options.

Graph Type: The label on the bottom of this button displays the current
active graph type. Pressing the button will open a list box of the graphs
types available for dPMR Analyzer measurements. Select the desired graph
type with the arrow keys or rotatory knob and press Enter. The current
active graph will be replaced with the new selection.

Available graphs include:

Constellation
Spectrum
Histogram

Eye Diagram
Linear Constellation
Summary

Refer to “dPMR Analyzer Menus” on page 6-11 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 and 5 using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside
of this range are ignored.

Back: Returns to the “Measurement Menu” on page 6-16.

Figure 6-14. dPMR Analyzer Display Menu

Land Mobile Radio MG

PN: 10580-00243 Rev.V
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6-10 Sweep Menu dPMR Analyzer (Option 573)

6-10 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous and one

starts immediately after the previous sweep is completed. In Hold sweep

mode, the results of the last sweep are displayed on the screen while the

Run Hold | |instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make

Sweep a single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Trigger Sweep is not available in dPMR Control and dPMR Bit Capture
measurements.

Figure 6-15. dPMR Analyzer Sweep Menu

6-11 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 6-16.

6-12 Trace Menu

This menu is not available in dPMR Analyzer measurement mode.

6-13 Limit Menu

This menu is not available in dPMR Analyzer measurement mode.

6-14 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.

6-18 PN: 10580-00243 Rev. V Land Mobile Radio MG
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Chapter 7 — TETRA Analyzer
(Option 581)

7-1 Introduction

The TETRA Analyzer option provides a method to verify the operation of TETRA repeater
transmitters. Option 581 includes the ability to display constellation, spectrum, histogram,
and eye diagram graphs. In addition, a summary graph displays numeric values of received
power, frequency error, error vector magnitude (EVM), IQ imbalance, phase and magnitude
errors, and symbol rate error of the input signal. The analyzer also reports the base station
extended color code (BS ECC), mobile color code (Mobile CC), mobile network code

(Mobile NC), base color code (Base CC), location area code (LAC), and mobile station
maximum transmit power (MS Max TX Pwr) permitted on a channel from the TETRA
transmitter.

The LMR Master TETRA Analyzer and TETRA Coverage Mapping options are intended for

use on over-the-air (OTA) signals. The LMR Master signal generator outputs CW, AM and
FM signals while in the TETRA Analyzer mode.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of TETRA radios, automatically adjusting the input sensitivity
based on input levels.

7-2  Over the Air (OTA) Analysis Setup

1. Press the Menu key then select the TETRA Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight TETRA Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring nearby high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement.
Use the arrow key, rotary knob or the numeric keypad. When using the keypad, select
the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to select the appropriate numeric squelch level for OTA
measurements. TETRA analysis uses a proprietary method to estimate BER and EVM
from the TETRA base station data stream. Refer to “TETRA Analyzer Graphs”
on page 7-3 for the available graph types.

Land Mobile Radio MG PN: 10580-00243 Rev. V 7-1
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7-2 Over the Air (OTA) Analysis Setup TETRA Analyzer (Option 581)

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the TETRA Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight TETRA Analyzer
and press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution (0 dBm) and the frequency range is 500 kHz to 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing an TETRA repeater, you can bind the transmit frequency to the receive
frequency by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is on, the Tx Freq submenu key is disabled.

4. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the bandwidth by pressing the Setup main menu key and then the Mod Bandwidth
submenu key. Set the signal generator pattern with the Tx Pattern submenu key.
Available patterns are listed on the display and additional patterns can be downloaded
via the System > Application Options menu.

6. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.

PN: 10580-00243 Rev. V Land Mobile Radio MG
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TETRA Analyzer (Option 581) 7-3 TETRA Analyzer Graphs

7-3 TETRA Analyzer Graphs

This section briefly describes TETRA Analyzer measurements that are available on the
LMR Master. From the Measurements main menu press the TETRA Analyzer submenu key.
If necessary, press the key a second time to show the Display menu. Press the Graph Type
submenu key to select the graph type.

Constellation

Selecting Constellation as the Graph Type displays the demodulation information in an IQ
format (Figure 7-1). Note that for input signals that are not TETRA encoded, the

LMR Master will still try to decode them and fit them to a symbol. This may result in
measurement values that are unexpected.

|/||'II'":SL| 04/29/2015 04:11:26 pm Frequency

Rx Freq 800.000 MHz

Rx Patterm [ T T T 1 -
TETRA OTA T Freq

B an r 7 1 B00.000 hHz
ﬁfu ﬁ:"’E(?tffSIEt [ Re/Ti Caupling
N:}D R= Range [ an

OM on

Preamp g e Coupling Offset
1]

17 0 Hz

Tx Patterr

Tz Output
[a ]3]

Tz Qutput Lvl
-30.0 dBm

Tx Pwr Offset
0.0 dB Ext
Squelch Lvl
-100.0 dBm
Ref Source

Int

Freguency Amplitude heasurement Turmn Sig-Gen OFF

Figure 7-1. Constellation Diagram
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7-3 TETRA Analyzer Graphs TETRA Analyzer (Option 581)

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the TETRA signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 7-11 for details. Figure 7-2 displays the same signal using a 25 kHz span and a

500 kHz span.

| Anritsu 10202014 vs58:18 am = == Display

Active Graph

1234

iy Minimize
Mod Type ! il I ] | ] 1 L el
=] ion Graph

Rz Pwr Offset

0.0 dE E B S S A N S A S Graph Type
Auto Rz Range Y
oN | | | o | | | |8 |

Preamp
oM

T Output

Tx Output Lvi A " |
0.0 dBm I L 1 i iy Symhol Span

Tx Pwr Offset ) | z
a 1 L | | | |

Ref Source
In

Fraguency Amplitude Setup Meazurement Turn Sig-Gen ON

]/II'II’itSU 10/20/2014 03:03.21 am = : Display
Active Graph

Minimize
Active

Graph
Rz Pwr Offset
0.0 dl Graph Type
Auto Rz Range

i Spectrum

Preamp
ON

Coupling _t

]

Tx Pattem

tet; A -
i A

Tx Output i "".'n!!

Tx Output Lvi Symbal Span
0.0 dem T T n i T T T T T
2

iBm

Ref Source
Int i

Frequency Amplitude Measurement Turn Sig-Gen O

Figure 7-2. TETRA Spectrum Graph (25 kHz Span and 500 kHz Span)
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TETRA Analyzer (Option 581) 7-3 TETRA Analyzer Graphs

Eye Diagram

The eye diagram is an oscilloscope view of the TETRA signal displaying the voltage of the
signal vs. time. The diagram provides an indication of baseband fidelity of a TETRA
transmitter. With over-the-air measurements, the Eye Diagram can indicate phase distortion
from multipath. The number of “eyes” displayed is set with the Symbol Span key under the
“Display Menu” on page 7-15.

|/lnritsu 10/20/2014 09:06:36 am 1 Display
Active Graph

1zad

Minimize
Active
Graph

0.0 dB Ex Graph Type

Auto Rx Range : > 7 ' Y y Eye Diagram
oM i %

Preamp

Symhbol Span

4

Squelch Lvi
-100.0 dBm

Ref Source

Frequency Amplitude Measurement Turn Sig-Gen ON

Figure 7-3. TETRA Eye Diagram
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7-3 TETRA Analyzer Graphs TETRA Analyzer (Option 581)

Summary and TETRA Summary Graphs

These two summary displays provide measured and decoded values in a table format.

Summary Graph

The Summary graph provides an overview of the measurements made on the signal received
from a downlink TETRA transmitter. This graph displays numeric values of received power,
frequency error, RMS vector error, peak vector error, residual carrier magnitude,

IQ imbalance, phase and magnitude errors, and symbol rate error of the input signal.

The Received Power value in the Summary graph can be toggled to dBm, watts, or volts by
using the key sequence: Amplitude > Units > Rx Units. The selected unit also applies to the
squelch level setting.

The key sequence: Setup > Squelch Lvl sets the squelch power level. When the Received
Power is lower than the set squelch level, all values in both summary displays except for
Received Pwr are blanked out (— —). When the Received Power is above the squelch level, the
measurements for this graph are displayed as shown in Figure 7-4.

[ Anritsu 101132016 03:21:58 pm ¥ B [ Display

TETRA Active Graph
Rx Freq
3.000 GHz

Summary 1234

Received Pwr -92.79 dBm G

Graph

Freq Error -526Hz | o |
Sl RMS Vec Err 5.52%

Preamp

c—mad Pcak Vec Err 8.12%

10 MHz

2NN Resid Carr Mag 4.20%
= 1Q Imbal -32.96 dB

Tx Output

AWl Phase Error 2.25°
e hMag Error 3.89%
??ffﬁ'ﬁ'ﬂé:.' SYm HHTE Err n.n? ITIHE

Ref
Int :

Fregquency Amplitude Setup teasurement Turn Sig-Gen ON

Figure 7-4. Summary Graph (with Received Power Above the Squelch Level)

Received Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instrument RBW setting. The reduction is specified

as: 10*Log (Signal Bandwidth / Resolution Bandwidth).
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TETRA Analyzer (Option 581) 7-3 TETRA Analyzer Graphs

TETRA Summary Graph

The TETRA Summary graph is only available with Base Station modulation type. It reports
the base station extended color code (BS ECC), mobile color code (Mobile CC), mobile network
code (Mobile NC), base color code (Base CC), location area code (LAC), and mobile station
maximum transmit power (MS Max TX Pwr) permitted on a channel from the TETRA

transmitter.
[ Anritsu 101132016 03:21:43 pm X B [ Display
Active Graph
e 1234
o BS ECC 1060FA79h e

Graph

s Mobile CC 0262 G e
ore Mobile NC 01001 e
Base CC 57
: LAC 05537
B S Max Tx Pwr 30 dBm

Symbol Span

O z bl

Back

Freguency Amplitude Setup Measurement Turn Sig-Gen ON

Figure 7-5. TETRA Summary Graph (with Received Power Above the Squelch Level)

Note that BS ECC in the Summary graph is provided in 8 hexadecimal digits so that the least
significant 30 bits of this value may be used for verification of corresponding bits of initial
state of scramblers and descramblers of encoders and decoders, respectively, of any TETRA
channel other than the Broadcast Synchronization Channel.

In the Summary graph, the “h” in BS ECC 1060FA79h indicates that 1060FA79 is a

Note hexadecimal number.
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7-4 TETRA IQ Data TETRA Analyzer (Option 581)

7-4 TETRA IQ Data

This measurement is captured on an external USB flash drive. The captured data

Note file cannot be recalled and displayed on the instrument screen.

The LMR Master can capture and log TETRA 1Q data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. Insert a formatted USB flash drive into the LMR Master, and from the Measurement
main menu, press the TETRA IQ Capture submenu key. After approximately
10 seconds, the instrument displays a message that the capture is complete.

The IQ data is sampled at 4,800 x 11 samples per second. The saved file has an ASCII header
and binary data (see Figure 7-6 on page 7-8 for an example). The data is written in 24-bit
two’s complement integer format. Interleaved Delta Phase (I) data then Magnitude (Q) data
is captured. The file is intended for post-processing in MATLAB or other data analysis
software.

The file will be written to a data stamped folder inside the /usr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.TETRA

Note There is no display menu for TETRA 1Q Capture. The LMR Master will continue to
display the previous measurement screen during IQ Capture.
L} B C D E F G H 1 \
1 <LMRIQAnalyzer>
H <ProjectDefine>
3 <Attribute Mame="Type" Value="Service" />
4 <Attribute Name="Name" Value="Digitizes" />
|5 <Attribute Mames"FileVersion” Values"1.0.0.0" />
[ <fProjectDefine>
7 <Params>
| 8 <httribute Name="CaptureDate” Value="01/20/2014" /> >
| @ <Attribute Mame="CaptureTime" Value="16/07/05" />
|20 <Attribute Name="Format" Value="INT24" />
|11 <Attribute Names"CenterFrequency” Values"800000011" />
|12 <httribute Mame="SamplingClock” Valua="52800" />
|13 <Attribute Name="Bandwidth" Valse="12500" />
| 14 <httribute Name="sampleType" Value="DeltaPhase/Mag" />
(25 <Attribute Name="Referencelevel” Value="-14.00" />
| 18 <Attribute Mame="Attenuatorlevel” Value="0.00" />
|az =Attribute Name="CaptureSample” Value="30216 " />
|18 «fParams>
|19 <Data>d0 K+8-00IUTE) 47,0 rGia0m, T PHIAICENB AW MiBAS L DSTFOupLI N
| 20— Gu|disaec wiikUa Pahcei 002X 2GA<0Y"Ac (IR0 dADEs idie
| 21 Tac<Bati-vi"|euefione®  §IZUChGi+h Y oALRPL-, GV bas ia TSl [A  SO@TRBICES DalisE
| 22 e5ow!
23 i eipp|
| 24 shupyn, BOESTEOD KEOITEFEICO0E ~ S RUNCE" DNzE-Ka" lBne3  8DHo30SM:0ESE BostiDL
25 | Eur'Pluzgdhaies e D0e 0@y I0RUIATAASAS -0t ™. 08 TAA" Y
| 26 168~ 17a BN i-6éiky | FIE% HHLERK  AEL107SRCyb, UNDeleBaSHCO_OdyeT-ir-&™ix  I°
| 27 @%pum
| 28 lyelphi=hie 46, 70-DE+ %aBul\  yhbk> A} Uafrien AP Beaned ity 4= M EW-Y=1ki) |4
|29 Bes'oAlee oy mmi+}  SlpMa 0 @eulsve/aloi—Hul| e judhe
|30 Hows
| 31 oofttaraRatessilt3"t! Ho-baHK J
1. ASCII header listing parametric information
2. Binary data in 24-bit two’s complement integer format

Figure 7-6. 1Q Capture
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TETRA Analyzer (Option 581) 7-5 TETRA Analyzer Menus

7-5 TETRA Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level Mod Type TETRA @
@
800.000 MHz -69.0 dBm Base Station Analyzer N
Tx Freq Scale Rx Pattern
800.000 MHz 10 dB/div TETRAOTA
Rx/Tx Coupling Rx Power Offset TETRA @] Coverage
% — Mapping
Oi Off 0.0 dB Ext Loss Coverage
" e % Chapter
Coupling Offset Auto Rx Range Tx Pattern
0 Hz @ Off tetra_bs_busy_allocPCH
Span Adjust Rx TETRA
25 kHz Range 1Q Capture
L Y A I
Tx Output Lyl Squelch Lvi TETRA
-100.0 dBm e
0.0 dBm BS Sensitivit:
L LT
Tx Power Offset
M
ore — BS Sensitivity
0.0 dB Ext Loss —
— 4 Base Station Base Station
Units — @ Airbus Custom
= Load Custom O
@ @ Display Pattern
Active Graph
Units Setup (2/2) No Pattern Loaded Custom
1 2 3 4
Rx Units Averaging _
Maximize Trigger Type
dBm 1 Active
Graph External Internal
Tx Units /—\/ S —
T~ Graph Type Trigger Edge
dBm
Spectrum Rising Falling
e —
/_\/
/—\/ Back Delay Adjustment
/_\/
& T~
1us
T  C——
Back Symbol Span (]
¢« Start Test
2
D— D—
Back Back
& &

Figure 7-7. TETRA Analyzer Menu Layout
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TETRA Analyzer (Option 581)

7-6

Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz
Rx/Tx Coupling
On Off

Coupling Offset

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
desired frequency using the keypad, the arrow keys, or the rotary knob. If
entering a frequency using the keypad, the submenu key labels change to
GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the Enter
key has the same effect as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing
the Enter key has the same effect as pressing the MHz submenu key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the

0 Hz
receiver frequency. Only functional when Rx/Tx Coupling is set to On.
S Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
25 kHz 50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.
Figure 7-8. TETRA Analyzer Frequency Menu

PN: 10580-00243 Rev. V Land Mobile Radio MG
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7-7 Amplitude Menu

7-7  Amplitude Menu
Key Sequence: Amplitude

Amplitude

Ref Level

-69.0 dBm

Scale

10 dB/div

Rx Power Offset

0.0 dB Ext Loss

Auto Rx Range
On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm

Tx Power Offset

0.0 dB Ext Loss

<

Units

ﬁ /

Units

Rx Units

dBm

Tx Units

Back

- /

Ref Level: Sets the reference power level at the top of the display
when Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis of the
graticule. Enter a value from 1 dB per division to 15 dB per division
using the keypad, the arrow keys, or the rotary knob. The y-axis power
scale is shown on the left side of the display when viewing the Spectrum
Graph.

Note: The “Vertical Scale Menu” on page 7-12 is displayed when
TETRA Coverage (Measurement > TETRA Coverage) is selected.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select
a value from 0 dB to 100 dB then select either dB External Loss or dB
External Gain.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out
connection) external attenuation or gain. Press the Rx Power Offset
submenu key and select a value from 0 dB to 100 dB then select
either dB External Loss or dB External Gain.

Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.

Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Signal Generator (Tx Output Lvl submenu).

Figure 7-9. TETRA Analyzer Amplitude Menu

Land Mobile Radio MG
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7-7 Amplitude Menu TETRA Analyzer (Option 581)

Vertical Scale Menu
Key Sequence: Amplitude > Vertical Scale

Vertical Scale

RSSI Scale: Sets the number of dB per division in the y-axis power scale
of the RSSI vs. Time graph in Coverage measurement. Enter a value

10 dB/div from 1 dB per division to 15 dB per division using the keypad, the arrow
keys, or the rotary knob.

RSSI Scale

BER Ref BER Ref: Sets the BER reference percentage value at the top of the
100.00 % y-axis in the BER vs. Time graph in Coverage measurement. Enter a

value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
B REE rotary knob.

100.00 % EVM Ref: Sets the EVM reference percentage value in Coverage

/ measurement. Enter a value from 1.00 % to 100.00 % by using the
] keypad, the arrow keys, or the rotary knob. If EVM is low, this scale may
T~ be set as low as 10 % to allow a more detailed examination of EVM. In
general, a reference setting that is approximately 10 % higher than the
current observed maximum value will provide useful information.

Back
- /

Figure 7-10. Vertical Scale Menu
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TETRA Analyzer (Option 581) 7-8 Setup Menu

7-8  Setup Menu
Key Sequence: Setup

Setup
Mod Type . . . .
Mod Type: Sets the type of modulation. The options are Mobile Station or
Base Station Base Station.
Rx Pattern
Rx Pattern
TETRA OTA
— /] | The setting of this key is locked to “TETRA OTA”.
/\/
/\/

Tx Pattern

etra_bs_busy_allocpcH| | 1X Pattern: Selects the transmitter pattern to send when the
Turn Sig-Gen ON main menu key is selected. Select a pattern from the
list box with the arrow keys or rotary knob and press Enter.

Squelch Lvl
Squelch Lvl: Sets the squelch power level. When the Received Power is

-100.0 dBm lower than the set squelch level, all summary graph measurements except for
Received Pwr will be blanked out (--).

More

—A |More: Opens the “Setup (2/2) Menu” on page 7-13.
Figure 7-11. TETRA Analyzer Setup Menu

Setup (2/2) Menu
Key Sequence: Setup > More

Setup (2/2)
Averaging Averaging: Sets the refresh rate of the numerical values in the TETRA
1 Summary window. Setting a higher number (25 maximum) reduces
4 \measurement jitter.
/\/
/\/
 \
Back: Press this submenu key to return to the “Setup Menu” on page 7-13.
Back
A /

Figure 7-12. TETRA Analyzer Setup Menu
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7-9 Measurement Menu TETRA Analyzer (Option 581)

7-9 Measurement Menu

Key Sequence: Measurement

Measurements
N
TETRA @
Analyzer
e
TETRA O
Coverage
%*° -
—
TETRA
1Q Capture
TETRA
BS Sensitivit:
- yﬁ

TETRA Analyzer: Opens the “Display Menu” on page 7-15.

TETRA Coverage (Option 582 required): Opens the TETRA Coverage
menu. Refer to Chapter 10, “LMR Coverage Mapping”.

TETRA IQ Capture: Pressing this key starts the IQ data capture. Make sure
that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This may
take a few seconds.

TETRA BS Sensitivity: Opens the “BS Sensitivity Menu” on page 7-16.

Figure 7-13. TETRA Analyzer Measurement Menu

PN: 10580-00243 Rev. V Land Mobile Radio MG
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7-9 Measurement Menu

Display Menu

Key Sequence: Measurement > TETRA Analyzer

Display

Active Graph

1 2 3 4

Maximize
Active
Graph

Graph Type

Constellation

—

/\_/
/\_/

Symbol Span

2

<

Back

Active Graph 1 2 3 4: In Four Screen view use this menu to select which of
the four graphs is active. The current active graph is underlined (1 2 3 4)
and has a red perimeter line. Any of the four graphs can also be made active
by tapping once on the touch screen. Repeatedly pressing the Active Graph
submenu key will cycle the active graph, 1 through 4.

In Standard view (one graph displayed on the screen) the Active Graphic
key will rotate between the four graphs displayed in the Four Screen view.

Maximize/Minimize Active Graph: The submenu key toggles between
displaying the Four Screen (4 graphs) view and the Standard view (1 graph).
Tapping twice on a selected graph also toggles between the two display
options.

Graph Type: The label on the bottom of this button displays the current
active graph type. Pressing the button will open a list box of the graphs
types available for TETRA Analyzer measurements. Select the desired
graph type with the arrow keys or rotatory knob and press Enter. The
current active graph will be replaced with the new selection.

Available graphs include:

Constellation
Spectrum

Eye Diagram
Summary

TETRA Summary

Refer to “TETRA Analyzer Graphs” on page 7-3 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 through 5 using
the keypad, the arrow keys, or the rotary knob. Keypad values entered
outside of this range are ignored.

Back: Returns to the “Measurement Menu” on page 7-14.

Figure 7-14. TETRA Analyzer Display Menu

Land Mobile Radio MG

PN: 10580-00243 Rev.V
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TETRA Analyzer (Option 581)

BS Sensitivity Menu

Key Sequence: Measurement > TETRA BS Sensitivity

BS Sensitivity

Base Station

Motorola

—

N\

No Pattern Loaded

Trigger Type

External Internal

—
Trigger Edge

Rising Falling

Delay Adjustment

1us

X
®

Start Test
R

Back
e

BS Sensitivity |

Base Station
Custom
Load Custom O

Pattern

C——

Custom

e —

Base Station: Pressing this button opens a dialog to select a preloaded
base station manufacturer (Airbus, Sepura, Motorola Etlem NETIS, etc.) or
to load a custom pattern. When Custom is selected, the

Load Custom Pattern button becomes available (shown below) to load a
custom pattern from memory or a USB device. Once a pattern is loaded, the
button indicator turns red.

No Pattern Loaded: This button indicates Base Color Code (BCC), Mobile
Country Code (MCC), Mobile Network Code (MNC), and Number of
MultiFrames (#MF) of the currently loaded signal pattern. No Pattern
Loaded is displayed when a valid pattern is not loaded.

Trigger Type: Toggles between External and Internal trigger.

Trigger Edge: Toggles between External Rising and Falling trigger edge.

Delay Adjustment: Sets the playback delay. Press the Delay Adjustment
key and enter the desired playback delay using the keypad, the arrow keys,
or the rotary knob. If entering a delay time using the keypad, the submenu
key labels change to ms or ys. Press the appropriate units key. Note that
changing the delay will change the selected Base Station to Custom or to
another manufacturer.

Start/Stop Test: This button is active (red indicator) once a valid TCH/7.2
test pattern has been loaded into signal memory and is ready to start a test.
When this button is pressed, the test signal starts playing back continuously
(clear indicator) and button text changes to Stop Test. Pressing the button
again, changing a setting or leaving the BS Sensitivity menu will stop the
test. The button may also display Waiting for Trigger.

Back: Returns to the “Measurement Menu” on page 7-14.

Figure 7-15. TETRA Analyzer Display Menu

PN: 10580-00243 Rev. V Land Mobile Radio MG
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TETRA Analyzer (Option 581) 7-10 Sweep Menu

7-10 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous and one

starts immediately after the previous sweep is completed. In Hold sweep

mode, the results of the last sweep are displayed on the screen while the

Run Hold | [instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make

Sweep ] single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Figure 7-16. TETRA Analyzer Sweep Menu

7-11 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 7-14.

7-12 Trace Menu

This menu is not available in TETRA Analyzer measurement mode.

7-13 Limit Menu

This menu is not available in TETRA Analyzer measurement mode.

7-14 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.
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7-14 Other Menus TETRA Analyzer (Option 581)
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Chapter 8 — DMR Analyzer
(Option 591)

8-1 Introduction

The DMR Analyzer option provides a method to verify the operation of Digital Mobile Radio
(DMR) compliant equipment. DMR is an open digital radio standard specified in the
European Telecommunications Standards Institute (ETSI) Standards TS 102 361.

Option 591 includes the ability to display constellation, spectrum, histogram, and eye
diagram graphs. In addition, a summary graph displays numeric values of received power,
frequency error, modulation fidelity (Mod Fid), bit error rate (BER), symbol deviation, Color
Code (CC), and symbol rate error of the input signal. BER comparisons can be made to the
1031 Hz Standard Tone or the Standard Transmitter Test (0.153) pattern, regular voice
traffic using a proprietary algorithm.

8-2 Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key then select the DMR Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight DMR Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In

50 ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices. Refer
to Chapter 11, “High Power Input Protection”

Caution

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the receiver center frequency (Rx Freq) of
the measurement. Use the arrow key, rotary knob or the numeric keypad. When using
the keypad, select the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to select the receiver modulation type. Select Base
Station or Mobile Station using the RX Mod Type key. Press the Rx Pattern key to choose
the pattern against which to measure error rates. 1031 Hz and O.153 (V.52) will
measure BER directly against the selected pattern. Voice uses a proprietary method to
estimate BER from regular voice traffic. Silence and Idle are two additional patterns in
DMR that can be used to measure BER.

5. For Base Station modulation type, select the TDMA slot (1 or 2) using the Rx Slot
submenu key.

Land Mobile Radio MG PN: 10580-00243 Rev. V 8-1
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8-2 Setup Procedure DMR Analyzer (Option 591)

6. Press the Amplitude main menu key, then the Rx Power Offset submenu key to set the
receiver attenuation (or gain). Use the arrow keys, rotary knob or the numeric keypad
to enter the adjustment value, up to 100 dB, and then press either the Loss or Gain
submenu key. For instance, if the transmitter under test is emitting 50 watts
(+47 dBm) of power, and the External Attenuation value is 40 dB (such as from a 40 dB
directional coupler), then the Received Power displayed will be +7 dBm.

7. Press the Measurement key, then the DMR Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “DMR Analyzer Graphs” on page 8-4 on the available graph types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key then select the DMR Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight DMR Analyzer and
press Enter.

The damage input power level is 2 watts (+33 dBm) to the RF In 50 Ohm
Caution  connector. To prevent damage, use a coupler or attenuator to reduce the input
power to below this level when measuring high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement
using the Rx Freq key. Use the arrow key, rotary knob or the numeric keypad. When
using the keypad, select the appropriate terminator submenu key to set the center
frequency.

4. Press the Setup main menu key to select the modulation type. Select Base Station or
Mobile Station using the Mod Type key. Press the Rx Pattern key to choose the pattern
against which to measure error rates. 1031 Hz and O.153 (V.52) will measure BER
directly against the selected pattern. Voice uses a proprietary method to estimate BER
from regular voice traffic. Silence and Idle are two additional patterns in DMR that can
be used to measure BER. Refer to “DMR Analyzer Graphs” on page 8-4 on the available
graph types.

5. Select the TDMA slot (1 or 2) using the Rx Slot submenu key.

8-2 PN: 10580-00243 Rev. V Land Mobile Radio MG
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DMR Analyzer (Option 591) 8-2 Setup Procedure

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the DMR Signal Analyzer icon or press Shift and then
the Mode (9) button to open the Mode Selector dialog box. Highlight DMR Analyzer and
press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution 4 4Bm) and the frequency range is 500 kHz o 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob, or the numeric keypad. When using the keypad,
press the appropriate terminator submenu key to set the center frequency.

If testing a DMR repeater, then you can bind the transmit frequency to the receive
frequency by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is on, the Tx Freq submenu key is disabled.

4. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the transmit pattern by pressing the Setup main menu key then the Tx Pattern
submenu key. Available patterns are listed on the display and additional patterns can
be downloaded via the System > Application Options menu.

6. For Base Station testing, select the TDMA slot (1 or 2) using the Rx Slot submenu key.

7. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn Off the signal generator.
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8-3 DMR Analyzer Graphs DMR Analyzer (Option 591)

8-3 DMR Analyzer Graphs

The following DMR Analyzer measurements are available on the LMR Master. From the
Measurements main menu press DMR Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Constellation and Linear Constellation

Constellation view displays the demodulation information in an IQ format (Figure 8-1).
The chart shows the relationship between the location of a constellation data point, its
deviation frequency, and the information it carries.

Symbol: +3 Symbol: +1
Bit Information: 01 Bit Information: 00
Dev.: +1944 Hz Dev.: +648 Hz
Symbol: -3 Symbol: -1
Bit Information: 11 Bit Information: 10
Dev.: -1944 Hz Dev.: -648 Hz

[Anritsu oazarzott 105805 am @D Na gan Wiz av e |y : Display
Active Graph

1031 He [ ! . [ . [ Minimize
Mol Type L 1 1 B
Graph

Rx Pwr Offsi
0.0 dB Ex Graph Type

@A;:u Rx Range Constellation
ON

Preamp
OFF

Tx

g0
Coupling
OFF

Tx Pattern
dmrZ_| 3

Tx Output

ON

Tx Output Lvi Symbol Span
Tx Pwr Offset i
0.0 dB Ex

Frequency amplitude Measurement Tumn Sig-Gen OFF

Figure 8-1. Constellation Diagram
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DMR Analyzer (Option 591) 8-3 DMR Analyzer Graphs

Figure 8-2 shows the same information in the Linear Constellation View.

Symbol: -3 | Symbol: -1 Symbol: +1 Symbol: +3
Bit Information: 11 Bit Information: 10 Bit Information: 00 Bit Information: 01
Dev.: -1944 Hz Dev.: -648 Hz Dev.: +648 Hz Dev.: +1944 Hz

[Anritsu vaoazo11 0sa55 an = : Display

Active Graph

1234

Iinimize
Active
Graph

Graph Type

Auto Rx Range
[o]¥]

Linear Canst

Preamp
OFF

Tx OQutput

an

Tx OQutput Lvi Symhol Span
L i@

Squelch Lvl
-40.0 dBm

Ref Source
Int S

Fregquency Amplituce Measurement Turn Sig-Gen OFF

Figure 8-2. Linear Constellation Diagram

For input signals that are not DMR encoded, the LMR Master will still try to decode it and fit
it to a symbol. This may cause some measurement results that are unexpected.
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8-3 DMR Analyzer Graphs DMR Analyzer (Option 591)

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 % to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.

I/Inritsu 04/04/2011 084512 am = - Display
Active Graph

Minimize
Active
Graph

Rz Pwr Offse

0.0 dB Ext Loss Graph Type

Auto Rx Range H I Histogram
ol 1 .

Preamp
QFF

Squelch Lvl
-40.0 dBm

Back

d 03
Tx Output Lvl Symbol Span
0.0 dBm =T g 3
Tx Pwr Offset | 2
0.0 B E: |
| I

Ref Source
Int St

Freguency Amplitude Measurement Tum Sig-Gen OFF

Figure 8-3. DMR Histogram
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DMR Analyzer (Option 591) 8-3 DMR Analyzer Graphs

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the DMR signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 8-18 for details. Figure 8-4 displays the same signal using a 25 kHz span and a

500 kHz span.

l/]l'll‘itSLI 04/04/2011 08:45:29 am : Display
Active Graph

1234
Minimize
Active
Graph
Graph Type

I
4“" ;Wr Spectrum

futo Rx Range o A ALL S
on I | 1 ey T
Preamp A "'M'l 'ﬂ\‘

dmrz_hs_103

T Output I E Iy

an "”lﬂ\v
My

) " fit b s I8
i ?gt!’“‘ v Pt '1""‘"‘“‘{"‘ ‘.II'“ﬂl’\.” Symbiol Span
0.0 dBm i | | i | L
Tx Pur Offsel | 2
00 dB E | ’

quelch Lyl
—~40.0 dBm
Ref Source
Inf /

Frequency Amplitude Measuretment Turn Sig-Gen OFF

!/]I'Il'itSLl 03/31/2011 10:26:19 am = : Display
: Active Graph

Rx Pattem T T T

1011 Hz S Minimize
Modl Type ] : Active

C4FM o o

Rx Pwr Offset
0.0 05 Ext —— - ! ! , I I I L Graph Type

Auto Rx Range Spectrum
ON

Preamp
OFF

Tx Frey
AHz

Symhol Span
2

Frequency Amplitude Measurement Turn Sig-Gen OFF

Figure 8-4. DMR Spectrum Graph (25 kHz Span and 500 kHz Span)
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8-3 DMR Analyzer Graphs DMR Analyzer (Option 591)

Eye Diagram

The eye diagram is an oscilloscope view of the DMR signal displaying the voltage of the signal
vs. time. The diagram provides an indication of baseband fidelity of a DMR transmitter. With
Over-the-air measurements the Eye Diagram can indicate phase distortion from multipath.
The number of “eyes” displayed is set with the Symbol Span key under the “Display Menu”
on page 8-22.

I/Inritsu 04/04/2011 08:48:22 am = : Display

Active Graph

1234

Minimize

Active
% an

Rx Pwr Offset
0.0 dB Ext L \ Graph Type

Graph

Auto Rx Range Eve Diagram
oN i i

Preamp

OFF
Tx Pad
dmré

Tx Output
ON

Tx Output Lvi ; x h Ny 4 Symbol Span
0.0 dBm =l AT

Tx Pwr Offset
0.0 dB E:
Squelch Lvl
:4[\ 0 dBm

Ref Source

Int St

Freguency Amplitude Measurement Turn Sig-Gen OFF

Figure 8-5. DMR Eye Diagram
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DMR Analyzer (Option 591) 8-3 DMR Analyzer Graphs

Summary Graph and DMR Summary Graph

These two summary displays provide measured and decoded values in a table format.

Summary Graph

The summary graph provides an overview of a DMR transmitter. The graph displays numeric
values of received power, frequency error, modulation fidelity (Mod Fid), bit error rate (BER),
symbol deviation, Color Code (CC), and symbol rate error of the input signal.

The Received Power value in the summary graph can be toggled to dBm, watts, or volts by
using the Amplitude > Units > Rx Units keys. This setting also applies to the squelch level
setting.

The Setup > Squelch Lvl submenu key sets the squelch power level. When the Received Power
is lower than the set squelch level, all summary graph measurements except for Received Pwr
will be blanked out (--). When the Received Power is above the squelch level, the
measurements will display as shown in Figure 8-6.

[ Anritsu osroazent ozaszr an E - Display
Active Graph
1234
hdinimize
Received Pwr -28.43 dBm Active
Graph
; Graph Type
Freq Error 0.63 Hz Sy
Maod Fid 0.76%
BER 0.000%
0 Symbol Dev 1945.99 Hz
0 Symbol Epan
o CC 001h .
Sym Rate Err -0.20 mHz B

Fraguency Amplitude Setup Measurement Tum Sig-Gen OFF

Figure 8-6. Summary Table with Received Pwr Above the Squelch Level

Received Pwr in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the instruments RBW setting. The reduction is specified as:
10*Log (Signal Bandwidth / Resolution Bandwidth).
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8-3 DMR Analyzer Graphs DMR Analyzer (Option 591)

DMR Summary Graph

The DMR Summary graph reports the MS ID, Target ID, Talk Group ID, FID, Call Type,
Base Station ID permitted on a channel from the DMR transmitter.

E Amplitude

I/mritsu 047232015 04:41:57 pm

Ref Lvl -70.0 dBm
AHz

Rx P OMRE Summ
Ctrl Channe Scale

P MS ID 3106818 o

0.0 de R Power Offset

Auto Rx Range

e Target ID 1003
Talk Group ID
FID T Output Lyl

-40.0 dEm

Ca" TYPE T« Power Offset

40.0 dB Ext Loss

0.0 dB Ext Loss

Auto Rx Range

On

ol Base Station ID

Frequency Amplitude Setup Measurement Turh Sig-Gen OFF

Figure 8-7. DMR Summary

8-10 PN: 10580-00243 Rev. V Land Mobile Radio MG



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

DMR Analyzer (Option 591)

8-3 DMR Analyzer Graphs

Power Profile

The power profile graph is used with Mobile Station Rx Mod Type to display a zero-span view of

power vs. time of the selected Rx Slot.

]nnritsu 04/22/2015 12:41:13 pm

Auto A% Range
QOFF

Freamp
OFF
Freq
10 MHz

Coupling
OFF

Tx Pattem

Pwr Offset

Squelch Lvl
B

Ri

Display
Active Graph
1234
Minimize
Active
Graph
Graph Type

Power Profile

Freguency Amplitude hieasurement Turn Sig-Gen ON

Figure 8-8.

DMR Power Profile
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8-4 DMR Bit Capture DMR Analyzer (Option 591)

8-4 DMR Bit Capture

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can provide and log raw bits (pre Forward Error Correction) when the
Rx Pattern is set to Voice.

1. From the Frequency main menu, set the receiver frequency (Rx Freq).
2. From the Setup main menu, choose Voice as the Rx Pattern.
3. From the Measurement main menu press the DMR Bit Capture submenu key twice.

4. To log data, insert a formatted USB flash drive in the LMR Master and set Log Data to
On. The bit capture information will be written to a data stamped folder inside the
/usr folder on the root level of the USB flash drive. The tab delimited text file contains
the header and table information shown in Figure 8-9. The files are named:

BIT CAP_LOGyearmonthdaytime.dmr2

| /INritsU o4/0a/2011 09.45:30 am = I : Measurements
0

Rx Patiem

Yoice

Hex Display .f-‘ma\lyzza-ri|>
Drate Time EME Status Counter
W 04/04/2011 019:45:30 WALID nn7e
0] on Octets
i Pwr ofiset. T F3 | 1D | 93 =59 7 e
ARSI 0: a7 61 | aF | E1 | E3 38 A8 | D3 Sl @
PNt 5° A4 Fe | 7D EE | B2 TE 50 | FE
ON a5 17 GF 67 20 15 Fa BD 57
Preamp 71 B0 95 03 &1 T Es | 80 @
7F | D7 F6 D5 AF | 8F DS 35 | FE
Fa L0 4F | 14 | oF [ 24 F4 41 27
EC | 64 6E | 58 | IF | 2F 95 36 | AF
9 B4 | 26 56 | FO B3I | 57 F7 Bl | FE
5F | 51 96 | 13 S0 | D7 CB BA | 34
Tz Pattem 3F 55 59 MOCMN 30 WEaW CE BS 89
dm 10 DR
29 |75 | 78 [ €9 s | F3 | F3 EB | FE
b 75 Ol oo O 7~ B 00 DC | CB G Capture
Te output bt IR R R F | C4
0.0 B F3 | FB | 72 | '8F  BD | 7F | B7 BS | FE
T B 97 | @8 | 93 | 8D  OF | 58 03 50 | 57
0.0 dB ExiL 51 = Il - KN . EE a4 D4
* 78 | 55 F3 | B0 3D | AA | SE GE | FE

coverage
9 —

Bit Capture__

OFF

Tx Output

Squelch Lvi
-400dBm Received Pwr Freq Error
-1.72 dBm 0.56Hz

Frequency Amplitude Setup heasurement Turn 3ig-Gen OFF

Figure 8-9. DMR Bit Capture Display

CC = Color Code

PI = Privacy Indicator

EMB Status = The EMB field contains CC, PI, and parity bits
Counter = Frame Count

8-12 PN: 10580-00243 Rev.V Land Mobile Radio MG



000 "TexaHkoM" KoHTpomnbHO-U3MepuTenbHbIe Npubopsbl U o6opyaoBaHue www.tehencom.com

DMR Analyzer (Option 591) 8-5 DMR IQ Data

8-5 DMR IQ Data

This measurement is captured on an external USB flash drive. The captured data

Note file can not be recalled and displayed on the instrument screen.

The LMR Master can capture and log DMR 1Q data to a USB flash drive.
1. From the Frequency main menu, set the receiver frequency (Rx Freq).

2. Insert a formatted USB flash drive into the LMR Master and from the Measurement
main menu, press the DRM IQ Capture submenu key. After approximately 10 seconds
the instrument will display a message that the capture is complete.

The IQ data is sampled at 4,800 x 11 symbols per second. The saved file has an ASCII header
and binary data (Figure 8-10). The data is written in 24-bit two’s complement integers
format. Interleaved Delta Phase (I) data then Magnitude (Q) data are captured. The file is
intended for post-processing in MATLAB or other data analysis software.

The file will be written to a data stamped folder inside the /usxr folder on the root level of the
USB flash drive. The file is named:

IQ CAPTUREyearmonthdaytime.dmr2

There is no display menu for DMR IQ Capture. The LMR Master will continue to

Note display the previous measurement screen during IQ Capture.

i Book2
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<Aftribute Mame="Name" Yalue="Digitizer" /=
=Attribute Name="FileVersion" Value="1.0.0.0" />
</ProjectDefine>

<Params= ASCIl header lists

<Aftribute Name="CaptureDate" Value="04/26/2011" />

<Aftribute Name="CaptureTime" Value="12/31/24" /> >. th e pa ra m etrlc

<Attribute Name="Faormat" Value="INT24" />
<Aftribute Name="CenterFreguency" Yalue="800000000" /= H H
=Aftribute Name="3amplingClock" Yalue="52800" /> I nfo rmatlo n ‘
<Aftribute Name="Bandwidth" Valug="12500" />
<Aftribute Mame="SampleType" Value="DeltaPhase/Mag" />
<Aftribute Name="ReferenceLevel' Value="15.00" /=
<Aftribute Name="AttenuatorLevel" Value="0.00" />
<Aftribute Name="CaptureSample" Value="40216  "/>
<fParams=
<Data>]l fm AT L T T T ™1 nAl Tol AE%RT bLET 8

AT Em Hol At 14 T 5187

7E Qa2UE 224A] i3] highel o4l a0 k=l ~ge{ $—il 8187 'l evET PET g2 &a-¥1 fHi

U8cRE B-2SE OLE WAL } ' baouE JNUOE ANGOE Ra 'E O8aE dge-E CO

WoE £13E 54 &l

Ml @31 1 g0 TAKT ST Oa ] v Of 6UaT 0@YT G+l 22+ 8eTCE kCyall ... ONT 241 . . H

#26 YERAT Git Val 200 Vol sl <] -Eail CEwd 1407 <Al - e<l Ae@l txae 14T 85 B| nary data In 24 b|t

& adoel AUl had! [ T4« ~U4Pl YieedE nféoE 7

‘BKE dRIE B0lE BZ08E a-0'E 1T'E +58E >‘ two's com plement

®UE ¥ ECESE 10 Eidnl %01 r#{10FT 200l fedl Yo nl Mz—T O el .

61 Berl FDFT e ef Lpt=T oy 1] =<1 1= lnteger format.

il an

3| TNCl clEl eyl r. bl DEal £yl
1845(i-il zzel] "aéP| J8e]l ~=zeM @A e0adl Auall yTall a1 0041 34£801 "0</Data> J

1846|</LMRIQANalyzer>

1847
W 4 » nlSheet1 {Sheet2 / Sheetd / <

SErEEEE
J .

[}
o

ma ka3 | R
—l| || &

[SiEs)
@ | o

[
=

Figure 8-10. 1Q Capture
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8-6 DMR Repeater Receiver Sensitivity DMR Analyzer (Option 591)

8-6 DMR Repeater Receiver Sensitivity

The LMR Master can analyze the modulation quality and receiver sensitivity of a DMR
repeater without needing to remove the repeater from service or to enable a special test mode.

This example procedure illustrates one approach to making a repeater receiver
sensitivity measurement. Different configurations may be used depending on

Note accepted test procedures. Refer to Chapter 11, “High Power Input Protection” for
an alternate connection method, especially if a direct connection to the repeater
RF output is necessary.

Measuring Receiver Sensitivity Example
1. Connect the equipment as shown in Figure 8-11:
e Connect the S412E RF In port to an antenna.

e Connect the DMR repeater Rx port to the S412E Signal Generator Out port and
to an antenna via a splitter or directional coupler.

Antenna Antenna

Signal Generator

Out Port\

RF In Port

rd

Coax
Splitter or
Directional
@ Coupler

/inritsu
LMRMaster

[Anritsu  S412E

[Anrits sascet e3sa 0 -

Tx Rx

DMR Repeater

Figure 8-11. DMR Repeater Sensitivity Measurement Setup Example
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DMR Analyzer (Option 591) 8-6 DMR Repeater Receiver Sensitivity

2. From the S412E Frequency menu, set the following:
* Rx Freq: DMR repeater transmit frequency
e Tx Freq: DMR repeater receive frequency
e Rx/Tx Coupling: Off
e Coupling Offset: 0 Hz
e Span: 25 kHz
3. From the S412E Amplitude menu, set the following:
e Ref Level: Greater than expected receive signal level
e Scale: 10 dB/div
e Rx Power Offset: 0 dB External Loss
¢ Auto Rx Range: On
e Tx Power Offset: 3 dB External Loss for splitter (add any additional cable loss)
e Tx Output Level: =60 dBm (initial setting)
4. From the S412E Setup menu, set the following:
¢ Rx Mod Type: Base Station
e Rx Pattern: 1031 Hz
e RX and Tx Slot: Desired time slot to be measured
¢ Tx Pattern: dmr ms_ 1031
5. Turn the S412E Signal Generator On.

6. Toggle CC to the desired CC for testing. Toggling the CC field is used to send out a
“wake-up” signal to the repeater.

7. On a DMR mobile station, listen for a tone. This indicates that the repeater is receiving
and retransmitting the test signal from the LMR Master.

8. To determine if the repeater meets the sensitivity level, adjust the LMR Master signal
generator output level (Amplitude -> Tx Output Lvl) to the specified sensitivity level.

9. Listen for a steady tone from the mobile station and note the BER measurement on the
LMR Master DMR Summary screen (see Figure 8-11). The BER % should be within
specification.

10. To determine the “absolute” sensitivity level, adjust the signal generator output level
down until either one or both of:

¢ the audible tone from the mobile station just starts to degrade

e the BER % measurement shown on the LMR Master Summary screen is above
specification.

11. Note the Tx Output Level is the absolute receiver sensitivity value.
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8-7 DMR Analyzer Menus DMR Analyzer (Option 591)

8-7 DMR Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).

Frequency Amplitude Setup Measurements
Rx Freq Ref Level Rx Mod Type DMR Q@
—_—
800.000 MHz -69.0 dBm Base Station Analyzer N
Tx Freq Scale Rx Pattern
800.000 MHz 10 dB/div 1031 Hz
Rx/Tx Coupling Rx Power Offset Rx Slot DMR @] COVG r_age
— Mapping
On Off 0.0 dB Ext Loss 1 Coverage
= - Chapter
Coupling Offset Auto Rx Range Tx Slot DMR O
—_—
0 Hz On Off 1 Bit Capture
On pture_
Span Adjust Rx Tx Pattern
25 kHz Range dmr_ms_1031 Hz
V4
Tx Output Lvl CC DMR
*
0.0 dBm 1 1Q Capture
Tx Power Offset Squelch Lvl
0.0 dB Ext Loss -40.0 dBm
Averaging
Units
1
=
@ Display Bit Capture
Active Graph Log Data
1.2 3 4 On Off
p— —
Maximize
Active %
Graph
D—
Graph Type
Back
Linear Const
- <—
0
o o—
N
Symbol Span
2
D—
Back * Button only appears for
. dmr_bs_1031 and dmr_ms_1031 patterns

Figure 8-12. DMR Analyzer Menu Layout
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DMR Analyzer (Option 591) 8-8 Frequency Menu

8-8 Frequency Menu

Key Sequence: Frequency

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
< | desired frequency using the keypad, the arrow keys, or the rotary knob. If
Rx Freq entering a frequency using the keypad, the submenu key labels change to
GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the Enter

Frequency

800.000 MHz key has the same effect as pressing the MHz submenu key.
Tx Freq Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
400,000 Mz enter the desired frequency using the keypad, the arrow keys, or the rotary

knob. If entering a frequency using the keypad, the submenu key labels
Rx/Tx Coupling change to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing
the Enter key has the same effect as pressing the MHz submenu key.

On off
— Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
Coupling Offset When set to On the Tx Freq key is disabled.
0 Hz Coupling Offset: Sets the Offset of the signal generator frequency and the
receiver frequency. Only functional when Rx/Tx Coupling is set to On.
S
Per Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
25 kHz 50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.

Figure 8-13. DMR Analyzer Frequency Menu
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DMR Analyzer (Option 591)

8-9 Amplitude Menu
Key Sequence: Amplitude

Amplitude

Ref Level
-69.0 dBm
Scale
10 dB/div
Rx Power Offset
0.0 dB Ext Loss

d
N
Auto Rx Range

On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm

Tx Power Offset

0.0 dB Ext Loss

Units

Units

Rx Units
dBm

Tx Units

Back
S /

Ref Level: Sets the reference power level at the top of the display when
Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis of the
graticule. Enter a value from 1 dB per division to 15 dB per division using
the keypad, the arrow keys, or the rotary knob. The y-axis power scale is
shown on the left side of the display when viewing the Spectrum Graph.

Note: The “Vertical Scale Menu” on page 8-19 is displayed when
DMR Coverage (Measurement > DMR Coverage) is selected.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select a
value from 0 dB to 100 dB then select either dB External Loss or dB
External Gain.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust
Rx Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out connection)
external attenuation or gain. Press the Rx Power Offset submenu key and
select a value from 0 dB to 100 dB then select either dB External Loss
or dB External Gain.

Units: Opens to Units Submenu.

Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.

Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Signal Generator (Tx Output Lvl submenu).

Figure 8-14. DMR Analyzer Amplitude Menu
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DMR Analyzer (Option 591) 8-9 Amplitude Menu

Vertical Scale Menu
Key Sequence: Amplitude > Vertical Scale

Vertical Scale J | RSSIScale: Sets the number of dB per division in the y-axis power scale
RSSI Scale of the RSSI vs. Time graph in Coverage measurement. Enter a value
. from 1 dB per division to 15 dB per division using the keypad, the arrow
10 dB/div keys, or the rotary knob.
BER Ref BER Ref: Sets the BER reference percentage value at the top of the
100,00 % y-axis in the BER vs. Time graph in Coverage measurement. Enter a
T value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
Mod Fid Ref rotary knob.
100,00 % Mod Fid Ref: Sets the Modulation Fidelity reference percentage value.
' Enter a value from 1.00 % to 100.00 % using the keypad, the arrow keys,
or the rotary knob.
/\/
/\/
O\
Back
< /

Figure 8-15. \Vertical Scale Menu
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8-10 Setup Menu DMR Analyzer (Option 591)

8-10 Setup Menu

Key Sequence: Setup

Rx Mod Type: Sets the type of modulation. The options are Mobile Station

Setup .
or Base Station.

RxMod Type Rx Pattern: Selects the receiver Bit Error Rate pattern. Select a pattern from

Base Station the list box with the arrow keys or rotary knob and press Enter. There are
four available patterns:

Rx Pattern .
Automatic Frequency Control (1031 Hz)
1031 Hz Standard Transmitter Test (O.153 or V.52)
Voice
R Slot Silence (mobile station only)
1 Rx Slot: Selects the receiver time slot: 1 or 2 (Base Station Mod Type only).
Tx Slot Tx Slot: Selects the signal generator time slot: Both, 1, or, 2. (Note that
selecting a time slot other than “Both” will automatically change the
1 Tx pattern to “ms_1031” in anticipation of a receiver sensitivity test.
Tx Pattern Tx Pattern: Selects the transmitter pattern to send when the

Turn Sig-Gen ON main menu key is selected. Select a pattern from the

dmr_ms_1031Hz || |ist box with the arrow keys or rotary knob and press Enter.

cc CC: Sets the Color Code (CC) that is sent on the standard DMR 1031 Hz
Tx Patterns. This setting is used when testing receivers and the button only

! appears when dmr_bs_1031 or dmr_ms_1031 patterns are selected.

/\

Squelch Lvi Squelch Lvl: Sets the squelch power level. When the Received Power is
40,0 dBm lower than the set squelch level, all summary graph measurements except
i for Received Pwr will be blanked out (--).
Averaging Averaging: Sets the refresh rate of the numerical values in the

DMR Summary window. Setting a higher number (25 maximum) reduces

A | measurement jitter.

1

Figure 8-16. DMR Analyzer Setup Menu
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8-11 Measurement Menu

8-11

Measurement Menu

Key Sequence: Measurement

Measurements

N
DMR @

Analyzer

— 7/

N\
DMR @)

Coverage

<

DMR O

Bit Capture
i ptu L )

—\
DMR

1Q Capture

DMR Analyzer: Opens the “Display Menu” on page 8-22.

DMR Coverage (Option 592 required): Opens the DMR Coverage menu.
Refer to Chapter 10, “LMR Coverage Mapping”.

DMR Bit Capture: This submenu key is valid only when Rx Pattern is set to
Voice. Pressing this key opens a submenu for data logging. Make sure that
a formatted USB flash drive is attached to the instrument before starting bit
capture. Set Log Data to On to start the bit capture. Bit capture will continue
until Log Data is set to Off or the USB flash drive is filled.

The files are saved in a time-stamped folder under the usr folder on the
USB flash drive.

If Log Data is On, any of the following functions will stop the logging:

Rx Frequency change
Setup change
Starting another measurement

DMR IQ Capture: Pressing this key starts the IQ data capture. Make sure
that a formatted USB flash drive is attached to the instrument before starting
IQ Capture. When the capture is complete, a message is displayed. This
may take a few seconds.

Figure 8-17. DMR Analyzer Measurement Menu
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8-11 Measurement Menu DMR Analyzer (Option 591)

Display Menu

Key Sequence: Measurement > DMR Analyzer

Active Graph

< |1 2 3 4 InFour Screen view, use this menu to select which of the four
Active Graph graphs is active. The current active graph is underlined (1 2 3 4) and has a
red perimeter line. Any of the four graphs can also be made active by

Display

1234 tapping once on the touch screen. Repeatedly pressing the Active Graph
Maximize submenu key cycles the active graph, 1 through 4.
gf:"ﬁ In Standard view (one graph displayed on the screen) the Active Graphic
i key rotates between the four graphs displayed in the Four Screen view.
Graph Type Maximize/Minimize Active Graph: The submenu key toggles between
Spectrum displaying the Four Screen (4 graphs) view and the Standard view (1 graph).

/| | Tapping twice on a selected graph also toggles between the two display
— options.
 T— Graph Type: The label on the bottom of this button displays the current
active graph type. Pressing the button will open a list box of the graphs
Symbol Span types available for DMR Analyzer measurements. Select the desired graph
) type with the arrow keys or rotatory knob and press Enter. The current
: active graph will be replaced with the new selection.

Available graphs include:

Back .
Constellation

Spectrum

Histogram

Eye Diagram

Linear Constellation
Summary and DMR Summary
Power Profile

Refer to “DMR Analyzer Graphs” on page 8-4 for additional information.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 to 5 by using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside
of this range are ignored.

Back: Returns to the “Measurement Menu” on page 8-21.

Figure 8-18. DMR Analyzer Display Menu
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DMR Analyzer (Option 591) 8-12 Sweep Menu

8-12 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous and one

starts immediately after the previous sweep is completed. In Hold sweep

mode, the results of the last sweep are displayed on the screen while the

Run Hold | [instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make

Sweep a single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Trigger Sweep is not available in DMR Bit Capture measurements.

Figure 8-19. DMR Analyzer Sweep Menu

8-13 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 8-21.

8-14 Trace Menu

This menu is not available in DMR Analyzer measurement mode.

8-15 Limit Menu

This menu is not available in DMR Analyzer measurement mode.

8-16 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.
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8-16 Other Menus DMR Analyzer (Option 591)
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Chapter 9 — PTC Analyzer
(Option 721)

9-1 Introduction

The PTC Analyzer option provides a method to verify the operation of ITC-R Positive Train
Control (PTC) systems. ITC-R PTC is an integrated communication and information system
for controlling train movements. Option 721 includes the ability to display constellation,
spectrum, histogram, and eye diagram graphs. In addition, a summary graph displays
numeric values of received power, frequency error, Error Vector Magnitude (EVM), Bit Error
Rate (BER), IQ (In phase and Quadrature) Offset, and symbol rate error of the input signal.

EVM is a measure of how far the constellation points are from the ideal locations. BER is a
comparison against standard PTC test patterns — either 0.153 or PN9. The available Symbol
Rates are Half Rate (8 ksps) and Full Rate (16 ksps). IQ Offset is a combination of phase
imbalance (the measured phase between I and Q arms versus an ideal 90° phase difference)
and amplitude variation between the two arms.

The LMR Master will analyze input signal strengths from +33 dBm (2.0 watts) down to levels
approaching the sensitivity of PTC radios, automatically adjusting the input sensitivity based
on input levels.

9-2 Setup Procedure

Direct Connect to the Transmitter

1. Press the Menu key then select the PTC Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight PTC Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect the transmitter to the RF In 50 Ohm connector on the LMR Master using a
coupler or attenuator.

3. Press the Frequency main menu key to set the receiver center frequency (Rx Freq) of
the measurement. Use the arrow key, rotary knob or the numeric keypad. When using
the keypad, select the appropriate terminator submenu key to set the center frequency.

4. Press the Setup main menu key to choose the Rx and Tx patterns and set the Symbol
Rate, Squelch Ivl, and Averaging.
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9-2 Setup Procedure PTC Analyzer (Option 721)

5. Press the Amplitude main menu key, then the Rx Power Offset submenu key to
set the receiver attenuation (or gain). Use the arrow keys, rotary knob or the
numeric keypad to enter the adjustment value, up to 100 dB and select either the
Loss or Gain submenu key. The offset will be applied to the Receiver Power value in the
Summary graph. For instance, if the transmitter under test is emitting 50 watts
(+47 dBm) of power, and the External Attenuation value is 40 dB (such as from a 40 dB
directional coupler) the Received Power displayed will be +7 dBm.

6. Press the Measurement key, then the PTC Analyzer submenu key. Select the Graph
types to view with the Graph Type submenu key. The Symbol Span submenu is used to
adjust the number of “eyes” displayed across the screen in the Eye Diagram graph.
Refer to “PTC Analyzer Graphs” on page 9-4 for information on the available graph

types.

Over the Air (OTA) Analysis Setup

1. Press the Menu key then select the PTC Signal Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight PTC Analyzer and
press Enter.

The maximum input power without damage is 2 watts (+33 dBm) to the RF In
Caution 50 Ohm connector. To prevent damage, use a coupler or attenuator to reduce the
input power to below this level when measuring high output power devices.

2. Connect an antenna with the appropriate frequency range to the RF In 50 Ohm
connector on the LMR Master.

3. Press the Frequency main menu key to set the center frequency of the measurement
using the Rx Freq key. Use the arrow key, rotary knob or the numeric keypad. When
using the keypad, select the appropriate terminator submenu key to set the center
frequency.

4. Press the Setup main menu key, then select the symbol rate of either Half Rate (8 ksps)
or Full Rate (16 ksps) by using the Symbol Rate key.

5. Refer to “PTC Analyzer Graphs” on page 9-4 for information on the available graph
types.
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PTC Analyzer (Option 721) 9-2 Setup Procedure

Using the Signal Generator for Receiver or OTA Analysis

1. Press the Menu key then select the PTC Signal Analyzer icon or press Shift and then the
Mode (9) button to open the Mode Selector dialog box. Highlight PTC Analyzer and
press Enter.

The maximum output power from the Signal Generator Out connector is 1 mW

Caution 4 4Bm) and the frequency range is 500 kHz to 1.6 GHz.

2. Direct connect the LMR Master Signal Generator Out 50 Ohm connector to the
repeater/receiver or connect an antenna with the appropriate frequency range to the
connector.

3. Press the Frequency main menu key to set the transmit frequency using the Tx Freq
key. Use the arrow key, rotary knob or the numeric keypad. When using the keypad,
select the appropriate terminator submenu key to set the center frequency.

If testing a PTC repeater, you can bind the transmit frequency to the receive frequency
by setting Rx/Tx Coupling to On and entering the Coupling Offset.

Note When Rx/Tx Coupling is On, the Tx Freq submenu key is disabled.

4. Press the Amplitude main menu key, then the Tx Output Lvl submenu key to set the
output power. Enter any output attenuation or gain using the Tx Power Offset key.

5. Set the transmit pattern. Press the Setup main menu and select the Tx Pattern submenu
key. The Symbol Rate settings apply to the standard PTC patterns (8 ksps or 16 ksps
patterns will be shown, depending on the Symbol Rate setting).

Available patterns are listed on the display and additional patterns can be downloaded
via the System > Application Options menu.

6. Press the Turn Sig-Gen ON main menu key to start the signal generator. Press the key
again to turn off the signal generator.

Land Mobile Radio MG PN: 10580-00243 Rev. V 9-3



000 "TexaHkoM" KoOHTponbHO-U3MepuTenbHble Npubopbl 1 o6opynoBaHue www.tehencom.com

9-3 PTC Analyzer Graphs PTC Analyzer (Option 721)

9-3 PTC Analyzer Graphs

The following PTC Analyzer measurements are available on the LMR Master. From the
Measurements main menu press PTC Analyzer twice. Press the Graph Type submenu key to
select the measurement type.

Constellation and Linear Constellation

Constellation view displays the demodulation information in an IQ format (Figure 9-1).
The chart shows the relationship between the location of a constellation data point, its
deviation frequency, and the information it carries.

!Anritsu 02/16/2074 03-40:54 pm E - Amplitucte

Ref Level

-69.0 dBm
Rz Pattern

PMNY Maormal [ T i Scale

0.0 : R Power Offset
Auto Rx Range 0.0 dB Ext Loss
ON o ;

i iz Adjust Rx
Coupling i 1 ) | Vi |
T | - | = Range
Tx Pattern
pna_normal_1_16( T Output Lyl
T Output
e _ . -35.0 dBm

95 0 dBm | Tx Power Offset

1 0.0 dB Ext Loss

~100.0 dBm | | | Units
Ref Snurce | | | | | s

Int 3

Freguency Amplitude Setup teasurement Turn Sig-Gen OFF

Figure 9-1. Constellation Diagram
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PTC Analyzer (Option 721) 9-3 PTC Analyzer Graphs

Figure 9-2 shows the same information is the Linear Constellation View.

]Anl‘itSLl 02/06/2014 03:42:13 pm El - Display
Active Graph

1234
hdinimize
Active

Graph
Rx Pwr Offset
0.0 dB Ext Logs
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pna_ al_1_16l

Tz Output
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Tx Output Lvl Symhaol Span
95.0 dBm

z

Squelch Lvl
-100.0 dEm
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Frequency Amplitude Setup Measurament Turn Sig-Gen OFF

Figure 9-2. Linear Constellation Diagram

For input signals that are not PTC encoded, the LMR Master will still try to decode it and fit
it to a symbol. This may cause some measurement results that are unexpected.
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9-3 PTC Analyzer Graphs PTC Analyzer (Option 721)

Histogram Graph

The Histogram graph displays a graphical representation of the symbols that are being
received. The graph for each symbol represents the relative percentage that symbol was
identified out of all the received symbols.

Each update of the screen is a separate representation of the latest data, rather than a
cumulative total. The vertical scale is fixed at 0 to 100 %, with each horizontal grid line
representing 10 % of the total symbols received.
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0.0 dBm n ¥ R

Tx Pwrr Offset i i 2

0.0 B E: 1L | |

Squelch Lvl
-40.0 dBm
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Int St

Freguency Amplitude Measurement Tum Sig-Gen OFF

Figure 9-3. PTC Histogram
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PTC Analyzer (Option 721) 9-3 PTC Analyzer Graphs

Spectrum Graph

The spectrum view displays a graphical representation of power (dBm) vs. frequency. The
spectrum display gives an indication if there are interferers present that may degrade the bit
error rate of the PTC signal. The frequency span is adjustable under the Frequency menu.
The reference level is adjusted with the Amplitude menu. Refer to “Amplitude Menu”

on page 9-12 for details. Figure 9-4 displays the same signal using a 25 kHz span and a

500 kHz span.
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Figure 9-4. PTC Spectrum Graph (25 kHz Span and 500 kHz Span)
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9-3 PTC Analyzer Graphs PTC Analyzer (Option 721)

Eye Diagram

The eye diagram is an oscilloscope view of the PTC signal displaying the voltage of the signal
vs. time. The diagram provides an indication of baseband fidelity of a PTC transmitter. With
Over-the-air measurements the Eye Diagram can indicate phase distortion from multipath.
The number of “eyes” displayed is set with the Symbol Span key under the “Display Menu

(1 of 2)” on page 9-17.
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Figure 9-5. PTC Eye Diagram
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PTC Analyzer (Option 721) 9-3 PTC Analyzer Graphs

Summary Graph

The summary graph provides an overview of a PTC transmitter. The graph displays
received power or burst power, frequency error, error vector magnitude (EVM), bit error rate
(BER), 1Q offset, phase error, magnitude error, and symbol rate error of the input signal.

The Received Power value in the summary graph can be changed between dBm, watts, and
volts using the Amplitude > Units > Rx Units submenu key. This setting also applies to the
burst power and squelch level setting.

The Setup > Squelch Lvl submenu key sets the received power level below which summary
graph results are not displayed. When the received power is lower than the set squelch level,
all summary graph measurements except for Received/Burst Pwr will be blanked out (--).
When the Received Power is above the squelch level the measurements will display as shown
in Figure 9-6 on page 9-9.

[ Anritsu osmtrz018 092655 am ¥ B [ Sys Service
Status
Received Pwr 455dBm ==
Test
O application
; Freq Error -2.35Hz R
Test
EVM 2.68%
GPS
BER 0.000% =
IQ Offset ~58.55 dB =
0 Touch
Phase Error 1.48° Sereen
0 Application
offse Mag Error 0.75% optons
System
Sym Rate Err 0.93 mHz oetons

Fraguency Amplituce Setup Measurement Turn Sig-Gen OFF

Figure 9-6. PTC Summary Graph

Received power in the Summary table is the integrated power of all the energy in the receiver
bandwidth. Any peak amplitude reduction seen in the Spectrum display when compared to
Received Pwr is a function of the RBW setting of the instrument. The reduction is specified
as: 10*Log(Signal Bandwidth / Resolution Bandwidth). Burst power in the summary table is
calculated only when the data stream contains packets.
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PTC Analyzer (Option 721)

9-4

PTC Analyzer Menus

Menu maps typically display all possible submenu keys, although some keys are displayed on
the instruments only under special circumstances (refer to menu descriptions on the following

pages).
Frequency Amplitude Setup Measurements
Rx Freq Ref Level PTC (%)
—
800.000 MH. -70.0 dBm Analyzer
z y. N
P
Tx Freq Scale Rx Pattern
800.000 MHz 10 dB/div PN9 Cont
S
Rx/Tx Coupling Rx Power Offset Symbol Rate PTC (@] Cover_age
— Mapping
On Off 0.0 dB Ext Loss Half Rate Coverage
= - Chapter
Coupling Offset Auto Rx Range
0 Hz On Off
—_
Span Adjust Rx Tx Pattern
25 kHz Range pn9_Cont_3_8000
— Y
Tx Output Lvl AM Percentage -
FM Deviation
0.0 dBm 100 %
90 kHz
— p—
Tx Power Offset Squelch Lvl
0.0 dB Ext Loss -100.0 dBm
— —
Units @ More
f— -
Display
Active Graph
Units Setup (2/2) 1 2 3 4
R
Rx Units Averaging Maximize
Active
dBm 1 Graph
— —
.
Tx Units Burst Trigger Graph Type
dBm On Off Spectrum
—_— —
. —
/\/ WigEErlow Power Display
/\/
<DDeln Continuous Burst
Time Out
Back -
0.000001 ps o —
< "
[
_ Symbol Span
e
2
.
Back Back
& «—
Figure 9-7. PTC Analyzer Menu Layout
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PTC Analyzer (Option 721) 9-5 Frequency Menu

9-5 Frequency Menu

Key Sequence: Frequency

Frequency

Rx Freq
800.000 MHz
Tx Freq
800.000 MHz
Rx/Tx Coupling
On Off

_/
) N
Coupling Offset

0 Hz

Span

25 kHz

Rx Freq: Sets the receiver frequency. Press the Rx Freq key and enter the
desired frequency using the keypad, the arrow keys, or the rotary knob.

If entering a frequency using the keypad, the submenu key labels change
to GHz, MHz, kHz, and Hz. Press the appropriate units key. Pressing the
Enter key has the same effect as pressing the MHz submenu key.

Tx Freq: Sets the signal generator frequency. Press Tx Rx Freq key and
enter the desired frequency using the keypad, the arrow keys, or the rotary
knob. If entering a frequency using the keypad, the submenu key labels
change to GHz, MHz, kHz, and Hz. Press the appropriate units key.
Pressing the Enter key has the same effect as pressing the MHz submenu
key.

Rx/Tx Coupling: Couples the signal generator to the receiver frequency.
When set to On the Tx Freq key is disabled.

Coupling Offset: Sets the Offset of the signal generator frequency and the
receiver frequency. Only functional when Rx/Tx Coupling is set to On.

Span: Sets the span of the Spectrum Graph. Span selections are 25 kHz,
50 kHz, 100 kHz, 500 kHz, 1 MHz, and 5 MHz.

Figure 9-8. PTC Analyzer Frequency Menu

Land Mobile Radio MG
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PTC Analyzer (Option 721)

9-6 Amplitude Menu
Key Sequence: Amplitude

Amplitude

Ref Level
-70.0 dBm
Scale
10 dB/div
Rx Power Offset
0.0 dB Ext Loss
Auto Rx Range
On Off
Adjust Rx
Range
Tx Output Lvl
0.0 dBm

/|
N
Tx Power Offset

0.0 dB Ext Loss

Units

Ref Level: Sets the reference power level at the top of the display when
Auto Range is Off.

Scale: Scale sets the number of dB per division in the y-axis of the
graticule. Enter a value from 1 dB per division to 15 dB per division using
the keypad, the arrow keys, or the rotary knob. The y-axis power scale is
shown on the left side of the display when viewing the Spectrum Graph.

Note: The “Vertical Scale Menu” on page 9-13 is displayed when PTC
Coverage (Measurement > PTC Coverage) is selected.

Rx Power Offset: Sets the receiver (RF IN connection) external
attenuation or gain. Press the Rx Power Offset submenu key and select
a value from 0 dB to 100 dB then select either dB External Loss or

dB External Gain.

Auto Rx Range: Pressing this submenu key toggles between On and
Off. When On, this function automatically adjusts the reference level
based on the input signal.

Adjust Rx Range: When Auto Rx Range is Off, pressing Adjust Rx
Range sets the Reference Level automatically for the current
measurement.

Tx Output Lvl: Sets the output power of the Signal Generator
(0 dBm or 1 mW or 223 mV max).

Tx Power Offset: Sets the transmitter (Signal Generator Out connection)
external attenuation or gain. Press the Tx Power Offset submenu key and
select a value from 0 dB to 100 dB then select either dB External Loss
or dB External Gain.

—/ Units: Opens to Units Submenu.
Rx Units: Sets the unit of measure (dBm, watts, or volts) for
Received Power in the Summary Graph and the Squelch Level.
dnits Tx Units: Sets the unit of measure (dBm, watts, or volts) for the
Rx Units Signal Generator (Tx Output Lvl submenu).
dBm
Tx Units
dBm
C—
/\/
/\/
 \
Back
o /
Figure 9-9. PTC Analyzer Amplitude Menu

9-12
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PTC Analyzer (Option 721) 9-6 Amplitude Menu

Vertical Scale Menu
Key Sequence: Amplitude > Vertical Scale

Vertical Scale J | RSSIScale: Sets the number of dB per division in the y-axis power scale
RSSI Scale of the RSSI vs. Time graph in Coverage measurement. Enter a value
. from 1 dB per division to 15 dB per division using the keypad, the arrow
10 dB/div keys, or the rotary knob.
BER Ref BER Ref: Sets the BER reference percentage value at the top of the
100,00 % y-axis in the BER vs. Time graph in Coverage measurement. Enter a
T value from 1.00 % to 100.00 % using the keypad, the arrow keys, or the
Mod Fid Ref rotary knob.
100,00 % Mod Fid Ref: Sets the Modulation Fidelity reference percentage value.
' Enter a value from 1.00 % to 100.00 % using the keypad, the arrow keys,
or the rotary knob.
/\/
/\/
O\
Back
< /

Figure 9-10. Vertical Scale Menu
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PTC Analyzer (Option 721)

9-7

Setup Menu

Key Sequence: Setup

Setup

Rx Pattern
PN9 Cont
Symbol Rate

Half Rate
C—

Tx Pattern
pn9_cont_3_8000
AM Percentage

100 %

Squelch Lvl

-100.0 dBm

More

>/

Rx Pattern: Selects the receiver Bit Error Rate pattern. Select a pattern from
the list box with the arrow keys or rotary knob and press Enter. There are two
available patterns:

PN9 Cont
PN9 Burst

Symbol Rate: Selects the symbol rate for the signal generator when using
the standard PTC patterns. Options are Half Rate (8 ksps) or
Full Rate (16 ksps).

Also sets the receiver 1Q pattern deviation.

Tx Pattern: Selects the transmitter pattern to send when the
Turn Sig-Gen ON main menu key is pressed. Select a pattern from the
list box with the Arrow keys or rotary knob, and then press Enter.

Patterns include PN9 continuous and burst (with repeating or
sequential payloads) at Half Rate or Full Rate, CW, AM 1 kHz audio, and
FM 1 kHz audio.

Two submenu keys appear only with specific Tx Pattern settings:

When AM is selected as the TX pattern, a submenu key is displayed to
allow setting the percentage of Amplitude modulation. The range is
0 % to 100 %

When FM is selected as the TX pattern, a submenu key is display to
allow setting the cycle count of the frequency deviation. The range is
0 Hz to 100 kHz.

Squelch Lvl: Sets the squelch power level. When the Received Power is
lower than the set squelch level, all summary graph measurements except for
Received Pwr will be blanked out (--).

More: Opens the “Setup (2/2) Menu” on page 9-15.

Figure 9-11. PTC Analyzer Setup Menu
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PTC Analyzer (Option 721) 9-7 Setup Menu

Setup (2/2) Menu
Key Sequence: Setup > More

Setup (2/2)
Averaging
1
y4
N
Burst Trigger
On Off
Trigger Level
-30.0 dBm
Time Out
100 ms
/\/
/\/
—\
Back
< /

Averaging: Sets the refresh rate of the numerical values in the
PTC Summary window. Setting a higher number (25 maximum) will reduce
measurement jitter.

Burst Trigger: Turns the Burst Trigger On or Off. When turned ON, the PTC
analyzer will wait for the input signal to cross the Trigger Level signal
threshold (set below) before capturing and analyzing the data. When turned
Off, the PTC analyzer will capture and analyze signals continuously.

Trigger Level: Sets the minimum power level of the signal required to
activate the burst trigger when Burst Trigger is On.

Time Out: Sets the trigger time out value. The display will not update while
waiting for a trigger. When the “time out” duration elapses, the display is
updated even if there is no trigger detected. The instrument provides an
audible sound and displays a message to adjust the trigger level.

Back: Returns to the “Setup Menu” on page 9-14.

Figure 9-12. PTC Analyzer Setup (2/2) Menu
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9-8 Measurement Menu PTC Analyzer (Option 721)

9-8 Measurement Menu

Key Sequence: Measurement

PTC Analyzer: Opens the “Display Menu (1 of 2)” on page 9-17.
Measurements < PTC Coverage (Option 722 required): Opens the PTC Coverage menu.
PTC ® Refer to Chapter 10, “LMR Coverage Mapping”.
Analyzer N
A
PTC O
Coverage

Figure 9-13. PTC Analyzer Measurement Menu
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9-8 Measurement Menu

Display Menu (1 of 2)

Key Sequence: Measurement > PTC Analyzer

Display

Active Graph

-

2 3 4

Maximize
Active
Graph

Graph Type

Spectrum

Power Display

Continuous Burst

/\_/
/\_/

Symbol Span

2

<

Back

Active Graph

1 2 3 4: InFour-Screen view (maximized), use this submenu key to
select which of the four graphs is active. The current active graph is
underlined (1 2 3 4), and the graph has a red perimeter line in the sweep
window. Any of the four graphs can also be made active by tapping once on
the graph in the touch screen. Repeatedly pressing the Active Graph
submenu key will cycle the active graph, 1 through 4.

In Standard view (one graph displayed on the screen — refer to Maximize
Active Graph key) the Active Graphic key rotates active focus among the four
graphs that are displayed in the Four-Screen view.

Maximize/Minimize Active Graph: The submenu key toggles between
displaying the Four-Screen view (4 graphs) and the Standard view (1 graph).
Tapping twice on a selected graph also toggles between the two display
options.

Graph Type: The label on the bottom of this key displays the current active
graph type. Pressing the key opens a list box of the graphs types available
for PTC Analyzer measurements. Select the desired graph type with the
Arrow keys or rotatory knob, and then press Enter. The current, active graph
will be replaced with the new selection.

Available graphs include:

Constellation
Spectrum
Histogram

Eye Diagram
Linear Constellation
Summary

Refer to “PTC Analyzer Graphs” on page 9-4 for additional information.

Power Display

Continuous Burst: Depending on their configuration, ITC-R PTC radios
emit signals as either a continuous data stream or a burst/packet stream.
Pressing this submenu key toggles between Continuous or Burst power
measurement mode. In the Continuous mode, Received Power is calculated
as the integrated power over time. In the Burst mode, Received Power is
calculated only when the data stream contains packets.

Note: Selection of Continuous mode when analyzing burst/packet signals
produces artificially low values for Received Power. The magnitude of this
error is a function of the burst/packet duty cycle.

Symbol Span: Use this menu to adjust the number of symbols viewed
across the screen in the Eye Diagram graph. Adjust from 2 and 5 using the
keypad, the arrow keys, or the rotary knob. Keypad values entered outside of
this range are ignored.

Back: Returns to the “Measurement Menu” on page 9-16.

Figure 9-14. PTC Analyzer Display Menu

Land Mobile Radio MG
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9-9 Sweep Menu PTC Analyzer (Option 721)

9-9 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous and one

starts immediately after the previous sweep is completed. In Hold sweep

mode, the results of the last sweep are displayed on the screen while the

Run Hold | |instrument waits for a trigger event to start a new sweep. HOLD is displayed
on the right side of the screen in this mode.

Sweep

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make

Sweep ] single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Figure 9-15. PTC Analyzer Sweep Menu

9-10 Measure Menu

Key Sequence: Shift > Measure (4) key
Display the “Measurement Menu” on page 9-16.

9-11 Trace Menu

This menu is not available in PTC Analyzer measurement mode.

9-12 Limit Menu

This menu is not available in PTC Analyzer measurement mode.

9-13 Other Menus

Preset, Calibrate, File, System, and Mode are described in the User Guide.

9-18 PN: 10580-00243 Rev. V Land Mobile Radio MG
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Chapter 10 — LMR
Coverage Mapping

Land Mobile Radio Coverage Mapping using the S412E LMR Master requires
Option 31, GPS Receiver, and a compatible GPS Antenna for outdoor coverage
mapping. Coverage mapping also requires one or more of the following options
installed on the LMR Master:

« NBFM Coverage (Standard)

e P25/P25p2 Coverage (Option 522)
* NXDN Coverage (Option 532)

¢ dPMR Coverage (Option 572)

* TETRA Coverage (Option 582)

¢ DMR Coverage (Option 592)

¢ PTC Coverage (Option 722)

Note

10-1 Introduction

The LMR Analyzer Coverage Mapping options provide the ability to measure and map signal
strength, modulation fidelity, error vector magnitude, or bit error rate of a single channel as a
function of time and location. These options are not to be confused with Option 431 Coverage
Mapping, which is a legacy option that applies only to the Spectrum Analyzer mode.

The LMR Master combines the received signal information with time and location
information from the internal GPS module (Option 31 required) to store data that can then be
turned into coverage maps using third party software.

The easyMap Tools™ program creates single panel maps (.map) that are compatible with
Anritsu handheld instruments. The software also creates pan and zoom maps (.azm) that are
compatible with supported Anritsu instruments. The software imports maps from
OpenStreetMap and Google Maps and creates files with or without GPS information.
Anritsu easyMap Tools is available from the Anritsu Web site: www.anritsu.com.

e .azm map files allow Pan and Zoom on the instrument.
e .map map files are in a legacy format that is compatible with older firmware.

When Start Data Collection is turned On, OTA measurements are attached to the GPS
location and time data, and the measurements are saved to a file. Captured data can be saved
as a tab delimited text file (. mtd) for viewing coverage data in a spreadsheet, text editor, or
third-party coverage prediction software. The measurements can also be saved in .kml
format for direct viewing with mapping software, such as Google Earth.

Land Mobile Radio MG PN: 10580-00243 Rev.V 10-1
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10-2 General Measurement Setups LMR Coverage Mapping

For P25/P25p2, NXDN, dPMR, TETRA, DMR, and PTC Coverage, the measurement
information that is collected includes Received Signal Strength Indication (RSSI),
Bit/Message Error Rate (BER/MER), and Modulation Fidelity (in TETRA, EVM replaces
Modulation Fidelity). NBFM Coverage includes RSSI, Total Harmonic Distortion (THD),
Signal-to-Noise and Distortion ratio (SINAD), and External SINAD.

10-2 General Measurement Setups
Refer to the setup procedures in this Measurement Guide for the specific measurement mode
used in Coverage Mapping:
 NBFM, “Transmitter Analysis Setup” on page 2-2
* P25, “Over the Air (OTA) Analysis Setup” on page 3-2
« P25p2, “Over the Air (OTA) Analysis Setup” on page 4-2
e NXDN, “Over the Air (OTA) Analysis Setup” on page 5-2
e dPMR, “Over the Air (OTA) Analysis Setup” on page 6-2
e TETRA, “Over the Air (OTA) Analysis Setup” on page 7-1
* DMR, “Over the Air (OTA) Analysis Setup” on page 8-2
e PTC, “Over the Air (OTA) Analysis Setup” on page 9-2

10-2 PN: 10580-00243 Rev.V Land Mobile Radio MG
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LMR Coverage Mapping 10-3 Coverage Mapping Introduction

10-3 Coverage Mapping Introduction

Outdoor coverage mapping requires Option 31 (GPS) and a GPS antenna. Indoor
Note coverage mapping utilizes the instrument touch screen to log points, and thus does
not require Option 31.

Two screen display options are available for Indoor and Outdoor mapping:

* Map Display Type: Displays an imported map or the default grid. After starting data
collection, values for the mapping parameters are recorded for each data point.
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[
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o Cem
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g % Map dats 2012 Google - Terms of Use
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Auto Rx Range
on s S 1000 dBm__-70.0 dBm
Frequency l Amplitude l Setup l Measurement l Start Data Collection

Figure 10-1. Coverage Mapping Using the Map Display

e Graph Display Type: Displays line graphs for 2 of the 3 measurement values for the
selected frequency over time. Change the displayed graph type by using the
Mapping Type button. Graph points are displayed in yellow when GPS is On and in red
when GPS is Off.
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10-3 Coverage Mapping Introduction LMR Coverage Mapping

The graph display can show the most recent 551 measured points, covering
approximately 30 minutes of measurement. The most recent data appears at the right
edge of the display. These two measurements with the third measurement type (not
displayed in a graph) are shown in three fields with a yellow background at the bottom
of the screen.

[Anritsu osnaorz 124502 pn @D war g arwizie e 2 : Paints Distance/Time
. . Repeat Type

Rx Freq Mapping Time 100 ms i
&00.000 MHz . ) o

Rxz Pattem

Time Distance

n
Pwr Offsi
0.0 dB Ext Lo
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futo Rx Range
ON

Preamp

Tx Output
OFF
Tx Output Lvl
0.0 dBm
Points
11618 ] ] B ] ] 24301

Received Pwr kdad Fid MER/EER
-fi4.07 dBm 132% 0% ¢ 0.000%

Back

Frequency Amplitude heasurement Stop Data Caollection

Figure 10-2. Coverage Mapping Using the Graph Display

The Coverage Mapping option allows for both indoor (no GPS signal) and outdoor (GPS signal
required) mapping.

e Indoor Mapping: Using a start-walk-stop approach, the instrument provides
in-building coverage mapping by overlaying data directly onto the downloaded map.
Data is captured at user-defined time intervals or user-defined map locations by
tapping the touchscreen.

e Outdoor Mapping: The instrument logs data automatically based on either time or
distance interval. If no map is available when making the measurements, then you can
still save all the data to a KML file and later combine the data file with a map. Refer to
“Recall the Default Grid” on page 10-14.
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LMR Coverage Mapping 10-3 Coverage Mapping Introduction

Outdoor Coverage

With a valid GPS signal, the instrument identifies the current location on the displayed
GeoEmbedded map with a cross. Previously saved locations are displayed as squares.

. Current Location
Start Data Collection

Stop Data Collection \
[Anritsudsgzzo1 012928 pn @B\ Nore w47 Wizt svza b I Coverage Mapping
W % N T —
L P o
P
Current
. i Save/Recall
Location .
PointsiMap_
Mapping Type
RSSI
Legend
setwp
Display Type
Map Graph
=
3
Paoint
DistancesTime
Excellent: »=-80.0 dBm Fair. >=-110.0 dBm
500.000 MHz I sep —» ¢
Symbol Rate
g’leasurement 6000 Wery Good: »=-30.0 dBm .F’Dﬂr =-110.0 dBm Eaek
etup Auto Rx Range

ON

Freguency

—
R UGN ~110.0 dBm__-50.0 dBm
I Amplitude \ I Setup I Measurement I Start Data Collection

Threshold Settings

Figure 10-3. Outdoor Coverage Mapping (GPS On)

The Measurement Setup and Threshold Setting boxes can be used as menu
Note shortcuts on touch screen instruments. Use the touch screen to select the
parameter to edit.
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Indoor Coverage

With GPS turned Off, and with a non-GeoEmbedded map file, you indicate the current
position (+) on the displayed map by using the instrument touch screen. Previously saved
locations are displayed as squares.

Current Location
Set with Touchscreen

\

I/Inritsu 05/12/2011 03:32:45 am

= —: Coverage Mapping

Anritsu
April 2008
Occupancy Allocations

SaverRecall

" | Building 12D - Second Floor —
PointsiMap

Mapping Tupe
RS3I

Legend

Setup

Rx Freg
§00.000 MHz

Measurement Symbol Rate
Setu p G000

Excellent. ==-80.0 dBm

Paoint
) Distance/Time
Setup  —p
-84.9 dBm |

Back

Very Good: »=-30.0 dBm .PDDI" ==-110.0 dBm

futo Rx Range
onl Good: ==-100.0 dBm l

-110.0 dBm  -&0.0 dBm

Freguency I Amplitude \ I Setup I Measurement l Start Data Collection

Threshold Settings

Figure 10-4. Indoor Coverage Mapping (GPS Off)

Coverage Mapping is a four-step process (refer to Section “Anritsu easyMap Tools”
on page 10-7):

* (Create an indoor map or an outdoor map by using “Anritsu easyMap Tools”.
e Load the map and configure the “Instrument Settings” as described on page 10-12.

e Connect an antenna to the instrument and continue at Section “Measurement Setup for
Map Display Type” on page 10-15.

e After measurement setup, continue at Section “Save the Coverage Mapping
Information” on page 10-17.
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LMR Coverage Mapping 10-4 Anritsu easyMap Tools

10-4 Anritsu easyMap Tools

Anritsu easyMap Tools allows you to capture maps of any location and to create Anritsu Map
Files. These Anritsu Map Files are used for Coverage Mapping. The Help button in
easyMap Tools provides details for the use of the application.

Download and install Anritsu easyMap Tools from the Anritsu Web site (www.anritsu.com).

Terminology:

AZM — Anritsu Zoomable Map, the format of a map file with pan and zoom capabilities for
on-instrument maps.

Coverage Map — This defines the bounds of the AZM file. Everything contained within this
map shows up in the AZM file.

Detail Map — This defines the maximum image detail that is recorded in the AZM file.
Ensure that desirable street names are visible here.

Red Highlight Area — This highlighted segment of the Coverage Map represents the area
that is currently covered by the Detail Map.

Example Procedure:
1. Start easyMap Tools.
2. Select your Map Type, if the current one does not meet your needs.

3. The Coverage Map is displayed on the left side, and the Detail Map is displayed on the
right side.

4. Enter an address (that you want the coverage map to center upon) into the Address bar,
then click “Go” or press the Enter key.

a. This can be a partial address, such as “Morgan Hill, CA” or “95037”.
b. This can be a full street address, such as “490 Jarvis Drive, Morgan Hill, CA.

5. Adjust the Coverage Map by panning and zooming until the Coverage Map covers
everything that needs to be in the AZM file.

6. Pan around the Detail Map to confirm that the lowest level of detail is sufficient. For
example, ensure that the necessary street names are shown.

a. If the map is not detailed enough, zoom into the Detail Map until the desired
level of detail is reached (maximum zoom level is 3 without API keys).

b. Maps with more detail take longer to download and also take up more disc space.

c. The estimates size of the map file is displayed above the Detail Map, adjacent to
the Save Map button.

d. If the Coverage Map is covering too much, it can be zoomed in to reduce total map
size.

e. Consider making multiple maps (if necessary), especially if the intended region
has a significantly different shape than the Coverage Map (such as a long
highway drive test).

Land Mobile Radio MG PN: 10580-00243 Rev. V 10-7
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10-4 Anritsu easyMap Tools LMR Coverage Mapping

7. Confirm that your easyMap settings meet your needs:

Set Map Format — This determines which type of map file is created. Only AZM files
can contain multiple map tiles.

Set Color Filter — This allows the resulting AZM file to match various alternative
instrument user interface color schemes.

This does not affect the appearance of the Coverage Map or the Detail Map, but the
changes show up when viewing the resulting AZM file.

Register APl keys — API keys (Google or MapQuest) must be registered for maps
larger than approximately 5 MB estimated size (this allows for 3 zoom levels in your
AZM file).

Not MapQuest keys are generally easier to set up than Google Keys.
ote

The easyMap Help file has links to help pages for registering your own API Key.

Configure Web Proxy — This is necessary only for users who must connect to their
work network via Web Proxy.

8. Save your map (File > Save Map, with current settings).
9. When the map has finished downloading, open it (File > Open Map).

When the map has finished downloading, it can be copied to your instrument via USB
flash drive.
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LMR Coverage Mapping 10-4 Anritsu easyMap Tools

Creating an Outdoor Map File with easyMap Tools

The easyMap Tools program allows you to create a map from map providers Google and
MapQuest. Google Maps offer Road, Terrain, Satellite, and Hybrid maps. MapQuest offers
OpenStreetMaps.

Two methods can be used to create outdoor maps by using easyMap Tools:
Method 1: Opening a JPEG, GIF, TIFF, or PNG file and adding GPS data.

1. Capture a bitmapped image of a map from a map provider and save it in one of the
available file formats.

The image size should be close to 640 pixels by 420 pixels (approximately a 1.6:1 ratio).
2. Launch the Anritsu easyMap Tools application.

3. In the File pull-down menu, select Open Image File... and choose the image file to be
converted to a map.

4. Set up the map as desired, including adding Latitude and Longitude parameters, and
then save the map.

5. If you have GPS information only in the Degree-Minute-Second (DMS) format, then use
the following relationship to convert to Decimal Degrees (DD):

Degrees+Minutes+Seconds - DD

60 3600

Remember to enter location information for the borders of the map, not your

Note .
current location.

Figure 10-5 is an example of two overlapping maps from a mapping service with GPS data for
the border of each map.

2 Captured Maps with GPS Data.
37.15616

-121.66114
-121.63788

Map A

37.14624
37.1447

-121.63597

-121.65975 Map B

37.13457

Figure 10-5. Overlapping Captured Maps with Border GPS Data

Note easyMap Tools can open and modify GPS data in existing .map files.
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10-4 Anritsu easyMap Tools LMR Coverage Mapping

Method 2: Typing in an address in easyMap Tools and capturing a Google map with GPS
data.

1. Launch the Anritsu easyMap Tools application.
2. Enter a street address in the address field.

3. Set up the map as desired, and then save the map..

Note A USB flash drive is required to transfer maps to the instrument.

Creating and saving .map files of the same address at several zoom levels can be helpful in
the field when your location is off the current view, or when the vectors cross outside of the
current map that is displayed on the instrument. Table 10-1 lists the map area at several
zoom levels. Notice from the examples that zooming in a level with Anritsu easyMap Tools
reduces the map dimensions by half, and zooming out a level doubles the map dimensions.

Table 10-1. Map Coverage at Different Zoom Levels (1 of 2)

Zoom Level Map Dimensions Sample Map
15 1 mile x 1.5 miles o
. s
(1.5 square miles)
S TR
% 2
- %ia o o PRI -
3 = oo
"a"vb_ \‘“paf‘* b 4 "E&%
»O&d@a gmr- ne Elm cﬂ' % Lﬁ..
& pping Center < 1
% %
L e T o s
%, 4 SO & o
B0 M@a & ) :E \ %'i &
& 7 . %
& 3
5 \ % L &,
| N x s,
Gocgle™ s,
14 2 miles x 3 miles -
(6 square miles) % S,
k.
o o o
&
Gorgle %
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10-4 Anritsu easyMap Tools

Table 10-1. Map Coverage at Different Zoom Levels (2 of 2)

Zoom Level Map Dimensions Sample Map
13 4 miles x 6 miles —
(24 square miles) 8 . Y

a

Creating an Indoor Map File with easyMap Tools

1. Capture a bitmapped image of the floor plan that is desired for indoor mapping. Save
the image in one of the compatible file formats (JPEG, GIF, TIFF, or PNG). The image
size must be close to 640 pixels x 420 pixels (approximately a 1.6:1 ratio) in order to
display well on your handheld instrument.

2. Launch the Anritsu easyMap Tools application.

3. In the File pull-down menu, select Open Image File... and then select your indoor

mapping image file.

Note A USB flash drive is required to transfer maps to the instrument.

4. Set up the map as desired, and then save the map.

Land Mobile Radio MG
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10-5 Instrument Settings

Setup

1. Create the appropriate map with Anritsu easyMap Tools. Refer to “Anritsu
easyMap Tools” on page 10-7. Outdoor mapping requires a GeoEmbedded map or the
default grid.

2. Press the Menu key, then select the coverage Analyzer mode (P25, NXDN, dPMR,
TETRA, DMR, or PTC) icon or press Shift and then the Mode (9) button to open the
Mode Selector dialog box. Highlight the desired mode and press Enter.

3. Open Coverage Mapping by pressing the Measurement main menu button followed by
pressing the Coverage submenu key. The default grid or previous map is displayed.

Continue to Step 4 for outdoor mapping only. GPS must be Off for indoor mapping.
4. Turn on GPS.
a. Press Shift then System (8). Press the GPS submenu key.
b. Connect a GPS antenna to the SMA connector.
c. Turn on GPS. On should be underlined in the GPS submenu key.
d

. Press the GPS Voltage submenu key to select the appropriate voltage for the
antenna being used. Refer to the instrument Technical Data Sheet for voltage
specifications of supported GPS antennas.

e. Press GPS info and verify that the information from three or more satellites is
captured. Press Esc to close the info box.

Several minutes may be required for the GPS receiver to track at least three satellites
for obtaining longitude and latitude coordinates. Tracking 4 satellites will obtain
altitude information. When at least three satellites are being tracked, the GPS icon at
the top of the screen turns green. Refer to the User Guide for your instrument for
additional information about GPS.
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LMR Coverage Mapping 10-5 Instrument Settings

Recall a Map (Indoor or Outdoor Coverage)

The instrument allows you to recall a .map file (created with Anritsu easyMap Tools). With
a valid GPS signal, the current location is displayed on an outdoor map, or an arrow shows
the direction of the current location if it is outside the map coverage area. With an indoor
map, you position the cross at the current location by using the touch screen, or by using the
Arrow keys, and then pressing Enter.

Connect the USB flash drive to the instrument. It must have the map file (or files) that you
created in “Anritsu easyMap Tools” on page 10-7.

1. Press the Measurement main menu key, then press the Coverage submenu key.

2. Press the Save/Recall Points/Map submenu key.

3. Press Recall a Map and select the appropriate map from the USB flash drive.

4. Use the arrow keys to scroll down to the desired map and press Enter to select.
Step 5 and Step 6 apply to outdoor coverage mapping only.

5. The new map file will be displayed and the current location (if within the
GPS boundaries of the displayed map) is shown as a plus sign with outdoor mapping.

6. If the current location is outside the map boundaries, an arrow indicates the direction of
the current location in relation to the displayed map.

If you do not see the USB drive in the Recall menu:
1. Press the Refresh Directories submenu key.
2. If the drive is still not visible, exit the menu, then remove and reconnect the USB drive.
3. Press Recall a Map again.

4. If the drive is still not visible, reformat the USB flash drive in FAT32 format, then copy
the map files to the reformatted drive.

Land Mobile Radio MG PN: 10580-00243 Rev.V 10-13
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Recall the Default Grid

The instrument is able to make coverage mapping measurements even when an Anritsu
easyMap Tools file of the current indoor or outdoor location is not available. In such cases, use
the default grid map, save the KML points, and recall them at a later time with a map.
Figure 10-6 on page 10-14 shows a default grid in the measurement display. Refer to
“Mapping Save/Recall Menu” on page 10-25 for additional information on recalling saved

maps and .kml data.

When using the default grid, the coverage area for outdoor coverage mapping is
fixed at 10 miles by 10 miles. For indoor coverage mapping, the grid size is the

Note
default grid image size, 640 pixels by 420 pixels.

1. Press the Measurement main menu key, then press the Coverage submenu key.

2. In the Coverage Mapping menu, press the Save/Recall Points/Map submenu key.

3. Press the Recall Default Grid submenu key.

!Anritsu 0512/2017 09:32:45 am

Coverage Mapping

Save/Recall

PmnlsfMap_.
Mapping Type

RESI

Excellent ==-0.0 dBm Fair: ==-110.0 dBm

RSSI
Symbol Rate -84.9 dBm
6000 Yery Good: >=-30.0 dBm .F'Dor <=110.0 dBm
Auto Rx Range

o Good: ==-100.0 dBm -110.0 dBm  -80.0 dBm

Legend

Setup

Point
Distance/Time
Setup —u

Back

Frequency l Amplitude I Setup l Measurement l

Start Data Collection

Figure 10-6. Coverage Mapping with the Default Grid.
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10-6 Measurement Setup for Map Display Type

1. Refer to the appropriate chapter for frequency, amplitude, and setup parameters.
¢« NBFM, “Transmitter Analysis Setup” on page 2-2
e P25, “Over the Air (OTA) Analysis Setup” on page 3-2
e P25p2, “Over the Air (OTA) Analysis Setup” on page 4-2
¢ NXDN, “Over the Air (OTA) Analysis Setup” on page 5-2
e dPMR, “Over the Air (OTA) Analysis Setup” on page 6-2
e« TETRA, “Over the Air (OTA) Analysis Setup” on page 7-1
 DMR, “Over the Air (OTA) Analysis Setup” on page 8-2
e PTC, “Over the Air (OTA) Analysis Setup” on page 9-2

2. Press the Measurement main menu key, then the Coverage submenu key (press the
Coverage submenu key a second time if necessary to display the Coverage Mapping
menu). The Display Type may be Map or Graph. Press the Display Type submenu key to
toggle this setting.

3. Select the signal parameter to be mapped and displayed in bar graph form by pressing
Mapping Type.

For P25, NXDN, DMR, and PTC coverage, select: RSSI, BER, or Mod Fid.
RSSI displays the Received Signal Strength Indicator of the received signal.

BER displays the Bit Error Rate of the received signal. The BER is measured
against the Rx Pattern and the Mod Type that are selected under the Setup main
menu.

Mod Fid displays the modulation fidelity of the received signal.
For dPMR coverage, select RSSI.

RSSI displays the Received Signal Strength Indicator of the received signal.
For TETRA coverage, select: RSSI, BER, or EVM.

RSSI displays the Received Signal Strength Indicator of the received signal.

BER displays the Bit Error Rate of the received signal. The BER is measured
against the Rx Pattern and the Mod Type that are selected under the Setup main
menu.

EVM is a measure of how far the constellation points are located from the ideal
positions. EVM is measured against the Rx Pattern and the Mod Type that are
selected from the Setup main menu.

For NBFM coverage select: RSSI, THD, SINAD, or External SINAD.
RSSI displays the Received Signal Strength Indicator of the received signal.
THD displays the total harmonic distortion.
SINAD and External SINAD display signal-to-noise and distortion ratio.

Note RSSI values are offset by any Rx Power Offset setting (Amplitude menu).
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10-6 Measurement Setup for Map Display Type LMR Coverage Mapping

4. All measurement values are saved for each data point, independent of which signal
parameter is chosen for mapping on the instrument screen. For example, if RSSI is

selected for mapping, then the resulting .kml file also includes BER and Mod Fid
values.

5. Press the Legend Setup submenu key to set the threshold values for the selected
measurement. Set the threshold levels for Excellent, Very Good, Good, Fair, or Poor.
Then press the Back button.

6. Set up the interval type and the interval parameters. Press the Point Distance/Time
Setup submenu key to open the Points Distance/Time menu. If Time is selected for
Repeat Type, then set the time period by pressing the Repeat Time submenu key. If
Distance is selected for Repeat Type, then set the Repeat Distance and Distance Units. If
necessary, delete any previously stored points by pressing the Delete ALL Points button.

All files will be stored in the default save location. To change the default location,
Press Shift then File (7) to enter File menu. Press Save, then press Change Save

Note Location. Create a new folder or change the current location on the USB flash
drive or in the instrument storage memory. Press Set Location to make this the
new default location for saving files.

7. Press Back to return to the Coverage Mapping menu.
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10-7 Measurement Mapping

After completing the setups for Coverage Mapping and measurements, you are ready to make
measurements.

1. Press the Start Data Collection main menu key. Data will be collected at the time or
distance interval based on the setting in “Point Distance/Time Setup Menu”
on page 10-29. The color of the squares indicates the power level based on the chosen
measurement and its threshold level setup.

2. Press the Stop Data Collection main menu key to end the measurement process. Save
the collected data as a .kml file, a tab-delimited text file (. mtd), or a JPEG file. Refer
to “Save the Coverage Mapping Information” on page 10-17.

Two options are available for interior coverage mapping because the instrument
does not have location or distance information available without GPS.

Option 1: Set the Repeat Type to Time and walk the perimeter of the coverage
area. Press the touchscreen at each turn, and the instrument interpolates collected
Note data points based on the Repeat Time setting.

Option 2: Set the Repeat Type to Distance and walk the coverage area. Press the
touchscreen at any time that signal power data points are required.

The saved .kml file in either option will not have GPS data, but it will plot on a
640 x 420 grid with measurement data for each captured point.

Save the Coverage Mapping Information

Coverage Mapping has three save options: “Save KML Points”, “Save Tab Delimited Points”
on page 10-19, or “Save JPG” on page 10-19.

Save KML Points

Press Save/Recall Points/Map then Save KML Points. In the Save dialog, change the file name
and file type (KML 2D or KML 3D) as appropriate, then press Enter. The following
information is saved for the points that are currently displayed on the screen:

¢ Location and time based on GPS information
¢ Measurements: BER, RSSI, Mod Fid (or EVM in TETRA)
* Mapping type, Frequency, and Rx Pattern
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10-7 Measurement Mapping LMR Coverage Mapping

The .kml file can be opened and viewed with Google Earth (Figure 10-7 on page 10-18) and
can also be recalled and viewed on the instrument. Refer to “Mapping Save/Recall Menu”
on page 10-25 for additional information.

Installing Google Earth
1. Go to the Web site: http://earth.google.com/.
2. Click Download Google Earth and follow the on-screen instructions.
3. After download, install Google Earth on your computer.
Note 4. Double-click the saved .kml file to view the measurements with Google Earth.

After Google Earth is opened, user instructions and several types of help are
available from the Help pull-down menu.

Saved .kml files cannot be viewed directly from the instrument using
Google Earth. The files need first to be copied to a USB memory stick.
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Figure 10-7. Coverage Mapping KML File in Google Earth
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LMR Coverage Mapping 10-7 Measurement Mapping

Save Tab Delimited Points

Press Save/Recall Points/Map then Save Tab Delimited Points. At the Save menu, press Enter.
A tab delimited text file (. mtd) is saved in the default save location for the coverage mapping

data that are currently displayed on the screen.

Note

All files are stored in the default save location. To change the default location,
Press Shift then File (7) to enter File menu. Press Save, then press Change Save
Location. Create a new folder or change the current location on the USB flash
drive (or in the instrument storage memory). Press Set Location to make this the

new default location for saving files.

Save JPG

Press Save/Recall Points/Map then Save JPG. At the Save menu, press Enter. A .jpg file of
the current screen is saved.
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10-8 Measurements with Graph Display Type LMR Coverage Mapping

10-8 Measurements with Graph Display Type

In the Coverage Mapping menu, set the Display Type to Graph. Two graphs are displayed. Tap
a graph to make it active (surrounded by a red bounding line).

Procedure to Monitor Base Station Synchronous Channel Decoding
1. Refer to the appropriate chapter for frequency, amplitude, and setup parameters.

e« NBFM, “Transmitter Analysis Setup” on page 2-2
e P25, “Over the Air (OTA) Analysis Setup” on page 3-2
e P25p2, “Over the Air (OTA) Analysis Setup” on page 4-2
¢ NXDN, “Over the Air (OTA) Analysis Setup” on page 5-2
¢ dPMR, “Over the Air (OTA) Analysis Setup” on page 6-2
e« TETRA, “Over the Air (OTA) Analysis Setup” on page 7-1
 DMR, “Over the Air (OTA) Analysis Setup” on page 8-2
e PTC, “Over the Air (OTA) Analysis Setup” on page 9-2

2. Press the Measurement and then Coverage menu keys. You may need to press the
Coverage menu key another time to display the Coverage Mapping menu.

k=l e -

I/]I'II'":SLI 10/10/2014 02:36:56 pm Caoverage Mapping

Rx Freq
g00.000 MHz

Rz Patterm

TETRA OTA - - 4 Save/Recall
Mod Type = T - — T 5 —
Base Station e 1 — 1 | - Points/tap

Rx Pwr Offset T T
0.0 dB Ext Loss - s Mapping Type

—_—
Auto Rx Range T T = - - l -y
Orl | 1 al 1 | =
Preamp
o
Tx Freq
500,000 MHz —
Coupling
Map Gra)

fh

Tz Dutput
ey}

Tx Output Lvi

0.0 dBm

Tx Pwr Offset

0.0 dB Ext Le

Squelch Lvi

-100.0 dBm___ Received Pwr
Ref Source -111.76 dBm

Freguency Amplitude

EWna
45.929%

Setup

Faint
DistancesTime

Setup —p

Eack

a—

Start Data Collection

Figure 10-9. Display Type = Graph
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LMR Coverage Mapping 10-8 Measurements with Graph Display Type

3. If the Display Type is Map, then press the Display Type key again to toggle the setting to
Graph. The display then shows two graphs. Figure 10-9 shows the Graph Display Type
for TETRA analyzer. The two graphs may be any two types from the Mapping Type
selection list. The figure shows EVM and BER plotted versus time.

To change the plot in one of the graphs to a different mapping type:

a. Select the graph by tapping anywhere on the graph to activate it. The activated
graph is shown within a red rectangle.

b. Press the Mapping Type submenu key and make a selection from the items
displayed in the Mapping Type Selector list box: RSSI, BER, and EVM.

4. To set up the sampling time for plotting the two selected graphs, set up the parameter
called Repeat Time as follows:

a. In the Coverage Mapping menu, press the Point Distance/Time Setup submenu
key.

b. In the Point Distance/Time menu, press the Repeat Time submenu key, and then
enter a value by using the numeric keypad. A Time menu provides submenu keys
for the units, from hour to ys. Anritsu recommends that this value be set to equal
or exceed 3 seconds.

5. To start plotting the two graphs with respect to time, press the Start Data Collection
main menu key. Note that if the previous plots need to be deleted, then press the Delete
ALL Points submenu key, followed by the Enter key.

6. To stop the plotting of the two graphs, press the Stop Data Collection main menu key.

Menu settings cannot be changed while data collection is in progress. You must
stop the data collection before changing instrument settings. You can, however,
change the active graph, and if needed, the selected graph can be made full
screen by tapping the selected graph twice.

Note
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10-8 Measurements with Graph Display Type LMR Coverage Mapping

Explanation of Graph

The graphs shown in Figure 10-9 on page 10-20 display EVM versus Time and BER versus
Time for a weak signal from a TETRA base station. With this weak signal, the EVM is quite
high, approximately 50 %. The EVM should be under 5 % for a strong signal.

The BER is under 10 % most of the time, but occasionally rises to more than 100 %. For a
strong signal, the BER would be well under 5 %. Note that BER greater than 100 % is
provided to indicate that even though the signal was above the squelch level, it was so poor
that the Base Station Synchronous Channel could not be decoded. This decoding is essential
for any receiver analyzing a TETRA downlink signal.

In order to determine the boundary of good reception (from the base station), the test
technician needs to know if signal decoding fails, even briefly. To answer that question, the
Graph Display Type provides a more convenient mode of monitoring the signal than the
TETRA analyzer because the latter would have to be tediously monitored by the user
uninterrupted. By monitoring the signal over a long time period, perhaps 30 minutes or

24 hours, the graph data can show any BER graph points that are greater than 100 %, which
indicates a failure to decode the Base Station Synchronous Channel. Refer to “Saving Graph
Data” for saving this data.

The feature of BER exceeding 100 % is provided for the TETRA application and

Note does not apply to other applications, unless stated explicitly.

Saving Graph Data

Graph data is maintained during measurement as long as instrument memory has sufficient
space to hold the data. Save data points from the graph after you press Stop Data Collection.
The following key sequence displays the Save dialog box:

Measurement > TETRA Coverage > Save/Recall Points/Map > Save Tab Delimited Points

In the Save dialog box, enter the filename and press Enter.
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LMR Coverage Mapping 109 Coverage Mapping Menus

10-9 Coverage Mapping Menus

Refer to the appropriate LMR Master Analyzer chapters for the other menus, including
Frequency, Amplitude, and Setup. Menu maps typically display all possible submenu keys,
although some keys are displayed on the instruments only under special circumstances (refer
to menu descriptions on the following pages).

Measurement —| Coverage Mapping Mapping @ @
NBFM [} Save
KML Points Distance/Time Pan & Zoom
Coverage Points <
Repeat Type
Save/Recall Save Base Map
. P25 ] Tab Delimited Time Distance
Option Points/Map Points <
522 Coverage - Repeat Time Zoom In
Mapping Type Save
. o @ 00:00:10 ®)
X NXDN @ RsSI JPG
Option Repeat Distance Zoom Out
- Recall a Map 0.00m (Shift - +)
— Setup
% @ Center
. TETRA [} )
isplay Type ecal
Option Display Ty Recall KML
582 Coverage Points Distance Units (=)
—> Map Graph Only
m ft Center
Recall KML — Full Zoom
Option ERE O Pan & Zoom +G) Points (Shift-Enter)
With Ma
592 Coverage N —> D
Point Recall Delete
Dist: 0”"IT' Defcalt ALL
istance/Time - efaul B
Points
Option AU © Setup Grid
722 = Legend
Coverage N
Back i
Back Back e lefi R G
< <
) DPMR @ < <~
Option
572 Back
Coverage
— Start Data Collection «— Y,
RSSI BER Mod Fid THD SINAD EVM Mapping Type
or
or BER
External SINAD
Mapping Type
—— e 0 0 Mod Fid
Excellent >= Excellent <= Excellent <= Excellent <= Excellent >= Excellent <=
Mapping Type
-70.0 dBm 1.00 % 15.50 % 1.00 % 30.00 dB 15.50 % or
THD
Very Good >= Very Good <= Very Good <= Very Good <= Very Good >= Very Good <=
-80.0 dBm 2.00% 16.50 % 2.00 % 24.00 dB 16.50 % Mapping Type
or
Good >= Good <= Good <= Good <= Good >= Good <= SINAD
-90.0 dBm 3.00 % 17.50 % 3.00 % 18.00 dB 17.50 %
Mapping Type
Fair >= Fair <= Fair <= Fair <= Fair >= Fair <= or
External SINAD
-100.0 dBm 5.00 % 18.50 % 5.00 % 12.00 dB 18.50 %
Poor < Poor > Poor > Poor > Poor < Poor > Mapping Type
-100.0 dBm 5.00 % 18.50 % 5.00 % 12.00 dB 18.50 % or EVM
Back Back Back Back Back Back
— — — — — —
Figure 10-10.LMR Master Coverage Mapping Menu
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10-10 Coverage Mapping Menu

Key Sequence: Measurement > ... Coverage

Coverage Mapping

Save/Recall
Points/Ma
i p%
Mapping Type

RSSI

Display Type

Map Graph

Pan & Zoom

—

Point
Distance/Time
Setup

%:
Back
S /

Start Data Collection

Save/Recall Map Points: Opens the “Mapping Save/Recall Menu”
on page 10-25.

Mapping Type: Select the measurement parameter to be mapped and
displayed in the bar graph. All three parameter values are saved for each
data point in the saved .kml or .mtd file.

For P25, NXDN, dPMR, DMR, and PTC measurements, the mapping
options are RSSI, BER, or Mod Fid.

For TETRA measurements, the mapping options are RSSI, BER, or EVM.

For NBFM measurements, the mapping options are RSSI, THD, SINAD, or
External SINAD.

Legend Setup: This submenu key is present only when the Map Display
Type is selected. It opens a submenu to set the legend color threshold
values. This menu is based on the Mapping Type submenu selection. See
Figure 10-13 on page 10-26.

Display Type
Map Graph: Press to toggle the display to Map or Graph.

Pan & Zoom: Opens the “Pan & Zoom Menu” on page 10-27.

Point Distance/Time Setup: Opens the “Point Distance/Time Setup Menu”
on page 10-29.

Back: Returns to the previous Measurement menu.

Start/Stop Data Collection: Press this main menu key to start coverage
mapping data collection based on Measurement Setup settings and Point

Distance/Time Setup settings. A running count of collected data points is
displayed at the bottom of the screen. Press again to stop data collection.

Figure 10-11. Coverage Mapping Menu
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10-10 Coverage Mapping Menu

Mapping Save/Recall Menu

Key Sequence: Measurement >

....Coverage > Save/Recall Points/Maps

Mapping Save/Recall

Save
KML
Points

Save
Tab Delimited
Points

Save

JPG

<

Recall a Map

Recall KML
Points
Only

Recall KML
Points
With Map

Recall
Default
Grid

<

Back

o /

Save KML Points: Press this button to save the KML points. FileName.kml
is stored in the selected location. From the File menu, press Save, then press
Change Save Location to change default location. The Filetype setting
includes: KML 2D, KML 3D, Mapping Tab Delimited, and JPEG.

Save Tab Delimited Points: Press this button to save the points in a tab
delimited text file. FileName.mtd is stored in the selected location.

Save JPG: Press the Save JPG key to save a .jpg file of the current
screen.

Recall a Map: Opens the Recall menu for selecting a map created with the
Anritsu easyMap Tools program to display on the screen.

Recall KML Point: Opens the Recall menu for selectinga .kml file.
Displays the saved locations overlaid on the default grid.

Recall KML Points With Map: Opens the Recall menu for selectinga .kml
file. If you already have a geo-referenced map or a default grid map, then
press this key to recall previously stored KML points. This feature is useful if
you made measurements earlier without the appropriate maps and would like
to now view the saved point locations overlaid on top of a map.

Recall Default Grid: If you do not have a GPS embedded map, but you are
out in the field making measurements, and you would like to save the KML
points, then the Recall Default Grid submenu allows you to save points and
the corresponding GPS coordinates to view at a later time.

Back: Returns to the “Coverage Mapping Menu” on page 10-24.

Figure 10-12.Mapping Save/Recall Menu
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10-10 Coverage Mapping Menu LMR Coverage Mapping

Legend Setup Menus

Key Sequence: Measurement > ... Coverage > Legend Setup

RSSI BER Mod Fid THD SINAD EVM
or
External SINAD
Excellent >= Excellent <= Excellent <= Excellent <= Excellent >= Excellent <=
-70.0 dBm 1.00 % 15.50 % 1.00 % 30.00 dB 15.50 %
Very Good >= Very Good <= Very Good <= Very Good <= Very Good >= Very Good <=
-80.0 dBm 2.00 % 16.50 % 2.00 % 24.00 dB 16.50 %
Good >= Good <= Good <= Good <= Good >= Good <=
-90.0 dBm 3.00 % 17.50 % 3.00 % 18.00 dB 17.50 %
Fair >= Fair <= Fair <= Fair <= Fair >= Fair <=
-100.0 dBm 5.00 % 18.50 % 5.00 % 12.00 dB 18.50 %
Poor < Poor > Poor > Poor > Poor < Poor >
-100.0 dBm 5.00 % 18.50 % 5.00 % 12.00 dB 18.50 %
Back Back Back Back Back Back
— — — — — —

Figure 10-13.Legend Setup Menu

The titles of these menus are the selections made in the Coverage Mapping menu with the
Mapping Type submenu key. The choices vary depending upon the Land Mobile Radio signal
type. Refer also to the “Coverage Mapping Menu” on page 10-24.

The Legend Setup submenu key is present only when the selected Display Type is

Note Map.
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10-10 Coverage Mapping Menu

Pan & Zoom Menu

Key Sequence: Measurements > (current LMR mode) Coverage > Pan & Zoom

Pan & Zoom

Base Map

Zoom In
(*)
Zoom Out
(Shift - )
Center
(Enter)
Center

Full Zoom
(Shift-Enter)

Legend

Left Right Off

Back

Base Map: Press this button to view the full map.

Zoom In (*): Press this button to zoom in one map panel at a time. Pressing
the (+/-) keypad button does the same as long as a parameter is not being
adjusted.

Zoom Out (Shift - £): Press this button to zoom out one map panel at a
time. Pressing the Shift and (+/-) keypad button once does the same as long
as a parameter is not being adjusted.

Center (Enter): Press this button to center the panel in which the
instrument is located. Pressing the Enter keypad button does the same as
long as a parameter is not being adjusted.

Center Full Zoom (Shift - Enter): Brings the map panel where the
instrument is currently located into the display. Pressing the Shift and Enter
keypad buttons does the same as long as a parameter is not being adjusted.
Note that the current location may not be exactly centered on the display.

Legend Left Right Off: Press this submenu key to turn off or to display a
legend at the top left or top right corner of the AZM map. The legend consists
of a vertical zoom level bar, a square representing the current GPS location
and base map, and three status icons (Figure 10-15). The zoom level
indicator shows the number of levels of zoom in the AZM map, with the
current level displayed as a dark segment on the vertical bar. Higher levels
of zoom are toward the top of the indicator bar.

The default square with crosshairs represents a map panel with the lowest
zoom. The crosshairs are at the center of that panel. As the zoom level
increases, a boundary of a panel is displayed around the crosshairs. The
higher the zoom level, the smaller the square around the crosshairs. When
panning the map (using the instrument’s arrow keys), the crosshairs and
map panel boundary display your relative location in the total mapped area.

When the lock is ‘locked’ (by pressing Enter), the map is in auto-centering
mode and will update continually to keep your current position centered
while you move with the instrument. If you pan (using the arrow keys), the
map is taken out of auto-centering mode, or unlocked, because you have
intentionally shifted the map area away from your current location. When
unlocked, the map will not follow if you walk or drive around with the
instrument.

After panning, press the Enter key to re-center your GPS location on the
map and lock auto-centering mode.

Back: Returns to the “Coverage Mapping Menu” on page 10-24.

Figure 10-14.Pan & Zoom Menu

Land Mobile Radio MG
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10-10 Coverage Mapping Menu LMR Coverage Mapping

£ & Eearin

I®

E_ @ -68.01 dBm ‘
= = = :

1 | MA2700A USB cable is connected and recognized by the Anritsu instrument.
2 | USB memory stick is available for data read/write.

3 | .azm map auto-centering mode (locked/unlocked). When “locked” the instrument
automatically displays the map tile at current zoom level which best centers the current
GPS location. The instrument will attempt to swap map tiles as the GPS location changes
to continue displaying the current location near the center of the screen.

Figure 10-15.Map Legend Status Indicators
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LMR Coverage Mapping 10-10 Coverage Mapping Menu

Point Distance/Time Setup Menu

Key Sequence: Measurement > ....Coverage > Point Distance/Time Setup

Repeat Type: Toggles between using a Time or Distance interval for
Points Distance/Time Capturing data.

N
Repeat Type Repeat Time: Sets the time interval when the Time is selected in the Repeat
Type button.

Time Distance
Repeat Distance: Sets the distance interval when the Distance is selected in
Repeat Time the Repeat Type button.
00:00:10 Distance Units: Toggles the unit of measure between meters and feet.

Repeat Distance Delete ALL Points: Clears all displayed measurements.

0.00m Back: Returns to the “Coverage Mapping Menu” on page 10-24.

—

Distance Units

m ft
e —
Delete
ALL
Points
Back

S /

Figure 10-16.Point Distance/Time Setup Menu
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10-11 Sweep Menu LMR Coverage Mapping

10-11 Sweep Menu
Key Sequence: Shift > Sweep (3) key

Sweep Run/Hold: This submenu key toggles between continuous (run)

Sweep sweep and hold sweep. In Run sweep mode, sweeps are continuous, and a

Sweep N [sweep starts immediately after the previous sweep is completed. In Hold

sweep mode, the results of the last sweep are displayed on the screen while

Run Hold | |the instrument waits for a trigger event to start a new sweep. HOLD is
displayed on the right side of the screen in this mode.

Trigger
Trigger Sweep: Pressing this submenu key causes the instrument to make
SWeep a single sweep when the instrument is in Hold sweep mode. This key has no
function when the instrument is in Run sweep mode.

Figure 10-17.DMR Coverage Sweep Menu

10-12 Measure Menu
Key Sequence: Shift > Measure (4) key

Displays the Measurement menu in the current Land Mobile Radio mode.

10-13 Trace Menu

This menu is not available in Coverage Mapping.

10-14 Limit Menu

This menu is not available in Coverage Mapping.

10-15 Other Menus

Preset, Calibrate, File, System and Mode are described in the User Guide.
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Chapter 11 — High Power Input
Protection

11-1 Overview

Use the MA25200A High Power Tx/Rx Input Protection Module to safeguard the S412E input
ports from high power transmitters. The MA25200A attenuates RF power levels up to

+51 dBm (125 W) to safe levels for measurements. The MA25200A connects directly to the RF
input connector. It has an N(m) coaxial input cable that connects to the Signal Generator
output. The top N(f) connector can be connected directly to portable or mobile antenna ports
or base station transmit or receive ports. The nominal 40 dB insertion loss of the main input
and signal generator ports can be compensated for in the S412E amplitude offset menus,
enabling the displayed levels to match the RF levels at the input of the MA25200A. The
insertion loss of the MA25200A is very flat over its frequency range of operation, supporting
accurate amplitude measurements. Please see the MA25200A High Power Rx/Tx Input
Protection Module Technical Data Sheet for specifications.

Remove RF
when alarm sounds!

1. RF Output N(m) - connect to analyzer RF input connector.

2. RF Tx/Rx N(f) - connect to test device.

3. USB Type A - connect to the instrument to supply power for the cooling fan, LED indicators,
and warning alarm.

4. Signal Generator Input N(m) - connect to instrument signal generator.

5. Green LED - indicates proper operation.

6. Red LED - indicates a fault or over temperature condition.

Figure 11-1. MA25200A Overview

When the internal temperature exceeds 100 °C, the red LED illuminates and an
internal piezo alarm sounds continuously until the temperature returns to the
proper operating range. Stop testing immediately to prevent damage to the LMR
analyzer or MA25200A module.

Caution

Land Mobile Radio MG PN: 10580-00243 Rev.V 111
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11-2 Measuring a Handheld Transceiver High Power Input Protection

11-2 Measuring a Handheld Transceiver

The following example uses an S412E LMR Master to analyze the modulation quality and
receiver sensitivity of a P25 handheld transceiver (HT) in simplex mode.

Measuring Receiver Sensitivity
1. Connect the equipment as shown in Figure 11-2:

e Connect the MA25200A to the S412E RF In port, Signal Generator Out port, and
USB port.

¢ Connect the HT RF output (antenna port) to the MA25200A Tx/Rx port.

MA25200A

MA25200A
High Power Tx/Rx
Input Protection Module

RF In Port

Signal Generator

Out Port\

USB Type A Port

LMRMaster

[(Anritsu  S412E

—

OOOO
OO
OO
OO
OOO

|

Figure 11-2. Handheld Transceiver connected to LMR Master with a MA25200A High Power
Tx/Rx Input Protection Module

The MA25200A combines the S412E Signal Generator Out and RF In ports to the

Note High Power Tx/Rx port of the module.
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High Power Input Protection 11-2 Measuring a Handheld Transceiver

2. Set the HT to the desired simplex mode frequency (transmit and receive frequencies set
to the same values) to receive a P25 1011 Hz test pattern.

3. From the S412E Frequency menu, set the following:
* Rx Freq: test frequency
* Tx Freq: test frequency
e Rx/Tx Coupling: On
e Coupling Offset: 0 Hz
e Span: 25 kHz
4. From the S412E Amplitude menu, set the following:
e Ref Level: —20 dBm
e Scale: 10 dB/div
e Rx Power Offset: 40 dB External Loss
¢ Auto Rx Range: On
e Tx Power Offset to 40 dB External Loss
e Tx Output Level: —120 dBm (initial setting)

From this point, the S412E signal generator and analyzer measurements are both
referenced from the MA25200A Tx/Rx port.

5. Turn the S412E Signal Generator On and use the Setup menu to set the default
1011 Hz Rx Pattern and p25_1011 Tx Pattern.

6. Return to the Amplitude menu and adjust the Tx Output Level until the signal can no
longer be distinguished from the measurement noise by the receiver.

7. Note the Tx Output Level is the receiver sensitivity value.

Land Mobile Radio MG PN: 10580-00243 Rev.V 11-3
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11-2 Measuring a Handheld Transceiver High Power Input Protection

Measuring Transmitter Modulation
8. Turn off the S412E signal generator.

The MA25200A has a small amount of signal leakage from the signal generator
Note input to the analyzer output port (S412E RF In port). This leakage is mitigated by
turning off the S412E signal generator.

9. Transmit the HT RF output test signal into the MA25200A Tx/Rx input and note the
receiver summary data table on the S412E display.

I/]nritsu 12/15/2014 05:0812 pm
Ref Lvl 39.0 dBm

L%_.I [F Amplitude

Rz Pattern
1011 Hz

Mod Type

C4FM 10 dB/div

R Pwr Offset : |
40.0 dB E 3 1 Rx Power Offset
F-“::" RexHange i | | 40.0 B Ext Loss
[a] |

Preamp &uto RX Range

Adjust Rx

9 :
O 7 Range
Tx Pattem S Received Pwr

pEs_1011 T Output Lyl
Tx Output s Freq Error -245.29 Hz
OFF ) .~ : -850 dBm
= Mod Fid 1.25%
: BER 36.096%
Symbol Dev 1728.36 Hz
NAC 293h

Sym Rate Err -7.256 mHz

Tx Pover Offset

40.0 dB Ext Loss

Freguency Amplitude Setup tdeasurement Turn Sig-Gen ON

Figure 11-3. LMR Master P25 1011 Hz Analyzer Sample Display
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Input Protection 11-3 Measuring a Base Station

11-3 Measuring a Base Station

The following example is using an S412E LMR Master to analyze the modulation quality and
receiver sensitivity of a P25 base station transceiver.

Measuring Receiver Sensitivity

1. Connect the equipment as shown in Figure 11-4:

Connect the MA25200A to the S412E RF In port and USB port.
Connect the base station RF output to the MA25200A Tx/RX port.

Connect the base station signal input port to the S412E Signal Generator Out
port.

Terminate the MA25200A Sig Gen input with a 50 Q termination or calibration
component.

r

MA25200A
Tx/Rx Port

Termination \
D]ﬂ:"\/ R
High Power Tx/Rx
Input Protection Module

RF In Port

Signal Generator

Out Port\ ‘

USB Type A Port

LMRMaster

(Anritsu S412E

RF Signal
Output Input
Figure 11-4. Base Station Transceiver connected to LMR Master with a MA25200A High Power

Tx/Rx Input Protection Module
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11-3 Measuring a Base Station High Power Input Protection

2. Set the base station to the desired simplex mode frequency (transmit and receive
frequencies set to the same values) to receive a P25 1011 Hz test pattern.

3. From the S412E Frequency menu, set the following:
* Rx Freq: test frequency
¢ Tx Freq: test frequency
e Rx/Tx Coupling: On
e Coupling Offset: 0 Hz
e Span: 25 kHz
4. From the S412E Amplitude menu, set the following:
e Ref Level: —20 dBm
e Scale: 10 dB/div
e Rx Power Offset: 40 dB External Loss
¢ Auto Rx Range: On
e Tx Power Offset to 40 dB External Loss
e Tx Output Level: =120 dBm (initial setting)

From this point, the S412E signal generator and analyzer measurements are both
referenced from the MA25200A Tx/Rx port.

5. Turn the S412E Signal Generator On and use the Setup menu to set the default
1011 Hz Rx Pattern and p25_1011 Tx Pattern.

6. Return to the Amplitude menu and adjust the Tx Output Level until the signal can no
longer be distinguished from the measurement noise by the receiver.

7. Note the Tx Output Level is the receiver sensitivity value.
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11-3 Measuring a Base Station

Measuring Transmitter Modulation
8. Turn off the S412E signal generator.

9. Transmit the base station RF output test signal into the MA25200A Tx/Rx input and
note the receiver summary data table on the S412E display.

| Anritsu 121502014 05.07.59 p

Rx Freq Ref Lvl 46.0 dBm
145310 MHz

Rx Pattem
1011 Hz

Mod Type

C4F M

Rx Pwr Offset
40.0 dB Ext Loss
Auto Rx Range
el

Preamp

QFF

Tx Freq

145,310 MHz

Coupling

oM

Tx Paitern

p2s_1011

Tz Output

OFF

T Output Lvi
8 dBm

Tz Pwr Offset

40.0 dB Ext

ch Lvl
dBm

Ref Source
Int J

Freguency Amplitude

Received Pwr

37.84 dBm

&mplitude

Scale
10 dB/div
| R Power Offset
i 40,0 dB Ext Loss
Auto Rx Range
on off

Adjust B

Range

Freq Error

-138.84 Hz

T Output Lyl

Mod Fid

1.30%

-G3.0 dBm

BER

40.002%

Tw Povwer Offset

Symbol Dev

1725.74 Hz

40.0 dB Ext Loss

NAC

293h

Sym Rate Err

Setup

-7.93 mHz

heasurement

Tum Sig-Gen ON

Figure 11-5. LMR Master P25 1011 Hz Analyzer Sample Display
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11-3 Measuring a Base Station High Power Input Protection
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Appendix A — Error Messages

A-1  P25/P25p2, NXDN, dPMR, TETRA, DMR, and PTC
Messages

This Appendix provides a list of P25, NXDN, dPMR, TETRA, DMR, and PTC error messages.
Self Test and General Operation error messages are in the User Guide.

Notifications
1. External Reference not found. Internal reference Locked successfully

This message is displayed when the instrument has detected an external reference but
couldn’t lock to the reference. It automatically switches to the Internal Reference.

2. External Reference Locked Successfully

Warning Messages
1. RF Over Power: Decrease input power.
2. ADC over range: Adjust the ADC range.
a. If Auto Range is ON: Decrease input power.

b. If Auto Range is Off and if Atten = 65 then ADC over range: Decrease input
power.

c. If Auto Range is Off and Atten is < 65 then ADC over range: Adjust range.

3. No signal detected: Increase input power or Weak signal detected: Increase input power
a. Increase input power or decrease any external attenuation

4. Out of band saturation

When the software detects that there is too much power outside the current frequency
range, this message is displayed. This usually means that the instrument is currently

tuned to a frequency with a very low amplitude signal or no signal and there is a strong
signal at another frequency outside the current IF bandwidth.

5. Lock failure %x where %x is a mix of the following in hex:

When there is a lock failure detected from any of the internal LOs, this message is
displayed. The xx is usually an error code in hex that can be interpreted by a service
center to obtain more information on which LO had the failure.

#define DSP_SAMPLER_PLL_ULOCKED  0x000100

#define DSP_LO1_PLL_UNLOCKED 0x000200
#define DSP_LO2_PLL_UNLOCKED 0x000400
#define DSP_LO3_PLL_UNLOCKED 0x000800

6. Not available in REVIEW Mode

a. Turn off Review mode

Land Mobile Radio MG PN: 10580-00243 Rev. V A-1
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A-1 P25/P25p2, NXDN, dPMR, TETRA, DMR, and PTC Messages Error Messages

Data Logging Errors
1. Error Making Directory On USB, Verify Media is Installed.

A USB flash drive is not connected to the USB port or the device is not recognized. Try
to connect again, use a different USB flash drive, or reformat the USB flash drive on a
PC.

Warning All data on a USB flash drive will be erased if it is reformatted.

A-2 PN: 10580-00243 Rev. V Land Mobile Radio MG
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