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Where to Find the Latest Information

Documentation is updated periodically. For the latest information about these products, including instrument software
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Information on preventing analyzer damage can be found at:
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Is your prod uct software up-to-date?

Periodically, Keysight releases software updates to fix known defects and incorporate product enhancements. To search for
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Making 1xEV-DO Measurements

1 Making 1xEV-DO Measurements

KEYSIGHT

TECHNOLOGIES

This chapter begins with instructions common to all measurements, then details all
the measurements available by pressing the M eas key when the 1XEV-DO mode is
selected. For information specific to individual measurements, see the sections at the
page numbers below.

» “Channel Power Measurements” on page 15

» “ACP Measurements” on page 21

* “Occupied Bandwidth Measurements” on page 41

e “Power vs. Time (PvT)” on page 85

» “Spectrum Emission Mask Measurements” on page 27
* “Spurious Emissions Measurement” on page 35

* “Power Statistics CCDF Measurements” on page 45

* “Forward Link Code Domain Measurements” on page 51
» “Reverse Link Code Domain Measurements” on page 59

e “Forward Link Modulation Accuracy (Waveform Quality) Measurements” on
page 69

e “Reverse Link Modulation Accuracy (Waveform Quality)” on page 77
o “QPSK EVM Measurements” on page 93
*  “Monitor Spectrum Measurements” on page 25

e “lQ Waveform (Time Domain) Measurements” on page 81




Making 1xEV-DO Measurements

Setting Up and Making a Measurement

Setting Up and M aking a M easurement

Making the I nitial Signal Connection

CAUTION

Before connecting a signal to the analyzer, make sure the analyzer can safely accept

the signal level provided. The signal level limits are marked next to the RF Input
connectors on the front panel.

See the Input Key menu for details on selecting input ports and the AMPTD Y Scale
menu for details on setting internal attenuation to prevent overloading the analyzer.

Using Analyzer Mode and M easurement Presets

To set your current measurement mode to a known factory default state, press M ode
Preset. Thisinitializes the analyzer by returning the mode setup and all of the
measurement setups in the mode to the factory default parameters.

To preset the parameters that are specific to an active, selected measurement, press
M eas Setup, M eas Preset. Thisreturns all the measurement setup parametersto the
factory defaults, but only for the currently selected measurement.

The 3 Sepsto Set Up and Make M easurements

All measurements can be set up using the following three steps. The sequence starts
at the Mode level, is followed by the Measurement level, then finally, the result
displays may be adjusted.

Table 1-1

The 3 Seps to Set Up and Make a Measurement

Step

Action

Notes

1 Select and Set Up the
Mode

a.Press Mode

b.Press a mode key, like IXEV-DO.
c.Press Mode Preset.

d.Press M ode Setup

All licensed, installed modes
available are shown under the M ode
key.

Using M ode Setup, make any
required adjustments to the mode
settings. These settings will apply to
all measurements in the mode.

2 Select and Set Up the
M easurement

a.Press M eas.

b.Select the specific measurement to
be performed.

c.Press M eas Setup

The measurement begins as soon as
any required trigger conditions are

met. The resulting data is shown on
the display or is available for export.

Use Meas Setup to make any
required adjustment to the selected
measurement settings. The settings
only apply to this measurement.

12




Making 1xEV-DO Measurements
Setting Up and Making a Measurement

Table 1-1 The 3 Sepsto Set Up and Make a Measurement

Step

Action

Notes

3 Select and Set Up a
View of the Results

Press View/Display. Select a
display format for the current
measurement data.

Depending on the mode and
measurement selected, other
graphical and tabular data
presentations may be available.
X-Scaleand Y-Scale adjustments
may also be made now.

NOTE A setting may be reset at any time, and will be in effect on the next measurement
cycle or view.
Table 1-2 Main Keys and Functions for Making Measurements
Step Primary Key Setup Keys Related Keys
1 Select and set up amode. Mode M ode Setup, System
FREQ Channdl
2 Selectand set up a Meas M eas Setup Sweep/Contral,

measurement.

Restart, Single, Cont

results.

3 Select and set up aview of the | View/Display

SPAN X Scale, Peak Search,
AMPTD Y Scale | Quick Save, Save,
Recall, File, Print
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Setting Up and Making a Measurement
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Channel Power Measurements

2 Channel Power Measurements

KEYSIGHT

TECHNOLOGIES

This chapter explains how to make a channel power measurement on a IXEV-DO
base station (BTS, or Access Network, AN). This test measures the total RF power

present in the channel. The results are shown in a graph window and in a text
window.




Channel Power Measurements
Configuring the Measurement System

Configuring the M easurement System

This example shows a base station (BTS) under test set up to transmit the RF power,
and being controlled remotely by a system controller. The transmitting signal is
connected to the analyzer RF input port. Connect the equipment as shown.

Figure 2-1 Measurement System
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1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the analyzer.

2. Connect aBNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the BTS to the TRIGGER1
IN port of the analyzer.

4, Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.

16



Channel Power Measurements
Setting the BTS (Example)

Setting the BT S (Example)

From the system controller, perform all of the call acquisition functions required for
the BTS to transmit the RF power as follows:

Frequency: 1GHz
Output Power: -30dBm




Channel Power Measurements
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.

Sep 6.

Sep 7.
Sep 8.
Sep 9.

Step 10.

Press Mode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the Mode.

Press I nput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Press M ode Setup, Radio, Device and toggle the deviceto BTS.

Press M ode Setup, Demad, Physical Layer SubTypeto select the desired SubType,
like Sub Type O/1.

Press Sweep/Control, Gate and toggle the Gate to On. Press More, Gate Source
and select the desired gate source External 1.

If no measurement is performed and ayellow ‘*’ symbol displays on the top right of
the screen, you need to check the gate settings. You need the correct gate signal to
make the Channel Power measurement.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press M eas, Channel Power to initiate the channel power measurement.

Press M eas Setup to see the keys that are available to change measurement
parameters from their default condition.

Press View/Display, and toggle the Bar Graph key to Off to see the spectrum trace
graph. The corresponding measured data is also shown in the text window.

If you have a problem, and get an error message, see the “Instrument Messages
Guide”.

18



Channel Power Measurements
Measurement Results

M easurement Results

The Channel Power measurement result should look similar to Figure 2-2. The

graph window and the text window show the absolute power and its mean power
spectral density values over 2MHz.

Figure 2-2 Channel Power Result —Bar Graph Off
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Channel Power Measurements
Measurement Results
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ACP Measurements

3 ACP Measurements

KEYSIGHT

TECHNOLOGIES

This chapter explains how to make the adjacent channel leakage power ratio (ACLR
or ACP) measurement on a 1XEV-DO mobile station (MS, or Access Terminal, AT).
ACP isameasurement of the amount of interference, or power, in an adjacent
frequency channel. The results are shown as a bar graph or as spectrum data, with
measurement data at specified offsets. A Pass or Fail indication is shown in the
Measurement Bar.
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ACP Measurements
Configuring the Measurement System

Configuring the M easurement System

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure 3-1 Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the MS to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

5. Connect the system controller to the MS through the serial bus cable to control
the M'S operation.

22



ACP Measurements
Setting the MS (Example)

Setting the M S (Example)

From the transceiver station simulator or the system controller, or both, perform all
of the call acquisition functions required for the M S to transmit the RF power as
follows:

Frequency: 1GHz
Output Power:  —-30dBm

23



ACP Measurements
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.

Sep 6.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.
Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Demod, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press Sweep/Control, Gate and toggle the Gate to On. Press M ore, Gate Source
and select the desired gate source External 1.

If no measurement is performed and ayellow ‘*’ symbol displays on the top right of
the screen, you need to check the gate settings. You need the correct gate signal to
make the ACP measurement.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.

Or, you can also manually set the reference frequency by pressing M eas Setup,
Carrier Setup, Ref Carrier, enter the carrier number to be referenced, press Ref
Car Freq, and enter the carrier frequency.

NOTE

When the number of carriers (Carriers) isset to 1, the Ref Carrier isautomatically
grayed out and set to 1.

Sep 7.
Sep 8.

Step 9.

Sep 10.

Press M eas, ACP to initiate the adjacent channel leakage power ratio measurement.

Press View/Display, and toggle the Bar Graph key to Off to see the spectrum trace
graph. The corresponding measured data is also shown in the text window.

Press M eas Setup to check the keys available to change the measurement parameters
from the default condition.

* PressCarrier Setup, Carriersand enter the number of carriers.

» Press Config Carriersto adjust the parameter settings for each carrier, or to
couple other carriersto Carrier 1 when Carriersis set to greater than 1.

Press M eas Setup, Offset/Limitsto adjust the adjacent channel offset and test limits
parameters.

NOTE

When the measured power is close to the noise floor, turning on the Noise
Correction under the M eas Setup menu can make the measurement more accurate.

Sep 11.

Press M eas Setup, Carrier Result and enter the carrier number to display and
highlight the desired carrier power result in the text window.

24



ACP Measurements
Measurement Procedure

NOTE When Carriersisset to 1, the Carrier Result is unavailable (grayed out).

If you have a prablem, and get an error message, see the “ Instrument Messages
Guide".
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ACP Measurements
Measurement Results

M easurement Results

The ACP measurement result should look similar to Figure 3-2. The graph window

and the text window show the absolute power and its mean power spectral density
values over 2MHz.

Figure 3-2 ACP Result —Bar Graph On
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Spectrum Emission Mask Measurements

4 Spectrum Emission Mask Measurements

KEYSIGHT

TECHNOLOGIES

This chapter explains how to make the spectrum emission mask (SEM) measurement
on a 1IxEV-DO mobile station (M S, or Access Terminal, AT) or base transceiver
station (BTS, or Access Network, AN). SEM compares the total power level within
the defined carrier bandwidth and the given offset channels on both sides of the
carrier frequency, to levels allowed by the standard. Results of the measurement of
each offset segment can be viewed separately. A Pass or Fail indication isshownin
the Measurement Bar.
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Spectrum Emission Mask Measurements
Configuring the Measurement System

Configuring the M easurement System

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure4-1 Measurement System
SIGNAL GENERATOR CONTROLLER
. S -
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Trigger
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Reference
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the MS to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

5. Connect the system controller to the MS through the serial bus cable to control
the M'S operation.

28



Spectrum Emission Mask Measurements
Setting the MS (Example)

Setting the M S (Example)

From the base transceiver station simulator or the system controller, or both, perform
all of the call acquisition functions required for the M S to transmit the RF power as

follows:
Frequency: 1GHz
Output Power:  -30dBm
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Spectrum Emission Mask Measurements
Measurement Procedure

M easurement Procedure

Sep 1. PressMode, 1XEV-DO to enable the 1IXEV-DO measurements.

Sep 2. Press Mode Preset to preset the mode.

Sep 3. PressMode Setup, Radio, Device and toggle the deviceto M S.

Sep 4. PressMode Setup, Demod, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Sep 5. Press Sweep/Control, Gate and toggle the Gate to On. Press More, Gate Source
and select the desired gate source External 1.
If no measurement is performed and ayellow ‘*’ symbol displays on the top right of
the screen, you need to check the gate settings. You need the correct gate signal to
make the Channel Power measurement.

Sep 6. PressFREQ Channel, 1, GHz to set the center frequency to 1 GHz.

Sep 7. PressMeas, Spectrum Emission Mask to initiate the spectrum emission mask
measurement.

Sep 8. PressMeas Setup to check the keys availabl e to change the measurement parameters
from the default condition.
To select the desired offset pairs, press M eas Setup, Offset/Limit, Offset, C. Then
press Start Freg, On.

NOTE When there are many offsets to measure, you can increase the Res BW under Meas

Setup, Offset/Limit to increase the measurement speed.
To make an averaged measurement, press Avg/Hold Num, toggle the state to On,
and enter the number of averages.
To select the power reference, press M eas Type key to select from Total Power Ref,
PSD Ref, or Spectrum Pk Ref.
To adjust the offset parameters, toggle the Limit Sate key to Manual and press
Offset/Limits to change the offset parameters and limit lines.

Sep 9. PressView/Display and select the desired view from Abs Pwr Freq, Rel Pwr Freq,

or Integrated Power.
You can toggle the Limit Lines between On and Off.

If you have a prablem, and get an error message, see the “ Instrument Messages
Guide”.
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Spectrum Emission Mask Measurements
Measurement Results

M easurement Results

Figure 4-2

The Spectrum Emission Mask measurement result should look like Figure 4-2. The
text window shows the reference total power and the absolute peak power levels
which correspond to the frequency bands on both sides of the reference channel.

SEM Result

2 Kl ENCENT i SLGFEATIAL [O4:18701 PR 17, 2008
Center Freq 1.000000000 GHz CH Frag: 1.000000000 GHz Radia Std; 1:EV-D0

o Trig-Free Run
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Mss 3 File <Screen 0012 pag> saved

The Start Freq value (900 kHz for offset A) is the start frequency of the offset to
center. The Start Freq in the text window (885 kHz for offset A) isthe start frequency
of the offset to edge. There is a 15 kHz difference between them. The same as the
Stop Freq.

The Lower or Upper Lim isthe minimum margin from limit line which is decided by
Fail Mask setting. There are four settings for Fail Mask: Absolute, Relative, Abs
AND Rel, Abs OR Rel.

» For Absolute mask, the Lower or Upper Lim is compared with the Absolute
Limit line.

* For Relative mask, the Lower or Upper Lim is compared with the Relative Limit
line.

» For Abs AND Rel mask, the Lower or Upper Lim is compared with the higher
Limit line.

* For AbsOR Re mask, the Lower or Upper Lim is compared with the lower Limit
line.
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Spectrum Emission Mask Measurements
Measurement Results

Figure 4-3 SEM Result - Abs Pwr Freq (Default) View
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Figure4-4 SEM Result - Rel Pwr Freq View

* Agilent 1xEV-DO - Spectrum Emission Mask.

SSEEDT AALGNPARTIAL _[OL13105PW dg 17, 3008
CH Freq: 1.000000000 GHz Radio Std: 1xEV-D0
o Trig:FreeRun

#Aen: 10 4B Radio Device: MS

‘Center Freq 1.000000000 GHz
Input: RF

IFGain:Low

Display¥,
Ref -20 dBm ‘ - ] ‘ f——

Abs PwrFreq
I
Rel Pwr Freq

integrated Power

LimitLines
Off|

32



Figure 4-5

SEM Result - Integrated Power View
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Spectrum Emission Mask Measurements

Troubleshooting Hints

Troubleshooting Hints

The Spectrum Emission Mask (SEM) measurement can reveal degraded or defective
parts in the transmitter section of the unit under test (UUT). The following examples
are those areas to be checked further.

Faulty DC power supply control of the transmitter power amplifier.
RF power controller of the pre-power amplifier stage.
1/Q control of the baseband stage.

Some degradation in the gain and output power level of the amplifier due to the
degraded gain control or increased distortion, or both.

Some degradation of the amplifier linearity or other performance characteristics.

Power amplifiers are one of the final stage elements of a base or mobile transmitter
and are acritica part of meeting the important power and spectral efficiency
specifications. Since spectrum emission mask measures the spectral response of the
amplifier to acomplex wideband signal, it is a key measurement linking amplifier
linearity and other performance characteristics to the stringent system specifications.
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Spurious Emissions Measurement

5 Spurious Emissions Measurement

This section explains how to make the spurious emission measurement on a
1xEV-DO mobile station (MS, or Access Terminal, AT) or base transceiver station
(BTS, or Access Network, AN).This measurement identifies and determines the
power level of spurious emissionsin certain frequency bands. A Pass or Fail
indication is shown in the Measurement Bar.

KEYSIGHT

TECHNOLOGIES
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Spurious Emissions Measurement
Configuring the Measurement System

Configuring the M easurement System

Figure 5-1

The BTS under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Measurement System
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bts_test_setup_spur
1. Using the appropriate cables, adapters, notch filter and attenuator, connect the
output signal of the BTS to the RF input of the analyzer.

2. Connect a BNC cable between the frequency reference port of the BTS and the
EXT REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the BTS to the TRIGGER1
IN port of the analyzer.

4. Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.
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Spurious Emissions Measurement
Setting up the BTS (Example)

Setting up the BTS (Example)

From the system controller, perform all of the call acquisition functions required for
the BTS to transmit the RF power as required.
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Spurious Emissions Measurement
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.

Press Input/Output, External Gain, BT S and enter the number and —dB according
to the external attenuator connected to the analyzer.

Press Input/Output, RF Input, RF Coupling, DC and toggle the RF Coupling to
DC.

NOTE

In AC coupling mode, you can view signals less than 10 MHz but the amplitude
accuracy is not specified. To accurately see asignal of less than 10 MHz, you must
switch to DC coupling.

When operating in DC coupled mode, ensure protection of the External Mixer by
limiting the DC part of theinput level to within 200 mV of 0 Vdc.

Sep 5.
Sep 6.

Sep 7.

Sep 8.

Sep 9.

Press M ode Setup, Radio, Device, M Sto select the device to BTS.
Press M eas, Spurious Emission to initiate the Spurious Emission measurement.

Depending on the current settings, the instrument will begin making the selected
measurements. The resulting data is shown on the display.

Check the spurs reported in the text window and press M eas Setup, Spur and enter
the spur number to highlight the data of interest. The marker in the graph window
will move synchronously.

Toggle the M eas Type key between Examine and Full. The Examine type sets the
average mode to Exp and the Full type sets the average mode to Repeat.

PressMore, Spur Report and toggle the mode from All to LimitTest. Only spurs
above the limit line are displayed.

If you want to change the measurement parameters from their default condition for a
customized measurement, press M eas Setup, Range Table to adjust the parameters
for your testing.

If you have a problem, and get an error message, see the “Instrument Messages
Guide”.
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Spurious Emissions Measurement
Measurement Results

M easurement Results

The Spurious Emissions measurement results should look like Figure 5-2. The
spectrum window and the text window show the spurs that are within the current
value of the Marker Peak Excursion setting of the absolute limit. Any spur that has
failed the absolute limit will havean ‘F besideit.

The measurement result of the selected spur in Spur under Meas Setup is shownin
yellow. The measurement result of the selected range in Range under Meas Setup,
Range Table is shown in yellow.

The analyzer scans the band using the specified Range Table settings. As each band
is swept, any signal above the Peak Threshold that has a peak excursion greater than
the Peak Excursion will be added to the list of spursin the text window. A total of
200 spurs can be recorded for one measurement, with alimit of 10 spurs for each
frequency range.

If no spurs are reported, but the measured trace exceeds the limit line for any range, a
red FAIL indicator will be displayed.

Figure 5-2 Spourious Emissions Result
T Agilent 15EV-00 - Spurisss Endssions
Stop 150 kHz

Frequency Amplitude Limit

31.09 kHz 43,65 dBm -13.00 dBm

40.49 kHz -44.56 dBm =13.00 dBm

60,94 kHz 48,90 dBm -13.00 dBm

82.32 kHz 4045 dBm =13.00 dBm

103.5 kHz -52.40 dBm -13.00 dBm

116.4 kHz -54.23 dBm =13.00 dBm

2.723 GHz -73.92 dBm -13.00 dBm

3.204 GHz -74.15 dBm =13.00 dBm

3.305 GHz -74.58 dBm -13.00 dBm

3.272 GHz 7 =13.00 dBm

2.798 GHz - -13.00 dBm

sTans | AC coupled: Accy unspecd < 10MHz

NOTE If you set the M eas Type to Examine, the trace is kept updating to show the latest

spectrum where the range which has the worst spurious. However, the table is shown
the last report. Press Restart to update the table to show the latest result.

For the Meas Type of Examine, if you want to see the measurement result for
different ranges, you can press Meas Setup, Range Table, Range, then enter the range
number you care.

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’.

39



Spurious Emissions Measurement
Measurement Results
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Occupied Bandwidth Measurements

6  Occupied Bandwidth Measurements

This chapter explains how to make the occupied bandwidth measurement on a
IXEV-DO mobile station (MS, or Access Terminal, AT). The instrument measures
power across the band, and then calculates its 99.0% power bandwidth.

KEYSIGHT

TECHNOLOGIES
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Occupied Bandwidth Measurements
Setting Up and Making a Measurement

Setting Up and Making a M easurement

Configuring the M easurement System

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure 6-1 Measurement System
SIGNAL GENERATOR CONTROLLER
. S — _
— Al D
10 MHz OUT RF OUTPU1&
Trigger
Frequenc i
Referencg Signal
TRIGGER
EXT REF IN 1IN
L N
E=| 85888
== I=l=l=1=]=1=X+]
=(08D8:8 -
O (= ooo coo EIEI:E @ EEE (;. I Serial Bus J
" RF INPUT
MXA

ms_test_setup

1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the MS to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate alink constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

5. Connect the system controller to the M S through the serial bus cable to control
the M S operation.
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Setting Up and Making a Measurement

Setting the M S (Example)

From the system controller, perform al of the call acquisition functions required for
the M S to transmit the RF power as follows:

Frequency: 1GHz
Output Power: =30 dBm (or other power level for the MS)

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.

Sep 6.
Sep 7.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.
Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Demod, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press Sweep/Control, Gate and toggle the Gate to On. Press M ore, Gate Source
and select the desired gate source External 1.

If no measurement is performed and only ayellow ‘*’ symbol displays on the top
right of the screen, you need to check the gate settings. You need the correct gate
signal to make the Channel Power measurement.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press M eas, Occupied BW to initiate the Occupied BW measurement.

If you have a problem, and get an error message, see the guide “Instrument
M essages’.

M easurement Results

The Occupied BW measurement result should look like Figure 6-2.
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Setting Up and Making a Measurement

Figure 6-2 Occupied BW Result

AR A 17, 3008

Freq 1.000000000 GHz CH Freg: 1.000000000 Rasia 5td: 1:EV-D0

GHz
o Trig Pree Run Horg|Hold= 30140 Subtype: 01
SIFGaliiLow. #itten: 10 dB Radio Devioe: S

Ref -20 dBm

Center 1GHz
#Res BW 30 kHz VBN 300 kHz

Occupied Bandwidth Total Power -31.18 dBm
1.2424 Hz

Transmit Freq Error 909.5175 Hz OBW Power 29.00 %

x dB Bandwidth 1.264 Hz* x dB -26.00 dB

uss i File <Seresn 0011 pog- saved

Troubleshooting Hints

Any distortion such as harmonics or intermodulation, for example, produces
undesirable power outside the specified bandwidth.

Shoulders on either side of the spectrum shape indicate spectral regrowth and

intermodulation. Rounding or sloping of the top shape can indicate filter shape
problems.
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Power Statistics CCDF Measurements

/  Power Statistics CCDF Measurements

KEYSIGHT

TECHNOLOGIES

This section explains how to make the Power Statistics Complementary Cumulative
Distribution Function (Power Stat CCDF) measurement on a 1XEV-DO base station
(BTS, or Access Network, AN). Power Stat CCDF curves characterize the higher
level power statistics of adigitally modulated signal.
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Power Statistics CCDF Measurements
Configuring the Measurement System

Configuring the M easurement System

This example shows a base station (BTS) under test set up to transmit the RF power,
and being controlled remotely by a system controller. The transmitting signal is
connected to the analyzer RF input port. Connect the equipment as shown.

Figure 7-1 Measurement System
Frequency Reference ™\
Trigger

CONTROLLER TRIGGER1 IN EXT REF IN
P / \ 9

' EEEEER
=5| 58588886
=2|0208e8 &

0 O|:::| ODo 000 00 O @ EEE

"RF
- MXA INPUT
BTS Qutput ﬁ
\. I Atten l

1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the analyzer.

2. Connect aBNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the BTS to the TRIGGER1
IN port of the analyzer.

4, Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.
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Power Statistics CCDF Measurements
Setting the BTS (Example)

Setting the BT S (Example)

From the system controller, perform all of the call acquisition functions required for
the BTS to transmit the RF power as follows:

Frequency: 1GHz
Output Power: -30dBm
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Power Statistics CCDF Measurements
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.

Sep 6.
Sep 7.

Sep 8.
Sep 9.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.

Press I nput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Press M ode Setup, Radio, Device and toggle the deviceto BTS.

Press M ode Setup, Demad, Physical Layer SubTypeto select the desired SubType,
like Sub Type O/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press Trigger to select the appropriate trigger source External 1.

If no measurement is performed and only ayellow ‘*’ symbol displays on the top
right of the screen, you need to check the trigger settings. You need the correct
trigger signal to make the CCDF measurement.

Press M eas, Power Sat CCDF to initiate the Power Statistics CCDF measurement.

Press Trace/Detector, Ref Trace, On to represent the user-definable reference trace
(violet line).

The reference trace is the same as the measurement trace. You can use the Store Ref
Trace key to copy the currently measured curve as the reference trace. It will not
change until you store the reference trace again or choose the other mode.

If you have a problem, and get an error message, see the guide “Instrument
M essages’.
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Power Statistics CCDF Measurements
Measurement Results

M easurement Results

The CCDF measurement result should look like Figure 7-2. The bluelineisthe
Gaussian trace and the yellow line is the measurement resuilt.

The Info BW is the channel bandwidth that will be used for data acquisition, the

default value is 1.3MHz. You can manually change the Info BW under the BW
menul.

Figure 7-2 Power Satistics CCDF Result
[EIE

S Trig: Free Run
#htten 10 B

Average Power

-31.56 dBm
37.38 % at 0dB

0dB
Info BW 1.3000 MHz

i/File <Serean_0014 pag saved BTATLE.
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Power Statistics CCDF Measurements
Troubleshooting Hints

Troubleshooting Hints

The power statistics CCDF measurement can contribute in setting the signal power
specifications for design criteriafor systems, amplifiers, and other components. For
example, it can help determine the optimum operating point to adjust each code
timing for appropriate peak or average power ratio throughout the wide channel
bandwidth of the transmitter for a 1IXEV-DO system.
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Forward Link Code Domain Measurements

8 Forward Link Code Domain Measurements

KEYSIGHT

TECHNOLOGIES

This chapter explains how to make a code domain measurement on a 1XEV-DO base
transceiver station (BTS, or Access Network, AN). Thisis the measurement of
power levels of the spread code channels across composite RF channels, relative to
the total power within the 1.23 MHz channel bandwidth centered at the center
frequency.
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Forward Link Code Domain Measurements
Configuring the Measurement System

Configuring the M easurement System

Figure 8-1

The BTS under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.
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bts_test_setup

1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the instrument.

2. Connect a BNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the instrument.

3. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

4. Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.
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Setting the BTS (Example)

Setting the BT S (Example)

From the simulator or the system controller, or both, perform all of the call
acquisition functions required for the BTS to transmit the RF power as follows:

Frequency: 1GHz
Output Power: -30dBm
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Measurement Procedure

M easurement Procedure

Sep 1. PressMode, 1XEV-DO to enable the 1IXEV-DO measurements.
Sep 2. Press Mode Preset to preset the mode.

Sep 3. Pressinput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Sep 4. Press Mode Setup, Radio, Device and toggle the deviceto BTS.
Sep 5. PressMode Setup, Radio, Pre-Defined I nterval/Offset to select the dot of interest.

Sep 6. PressMode Setup, Demod, Physical L ayer SubTypeto select the desired SubType,
like Sub Type 0/1.

Sep 7. PressFREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Sep 8. PressMeas, Forward Link Code Domain to initiate the code domain measurement.
Sep 9. Press Peak Search to put a marker on the highest power channel.

Sep 10. To examine asingle channel more closely, set a marker on the channel of interest.
PressMarker —>, Mkr—> Despread to select this code channel for specific Code
Domain Power measurement. The Marker Despread feature automatically
determines the Code Domain parameters of the code channel, and sets the analyzer
to the appropriate settings for Symbols/sec., Walsh Code Number, and Offset. Any
code channel selected by a normal #1 marker can be despread. The measurement
data reflects the despread measurement data.

If you have a problem, and get an error message, see the “Instrument Messages
Guide”.
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Measurement Results

M easurement Results

Figure 8-2

Figure 8-3

The Forward Link Code Domain measurement result should look similar to Figure
8-2. The graph window is displayed with atext window below it. The text window
shows the total power level aong with the relative power levels of the various
channels.

FL Code Domain Result - Power Graph & Metrics (Default) View

(] 5
GHz Radio Std; 1xEV-DO
—3. o Trig-Free Run ©h Type:Pilat Subeype- 041
EIFGain:Low #itten: 10 B Radie Device: BTS

Press View/Display, CDP Graph & CDE Graph to display a combination view of
the code domain power and code domain error graph windows. See Figure 8-3. It
would be helpful to find which code channels contain errors in code domain.

FL Code Domain Result - CDP Graph & CDE Graph View

71 Agilent 15EV.00 - Forwasd Link Code Dusain

S ALTIFEATIAL |04 14228 A 17, 3008
0OCO0000E GHz Radio Std; 1xEV-DO
. o Trig-Free Run ©h Type:Pilat Subeype- 041
EIFGain:Low #itten: 10 B Radie Device: BTS

Code Domain,

(Guad View)
I

Demod Bitsl>|

MUX Data
Demod Bits
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Forward Link Code Domain Measurements

Measurement Results

Figure 8-4

Figure 8-5

Press View/Display, Code Domain (Quad View) to display a combination view of

the magnitude error vs. symbol, phase error vs. symbol, and EVM vs. symbol graph
windows, with the modul ation summary results window. See Figure 8-4. Itisvisible
which modulation type used in the selected channels.

FL Code Domain Result - Code Domain (Quad View)
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sTATLE

Press View/Display, Demod Bits to display a combination view of the code domain
power, symbol power graph windows, and the I/Q demodulated bit stream data for
the symbol power slots selected by the measurement interval and measurement offset
parameters. Consistently with Code Domain (Quad View), it shows the demodul ated
data bits of the selected code channel.

FL Code Domain Result - Demod Bits View

Tl Agilent 15EV.0 - Forwasd Link Code Dosain
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GHz
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I
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Demod Bits

The Demod Bits View displays the same Code Domain Power and Symbol Power
windows as the Code Domain (Quad View) shownin Figure 8-4.
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Measurement Results

The demodulated bit stream displayed is the data contained in the Measurement
Interval, dot #1. In the Symbol Power graph, thisis the data between the red vertical
lines; 1 slot, with no offset, so it isthefirst dot of the capture interval of 1 frame.

Press View/Display, MUX Data Demod Bitsto display the I/Q demodulated bit
stream data for the symbol power slots selected by the measurement interval and
measurement offset parameters.

Figure 8-6 FL Code Domain Result - MUX Data Demod Bits View

Tl Agilent 15EV.0 - Forwasd Link Code Dosain

CH Freg 1000000000 GHz
. o Trig: Externali ©h Type:Pilat
CIFGain:Low #itten: 10 B
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Rado Device: BTS

The Marker data indicates a Walsh Code position.

Figure 8-7 FL Code Domain Result - Marker
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Troubleshooting Hints

Troubleshooting Hints

Uncorrelated interference may cause CW interference like local oscillator feed
through or spurs. Another cause of uncorrelated noise can be 1/Q modulation
impairments. Correlated impairments can be due to the phase noise on the local
oscillator in the upconverter or 1/Q modulator of the unit under test (UUT). These
will be analyzed by the code domain measurements along with the QPSK EVM
measurements and others.

Poor phase error indicates a problem at the 1/Q baseband generator, filter, or
modulator in the transmitter circuitry of the UUT, or both. The output amplifier in
the transmitter can also create distortion that causes unacceptably high phase error.
In areal system, poor phase error will reduce the ability of areceiver to correctly
demodulate the received signal, especially in marginal signal conditions.
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9 Reverse Link Code Domain Measurements

KEYSIGHT

TECHNOLOGIES

This chapter explains how to make a code domain measurement on a IXEV-DO
mobile station (MS, or Access Terminal, AT). Thisisthe measurement of power
levels of the spread code channels across composite RF channels. The code power
may be measured relative to the total power within the 1.23 MHz channel bandwidth
centered at the center frequency. Code Domain measurement examples using a
IXEV-DO uplink (UL) signa are shown in this section.

59



Reverse Link Code Domain Measurements
Configuring the Measurement System

Configuring the M easurement System

Figure 9-1

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
of the MSto the RF input of the instrument.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the instrument.

4. Connect the system controller to the M S through the serial bus cable to control
the M'S operation.
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Setting the MS (Example)

Setting the M S (Example)

From the mobile station simulator or the system controller, or both, perform al of the
call acquisition functions required for the M S to transmit the RF power as follows:

Frequency: 1GHz
Output Power: -30dBm
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Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.
Sep 6.

Sep 7.

Sep 8.

Sep 9.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.

Press M ode Setup, Demad, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.

Press M eas, Reverse Link Code Domain to initiate the code domain measurement.
Press M eas Setup, More, | Long Code Mask and enter the Hex long code for I.
Press Q Long Code Mask and enter the Hex long code for Q.

If your IXEV-DO active channel signal is known, you may be able to take advantage
of apredefined Active Channel preset for synchronization.

Press M eas Setup, More, Active Code Channel, Predefined, Predefined Active
chan and select from the list of predefined Active Channels shown.

PressMarker and rotate the front-panel knob to position the marker. to put a marker
on the highest power channel.

Press Marker ->, Mkr-> Despread to initiate the despreading and decoding of the
marked channel to allow EVM and other error measurements to be conducted on the
channel.

If you have a problem, and get an error message, see the “Instrument Messages
Guide”.
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M easurement Results

The Reverse Link Code Domain measurement result should look similar to Figure
9-2. The graph window is displayed with a text window below it. The text window

shows the total power level aong with the relative power levels of the various
channels.

Figure 9-2 RL Code Domain Result - Power Graph & Metrics (Default) View

e p
000000000 GHz CH Freg: 1000000000 GHz

Trig: Free Run
SlFGainLow T #hter: 10 dB

-4.900 dBc
-43.262 dBc

Press View/Display, CDP Graph & CDE Graph to display a combination view of
the code domain power window and the code domain error window. See Figure 9-b.

Figure 9-3 RL Code Domain Result - CDP Graph & CDE Graph

71 Agilent 15EV.00 . Roverse Link Code Dumain

5 == e R
Center Freq 1.000000000 GHz CH Frag: 1.000000000 GHz

—. o Trig-Free Run

EIFGain:Low #itten: 10 B

D005 prig> saved

Press View/Display, 1/Q Error (Quad View) to display a combination view of the
magnitude error vs. symbol, phase error vs. symbol, and EVM vs. symbol graph
windows, with the modulation summary results window. See Figure 9-4.
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Measurement Results

Figure 9-4

Figure 9-5

RL Code Domain Result - 1/Q Error (Quad View)
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The original Code Domain Measurement is shown at the top left, while the Symbol
Power measurement of the marked |-data channel is at the top right.

The summary data at the lower right indicates peak and RMS EV M, magnitude and
phase errors, powers of the signal and the channel.

Press View/Display, Code Domain (Quad View) to display a combination view of
the code domain power, symbol power, and 1/Q symbol polar vector graph windows,
with a summary results window. See Figure 9-5.

RL Code Domain Result - Code Domain (Quad View)
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pritel » CH Freg 1000000000 GHz Radio Std; 1xEV-DO
Center Fregq 1.000000{?00 GHz - e i
SIFGain:Low Radio Devioe: M5

Code: W16(0) 76.Eksps BPSK

RMS EVM:

Pk EVM:
Magnitude Error:
Phase Error:

Total Pov =31,098 dBm
Channel Power: -7.921 dBc

Mss i/File <Scresn 0006 pag> saved

The results screen shows the data for the same code domain channel C2(2) that was
selected for despreading by the marker in the Code Domain Quad View in the
previous step.

Again, thisexample uses |-only datathat is effectively BPSK modulation for channel
C2(2), the phase error must therefore be zero.
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Figure 9-6

Reverse Link Code Domain Measurements
Measurement Results

Press View/Display, Demod Bits to display a combination view of the code domain
power, symbol power graph windows, and the I/Q demodulated bit stream data for
the symbol power slots selected by the measurement interval and measurement offset
parameters.

RL Code Domain Result - Demod Bits View

71 Agilent 15EV.00 . Roverse Link Code Dumain

TAL |04 170 g 17, 2008
Radio Std; 1xEV-DO
Subtype: 01

Rado Davice: MS

V@ Error,
(Guead View)
I

Code Domain
[Cuad View)
I

Demod Bitsk

uss iFile <Serean_DDOE prg= saved stans

The Demod Bits View displays the same Code Domain Power and Symbol Power
windows as the Code Domain (Quad View) shown in Figure 9-5 on page 64.

The demodulated bit stream displayed is the data contained in the Measurement
Interval, dot #0. In the Symbol Power graph, thisisthe data between the red vertical
lines; 1 dot, with no offset, so it isthe first slot of the capture interval of 1 frame.

The example below shows the marker at the Q channel at W4(2). The marker
channel is shown in dark blue, while other Walsh Code channels that are associated
with W4(2) are shown in light blue. The marker data indicates Code Domain Power
(CDP) and Code Domain Error (CDE) for the channel marked.
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Reverse Link Code Domain Measurements
Measurement Results

Figure 9-7 RL Code Domain Result - Marker
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T e —
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Nurm of Activ

-11.002 dBec
-1 2 dBc

sTaTUS
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Reverse Link Code Domain Measurements
Troubleshooting Hints

Troubleshooting Hints

Uncorrelated interference may cause CW interference like local oscillator feed
through or spurs. Another cause of uncorrelated noise can be 1/Q modulation
impairments. Correlated impairments can be due to the phase noise on the local
oscillator in the upconverter or 1/Q modulator of the unit under test (UUT). These
will be analyzed by the code domain measurements along with the QPSK EVM
measurements and others.

Poor phase error indicates a problem at the 1/Q baseband generator, filter, or
modulator in the transmitter circuitry of the UUT, or both. The output amplifier in
the transmitter can also create distortion that causes unacceptably high phase error.
In areal system, poor phase error will reduce the ability of areceiver to correctly
demodulate the received signal, especially in marginal signal conditions.
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Reverse Link Code Domain Measurements
Troubleshooting Hints
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Forward Link Modulation Accuracy (Waveform Quality) Measurements

10 Forward Link Modulation Accuracy
(Waveform Quality) Measurements

This section explains how to make the modulation accuracy (Waveform Quality)
measurement on a 1XEV-DO base station (BTS, or Access Network, AN).
Modulation accuracy is theratio of the correlated power in a multi-coded channel to
the total signal power. A Pass or Fail indication is shown in the Measurement Bar.

KEYSIGHT

TECHNOLOGIES
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Configuring the Measurement System

Configuring the M easurement System

The BTS under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure 10-1 Modulation Accuracy Measurement System
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1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the analyzer.

2. Connect a BNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

4. Connect the system controller to the M S through the serial bus cable to control
the BTS operation.
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Setting the BTS (Example)

Setting the BT S (Example)

From the system controller, or both, perform all of the call acquisition functions
required for the BTS to transmit the RF power asfollows:

Frequency: 1GHz
Output Power: —20dBm
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.
Sep 6.

Sep 7.
Sep 8.

Sep 9.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press Preset to preset the mode.

Press I nput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Press M ode Setup, Radio, Device and toggle the deviceto BTS.
Press M ode Setup, Radio, Pre-Defined | nterval/Offset to select the dot of interest.

Press M ode Setup, Demod, Physical L ayer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.

PressMeas, Forward Link Mod Accuracy (Waveform Quality) to initiate the
modulation accuracy measurement.

Press M eas Setup, Meas Slot Type and toggle to the desired type, either Active or
Idle.

Press M or e to check the keys available to change the measurement parameters from
the default condition.

If you have a prablem, and get an error message, see the “ Instrument Messages
Guide”.
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Measurement Results
M easurement Results

The Mod Accuracy 1/Q Polar Vector Constellation measurement result should ook
similar to Figure 10-2.

Figure 10-2 Measurement Result - 1/Q Measured Polar Graph (Default) View

T Agilent 14EV.00 - Furwasd Link Mod ccuracy

EEETT A ALIGHPLATI, 0540 15 AM Agr 18, 2008
CH Freq 1000000000 Gz Radia Std; 1xEV-D0
o Trig: Frae Run Subtype: 61
#itten 10 B Radbo Devioe: BTS

I/ Measured Polar Vector
Rho: 0.90096

EVI: 0.60 % rms
1.50 % pk
Peak CDE

at

The modulation constellation is shown, along with summary data for Rho, EVM,
Peak Code Domain Error, and phase and magnitude errors.

Press View/Display, Channel Peak/Avg Metricsto display aview of the
modulation summary result window.

Figure 10-3 Measurement Result - Polar Constellation View

T Agilent 14EV.00 - Furwasd Link Mod ccuracy

b ¢ —_ T I AL PEATIAL 73020 AM A 18, 008
pritel » CH Freg 1000000000 GHz Radio Std; 1xEV-DO
Center Fregq 1.UUUUUU{?UU GHz __ i L
W Gadac o #itten: 10 B Radie Device: BTS

Result Metrics

Measured Ch :

Msc iLFile <Sereen 0023 page saved

Press View/Display, 1/Q Error (Quad View) to display a combination view of the
magnitude error, phase error, and EVM graph windows.
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Measurement Results

Figure 10-4 Measurement Result - I/Q Error (Quad View)

Tl Agilent 15EV.00 - Forwasd Link Nod hecuracy.

7540 35, AM Agx 18,2008

T ET FEETT 1
prit e ¥ CH Freg 1000000000 GHz Radia Std: 1xEV-D0

Cl:l'!ll.r Freq 1.000000{?00 GHz e Run Subtpe 041

PAS = FGat s #atten: 10 A Radio Device: BTS

Measured Ch: Pilot
Peak Hold

liaMeasured
Polar Graph
I
Result Metrics
(One-Slat)

Channel

Msc iLFile <Sereen_0024.page saved

Press View/Display, Code Domain Power to display a combination view of the
code domain graph window and the metrics window.

Figure 10-5 Measurement Result - Code Domain Power

Tl Agilent 15EV.00 - Forwasd Link Nod hecuracy.
e Setwp Wule Mesnre LGy ndm Hep
L =

590 4 AM g 18,2008
Radio Std; 1xEV-DO
Subtype: 01

L :
Center Freq 1.000000000 GHz
Radio Device: BTS

Msc iLFile <Sereer_0026.pag» saved
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Troubleshooting Hints

Troubleshooting Hints

Poor phase error often indicates a problem with the I/Q baseband generator, filters,
or modulator, or all three, in the transmitter circuitry of the unit under test (UUT).
The output amplifier in the transmitter can also create distortion that causes
unacceptably high phase error. In area system, apoor phase error will reduce the
ability of areceiver to correctly demodul ate the received signal, especially in
marginal signal conditions.
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Forward Link Modulation Accuracy (Waveform Quality) Measurements
Troubleshooting Hints
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Reverse Link Modulation Accuracy (Waveform Quality)

117 Reverse Link Modulation Accuracy
(Waveform Quality)

This section explains how to make the modulation accuracy (composite EVM)
measurement on a 1XEV-DO mobile station (M S, or Access Terminal, AT).

Modulation accuracy is theratio of the correlated power in a multi-coded channel to
thetotal signal power.

KEYSIGHT

TECHNOLOGIES
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Reverse Link Modulation Accuracy (Waveform Quality)
Configuring the Measurement System

Configuring the M easurement System

Figure 11-1

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Modulation Accuracy Measurement System

SIGNAL GENERATOR CONTROLLER
L N [

s

o

10 MHz OQUT RF QUTPUT
Frequency
Reference
EXT REF IN
y N
' = EEEEE
= =5B88888 o
% @OEEE S Serial B
O|:=| OO0 ooo oo o @ &og @._./ erial bus )
- RF INPUT
MXA

1. Using the appropriate cables and adapters, connect the output signal of the MSto
the RF input of the analyzer.

2. Connect the signal generator to the M S through the circulator to initiate alink
constructed with the sync and pilot channels, if required.

3. Connect aBNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Connect the system controller to the MS through the serial bus cable to control
the M S operation.
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Reverse Link Modulation Accuracy (Waveform Quality)
Setting the MS (Example)

Setting the M S (Example)

From the system controller, or both, perform all of the call acquisition functions
required for the MS to transmit the RF power as follows:

Frequency: 1GHz
Output Power: -30dBm
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Reverse Link Modulation Accuracy (Waveform Quality)
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.
Sep 4.
Sep 5.

Sep 6.
Sep 7.

Sep 8.

Sep 9.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.

Press M ode Preset to preset the mode.

Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Radio, Pre-Defined I nterval/Offset to select the slot of interest.

Press M ode Setup, Demad, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.

Press M eas, Reverse Link Mod Accuracy (Waveform Quality) to initiate the
modulation accuracy (composite EVM) measurement.

If your IXEV-DO active channel signal is known, you may be able to take advantage
of apredefined Active Channel preset for synchronization.

Press M eas Setup, More, Active Code Channel, Predefined, Predefined Active
chan and select from the list of predefined Active Channels shown.

If your signal has more than 1 Active Channel, you need to press M eas Setup,
More, More, Advanced, M ore, and toggle Multi Channel Estimator to On.

If you have a prablem, and get an error message, see the “Error M essages Guide”.
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Reverse Link Modulation Accuracy (Waveform Quality)
Measurement Results

M easurement Results

The Mod Accuracy 1/Q Polar Vector Constellation measurement result should ook
similar to Figure 11-2.

Figure 11-2 Measurement Result - 1/Q Measured Polar Graph (Default) View

Tl Agilens 15EV.00 - Ruverse Link Mod Aecuracy

T ol i T ALTHPEATIAL 3727 AW Apr 18,2008

Center Freq 1.000000000 GHz 000000000 Radia Std: T:EV-00
e ] —3. _— Subtype: 61

PASS Radbo Devioe: MS

Slot# 0 (1H)
Rho: 0.90906
EVM: 0.6

1.5

The modulation constellation is shown, along with summary data for Rho, EVM,
Peak Code Domain Error, and phase and magnitude errors. The number of Active
Channels and the Slot Number is shown at the bottom of the Polar Vector window.

Figure 11-3 Measurement Result - Channel Peak/Avg Metrics View

T Agilent 15EV.000 - Ruverse Link Mo Accuracy
Ele etp Wb Nexe Uy Wede Hep
L ET FEETT T ALTGHPEATIAL |73 3503 AM agx 18, 2008
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—— ] : oo Trig: Frae Run Subtype: 61
AW GacHigh #itten: 10 B Radie Devioe: W&

First Half

Average Peak Hold

Polar Graph
I

Channel
Peakifvg
Metrics,

I
VQError

(Guead View)
I

Code I]nmﬂ'lb
Power

uss iFile <Screen_0D19.pag= saved

Press View/Display, 1/Q Error (Quad View) to display a combination view of the
magnitude error, phase error, and EVM graph windows.

81



Reverse Link Modulation Accuracy (Waveform Quality)
Measurement Results

Figure 11-4 Measurement Result - I/Q Error (Quad View)

T Agilent 15EV-D0 - Rovarsé Link Nod Accuracy. 1= 5]
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Mss 3 File <Screen_0020.pag> saved

Press View/Display, Code Domain Power to display a combination view of the
CDP graph and text windows.

Figure 11-5 Measurement Result - Code Domain Power View

71 Agilent 15EV-00 - Roverse Link Mod Accuracy
e Setwp Wule Mesnre LGy ndm Hep
L =
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Reverse Link Modulation Accuracy (Waveform Quality)
Troubleshooting Hints

Troubleshooting Hints

A poor phase error often indicates a problem with the 1/Q baseband generator, filters,
or modulator, or all three, in the transmitter circuitry of the unit under test (UUT).
The output amplifier in the transmitter can also create distortion that causes
unacceptably high phase error. In area system, apoor phase error will reduce the
ability of areceiver to correctly demodul ate the received signal, especially in
marginal signal conditions.
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Troubleshooting Hints

84



Power vs. Time (PvT)

12 Power vs. Time (PvT)

KEYSIGHT

TECHNOLOGIES

This section explains how to make an 1XEV-DO Power versus Time (PvT)
measurement on an 1XEV-DO base station (BTS, or Access Network, AN). Good
PvT measurement results verify that the transmitter output power has the correct
amplitude, shape, and timing for the 1XEV-DO format. The analyzer, by default,
measures the Power vs. Time of theidle slot type signal. A Passor Fail indicationis
shown in the Measurement Bar.
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Power vs. Time (PvT)
Configuring the Measurement System

Configuring the M easurement System

This example shows a base station (BTS) under test set up to transmit the RF power,
and being controlled remotely by a system controller. The transmitting signal is
connected to the analyzer RF input port. Connect the equipment as shown.

Figure 12-1 Measurement System
Frequency Reference ™\
Trigger

CONTROLLER TRIGGER1 IN EXT REF IN
P / \ 9

' EEEEER
=5| 58588886
=2|0208e8 &

0 O|:::| ODo 000 00 O @ EEE

"RF
- MXA INPUT
BTS Qutput l_l ﬁ
\. { Atten }

1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the analyzer.

2. Connect aBNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the BTS to the TRIGGER1
IN port of the analyzer.

4, Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.
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Power vs. Time (PvT)
Setting the BTS (Example)

Setting the BT S (Example)

From the base transmission station simulator and the system controller, set up a call
using loopback mode for the BTS to transmit the RF power as follows:

Frequency: 1GHz
Output Power:  —10dBm
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Power vs. Time (PvT)
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.
Sep 6.
Sep 7.
Sep 8.

Press M ode, 1XEV-DO to enable the 1XEV-DO mode measurements.
Press Mode Preset to preset the analyzer.

Press I nput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Demod, Physical Layer SubTypeto select the desired SubType.
Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.

Press M eas, Power vs Timeto initiate the 1IXEV-DO Power vs. Time measurement.
Press Trigger to select the appropriate trigger source External 1.

If no measurement is performed and only ayellow ‘*’ symbol displays on the top
right of the screen, you need to check the trigger settings and connections.

NOTE

Accurate PvT measurements of burst signals require the analyzer to be perfectly
synchronized with the signal of interest. Thisis usually accomplished through use of
the measurement Trigger functions.

Sep 9.

Press M eas Setup to check the keys available to change the measurement parameters
from the default condition.

88



Power vs. Time (PvT)
Measurement Results

M easurement Results

The Power vs. Time measurement result should look similar to Figure 12-2. The
burst power, the region masks and limit lines are displayed in the graph window. The
average power levels, maximum and minimum peak levels, and delta valuesto the
limit, along with the power reference, the burst length and the first error point are
shown in the text window.

Figure 12-2 PvT Result - Burst (Default) View

T Agilent 15E-00 - Puswes s Time
n e

4 1.000000000 GHz
. P Trig-Periodsc Timer  AuglHold S128812  Subtype:
FGainLow  Mten: 10 dB (Elec 5] Radbo Devioe: BTS
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——
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41283338 RegionB
—
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Press View/Display, Rise & Fall to obtain the horizontally expanded rising and
faling edges as shown in Figure 12-3.

Figure 12-3 PvT Result - Rise & Fall View

T Agilent 15E-00 - Puswes s Time
n e

4 1.000000000 GHz
. P Trig-Periodsc Timer  AuglHold S128812  Subtype:
iFGainLow  Mten:10 dB (Elec 5] Radbo Devioe: BTS

Msc i File <PyT_1_D0D0prg> saved

Press View/Display, Region B or Region C to observe the horizontally expanded
regions respectively. See Figure 12-4 and Figure 12-5.
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Power vs. Time (PvT)
Measurement Results

Figure 12-4 PvT Result - Region B View

T Agilent 15E-00 - Puswes s Time [Prototype - Limiied Sale Alivwe)
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Figure 12-5 PvT Result - Region C View

T Agilent 155V DO - Power v Time [Prototype - Limited Sale Allowed)
in T ENCE T IGHALT 10:40:08 P Apr 17, 2008
& 1 0000000 GHz Radsa Std: THEV-DO
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The Scale/Div key under the Span/X Scale menu can also be used to enlarge your
view of thissignal.

If you have a problem, and get an error message, refer to the Instrument Messages
manual .
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Power vs. Time (PvT)
Troubleshooting Hints

Troubleshooting Hints

The Power vs. Time measurement can reveal degraded or defective partsin the
transmitter section of the UUT. The following examples are those areas to be
checked further:

» Some problemsin the DC power supply control of the transmitter power
amplifier, RF power controller of the pre-power amplifier stage, or 1/Q control of
the baseband stage.

» Some degradation in the gain and output power level of the amplifier due to the
degraded gain control and/or increased distortion.

» Some degradation of the amplifier linearity and other performance
characteristics.

Power amplifiers are one of the fina stage elements of a base or mobile transmitter
and are acritical part of meeting the important power and spectral efficiency
specifications. Since PvT measures the time domain response of the amplifier to a
complex wideband signdl, it is a key measurement linking amplifier linearity and
other performance characteristics to the stringent system specification.
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QPSK EVM Measurements

13 QPSK EVM Measurements

This chapter explains how to make a QPSK error vector magnitude (EV M)
measurement on a 1IXEV-DO base station (BTS, or Access Network, AN). QPSK
EVM isameasure of the phase and amplitude modulation quality that relates the
performance of the actual signal compared to an ideal signal as a percentage, as
calculated over the course of the ideal constellation.

KEYSIGHT

TECHNOLOGIES
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QPSK EVM Measurements
Configuring the Measurement System

Configuring the M easurement System

Figure 13-1

The BTS under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.
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1. Using the appropriate cables and adapters, connect the output signal of the BTS
to the RF input of the analyzer.

2. Connect aBNC cable between the 10 MHz OUT port of the BTS and the EXT
REF IN port of the analyzer.

3. Using aBNC cable, connect the trigger signal from the BTS to the TRIGGER1
IN port of the analyzer.

4. Connect the system controller to the BTS through the serial bus cable to control
the BTS operation.
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QPSK EVM Measurements
Setting the MS

Settingthe M S

From the base transceiver station simulator or the system controller, or both, perform
all of the call acquisition functions required for the M S to transmit the RF power as

follows:
Frequency: 1GHz
Output Power:  —-30dBm
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QPSK EVM Measurements
Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.

Sep 4.
Sep 5.

Sep 6.
Sep 7.
Sep 8.

Sep 9.

Sep 10.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.

Press I nput/Output, External Gain, BT S and enter the appropriate attenuation
values and —dB depending on the external attenuator connected to the analyzer.

Press M ode Setup, Radio, Device and toggle the deviceto BTS.

Press M ode Setup, Demad, Physical Layer SubTypeto select the desired SubType,
like Sub Type O/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press Meas, QPSK EVM to initiate the QPSK EVM measurement.
Press Trigger to select the appropriate trigger source External 1.

If no measurement is performed and only ayellow ‘*’ symbol displays on the top
right of the screen, you need to check the trigger settings. You need the correct
trigger signal to make the CCDF measurement.

Press M eas Setup to see the keys that are available to change measurement
parameters from their default condition.

Press M eas Offset & Interval, and input values for Offset and Interval directly to
align the Pilot channel period with the measurement window. Or, you can preset
Pilot values by pressing M ode Setup, Radio, Pre-Defined I nterval/Offset and
selecting the appropriate preset Pilot values that will be used in the measurement.

Press View/Display, 1/Q Error to display a combination view of the magnitude
error, phase error, EVM graph windows, and the modulation summary result
window.

NOTE

In the View/Display menu, the Display key and the |Q Measured Polar Graph key
has an arrow in the right middle of the button. If the arrow is hollow, you need to
pressthe key to select the view and the hollow arrow turns solid, If you press the key
again, the view settings about this view will be displayed.

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’.
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M easurement Results

The QPSK EVM 1/Q Measured Polar Vector measurement result should look like
Figure 13-2. The measurement values for modulation accuracy are shown in the

Figure 13-2

Figure 13-3

summary result window.

QPSK EVM Measurements
Measurement Results

The PASS/FAIL inthetop left corner indicatesthe limit test result. You can manually
set the Limits (under Meas Setup menu) of RMS EVM and Freq Error. If some items
do not pass the limit test, the related item will be marked with red “F".

In the Advanced menu, you can use the EVM Result 1/Q Offset key to include or
exclude the 1/Q origin offset in the measurement resullts.

QPSK EVM Result - Polar Vector/Constellation (Default) View
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Press View/Display, 1/Q Measured Polar Graph, I/Q Polar Vec/Constin,
Constellation to display aview of the 1/Q measured polar constellation graph

window and the modulation summary result window.

QPSK EVM Result - 1/Q Constellation View
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TG ALIT 113757 A 17, 2008
Radio Std; 1xEV-DO
Sl L]

T Agilent 15EV.00 . OPSK EVM
CH Frag 1000000000 G-z
Trig: Externalt Hueg|Hold: THO ’
Aten- 10 dB (Elec 6] Radbo Devioe: BTS

EE=

Wiew Settings.

i@ Palar

Vec/Constink
Constellation

I’ Measured Polar Vector

Phase Error:
12.09° 11.74°

Freq Error:

1242 Hz

IiQ Origin Offset:
-32.43 dB
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Measurement Results

Press View/Display, 1/Q Error to display a combination view of the magnitude
error, phase error, EVM graph windows, and the modulation summary result
window.

Figure 13-4 QPSK EVM Result - 1/Q Error View

* Agilent 1xEV-DO - OPSK EVM

TN L4551 PV ey 17,3008
000000000 GHz Radio Std: 1xEV-D0
Trig: Externall AvglHold: 5/10 Subtype: 0/1

Input: RF el > Devi
IFGain:Low 10 4B Radio Device: BTS

RMS EVM:

Il pxEvm:

|| mag Error;
{ Il PhaseEmor:
Freq Error:

1iQ Origin Offset;

usa sTATUS
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Troubleshooting Hints

Poor phase error indicates a problem with the I/Q baseband generator, filters, or
modulator, or al, in the transmitter circuitry of the unit under test (UUT). The output
amplifier in the transmitter can also create distortion that causes unacceptably high
phase error. In area system, poor phase error will reduce the ability of areceiver to
correctly demodulate the received signal, especially in marginal signal conditions.
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Monitor Spectrum Measurements

14 Monitor Spectrum Measurements

This chapter explains how to make a Monitor Spectrum measurement on a 1IXEV-DO
mobile station (MS, or Access Terminal, AT). Monitor Spectrum measurements
show a spectrum domain display of the IXEV-DO signal.

KEYSIGHT

TECHNOLOGIES
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Monitor Spectrum Measurements
Configuring the Measurement System

Configuring the M easurement System

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure 14-1 Measurement System
SIGNAL GENERATOR CONTROLLER
. S -
— -_— D
10 MHz OUT RF ouTPm&/
Trigger
Frequency Sig?r'?al
Reference
TRIGGER
EXT REF IN 1IN
L h
E=| E88888
== I=l=l=1=]=1=X+]
El808.E .
O (= ooo coo EIEI:E @ EEE (;. I Serial Bus J
" RF INPUT
MXA

ms_test_setup

1. Using the appropriate cables and adapters, connect the output signal from the MS
to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

5. Connect the system controller to the MS through the serial bus cable to control
the M'S operation.
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Setting the M S (Example)

From the base transceiver station simulator or the system controller, or both, perform
all of the call acquisition functions required for the M S to transmit the RF power as

follows:
Frequency: 1GHz
Output Power:  —20dBm
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M easurement Procedure

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.

Sep 6.
Sep 7.
Sep 8.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.
Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Demod, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press Sweep/Control, Gate and toggle the Gate to On. Press M ore, Gate Source
and select the desired gate source External 1.

If no measurement is performed and ayellow ‘*’ symbol displays on the top right of
the screen, you need to check the gate settings. You need the correct gate signal to
make the Channel Power measurement.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press M eas, Monitor Spectrum to initiate the Monitor Spectrum measurement.

Press SPAN X Scale, enter anumerical span using the front-panel keypad, and select
aunits key, suchas MHz.

NOTE

A display with a Spectrum window appears when you activate a Spectrum
measurement. Changes to the FREQ, Span, or AMPTD settings will affect only the
active window.

Sep 9.

Sep 10.

Press Trace/Detector, Select Trace and select the trace(s) desired for display, then
toggle Display to Show.

Press M eas Setup to check the keys available to change the measurement parameters
from the default condition.

If you have a problem, and get an error message, see the “ Instrument Messages
Guide’.
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M easurement Results

The Monitor Spectrum measurement result should look like Figure 14-2.

Figure 14-2 Monitor Spectrum Result

Tl Agilent 15EV.00 . Monitor Spectius:

- = EEE T I ALTGHFERTE 422 0 PV A 17, 2008
Center Freq 1.000000000 GHz CH Frag: 1.000000000 GHz 260 SM“:EV-DD
L -

o Trig-Free Run .
W Gadnc o #itten: 10 B Radie Device: BTS

Ref -10 dBm

Center 1 GHz Span 2 MHz
Res BAW 30 kHz VEW 300 kHz Sweep 2.067 ms
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1Q Waveform

15 1Q Waveform

This chapter explains how to make an 1Q Waveform measurement on a 1XEV-DO
mobile station (MS, or Access Terminal, AT). The measurement of | and Q

modulated waveforms in the time domain disclose the voltages which comprise the
complex modulated waveform of adigital signal.

KEYSIGHT
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Configuring the Measurement System

Configuring the M easurement System

The M S under test must be set to transmit the RF power remotely through the system
controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Figure 15-1 Measurement System
SIGNAL GENERATOR CONTROLLER
. S -
— -_— D
10 MHz OUT RF ouTPm&/
Trigger
Frequency Sig?r'?al
Reference
TRIGGER
EXT REF IN 1IN
L h
E=| E88888
== I=l=l=1=]=1=X+]
El808.E .
O (= ooo coo EIEI:E @ EEE (;. I Serial Bus J
" RF INPUT
MXA

ms_test_setup

1. Using the appropriate cables and adapters, connect the output signal from the MS
to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the MS
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and
the EXT REF IN port of the analyzer.

4. Using aBNC cable, connect the trigger signal from the base transceiver station
simulator or signal generator to the TRIGGERL IN port of the analyzer.

5. Connect the system controller to the MS through the serial bus cable to control
the M'S operation.
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Setting the M S (Example)

From the base transceiver station simulator or the system controller, or both, perform
all of the call acquisition functions required for the M S to transmit the RF power as

follows:
Frequency: 1GHz
Output Power:  —-30dBm
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Measurement Procedure

M easurement Procedure

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.
Sep 6.
Sep 7.

Sep 8.

Sep 9.

Step 10.

Sep 11

Sep 12.

Press M ode, 1XEV-DO to enable the 1XEV-DO measurements.
Press M ode Preset to preset the mode.
Press M ode Setup, Radio, Device and toggle the deviceto M S.

Press M ode Setup, Demod, Physical Layer SubTypeto select the desired SubType,
like Sub Type 0/1.

Press FREQ Channel, 1, GHz to set the center frequency to 1 GHz.
Press M eas, | Q Waveform to initiate the 1Q Waveform measurement.
Press Trigger to select the appropriate trigger source External 1.

If no measurement is performed and only ayellow ‘** symbol displays on the top
right of the screen, you need to check the trigger settings. You need the correct
trigger signal to make the CCDF measurement.

Select the view.
Press View/Display and toggle the view between RF Envelope and | Q Waveform.

Pressthe AMPTD Y Scale, and down arrow keys until the waveforms are shown at
aconvenient voltage scale for viewing.

Press the SPAN X Scale, and down arrow keys until the waveforms are shown at a
convenient time scale for viewing.

PressMarker, Select Marker to activate a marker and press Properties, Marker
Trace to select the appropriate trace in the current view. Rotate the front-panel knob
until the marker is shown at adesired time in the waveform for viewing the trace
values at the time position of the marker.

Press the M eas Setup key to see the keys available to change the measurement
parameters from the default condition.

If you have a problem, and get an error message, see the “Instrument Messages
Guide".
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M easurement Results

The default display shows the RF Envelope with the current data. The measured
values for the Mean Power (entire trace) and Peak-to-Mean power are shown in the
text window. See Figure 15-2.

Figure 15-2 Waveform Result - RF Envelope (Default View)

T agilent 135V-00 10 Waviterm

CH Frag 1000000000 Gz

W Trig: Externalt
B Gaie L o #itten: 10 B

Mean Pwr (Entire Trace) Current Data
-34.08 dBm
Phac-Mean 13.24 dB

The 1Q Waveform window provides aview of thel (yellow trace) and Q (blue trace)
waveforms on the same graph in terms of voltage versustime in linear scale. See
Figure 15-3.

Figure 15-3 Waveform Result —1/Q Waveform View

CH Frag: 1.000000000 GHz
itz RF T Trig: Externalt
C
IFGain:low #Atten: 10 dB

0.0000 m:
IFEW 13000 MHz

00001 simpiptes
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16 Using Option BBA Baseband I/Q Inputs
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Using Option BBA Baseband 1/Q Inputs
Baseband 1/Q Measurements Available for X-Series Signal Analyzers

Baseband I/Q M easurements Available for X-Series Signal Analyzers

The following table shows the measurements that can be made using Baseband 1/Q
inputs:

Table 16-1 BBIQ Supported Measurements vs. Mode

Mode Measurements

GSM IQ Waveform
GMSK Phase & Freq
EDGE EVM

802.16 OFDMA IQ Waveform
Power Stat CCDF
Modulation Analysis

TD-SCDMA Q Waveform
Power Stat CCDF
Code Domain
Mod Accuracy

Cdma2000 1Q Waveform
Power Stat CCDF
Code Domain
Mod Accuracy
QPSK EVM

1xEV-DO 1Q Waveform

Power Stat CCDF

Forward Link Code Domain
Reverse Link Code Domain
Forward Link Mod Accuracy
Reverse Link Mod Accuracy
QPSK EVM

|Q Analyzer (Basic) |Q Waveform
Complex Spectrum
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Baseband I/Q Measurement Overview

Baseband |/Q Measurement Overview

The Baseband 1/Q functionality is a hardware option, Option BBA. If the option is
not installed in the instrument, the 1/Q functionality cannot be enabled.

The Baseband 1/Q option provides four input ports and one Calibration Output port.
Theinput portsare |, I-bar, Q, and Q-bar. The | and |-bar together compose the |
channel and the Q and Q-bar together compose the Q channel. Each channel has two
modes of operation:

Single Ended

(unbalanced) In this mode, only the main port (I or Q) is used and the
complementary ports (I-bar or Q-bar) isignored. Thel and Q
ports are in single-ended mode when Differential “ Off” is
selected.

Differential

(balanced) In this mode, both main and complementary ports are used. To
activate thismode, select Differentia “On” fromthe |l and Q Setup
softkey menus.

The system supports a variety of input passive probes aswell asthe Keysight 1153A
active differential probe using the infinimax probe interface.

NOTE

To avoid duplication, this section describes only the details unique to using the
baseband I/Q inputs. For generic measurement details, refer to the previous“Making
Measurements’ sections.

Sep 1.

Sep 2.

Sep 3.

Sep 4.
Sep 5.

To make measurements using baseband 1/Q Inputs, make the following selections:
Select a measurement that supports baseband 1/Q inputs.

Select the 1/Q Path
Press I nput/Output, 1/Q, 1/Q Path. Select from the choices present on the screen.
The path selected is shown at the top of the measurement screen.

Select the appropriate circuit location and probe(s) for measurements. For details see
“Selecting Input Probes for Baseband Measurements” on page 155.

Select baseband 1/Q input connectors.

If you have set the 1/Q Pathto 1+jQ or to | Only, press| Setup.
A. Select whether Differential (Balanced) inputsis On or Off.
B. Select the input impedance, Input Z.

C. Input a Skew value in seconds.

D. Set up the |l Probe by pressing | Probe

a. Select probe Attenuation
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Sep 6.

Sep 7.

Sep 8.

Sep 9.

b. Calibrate the probe. Press Calibrate... to start the calibration procedure.
Follow the calibration procedure, clicking Next at the end of each step.

If you have set the I/Q Path to I+jQ or to Q Only, press Q Setup
A. Select whether Differential (Balanced) inputsis On or Off.
B. Select theinput impedance, Input Z.
C. Input a Skew value in seconds.
D. Set up thel Probe by pressing | Probe

a. Select probe Attenuation

b. Calibrate the probe. Press Calibrate... to start the calibration procedure.
Follow the calibration procedure, clicking Next at the end of each step.

Select the reference impedance by pressing Reference Z, and inputting avalue from
one ohm to one megohm. The impedance selected is shown at the top of the
measurement screen.

If you using cables that were not calibrated in the probe calibration step, press 1/Q
Cable Calibrate... Follow the calibration procedure, clicking Next at the end of each

step.

After completing the baseband 1Q setup procedures, make your desired
measurement.
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17 Concepts

This chapter provides details about the 1XEV-DO communications system, and
explains how the various measurements are performed by the instrument.
Suggestions for optimizing and troubleshooting your setup are provided, along with
alist of related Keysight documents that are referenced for further information.
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What Is the TxEV-DO System?

What Isthe 1IXEV-DO System?

1xEV-DO isthe name applied to the first single-channel evolution (1XEV) of a
3GPP2 communications system optimized for dataonly (-DO). As 1XEV-DO has
evolved from the cdma2000 voice system and has structural similarity to cdma2000,
this discussion will also describe the differences between 1XEV-DO and cdma2000.

RF Characteristics

1IXEV-DO useswhat is known as High Rate Packet Data, using the same final spread
rate of 1.2288 Mcps as does cdma2000 SR1. It also usesthe same digital filter to
reduce the final modulation bandwidth, with the result that 1XEV-DO is spectrally
compatible with cdma2000 SR1. Both 1XEV-DO and cdma2000 SR1 can utilize the
same amplifiers, combiners, and antennas to reduce the installation cost of
IXEV-DO.

Although 1xEV-DO is compatible with much existing cdma2000 infrastructure, the
two systems may not simultaneously occupy the same channel. Each 1XEV-DO
channel requires apaired 1.25 MHz clear channel, therefore it can not be overlaid
with cdma2000 channels.

1xEV-DO requires an operator to dedicate a single CDMA channel (1.25 MH2z) to
the packet-data system. This channel cannot carry any voice. The system uses the
exact chip rate and emission filters that are used in cdma2000 and 1S-95 CDMA
systems, so the new system is spectrally identical to the legacy systems.

Forward Link

IXEV-DO relies on the Global Positioning System (GPS) for intercell
synchronization, in the same manner as cdma2000. The 1IXEV-DO system is well
suited for data transmission in the forward link, asit is optimized for high speed
packet data communications from ANs (base stations) to ATs (mobile stations).
Average delivery rates of about 600 kHz per sector on a continuous basis have been
demonstrated. When compared to the recent 1S-95-B design in cdma2000, 1XEV-DO
shows about a 6 times improvement in the overall network data rate.

Thelargest contribution to overall increased data throughput isthe ability of 1XEV to
negotiate for increased data rates for individual users or mobiles, as only one user is
served at atime. This and other contributing factors are described in detail in the
Design Elements section below.
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Figure17-1

Forward Link Channel Sructure (Rev A)
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Forward
I
I I I |
Medium
Pilot Access Cantrol Traffic
Contral
I
I I I I
Reverse Reverse
e DRCLock Power ARQ
Activity Control
Frame Structure

The frame structure is different from that used for cdma2000 and 1S-95 systems, as
they are based on 20 ms frames set by the codec for speech. The frame period for
1IXEV-DO is 26.667 ms, which is also the period of one pilot channel. Each frameis
divided up into 16 slots of 1.667 ms.

1 frame (32768 chips)

1 slot {2045 chire)

Design Elements

1frame = 16 slots = 26.66Tms = 32768 chips
1 slot = 1.667 ms = 2048 chips

When compared to a voice communication system of cdma2000, the following
design elements of the forward link contribute to raise the data rate:

* Full power - The cell isaways at full power, resulting in no overhead needed for
statistical variations of multiple users.

* Best serving cell - When in soft handoff, the mobile selects the best serving cell
and can only regquest and receive data from that cell.

» Efficient datadelivery - The base station can send datato a mobile at times when
itsrate request is higher than the running average of the base station, and will
avoid sending data when the requested rate is lower than the running average.

1

19



Concepts
What Is the TxEV-DO System?

The forward link is always transmitted at its full power, using arate control scheme
instead of a power control scheme, asin cdma2000. The datais TDM (time division
multiplexed) to the various users or mobiles, with only one being served at any time.
Each mobile measures signal-to-noise ratio (S/N) on the forward link pilot every
dot, 1.667 ms, and sends a data rate request to the base station every 1.667 ms. The
base station decides which mobile should be served next. The maximum data
transfer from the network will be achieved if only the most favorable links get
served, however, thisis accomplished at the expense of the distant users.

Forward Channel TDM Sructure

The following four different channels are used and are Time Division Multiplexed
(TDM):

» Traffic Channel - The datafollowing the turbo coder is scrambled by mixing with
a PN sequence, the initial state of which isbased on known parameters, and is
unique for each user. At the same initial value of the PN sequence, every packet
starts. QPSK modulation is used for datarate up to 1.2288 Mbps. Higher order
modulation, with either 8PSK with 3 bits per symbol or 16QAM with 4 bits per
symbol, is used for higher datarates. The levels of the | and Q symbols are
mathematically chosen so that the average power becomes 1. The | and Q
channels are mapped into 16 parallel Walsh covers, each of length 16. The | and
Q outputs with the Walsh covers signals are added.

* Preamble - At the beginning of the transmission to one user, thereis a preamble
that isembedded in the data. This preamble containsthe user ID for the data, and
its repeat rate is determined by the data rate; lower data rates require higher
repeat values. At its largest, the preamble will fill more than a half the first slot.

*  Medium Access Control (MAC) - Thislayer consists of the reverse power control
(RPC) and thereverse activity (RA). The power control bitsare sent in parallel to
all mobiles with an open connection. Each oneis assigned a different 64-bit
Walsh code which gets transmitted on either the | or Q channel. The codes 0
through 3 are reserved. The Walsh code 4 isthe RA cover. The Walsh codes 5
through 63 are allocated to RPC. One Walsh codeis allocated for power control
to each active reverse link. Power control bitsfor all of the reverse links are sent
in parallel as part of the MAC channel. These are made of 4 repetitions of an
assigned Walsh code of length 64. The RA channel is used to indicate that the
sector is busy decoding multiple reverse link signals.

» Pilot - The pilot signal is gated on for only 192 chips per dot. The differentiator
between the cell and the sector is still the PN offset of the pilot channel.
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The basic TDM structure of the 1XEV-DO isillustrated bel ow.

| \
Traffic/ 11016 || yoory > g
control channel Demux | | over >
Q
W3ZINV (W32) |
Preamble >
(All 0's) P
1 repeat 0=
Q
WM
=il |
RPC —~ | |TOM
Even =1 > - Q
MAC 0dd=Q .
RA — a
o]
4
64
WU —*
Pilot .
(Al 0's) -
0>
Q /

The data structure per slot can beillustrated as follows:

Active Slot
&—— 1024 chips = half slot >< 1024 chips = half slot ———
] Pilot Pilot
Data Data Data Data
a00chips |54 oons %4 400 chips a00chips |34 ouios %4 400 chips
Preamble MAC MAC MAC MAC
64to 1024 chips
Idle Slot
Pilot Pilot
------------------ 64 96 [64F--------------em-comemeooe———-164| 96 |B4}----------------o
chips chips
MAC MAC MAC MAC
1.667 ms

Forward Link Coding

Theinput datais encoded with aturbo coder, which can provide up to 3 dB better
performance than an equivalent convolutional encoder. The data is then scrambled
with acode that is unigue to each user, providing security. Finally the datais mapped
into | and Q values. At lower rates, aternate bits map directly into | and Q with
QPSK modulation, which resultsin two bits per symbol. For higher rates, the
mapping is at three bits per symbol, which is 8 PSK. At the highest data rates, the
mapping is four bits per symbol, which resultsin 16 QAM modulation. It should be
noted that after modulation the | and Q signals become signed modulation values.
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217 Scrambler
|
—>
Turbo QPSK, 8PSK,
E— 160AM
coder . Q
data mapping >

Theresulting | and Q symbols from the first encode and modul ate are then mapped
into the process shown in figure 5. First, thereisarate-matching function. In general,
thiswill provide repeats of the input data to the output data so that the output data
rate is exactly 1.2288 Msps. The second operation isto demultiplex the | and Q data
streamsinto 16 parallel | and Q data sets. Each of the data sets gets coded with one of
the 16 Walsh covers of length 16. Finaly, all the | and Q signals are added together
asthe final baseband signals, ready for passing through band-limiting low-pass
filters (the sameasisused in IS-95 CDMA) and fina 1/Q modulation. Thisfinal step
does not add gain to the system; the signal starts with one complex channel that is
multiplexed into 16 parallel paths. Each of these paths gets coded with 16 times the
gain of the original signal. However, there are 16 of these channels each with 1/16
the power; so there is 16 times the processing gain, but 1/16 the power, for a net
unity gain. This process provides some added time diversity and puts more
randomness into the final signal for transmission

The performance of a 1IXEV-DO system is anticipated to have an average rate of
about 600 kbps from each sector of each cell in anetwork. Thisis about three times
better than the cdma2000 forward link.

76.8 ksps 1228.8 ksps
— 1
— 1 |
—Q Walsh 0 summer [ |
>
— Q
ate 1228.8 ksps 1into 16 76.8 ksps 1228.8 ksps
| —»{ matching: > mapping — Iv__ .
q —»| repeats. > for f—0Q
punctures | 1228.8ksps | Iand Q " 768 ksps KCon 2288 ksps
> h3
> Oy Q
> 1 Walsh 15 summer > @
> Oy
— | —
&5 76.8 ksps
15 ® 1228.8 ksps

Reverse Link Coding

Thereverse link for IXEV-DO has a structure similar to that for cdma2000, except
that in addition to a data channel, the following channels are also included:

* Reverse Rate Indication (RRI) - This replaces with the power control bitsto
indicate of which datarate is requested by the mobile.
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» DataRequest Channel (DRC) - This contains a4 bit word in each ot to alow
the choice of up to 16 different transmission rates. Different Walsh covers are
used to indicate which PN offset in the active set is preferred for transmission.

* Ack Channel - This acknowledgement channel is only transmitted after the
mobile detects a frame with its preamble, meaning the packet is directed to that
mobile. The 1 bit on this channel, which is transmitted for a half dot, isused to
indicate a successful reception or an erasure.

Reverse Link Channel Sructure (Rev. A)

Pilot

Reverse
[
|
Access Traffic
!—‘—\ |
| [ [ [ |
. - Medium
Data Pr!mary' m::xll Ilt'ary Access ACH Data
Pilot o Control
|
[ | |
Reverse Data Data
Rate Rate Source
Indicator Control Control

The Pilot in IXEV-DO is still punctured but the information carried is different:

In cdma2000, the Pilot is punctured in a 3:1 ratio (3 Pilot, 1 Data) to carry power
control bits. The puncture period is 1 Power Control Group, or 1.25 ms. The data
rate for PCB is 16 bits per 20 msframe.

In IXEV-DO, the puncture pattern is 7:1 on each dot (7 Pilot, 1 Data). The
underlying datais coded, and the transmission rate is 3 bits per 26.667 msframe.

In IXEV dll signaling is performed on the data channel so there is no Dedicated
Control Channel. The data channel can support 5 data rates which are separated in
powers of 2 (256 through 4096 bits, or 9.6 through 153.6 kbps). These rates are
achieved by varying the repeat factor. The highest rate uses a Turbo coder with lower
gain.

Pilot

In cdma2000, the pilot is punctured in a 3:1 (3 pilot to 1 data) ratio to carry power
control bits (PCB). The puncture period is one power control group, or 1.25 ps. The
datarate for power control is 16 bits per 20 ps frame. In 1IXEV-DO, the puncture
pattern is 7:1 on each slot. The underlying datais coded, and the transmission rateis
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3 bits per 26.67 ps frame. The pilot is transmitted continuously on the | channel
using Walsh cover 0, time division multiplexed with the RRI channel. The pilot/RRI
channel coding structure is shown below.

Pilot channel —all 0s

™\

RRI

3 bits/frame ;
Simplex
encoder

>

Repeat X
36+4/7

Wumz (FH++++ )

DM
71

\

Mapping To
0—+1 ACK
1-5-1

ACK

|

7 bits/frame

|

L~

256 bits/frame

RRI bits Data rate, kbps

000 0

001 9.6

010 19.2

011 384

100 76.8

101 153.6

110 Reserved
m Reserved

The ACK channédl istransmitted each time the AT successfully detectsaframewith a
preamble directed to it. It is BPSK modulated, meaning it can have only one of two
valuesindicating a successful reception or an erasure. A 0 bit correspondsto a
success (ACK) and a 1 bit corresponds to afailure (NAK). It is transmitted for 1/2
dlot on the | channel using Walsh cover 4. The ACK channel coding structureis

shown below.

ACK channel
1 bit per half-slot

8 _
W4 = (+4++————)

|

Repeat
X128

Mapping

> 0—+1

1—--1

To
pilot
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DRC

The DRC channel contains a4 bit word in each dot. This allows for the choice of up
to 16 different transmission rates from the serving AN. Different Walsh covers are
used to indicate which PN-offset in the active set is preferred for transmission. In
other words, which AN should serve the AT. Figure 8 shows the DRC channel
coding structure.

Wg16 = (b — e ] )

DRC cover l

4 bits/slot Bi-orthogonal R Repeat -~ l\éla_pmg To
encoder o X2 g data
(selects forward rate) T T 151
8 bits/slot 16 bits/slot
DRC cover
3 bits/slot > Walashh_cove'
(selects cell) its
Data

The data channel can support five datarates for reverse link transmission, which are
separated in powers of two. Four of these rates are achieved by varying the repeat
factor. The highest rate uses aturbo coder with lower gain. Figure 9 shows the data
channel coding structure.

W; =(++--)
Data channel Mapping
—_— Encoder > Interleaver > Repeats = 0—+1 ——=- > To
1,2,4,8 DRC
/ T 151 T

Bits Rate (kbps) Code rate Rate (kbps) 307.2 ksps 1228.8 ksps

256 9.6 1/4 384

512 19.2 1/4 76.8

1024 38.4 1/4 153.6

2048 76.8 1/4 307.2

4096 153.6 1/2 307.2
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Figure 17-3

Slot Sructure

Physical packetsin 1XEV-DO are normally made up of 1024-bit MAC packets. At
low datarates, thereis a one to one mapping of MAC to physical packets. At high
datarates, physical packets incorporate multiple MAC packets for extra throughput.
Each physical slot ina 2.4 Mbps signal sent with 16QAM modulation contains four
MAC packets of 1024 bits each. This corresponds to one physical packet.
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A

]
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Reverse Link Scrambling

ThePFilot, ACK, DRC, and Data channels are added with each other in a manner that
maps someinto | and some into Q for eventual spreading. The final spreading is
made similarly to cdma2000 with HPSK. In 1XEV-DO, the long code used for
spreading is seeded with afixed pattern at the start of every Pilot sequence, every
26.667 ms. There are separate masks, 42 bitslong, for the | and Q long spreading
codes. In cdma2000, the long code generator is based on system time, or in other
words a continuous clock.

Thefinal coding structure is shown below. Thefirst coding and rate matching are not
shown.

The performance of the reverse link is expected to be virtually identical to that for
cdma2000.

| channel

Pilot/RR'---------------------: short code

generator
1228.8 kcps
1228.8 kcps + ( ) |

Y

>
Gain
ACK 4
User long Long code Walsh 2 Complex

code masks generators generator scrambling

DRC > Deci

by 2
1228 8 keps ) v +< : ) >0

Q channel 1228.8 kcps ®/

Data —— | short code
generator
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Sandard Documents

1XEV-DO is defined in the following Telecommunications Industry Association
(TIA) and Electronics Industry Alliance (EIA) document:

3GPP2 C.S0024 Revision A cdma2000 High Rate Packet Data Air Interface
Specification

3GPP2 C.S0032 Revision A recommended Minimum Performance Standards for
¢cdma2000 High Rate Packet Data Access Network

3GPP2 C.S0033 Revision A recommended Minimum Performance Standards for
¢cdma2000 High Rate Packet Data Access Terminal

TIA/EIA/1S-856 cdma2000 High Rate Packet Data Air Interface Specification

Compatibility with | S-2000

When interpreting TIA/EIA/IS-2000 in the context of TIA/EIA/1S-856, the termsfor
TIA/EIA/IS-2000 should be mapped as follows:

TIA/EIA/1S-2000 TIA/EIA/IS-856

BS AN

Base Station Access Network
BSC AN

Base Station Control Access Network
Call Connection

MS AT

Mobile Station Access Terminal
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Adjacent Channel Power (ACP) M easurement Concepts

Purpose

Adjacent Channel Power (ACP) isthe power contained in a specified frequency
channel bandwidth relative to the total carrier power. It may also be expressed asa
ratio of power spectral densities between the carrier and the specified offset
frequency band.

As a composite measurement of out-of-channel emissions, ACP combines both
in-band and out-of-band specificationsto provide useful figures-of-merit for spectral
regrowth and emissions produced by components and circuit blocks without the rigor
of performing afull spectrum emissions mask measurement.

To maintain aquality call by avoiding channel interference, it isimportant to
measure and reduce any adjacent channel |eakage power transmitted from a mobile
phone. The characteristics of adjacent channel |eakage power are mainly determined
by the transmitter design, particularly the low-passfilter.

M easurement M ethod

The ACP measurement analyzes the total power levels within the defined carrier
bandwidth and at given frequency offsets on both sides of the carrier frequency. This
measurement requires the user to specify measurement bandwidths of the carrier
channel and each of the offset frequency pairs up to 6. Each pair may be defined with
unigue measurement bandwidths.

For Meas Method of RBW, it uses an appropriate RBW and capture all of the power
in the carrier channel and the offsets. For Meas Method of Integration BW, the
channel integration bandwidth is analyzed using the user defined resolution
bandwidth, which is much narrower than the channel bandwidth. The measurement
computes an average power of the channel over a specified number of data
acquisitions, automatically compensating for resolution bandwidth and noise
bandwidth.

ACP is commonly measured using asignal analyzer or measuring receiver. In the
measurement, filtering is applied to both the power in the main frequency channel
and the power in the adjacent channel. An important factor for ACP isthe
specification of the measurement filter, including its bandwidth and shape.

If Total Pwr Ref is selected as the measurement type, the results are displayed as
relative power in dBc and as absolute power in dBm. If PSD Ref (Power Spectral
Density Reference) is selected, the results are displayed as relative power in dB, and
as absolute power in dBm/Hz.

Recommended Offset Frequencies and Reference Bandwidths

While the user sets the specific offsets and reference bandwidths, the radio
specifications recommend some common setups as shown in the following table.
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Table 17-1

ACP Measurement Default Settings

Test Offset Frequency | Integration Result
Device Band width Reference
Mobile Station 765KHz, 30 kHz Total Carrier
(Reverse Link) 1.995MHz, Power

3.125MHz,

4.000MHz,

7.500MHz,

7.500MHz
Base Station 765KHz, 30 kHz
(Forward Link) 1.995MHz,

3.125MHz,

4.,000MHz,

7.500MHz,

7.500MHz
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Channel Power M easurement Concepts

Purpose

The Channel Power measurement is a common test used in the wirelessindustry to
measure the total transmitted power of aradio within a defined frequency channel.
This procedure measures the total power within the defined channel. This
measurement is applied to design, characterize, evaluate, and verify transmitters and
their components or devices.

M easurement M ethod

The Channel Power measurement reports the total transmitted power within the
channel bandwidth. The measurement acquires a number of points representing the
input signal in the time domain. It transforms this information into the frequency
domain using FFT and then calculates the channel power. The effective resolution
bandwidth of the frequency domain trace is proportional to the number of points
acquired for FFT. The fastest FFT processis achieved using a number of acquired
pointsthat is a power of 2 (for example: 64, 128, 512).

Since the measurement is optimized for speed and accuracy, you are permitted to
change only the number of acquired data pointsin powers of 2, not the actual
resolution bandwidth which is shown in gray. However, if absolute sweep timeis
required, it can be changed to the user’s specific value at the expense of reduced
speed. At no time will both sweep time and data points be set to manual because of
conflicting parameter settings. This flexibility is available through the Advanced
menu of the channel power measurement.

To improve repeatability, you can increase either the number of averages or the
number of data points with longer time record length. The channel power graphis
shown in the graph window, while the absolute channel power in dBm and the mean
power spectral density in dBm/Hz are shown in the text window.
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Code Domain Measurement Concepts

Purpose

Since the code domain measurements despread and descramble the 1XEV-DO signal
into its physical channels, the number of active channels of various symbol rates
(which are denoted by widths) can be observed. The width of the channel isinversely
proportional to the Walsh code length in number of bits. In the code domain, thereis
afixed amount of code space for a given chip rate. Therefore, by using the different
Walsh codes, the system can dynamically allocate the code space for lower rate voice
users versus high speed data users.

This code domain power composite view provides information about the in-channel
characteristics of the IXEV-DO signal. It informsthe user of the active channelswith
their individual channel powers. The composite view also showswhich dataratesare
active and the corresponding amount of code space used. The following are
conditions under which a general unlock can occur: the Pilot signal istoo low in
power or no Pilot signal available, an incorrect long codeis used for despreading, the
frequency error istoo large, or afrequency inversion is present.

When the level of the code domain noise floor istoo high, relative to a reference or
an expected level, one of the possible causes might be due to CW interference, like
local oscillator feedthrough or spurs. 1/Q modulation impairments can be another
source of this uncorrelated noise. The I/Q demodulation measurements can reveal
errors such as 1/Q gain imbalance or 1/Q quadrature error.

M easurement M ethod

This procedure measures the power levels of the spread channels in composite RF
channels.

The code domain measurement displays the power for each of the spread channels,
relative to the total power within the 1.230 MHz channel bandwidth centered at the
center frequency. Each spread channel level isdisplayed as an individua vertical bar
with a different width determined by a spread rate. Because thisisarelative
measurement, the unit of measure is dB (not dBm or watts). Thisallows a
comparison of signal levels between the Pilot and Traffic channels.

If Deviceissetto M S, the demodulated | and Q signalsare individually shown in the
code domain power graph window. Depending on the test equipment for MS, it is
recommended that you use the trigger output signal from the instrument for
synchronization.

Thefollowing displays are available for this measurement:
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Power Graph & Metrics - The transmitted energy associated with each of the
symbol rates and Walsh codes is shown in the graph window. The following
powers along with the total power are shown in the text window depending on the

device selection:

Code Domain Channel Power Metrics

For BTS

For MS

Total active channel power
Pilot channel power

Synch channel power
Time offset

Maximum active channel power
Average active channel power
Maximum inactive channel power
Average inactive channel power
Number of active channels

Total active channel power
Pilot channel power

| average active channel power

| maximum inactive channel power
Q average active channel power

Q maximum inactive channel power

1/Q Error (Quad View) - The magnitude error, phase error, and EVM graphs are
individually shown in the graph windows. The summary data for these
parameters are also shown in the text window.

Code Domain (Quad View) - The graphs of the code domain power, the symbol
power for the selected spread channel, and the 1/Q symbol power polar vector for
the symbol power range selected by the measurement interval and measurement
offset parameters, are shown in the graph windows. The symbol EVM summary
datais aso shown in the text window.

Demod Bits - In addition to the graphs of the code domain power and the symbol
power for the selected spread channel, the demodulated bit stream data can be
shown for the selected slots of the symbol power in the text window.
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| Q Waveform Measurement Concepts

Purpose

The waveform measurement is a generic measurement for viewing the input signal
waveforms in the time domain. This measurement is how the instrument performs
the zero span functionality found in traditional spectrum analyzers.

Basic mode waveform measurement data may be displayed using either a Signal
Envelope window, or an 1/Q window which showsthe | and Q signal waveformsin
parameters of voltage versus time. The advantage of having an 1/Q view available
while making a waveform measurement is that it allows you to view complex
components of the same signal without changing settings or measurements.

The waveform measurement can be used to perform general purpose power
measurements in the time domain with excellent accuracy.

M easurement M ethod

The instrument makes repeated power measurements at a set frequency, similar to
the way a swept-tuned spectrum analyzer makes zero span measurements. The input
analog signal is converted to adigital signal, which then is processed into a
representation of a waveform measurement. The measurement relies on ahigh rate
of sampling to create an accurate representation of atime domain signal.
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Modulation Accuracy (Waveform Quality) Measurement Concepts

Purpose

Rho is one of the primary modulation quality metrics, along with EVM and code
domain power. Rho is the ratio of the correlated power in asingle coded channel to
the total signal power. Thisisasimplified case of code domain power since this
measurement is made on a single coded channel. This measurement takes into
account all possible error mechanismsin the entire transmission chain including
baseband filtering, 1/Q modulation anomalies, filter amplitude and phase
non-linearities, and power amplifier distortion.

This measurement conforms to the standard 3GPP2 C.S0024-B. It completely
supports subtype0/1, subtype2. But for subtype 3, it only supports No Feedback Mux
mode, hence, for short the measurement uses subtype3 (NFM) to indicate this.

M easurement M ethod
This procedure measures the performance of the transmitter’s modulation circuitry.

Inadigitally modulated signal, it is possible to predict what the ideal magnitude and
phase of the carrier should be at any time, based on the transmitted data sequence.
The transmitter’s modulated signal is compared to an ideal signal vector. The
difference between these two vectorsis sampled and processed using DSP. Rho
valuesarein therange of 0to 1. A value of 1 indicates perfect correlation to the
reference (high modulation quality). The 1XEV-DO base station standards require
that transmitters have a Rho performance of 0.912 or greater.

Depending on the test equipment for MS, it is recommended that you use the trigger
output signal from the instrument for synchronization.

Code Domain Power s of | nactive MAC channels.

Code domain power of an inactive MAC code channel is calculated from dlotsin
which this code channel isinactive. Therefore number of slots used for power of a
MAC inactive code channel may not same as the other MAC code channels or other
rhos & CDPs. Number of slots used for inactive MAC code domain power isequal to
number of slots used for rho Pilot when configuration of MAC code channelsis
fixed over measurement interval. Maximum value of averaged MAC inactive code
domain power might be selected from values averaged using different number of
slots when configuration of MAC code channels changes during the measurement.

Slot Type Identification between Active and Idle

Slot type identification is done by comparing powersin aslot. Whenthe dlotisIdle,
power of Data channel always must be smaller that average power of Pilot and MAC
by more than 7dB. On the other hand when the dot is Active, the output power is
controlled to be a constant value and power of the slot must be within +/— 2.5dB.
Identification of Idle and Active slot is possible by comparing average power of Data
of the slot and average power of Pilot and MAC of the slot.
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Data M odulation Auto Detection

Modulation schemes of Data code channels are identified by the measurement’s
algorithm. Theinternal algorithm examines code channels and identifies modulation
scheme of each code channel separately. Modulation scheme detections of all active
code channels in Data channel may not end up with same result especially when
input signal is noisy. Since the standard defines that all Data code channelsin a slot
are encoded using same modul ation scheme, ideal reference signal is generated using
one modulation scheme for all Data code channelsin one slot. The most detected
modulation scheme is chosen for Data analysis of the dlot. If numbers of detected
modulation schemes are same, modul ation scheme which has shorter code word
length is chosen.

Subtype 0/1, 2and 3

Modulation Accuracy measurement supports both subtype 0/1, 2 and 3. Base code
length of Preamble and MAC changes between subtype 0/1, 2 and 3 as shown in
Evaluation of code domain power and code domain error is done based on them.

Subtype 0/1 Subtype 2 Subtype 3
Pilot 32 32 32
MAC 64 128 128
Data 16 16 16
Preamble 32 64 128
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Monitor Spectrum M easurement Concepts

Purpose

The monitor spectrum measurement provides spectrum analysis capability for the
instrument. It is used as a quick, convenient means of looking at the entire spectrum.
While the look and feel are similar to the Spectrum Analyzer mode, the functionality
is greatly reduced for easy operation. The main purpose of the measurement isto
show the spectrum. The default span should cover an appropriate frequency range of
the application.

M easurement M ethod

The measurement takes the sweep and acquires the data between the start frequency
and stop frequency, then trace is displayed in the measurement window.

Troubleshooting Hints

Changes made by the user to advanced spectrum settings, particularly to ADC range
settings, can inadvertently result in spectrum measurements that are invalid and
cause error messages to appear. Care needs to be taken when using advanced
features.
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Occupied Bandwidth Measurement Concepts

Purpose

Occupied bandwidth measurements express the percentage of the transmitted power
within a specified bandwidth. This percentage istypically 99%.

The spectrum shape of a IXEV-DO signal can give useful qualitative insight into
transmitter operation. Any distortion to the spectrum shape can indicate problemsin
transmitter performance.

M easurement M ethod

The instrument uses sweep mode to capture the data and the total power within the
measurement frequency span isintegrated for its 100% of power. The frequencies of
0.5% of the total power are then calculated to get 99.0% bandwidth.
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Power Statistics CCDF Measurement Concepts

Purpose

Many of the digitally modulated signals appear noise-like in the time and frequency
domain. This means that statistical measurements of the signals can be a useful
characterization. Power Complementary Cumulative Distribution Function (CCDF)
curves characterize the higher-level power statistics of a digitally-modulated signal.
The curves can be useful in determining design parameters for digital
communications systems.

Long battery lifeis akey competitive advantage for the mobile phone. cdmaOne
uses offset quadrature phase shift keying (OQPSK) as the modulation format for the
reverse link. OQPSK minimizes the peak-to-average power ratio by avoiding signal
envel ope transitions through zero. Peak-to-average power ratio istheratio of the
peak envelope power to the average envel ope power of asignal. If the
peak-to-average power ratio is small, the headroom required in the amplifier to
prevent compression of the signal and interference with the adjacent frequency
channelsis small. Thus, the amplifier can operate more efficiently.

In IXEV-DO the handset can transmit multiple channel s to accommodate the high
data rates. Modulation schemes such as OQPSK or Gaussian minimum shift keying
(GMSK) do not prevent zero-crossings for multiple channels and are no longer
suitable. Instead, QPSK is used in combination with HPSK (Hybrid Phase Shift
Keying) to minimize the peak-to-average power ratio. (For more information on
HPSK see[3].) With thistechnique, the peak-to-average power ratio for the basic
configuration (an R-Pilot channel and an R-FCH) is equal to or larger than 4 dB
during 0.1 percent of the time (see Figure 17-4). Even though HPSK reduces the
peak-to-average power ratio, it still increases as code channels are activated for
higher data rates because the amplitude vectors of each code channel add to each
other.

A severe case occursif two supplemental channels at high data rates are required. In
this case, the benefits of HPSK may be lost. Thisisrarely expected to happen since
the forward link will carry most of the high data rate traffic.

The amplifier must be capable of handling the different peak-to-average power ratios
the signal exhibits for the different channel configurations, while maintaining good
adjacent channel power (ACP) performance. From the measurement perspective, the
statistics of the signal may impact the result of the measurement, particularly in the
case of adjacent channel power ratio (ACPR). Therefore, it isimportant to choose
the signal’s channel configuration carefully. You need to cover the real-life worst
cases, such as those with the most stressful signal configurations or highest
peak-to-average power ratios. To do that, you need away to define the statistics of
IXEV-DO reverse link signals. The complementary cumulative distribution function
(CCDF) does that for you.

CCDF measurement fully characterizes the power statistics of the signal. It provides
the distribution of particular peak-to-average power ratios versus probability. Figure
17-4 compares the CCDF curves for asignal with R-Filot and R-FCH, and asigna
with R-Pilot, R-FCH, R-SCH1 at 153.6 kbps, and R-SCH?2 at
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Figure 17-4

153.6 kbps. For a probability of 0.1 percent, the signal with two supplemental
channels has a peak-to-average power ratio 2 dB higher than the signal with only an
R-Pilot and an R-FCH. As mentioned earlier, adding code channels, in general,
increases the peak-to-average power ratio of the signal.

CCDF curvesfor two 1XxEV-DO SR1 reverse link signals with different channel
configurations.
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The power statistics CCDF measurement can be affected by many factors. For
example, modulation filtering, modulation format, combining the multiple signals at
different frequencies, number of active codes and correlation between symbols on
different codes with spread spectrum systems. These factors are al related to
modulation and signal parameters. External factors such as signal compression and
expansion by non-linear components, group delay distortion from filtering, and
power control within the observation interval also affect the measurement.

CCDF curves can help you in several situations:
* To determine the headroom required when designing a component.

» To confirm the power statistics of agiven signal or stimulus. CCDF curves allow
you to verify if the stimulus signal provided by another design team is adequate.
For example, RF designers can use CCDF curvesto verify that the signal
provided by the digital signal processing (DSP) section isrealistic.

» To confirm that a component design is adequate or to troubleshoot your
subsystem or system design, you can make CCDF measurements at several
points of asystem. For example, if the ACLR of atransmitter istoo high, you can
make CCDF measurements at the input and output of the PA. If the PA designis
correct, the curves will coincide. If the PA compresses the signal, the PAR of the
signal islower at the output of the PA (Figure 17-4 on page 140).

M easurement M ethod

The power measured in power statistics CCDF curves is actually instantaneous
envel ope power defined by the equation:

P=(°+Q%/z,
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(wherel and Q are the quadrature voltage components of the waveform and Zoisthe
characteristic impedance).

A CCDF curveis defined by how much time the waveform spends at or above a
given power level. The percent of time the signal spends at or above the level defines
the probability for that particular power level. To make the power statistics CCDF
measurement, the instrument uses digital signal processing (DSP) to sample the
input signal in the channel bandwidth.

The Gaussian distribution line as the band-limited gaussian noise CCDF reference
line, the user-definable reference trace, and the currently measured trace can be
displayed on a semi-log graph. If the currently measured trace is above the user
reference trace, it meansthat the higher peak power levels against the average power
areincluded in the input signal.
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Power vs. Time M easurement Concepts

Purpose

Power vs. Time measurement examines time domain burst shape if the incoming
signal satisfies test limit profile (called limit mask) that is defined based on the
selected mode. The limit mask is configurable.

This measurement requires a trigger at the beginning of the frame. A trigger delay
between —30 chipsto 30 chipsis alowed.

M easurement M ethod

CAUTION

It isimperative that there be no more than +30 dBm present at the analyzer input, in
order to prevent damage to the internal attenuator.

3GPP2 Definition

The 3GPP2 standard, 3GPP2 C.S0032-A v.2.0 described the needs to measure the
time response and the mean power of the sector output power over at least 512 half
dotsto collect ensemble of Waveform and create averaged-waveform.The
requirements are as follows:

Given an ensemble of half dots, the time response of the ensemble average that shall
be within the 3GPP2 specified limit masks.

The mean power shall remain +2dB to —4dB of the manufacturer’s rated power for
the equipment over the specified environmental conditions for active slot.

Slot type identification is done by comparing powersin aslot. Transmission Envelop
Masks of Active and Idle dot are shown in Fig 1-1and Fig 1-2. When the slot is
Idle, power of Data channel always must be smaller that average power of Pilot and
MAC by more than 7dB. On the other hand when the slot is Active, the output power
is controlled to be a constant value and power of the slot must be within +/— 2.5dB.
Identification of Idle and Active ot is possible by comparing average power of Data
of the slot and average power of Pilot and MAC of the dot.
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Mean output power of the Time response of the
ensemble average ensemble average
(reference line) (non-idle half slot)
i

833.33 us

- (1024 chips) 1 p time
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boundary boundary

Mean cutput power of the Pilot/MAC Time response of the
burst ensemble average ensemble average

(reference line) (non-idle half slot)

(222 chips)
833.33 us
| gg {1024 chips) ' .
ime
Slot Half Slot
boundary boundary
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Burst Detection Function

NOTE

*  PvT requiresaPreamplifier Option. The measurement will still work without this
option present, but you will not be able to reach the dynamic range required by
the 1IXEV-DO specifications.

* PvT issetinthe single sweep mode. Because of the switching of the Preamp state
from on to off, making PvT measurements in the continuous sweep mode is not
recommended.

When this measurement acquires signal, this measurement algorithm then searches
the power vector for aburst that specifiesthe given burst detection parameters. There
are three parameters for detecting Power vs Time burst and its edge.

If the burst on/off ratio exceeds the Burst Search Threshold value, then the
measurement detects the burst signal.

WW Burst On Power

Burst Search
l l Threshold

And the user can specify the valid burst edge level and interval. If the burst edgeis
steeper than the Burst Slope Threshold setting, the burst signal can be detected. Burst
Slope Detect Interval can set the interval of power integrationsin order to find the
edge slope envelope. Two integrated (averaged) powers, the lower portion and the
upper portion of the edge slope, are compared with each other for extracting the edge
slope envelope, then evaluated with the Burst Slope Threshold. Since it can detect
the slope envelope of therising edge, it is effective if the edge dopeisn’t smooth but
noisy or deviated.
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Burst Slope

Valid burst NOT detected
edge detected

Extract
Slope envelope

H H

Burst Slope
Detect Interval

Limit Testing Function

Oncethe burst is detected and its timing is located, the algorithm then applies upper
and lower limit masksto the power vector. If thelimit mask is defined astherelative
power to the reference power, the algorithm cal cul ates the average power of the
reference region and draws the limit mask using the reference power. The limit mask
is highly configurable to allow various types of limit mask.

After the mask position is determined, the algorithm verifiesif the signal’s power
vector iswithin the limit mask. If it satisfies the limit for entire capture length, the
measurement reports “PASS’. If the signal’s power vector exceeds the limit mask at
least a single sample point, the measurement reports “FAIL” aong with the
information where the signal exceeds the test limit.
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QPSK EVM M easurement Concepts

Purpose

Figure 17-5

In constant amplitude modulation schemes, such as GM SK, the phase and frequency
error are the metrics for modulation quality. However, these metrics are not very
effective for non-constant amplitude modulation formats that can also have errorsin
amplitude.

Phase and frequency errors are measures of modulation quality for the 1IXEV-DO
system. Thismodulation quality is quantified through QPSK Error Vector Magnitude
(EVM) measurements. Since the base stationsin 1XEV-DO systems use Quadrature
Phase Shift Keying (QPSK) modulation, the phase and frequency accuracies of the
transmitter are critical to the communications system performance and ultimately
affect range.

1IXEV-DO receiversrely on the phase and frequency quality of the QPSK modulation
signal in order to achieve the expected carrier to noise ratio. A transmitter with high
phase and frequency errors will often still be able to support phone calls during a
functional test. However, it will tend to cause difficulty for mobilestrying to
maintain service at the edge of the cell with low signal levels or under difficult
fading and Doppler conditions.

The accuracy of non-constant amplitude modulation schemes, such as quadrature
amplitude modulation (QAM), or quadrature phase shift keying (QPSK), can be
assessed very effectively by looking at the constellation of the signal. Signal
impairment can be objectively assessed by taking the displacement of each measured
symbol from the reference position as an error phasor (or vector), asshownin Figure
17-5.

Error Vector and Related Parameters

Magnitude error P
(17Q error magnitude)

~

N Error vector

Measured
signal

Phase error
(17Q error phase

4 Ideal signal

(reference)

The reference position is determined from areference signal that is synthesized by
demodulating the data bits from the received signal and then re-modulating these bits
"perfectly” for ageneric QPSK signal, as shownin Figure 17-6.
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Figure 17-6 Process to Calculate EVM for a Generic QPSK Sgnal
QPSK transmitter
Coding OPSK Root QPSK Root Measurement
framing > - raised I/Q h
interleaving ENCODER cosine MO0D ’# recovery P éz':iii EVM
— it
Root Root
— Symbol |—> apsk | | OPSK ] | raised || raised | Reference |

ENCODE

DECODE cosine cosine
Ideal

bits

The root mean square (RMS) of the error vectors is computed and expressed as a

percentage of the square root of the mean power of theideal signall. Thisisthe error
vector magnitude (EVM). EVM isacommon modulation quality metric widely used
in digital communication systems. (See [16] for more information on how to use
EVM as atroubleshooting tool.)

For aregular QAM or a phase shift keying (PSK) signal the ideal symboal points
always map onto afew specific locationsin the 1/Q plane. The 1XEV-DO reverse link
signal can consist of multiple channels that are I/Q multiplexed. This means the

one-bit symbols for each channel are BPSK encoded? for either the | or the Q path.
Severa channels can be added to the | and/or the Q paths. Theresulting | and Q
signals are then spread and HPSK scrambled (see Figure 3). The complex-valued

chip sequenceisthen filtered and the result is applied to the QPSK modul ator®. The
1XEV-DO MS transmitter in Figure 11 illustrates this process.

The resulting constellation depends on the physical channel configuration. The
constellation typically does not look like QPSK or any other known constellation.
Except for some very specific channel configurations, for example, asigna with a
single R-Filot (or asingle R-FCH) does map onto a QPSK constellation. A signal
with both a R-Pilot and a R-FCH at the same amplitude level maps onto a
45°-rotated QPSK constellation [3]. Since the receiver does not care about the
absolute phase rotation, it effectively sees a QPSK constellation.

You can use aregular QPSK EVM measurement to eval uate the modul ation quality
of the transmitter for asingle R-Pilot, asingle R-FCH, or asignal with both at the
same amplitude level. More complex signals cannot be analyzed with this
measurement.

1. Theactual calculation method of the percentage depends on the specific standard. The EVM
may be normalized to the amplitude of the outermost symbol, the square root of the average
symbol power, or the square root of the mean power of the ideal signdl. In the case of
1XEV-DO, the specifications require normalization to the square root of the mean power of the
ideal signal (see section on Composite EVM).

2. BPSK encoding, in this case, refersto the process of mapping the one-bit symbolsfor achannel
onto the | (or the Q) path in serial. This means the symbolsfor a channel are directly converted
into | (or Q) levels. For example, 1001 would be convertedto 1-1-1 1.

3. QPSK modulation, in this case, refers to the upconversion process (the process of modulating
theradio frequency (RF) carrier with the 1/Q baseband signal.
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The signal analyzer may use either of the following methodol ogies to make a QPSK
EVM measurement:

* Measure QPSK EVM on the received signal. Filter the recovered I/Q signal with
the equalizer and complementary receiver filters and compare it with areference
signal calculated by filtering the demodulated signal with the transmitter,
equalizer, and receiver filters See (a) in Figure 1/-7 on page 149.

* Measure QPSK EVM on the transmitted signal. Compare the I/Q recovered
signal directly with areference signal calculated by filtering the ideal chipswith
the transmitter filter. See (b) in Figure 17-7 on page 149.

Both methods yield similar EVM results and you can use either of them to make
valid modulation quality measurements of the M Stransmitter; however, the resulting
constellation looks different. The first method resultsin four discrete constellation
points. The second method resultsin afuzzy constellation, as shown in Figure 12a.
The constellations for both methods are correct. The reason for the differenceisthat,
for the first method, the constellation displays what the receiver sees after filtering,
while the second method displays the constellation of the transmitted signal before
applying any receiver filtering.
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Figure 17-7
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Process to Calculate QPSK EVM for a 1xEV-DO Forward Link Sgnal.
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M easurement M ethod

Theinput signal needs to be a single coded signal, such as a pilot channel.

The phase error of the unit under test is measured by computing the difference
between the phase of the transmitted signal and the phase of a theoretically perfect
signal.The instrument samples the transmitter output in order to capture the actual
phase trgjectory. Thisisthen demodulated and theidea phase trgjectory is
mathematically derived using detected bits and channel filtering. Subtracting one
from the other resultsin a phase error signal.

This measurement allows you to display these errors numerically and graphically on
theinstrument display. There are graphsfor EVM, Phase Error andMag Errorin
the graph windows. In the text window, there are both maximum and average data
for Evm: in%rms, in % peak, RMS Mag Error: in %, Phase Error: indegrees,
Freq Error: inHz,and IQ Offset: indB.
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Spectrum Emission Mask Measurement Concepts

Purpose

Spectrum Emission Mask measurements include the in-band and out-of-band
spurious emissions. Asit appliesto 1XEV-DO, it is the power contained in a
specified frequency bandwidth at certain offsets relative to the total carrier power. It
may also be expressed as aratio of power spectral densities between the carrier and
the specified offset frequency band.

As a composite measurement of out-of-channel emissions, the spectrum emission
mask measurement combines both in-band and out-of-band specifications to provide
useful figures-of-merit for spectral regrowth and emissions produced by components
and circuit blocks without the rigor of performing afull spectrum emissions mask
measurement.

M easurement M ethod

The spectrum emission mask measurement measures spurious signal levelsin up to
six pairs of offset/region frequencies and relates them to the carrier power. The
reference channel integration bandwidth method is used to measure the carrier
channel power and offset/region powers. When “ Offset” is selected, spectrum
emission mask measurements are made, relative to the carrier channel frequency
bandwidth. When “Region” is selected, spurious emission absolute measurements
are made, set by specifying start and stop RF frequencies. The upper frequency range
limit is 3.678 GHz. The measurement screen istitled Spurious Emission.

The channel integration bandwidth is analyzed using the user defined resolution
bandwidth (RBW), which is much narrower than the channel bandwidth. The
measurement computes an average power of the channel or offset/region over a
specified number of data acquisitions, automatically compensating for resolution
bandwidth and noise bandwidth.

This measurement requires the user to specify measurement bandwidths of the
carrier channel and each of the offset/region frequency pairs up to 5. Each pair may
be defined with unique measurement bandwidths. The results are displayed both as
relative power in dBc, and as absolute power in dBm.
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Spurious Emissions M easurement Concepts

Purpose

Spurious signals can be caused by different combinations of signalsin the
transmitter. The spurious emissions from the transmitter should be minimized to
guarantee minimum interference with other frequency channelsin the system.
Harmonics are distortion products caused by nonlinear behavior in the transmitter.
They are integer multiples of the transmitted signal carrier frequency.

This measurement verifies the frequency ranges of interest are free of interference by
measuring the spurious signals specified by the user defined range table.

M easurement M ethod

The table-driven measurement has the flexibility to set up custom parameters such as
frequency, span, resolution bandwidth, and video bandwidth.

For each range that you specify and activate, the analyzer scans the band using the
specified Range Table settings. Then using the Peak Excursion and Peak Threshold
values determines which spurs to report.

Aseach band is swept, any signal which is above the Peak Threshold value and has a
peak excursion of greater than the Peak Excursion value will be added to alist of
spurs displayed in the lower results window. A total of 200 spurs can be recorded for
one measurement, with alimit of 10 spurs per frequency range. To improve
repeatability, you can increase the number of averages.

From the spursin the list, those with peak amplitude greater than the Absolute Limit
for that range will be logged as a measurement failure and denoted by an 'F' in the
'‘Amplitude’ column of the table. If no spurs are reported, but the measured trace
exceeds the limit line for any range, the fail flag is set to fail.

This measurement has the ability to display two traces using different detectors on
the display simultaneously. All spur detection and limit line testing are only applied
to the trace associated with Detector 1, which will be colored yellow. The trace
associated with Detector 2 will be colored cyan.

If the sweep time for the range exceeds 2 seconds, a flashing message
“Sweeping...Please Wait” will appear in the annunciator area. This advises you that
the time to compl ete the sweep is between 2 and 2000 seconds, and is used as
without it the display would appear stagnant and you may think the measurement is
not functional.
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Other Sources of M easurement I nfor mation

Additional measurement application information is available through your local
Keysight Technol ogies sales and service office. The following application notes trest
digital communications measurementsin much greater detail than isdiscussed in this
measurement guide.

» Application Note 1298

Digital Modulation in Communications Systems - An Introduction
Keysight part number 5965-7160E

» Application Note 1398

Forward Link Measurements for1xEV-DO Access Networks
Keysight part number 5988-6125EN

* Application Note 1414

Understanding Measurement of 1XEV-DO Access Terminals
Keysight part number 5988-7694E

I nstrument Updates at www.keysight.com

These web locations can be used to access the latest information about the
instrument, including the latest firmware version.

http://www.keysight.com/find/pxa
http://www.keysight.com/find/mxa
http://www.keysight.com/find/exa
http://www.keysight.com/find/cxa
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Baseband 1/Q Inputs (Option BBA) M easurement Concepts

The N9020A Option BBA Baseband I/Q Inputs provides the ability to analyze
baseband I/Q signal characteristics of mobile and base station transmitters. This
option may be used only in conjunction with the following modes:

* 1Q Analyzer (Basic)

«  802.16 OFDMA (WiMAX/WiBro)
» cdma2000

* GSM/EDGE

« TD-SCDMA

* 1IxXEV-DO

What are Baseband I/Q Inputs?

Option BBA consists of a Baseband Input module, four input connectors, and a
calibration output connector. The connectors are a the |eft side of the front panel.
Thetwo portslabeled “1” and “ Q" are the “unbalanced” inputs.

An unbalanced or “single-ended” baseband measurement of an | or Q signal is made
using a probe connected to the | or Q connector. A simultaneous 1/Q unbalanced
single-ended measurement may be made using two probes connected to the | and Q
input connectors.

If “balanced” signals are available, they may be used to make a more accurate
measurement. Balanced signals are signals present in two separate conductors, are
symmetrical about ground, and are opposite in polarity, or out of phase by 180
degrees.

M easurements using balanced signals can have a higher signal to noise ratio
resulting in improved accuracy. Noise coupled into each conductor equally in a
“common mode” to both signals may be separated from the signal. The measure of
this separation is “ common-mode rejection”.

To make a balanced measurement, the two connectors labeled “1” and “ Q" are used
in conjunction with the | and Q inputs. The terms “I-bar” and “ Q-bar” may be
applied to the signals, as well as the inputs themselves. Probes (customer provided)
must be used to input balanced baseband 1/Q signals. This may bereferred to as a
bal anced measurement.

Balanced baseband measurements are made using the | and connectorsfor | only
signal measurements, while the Q and connectors are used for a Q only signal
measurement. Balanced measurements of |1/Q require differential probe connections
to al four input connectors. For details of probe selection and use, refer to
“Selecting Input Probes for Baseband Measurements” on page 155.
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What are Baseband |1/Q Signals?

In transmitters, the term baseband 1/Q refers to signals that are the fundamental
products of individual I/Q modulators, before the | and Q component signals are
combined, and before upconversion to | F or RF frequencies.

In receivers, baseband I/Q analysis may be used to test the | and Q products of 1/Q
demodulators, after an RF signal has been downconverted and demodulated.

Why M ake M easurements at Baseband?

Baseband 1/Q measurements are a val uable means of making qualitative analyses of
the following operating characteristics:

1/Q signal layer access for performing format-specific demodulation
measurements (for example, CDMA, GSM, W-CDMA).

Modulation accuracy —that is,. 1/Q plane metrics:
— rho

— error vector magnitude; rms, peak, or 95%
— carrier feed-through

— frequency error

— magnitude and phase errors

Code-domain analysis (including code-specific metrics)

CCDF of 1% + Q?
Single sideband (SSB) metrics for assessing output quality

Basic analysisof | and Q signalsinisolation including: DC content, rms and peak
to peak levels, CCDF of each channel

Comparisons of measurements made at baseband and RF frequencies produced by
the same device are especialy revealing. Once signal integrity is verified at
baseband, impairments can be traced to specific stages of upconversion,
amplification, or filtering by RF analysis. In addition, impairments to signal quality
that are apparent at RF frequencies may be traceable to baseband using baseband
anaysis.
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Selecting Input Probes for Baseband M easurements

The selection of baseband measurement probe(s) and measurement method is
primarily dependent on the location of the measurement point in the circuit. The
probe must sample voltages without imposing an inappropriate load on the circuit.

The system supports a variety of 1 MQ impedance input passive probes as well as
the Keysight 1153A active differentia probe using the InfiniMax probe interface.

The Keysight 1153A active probe can be used for both single-ended and differential
measurements. In either case a single connection is made for each channel (on either
thel or Q input). The input is automatically configured to 50 Q single-ended type
measurement and the probe power is supplied through the InfiniMax interface. The
probe can be configured for avariety of input coupling and low frequency rejection
modes. In addition, awide range of offset voltages and probe attenuation accessories
are supported at the probe interface. The active probe has the advantage that it does
not significantly load the circuit under test, even with unity gain probing.

With passive 1 MQ probes, the probe will introduce a capacitive load on the circuit,
unless a higher attenuation is used at the probe interface. Higher attenuation helps
isolate the probe, however, it reduces the signal level and degrades the
signal-to-noise-ratio of the measurement. Passive probes are available with a variety
of attenuation values for a moderate cost. Many Keysight passive probes can be
automatically identified by the system, setting the input impedance required as well
asthe nominal attenuation. For single-ended measurements asingle probeis used for
each channel. Other passive probes can be used, after manually setting the
attenuation and probe impedance configurations.

For full differential measurements, the system supports probes on each of the four
inputs. The attenuation for each of the probes should be the same for good common
mode rejection and channel match.

Supported Probes
The following table lists the probes currently supported by Option BBA:

Table 17-3
Probe Type Model Number Description
Active 1130A 1.5 GHz differential probe amp
(No probe head)
1131A2 InfiniMax 3.5 GHz probe
1132A2 InfiniMax 5 GHz probe
1133A2 InfiniMax 7 GHz probe
Passive 1161A Miniature passive probe, 10:1, 10 MQ, 1.5
m
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a. Probe heads are necessary to attach to your device properly. Probe con-
nectivity kits such as the E2668A, E2669A or E2675A are needed. For
more details, refer to the Keysight probe configuration guide,
5968-7141EN and 5989-6162EN.

Probeswithout Stored Calibration

Thefollowing 115xA active probes may be used with the MXA'’s baseband 1Q inputs
and may use the same probe calibration utility software. However, the probe
calibration datais not stored in the MXA and will be lost if power is cycled. Use of
the E2655B de-skew and calibration kit, including the calibration fixture, is required
because of the different physical configuration of the probes. (The physical
connections are different mechanically, not electrically.)

Table 17-4
Probe Type Model Number Description
Active 1153A 200MHz differential probe
1156A Active probe, 1.5 GHz
1157A Active probe, 2.5 GHz
1158A Active probe, 4 GHz

Refer to the current Keysight probe data sheet for specific information regarding
frequency of operation and power supply requirements.

Baseband I/Q Measurement Views

Measurement result views made in the |Q Analyzer (Basic) mode are available for
baseband signals if they relate to the nature of the signal itself. Many measurements
which relate to the characteristics that baseband | and Q signals have when mixed
and upconverted to signals in the RF spectrum can be made as well. However,
measurements which relate to the characteristics of an upconverted signal that lie
beyond the bandwidth available to the Baseband I/Q Input circuits can not be
measured (the limit are dependent on the installed options. Standard — 10 Hz to 20
MHz, Option B25 — 10 Hz to 50 MHz, and Option S40 — 10 Hz to 80 MHz).

At RF frequencies, power measurements are conventionally displayed on a
logarithmic vertical scalein dBm units, whereas measurements of baseband signals
using Baseband I/Q inputs may be conveniently displayed as voltage using alinear
vertical scale aswell asalog scale.

Spectrum Views and 0 Hz Center Frequency

To view the Spectrum display of | only or Q only signals, use the Complex Spectrum
measurement capability in 1Q Analyzer (Basic) Mode.
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I only and Q only Spectrum views are conventional, displayed with 0 Hz at the left
side of the horizontal axis. When upconverted or multiplied, an | only or Q only
signal could ultimately lie above or below the carrier center frequency, but in either
case it will only occupy half the bandwidth.

Waveform Viewsfor Baseband I/Q Inputs

For Waveform measurements, two displays are available for baseband 1/Q input
signals; the | and Q Waveform view, which separates the individual | and Q traces,
and the RF Envelope view.

Waveform Signal Envelope Views of | only or Q only

To view the Signal Envelope display of | only or Q only signals, use the Waveform
measurement capability in 1Q Analyzer (Basic) Mode.

The |l and Q Waveform of an I/Q signal is very different from the complex signal
displayed in the RF Envelope view. That is because the RF Envelope is a product of
both the | and Q modulation waveforms.

However, an | and Q Waveform measurement of an | only or Q only signal is exactly
the same signal displayed in the RF Envelope view. That isbecause an | only or Q
only waveform determinesthe | only or Q only signal envelope. Thus, the RF
Envelope view can be used to measure an | only or Q only waveform directly.
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