








duplex offset is also standard at 45 MHz. We simply enter the proper channel
number or frequency in the CC and VC data fields. See Figure 30. Refer to the
application note “Understanding 800 MHz and VHF/UHF Implicit P25 Control
Channel Functions using the 2975” for more details.

Figure 30: Setting-up the Control Channel and Voice (Traffic) Channel - 800
MHz Band

For VHF/UHF implicit operation, things become a little more complex. You will
note that upon selecting the U/V mode, an additional button named “CONFIG”
pops up under the REG/AFF indicator section. See Figure 31 for more detail.
The VHF/UHF/700 MHz Other Band P25 Trunking Option (OPT 14) needs to be
installed before being able to set up this feature.

Figure 31: The VHF/UHF P25 Implicit Trunking Mode

Expanding the “CONFIG” button reveals in detail the Channel Identifier
information we studied earlier in this application note. Figure 32 shows the
configuration screen.
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Figure 32: The Configuration Screen for VHF/UHF Mode of Operation

As you can see, the configuration screen shows all the parameters associated
with the IDEN_UP_VU messages. The Base Frequency, bandwidth, transmit

offset and channel spacing are set equivalent to the IDEN_UP_VU information
or the radio’s internal programming. This is the same for either implicit or
explicit set-up. The user needs to be very familiar with this feature in order for
this table to be set up correctly. Note that the 2975 sends one IDEN_UP_VU
message at any given time, but allows you to select multiple configurations for
this message.

Setting Explicit Control Channel Protocol Elements

Now that we understand the control channel broadcast messages, the
registration and group affiliation process and the various call sequences, we can
move on with setting up the 2975 to perform not only parametric tests, but
also protocol tests. We have the control and traffic channel setup, however, we
need to set additional parameters before proceeding. For proper operation, we
need to enter a valid WACN ID and System ID, which we've already reviewed.
We also need to set the NAC.

The NAC is the Network Access Code that is an 8-bit field. With P25 trunking
systems, the NAC is typically the same as the P25 System ID, although they
may be configured differently to provide added flexibility for the network
operator. Figure 33 shows how to set up the WACN ID, NAC, System ID and the
MFID - Manufacturers ID (typically “00” for P25 compliant messages). Setting
the WACN ID, NAC and System ID along with configuring the IDEN_UP_VU
message, is the minimum configuration for testing the mobile unit.

Figure 33: Setting the WACN ID, NAC, System ID, and MFID

While the difference between the implicit and explicit mode of operation
is extensive, the 2975 makes that difference almost transparent to the user.
With Option 14, the VHF or UHF P25 trunked radio feature is enabled on
the 2975 for the implicit mode of operation. By enabling Options 22 and/or
23, this feature now expands the 2975's VHF and UHF operation to include
emulation of the multiple block message formats discussed earlier. Option 22
will enable the Group voice channel grant message, while Option 23 will enable
more extended call support, including the Unit to Unit and PSTN interconnect
call capabilities. With the explicit mode of operation, the 2975 is sending an
IDEN_UP_VU message as seen in Figure 4.

The main differences between implicit and explicit mode can best be seen
when the “downlink data” button is selected in the VHF/UHF mode. See Figure
34 to see how to select the “downlink data” functions.
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Figure 34: Selecting the Downlink Data Functions

Once selected, the user can select a variety of parameters associated with
the OSP set up of the 2975. This includes the ability to control the various
parameters included with the RFSS Status Broadcast and Network Status
Broadcast messages as well as the Group Voice Channel Grant as was covered
earlier in this application note. Figure 35 shows how to configure the 2975 for
emulation of these parameters.
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Figure 35: Setting the Various Downlink Parameters for Control Channel
Emulation

Notice that when the Explicit Mode (OPT22) of operation is enabled, the user is
given the option to toggle between an implicit and explicit mode of operation.
After selecting the Explicit Mode of operation and closing the downlink data
box, we can observe the difference between the Implicit and Explicit mode
of operation. Compare Figure 36 to Figure 31. You'll notice that the Control
Channel and Voice Channel parameters now have the explicit TX and RX
frequencies associated with the Explicit mode of operation. These TX and RX
frequencies are based on the configuration data entered earlier (IDEN_UP_VU
data). In addition, a new field appears to the left of the channel number and
frequency fields. This is the channel identifier used to reference what channel
combination was defined earlier.
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Figure 36: The Explicit Mode Control Channel and Voice Channel

Setting the specifc TX and RX frequencies and enabling the Explicit Mode of
operation are the only user operations that are required to switch the 2975
from an implicit mode to an explicit mode using multi-block messaging.

As you can see, there is also a feature area designated as the Auto-Copy area,
see Figure 35. This area deals with the WUID and WGID issues discussed
earlier. By enabling the auto-copy function, the user can have the 2975 echo
back (copy) the SU's pre-programmed Unit ID (Registration) and/or the Group
ID (Affiliation) by enabling the appropriate box (in red). Enabling the Voice
Request means that during the Group Voice Channel Grant, the system will
use the Group ID received from the SU instead of the WGID in the message
parameters.

Disabling any of these functions means that the pre-programmed WGID and
WUID would be used as needed. This can be programmed in the top line of the
P25 Trunking Downlink Configuration screen.

Uplink Data Analysis

The 2975 will automatically decode a number of fields from the mobile when
the unit registers and affiliates with the 2975. This feature can be very helpful in
determining if the unit has been setup correctly for use on the network. On the
primary P25 trunking tile, you will see the two indicators for the GID or Group
ID used for initiating group calls, and the UID or Unit ID (Source ID). Only the
2975 provides this capability for testing P25 mobiles.

Now that we understand the fields in each of the messages used during a
registration and affiliation process, and during a unit to group voice call, we
can use the 2975 to decode these fields to assist in training interoperability of
various SU's and systems. Figure 37 shows the 2975's P25 Trunking Uplink Data
Decode screen.
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Figure 37: The P25 Trunking Uplink Configuration Decode Screen

These fields are derived from the SUs U_REG_REQ and GRP_AFF_REQ
messages sent during the registration and affiliation processes discussed earlier.
These are not user definable fields.

Testing with the 2975 - Group Voice Channel Explicit Mode

We can now perform either a mobile originated call or a repeater originated
call. To perform mobile radio transmitter tests, simply key the mobile unit and
the 2975 will automatically assign the unit to the proper voice channel for
performing parametric tests using the appropriate message format as selected
by the implicit or explicit function.

Figure 38 shows the 2975 setup in the Duplex Mode with the P25 repeater
simulator running in the VHF band and with a Spectrum Analyzer tile enabled
to view the spectrum from the SU. Notice that the SU has registered with the
2975 as seen by the lit REG REC field.
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Figure 38: P25 Trunk/ng Control Channel Screen with the Spectrum Analyzer
Enabled Showing a Unit Registration Received from the SU

Figure 39 shows the Group Affiliation message received from the SU to the
2975.
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Figure 39: P25 Trunking Control Channel Screen with the Spectrum Analyzer
Enabled Showing a Group Affiliation Received from the SU

Figure 40 shows the SU originating a call, as seen by the lit PTT REC (push to
talk received) field on the P25 Trunking tile.

01:20:36 Duplex Options  Setup: | 1001 XTS-5000 exphcit _vousaL
FREQ | 136.125000] MHz SQU FREQ 136.312500] MHz
- OFFSET MHz RF FREQ
RECD 195124989 i | CUe- dbaj AP ON
MODTYPE P25 OUTPUT TR | po\cver
INPUT TR  ATTEN 20 d8 PﬂTTERN
DEMOD P25 IFBW 125kHz
MOD TYPE
RFGEN ON  AUDIO ROUTE AUDIO ROUTE 1
| P28
dBm  ANLZR SAN 100 kHz 25 TRUNKING un on PATTERN

| ccTx [0 0] [T36.00000 PTT OFF

VCRX D]EHM CONPIG
UPLINK DATA
GID [AAAR Uip 123955
DOWNLINK DATA
WACHID SWSID  MAC  MFID

(.0 14— — 2 —

HEX

Figure 40: P25 Trunking Control Channel Screen with the Spectrum Analyzer
Enabled Showing a SU Originated Call (PTT REC)

Note that the duplex receiver and generator frequencies have changed since
the unit is now on the voice channel with the previously defined duplex offset
as established in the P25 channel configuration table.

To enable a call from the 2975 to the SU, simply de-key the radio and select
the PTT OFF button. This will toggle to a PTT ON mode and the 2975 will send

a group voice channel grant message and then transmit the appropriate voice
data as selected by the user (1011 tone, Speech, etc.) and keep the call active
until the PTT ON is toggled to the PTT OFF mode.

With Option 22, the group voice mode is the only explicit mode operating,
however, with Option 23 enabled, the user can also select unit to unit or PSTN
interconnect modes.

Testing with the 2975 - Unit to Unit Explicit Mode

If the SU is originating a unit to unit call, the 2975 will automatically determine
the type of call coming in and respond appropriately. For example, if a unit to
unit call is received from the SU, the PTT REC field will automatically change
to indicate that a unit to unit call request has been received. The 2975 then
accept the call and send an UU_ANS_REQ to the radio and then a UU_V_CH_
GRANT. See Figure 41 that shows a Unit to Unit Request Received.

01:24:51 Duplex Options = Setup: | 1001]xTs~so00 axpicn YoUsaL

FREQ [ 136.062500 waz SoU | FREQ [ 138000000 MHz
OFFSET [ 0.052500] MHz
LEVEL [ -30.0] dBm RF ON

Rec A e MODTYPE P25 OQUTPUT TR

INPUT TR TTEN 20 <8 PATTERN 1011

DEMOD P25 IFBW 125kHz

REGEN ON  AUDIOROUTE AUDIO ROUTE

SPAN 100 kHr

P 25 TRUNEING un on
cer [0 (0] (15600000 [7
ccres (0] (10) (13666250
VT [0)[_50] [ 1637280
vess (0] (20 (15602500  conFiG

UPLINK DATA HEX

Gip [ ARAR uip (123455
DOWHLINE DATA
WACH ID  SYS ID HALC MFID

] ) — . — )

Figure 41: P25 Trunking Control Channel Screen with the Spectrum Analyzer
Enabled Showing a SU Originated Unit to Unit Call (UU REC)

However, if the user wants to initiate a unit to unit call from the 2975 to the SU,
then the 2975, when the PTT OFF button is selected (with Option 23 enabled
only), will display the ability to initiate either a unit to unit call or PSTN call. See
Figure 42.

¢ Off 0!
“ Group Call 1
“ Unit to Unit 2
~ Dialing 3

Figure 42: With Options 22 and 23 Enabled, the 2975 Allows for Explicit
Group, Unit to Unit and PSTN Calls

With the unit to unit call, the 2975 will send to the SU the UU_ANS_REQ
message and then wait for the appropriate user interaction (that results in the
generation of the UU_ANS_RSP message) to the 2975 that allows the call to be
accepted. The 2975 will display the received response from the SU (Proceed,
Deny or Wait) and display that on the PTT REC field of the trunking tile. See
Figure 43.
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Figure 43: The 2975 Displaying the R WAIT State Received from the SU
During a Unit to Unit Call

If a “Proceed” is received, the 2975 then finishes the communication with a
UU_V_CH_GRANT message to complete the call with the appropriate user
selected voice data. See Figure 44 and note the changed frequencies for the
transmitter and receiver.
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Figure 44: The 2975 Displaying the R GO (Proceed) State Received from the
SU During a Unit to Unit Call

In addition to seeing the various call processes on the trunking tile, the 2975
allows the user to set various parameters being sent to the radio during the Unit
to Unit call process. During the Unit to Unit call set up, the Source ID, Source
Address and Target Address are sent to the target SU and then to both the
target and source SU in the channel grant. The 2975 can individually set these
parameters to emulate a specific user on a network. See Figure 45.
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Figure 45: Configuring the Source ID, Source Address and Target Address in
the 2975

Testing with the 2975 - PSTN Explicit Mode

If the SU is originating a PSTN call, the 2975 will automatically determine the
type of call coming in (either a TEL_INT_DIAL_REQ or TEL_INT_PSTN_REQ)
and respond appropriately. The PTT REC field will automatically change to
indicate that a PSTN call request has been received. The 2975 will then accept
the call and send a TEL_INT_CH_GRANT to the radio. See Figure 46.
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Figure 46: The 2975 Displaying the Dial Request Received from the SU During
a PSTN Dial Call

If the user wants to initiate a PSTN call from the 2975 to the SU, then the 2975,
when the PTT OFF button is select (with Option 23 enabled only), will again
display the ability to initiate either a unit to unit call or PSTN call (see Figure 41
above). The 2975 will then send a channel grant to the radio. See Figure 47.
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Figure 47: The 2975 Generating a PSTN Call to the SU

The PSTN mode allows the user to define the number that will be sent to the
radio. This is important information, as the user can then test how the radio
recovers that number and then display or optionally correlate that information
to a user identifier (i.e. “Bob” calling). See Figure 48 to view the associated
telephone number and timer information.
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Figure 48: Setting up the 2975 to Emulate the Dialing Number
Parametric Analysis

Besides the advanced protocol test capabilities, the 2975 has the ability to
perform extensive parametric analysis.

Once we have the control channel set up and running, and the mobile is talking
with the 2975, we can then select any number of options to run. This includes
the Oscilloscope, Spectrum Analyzer, Meter Panel, Power Meter, RSSI Meter,
etc. To enable these functions, select the “Options” button or select <SHIFT>,
<MODE> and select the combinations you wish. Remember that not all screens
can be displayed at one time and you will be limited to two 1/4 tile “Meter”
screens or one 1/2 tile Oscilloscope/Spectrum Analyzer screen when run in
conjunction with the P25 Control Channel simulator screen in the duplex
mode. More screen modes can be defined in the user mode <MODE 0> or the
receiver mode <MODE 2>.

The 2975 has every instrument constantly running in an operational state, and
by simply changing modes, we change the “view” of the instrument. As seen
in Figure 49, the 2975 receiver <MODE 2> shows the receive frequency, power
meter, frequency error meter, modulation accuracy meter, and the traffic
uplink decode information.
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Figure 49: The Receiver (Transmitter Test) Mode with Power, Frequency Error,
and Modulation Meters and the P25 Uplink Decode Tile

Notice that the meters display green bars. This is because prior to conducting
the test, we set pre-determined pass/fail limits for each of the parameters. We
know that the radio is within the range of performance for Power, RF Frequency
Error and Modulation Error.

To perform mobile receiver measurements, enable the PTT mode by selecting
the PTT button directly below the ON/OFF button on the repeater screen. This
will cause a repeater originated call request to be sent to the mobile and the
mobile will then be assigned to a voice channel in a “listen” (receive) mode.

We can now enable a unique sensitivity test called the “Speech” mode. The
speech mode is a special voice file that provides a pre-recorded voice pattern
that allows the test professional to quickly determine the receiver's sensitivity.
This is accomplished by listening to the pre-recorded audio voice patterns and
then reducing the RF level until the voice starts to break up or sounds slurred.
This test is unique to the 2975 and is another way that Cobham is improving
technician productivity. Figure 50 shows how to select the speech mode and
Figure 51 shows where to adjust the RF level. Once you hit a level where the
voice is breaking up, that become the receiver's “realistic” sensitivity. Tests
have shown that this mode of testing typically correlates to a 5% BER test,
commonly used for digital receiver testing, by a few dB.
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Figure 50: Setting the 2975 Up for P25 Sensitivity Testing Using the Speec
Mode
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Figure 51: Decrease the RF Output Until Speech Quality Degrades

Conclusion

The 2975 provides some of the most advanced testing functions ever
presented in a communication test set. For testing P25 systems, the 2975 truly
allows for dynamic testing by means of true repeater functionality. The 2975
provides the test professional with the most advanced wireless test set on the
market for P25 and other PMR systems.



1: Before reading this application note, it is highly recommended that the reader review the
companion application note “Understanding 800 MHz and VHF/UHF Implicit P25 Control Channel
Functions using the 2975.” This will remove the need to review the basics of trunked radio operation
and provide the reader with an understanding of control channel functions and the P25 implicit mode

of operation.

2: See the Application Note “Understanding 800 MHz an dVHF/UHF Implicit P25 Control Channel

Functions using the 2975” for more information on specific message types.
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