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Power Amplifier Measurement Application

Modern mobile communications, such as 5G NR and WLAN place new demands on linearity, bandwidth,
and power consumption in wireless components, mobile terminals, or base stations. One of the most non-
linear components within wireless devices is the Power Amplifier (PA). Power Amplifier are essential to
device designs providing increased spectral efficiency and reduced distortion and non-linearity.

Keysight's N9O55EMOE Power Amplifier measurement application is an integrated PA testing system
targeting 5G NR, WLAN, or other wideband PA test scenarios. N9O55EMOE operates within Keysight's X-
Series signal analyzers and when combined with a Keysight signal generator, enables both Pre-DPD and
Post-DPD PA measurements.

Digital Pre-Distortion Technology

Power amplifiers with high PAPR (Peak to Average Power Ratio) signals can create non-linearity
problems. When applying a high-power signal to the PA input, the PA can’t linearly amplify the signal
causing gain saturation and distortion and leads to signal quality degradation, such as worse Adjacent
Channel Power (ACP) and Error Vector Magnitude (EVM). To compensate for the non-linear behavior of
the PA, we can apply a DPD method. In general, DPD technology applies “inverse” distortion to the PA
input signal to cancel distortion generated by the PA as shown in Figure 1. Several types of DPD
methods include memoryless and memory, which convey the memory effect on a PA. N9O55EMOE
supports the following methods:

e Look-up table

e Volterra Series

e Memory polynomial

o lterative Learning Control (ILC)

e User-defined DPD model with MATLAB scripts
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Figure 1. Digital Pre-Distortion (DPD)
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A DPD algorithm pre-distorts the PA’s input signal in the exact opposite way the PA distorts the signal as
shown in Figure 1.

An alternate approach to creating an inverse model is to pre-distort the signal iteratively to remove the
error at the PA output. The advantage of this iterative DPD approach is the ability to obtain the best
possible output ACPR and EVM without being bound by the computational complexity of the model The
new approach is lterative Learning Control (ILC), described in detail in the Iterative Learning Control for
RF Power Amplifier linearization paper.

Let's compare a model-based DPD algorithm to an ILC DPD computation.

Digital Pre-Distortion (DPD) Algorithm

The rise of increasing bandwidths and PAPR in wireless communications systems requires more complex
Power Amplifier (PA) technologies. These power amplifiers exhibit phenomena known as memory effects
where the current output signal is influenced not only by the current input signal but also by past input
signals. These effects are due to the time-varying behavior of the amplifier's components and materials,
which causes a deviation from the ideal, instantaneous response.

Figure 2 shows the well-known Volterra and memory polynomial DPD models used to compensate for
these memory effects. The disadvantage of model-based DPD that can compensate for memory effects is
that it requires complex signal processing to implement a reliable inverse model of the PA.
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Figure 2. Standard DPD models

Iterative Learning Control (ILC) DPD

Iterative Learning Control (ILC) is an iterative technique that inverts an amplifier’s linear and non-linear
signals. Rather than identifying the pre-distorter parameters, ILC uses an interactive, sample-based
learning algorithm to find an optimal PA input signal that produces the desired linear output response. ILC
works to ensure a PA’s output signal closely resembles the input reference waveform without applying
complex, computation-limited memory model methods. Additionally, the ILC DPD approach enables

1 Jessica Chani-Cahuana, Per Niklas Landin, Christian Fager, Senior Member, IEEE, and Thomas Eriksson, Member, IEEE,
“Iterative Learning Control for RF Power Amplifier Linearization” (IEEE Transactions on Microwave Theory and Techniques, Vol.
64, NO.9, September 2016)
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comparable measurements across devices and prevents the need for amplifier designers to identify the
influences of different DPD algorithms.

Unlike other iterative techniques, the ILC algorithm does not require details for a specific power amplifier
and is computationally less expensive.

Compensate Measure
AM/AM and AM/PM
(increase K)

Reference Signal
A (nT)

Figure 3. Iterative Learning Control Digital Pre-Distortion (ILC DPD) approach

The pre-distorted input sample, P(nT), depends on the measured output sample M(nT). Comparing the
output waveform M to the desired reference output waveform A, for each sample iteratively until M
converges to A in terms of EVM or ACPR as shown in Figure 3.

The N9O55EMOE Power Amplifier measurement application enables easy export of an approximated
DPD model or pre-distorted waveform following the ILC DPD measurement to help DPD algorithm
developers in their performance evaluation and comparison between the algorithm output and the ILC
DPD pre-distorted waveform.
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Hardware Connections

Refer to the details and diagram below to set up and use the N9O55EMOE Power Amplifier measurement
application.

e Connect the signal analyzer and signal generator using a LAN connection.

e Connect the signal generator “10 MHz Out” to the SA “EXT REF In”

e Connect the signal generator “CH2 SYNC Out” to the SA “EXT Trigger In1”

e Connect PA (DUT) between SA and signal generator RF or mmWave port.

10MHz Ref/Trigger/LAN

Signal Analyzer
Signal Generator

RF/mmWave Cable

Figure 1. N9O55EMOE Power Amplifier test connections using M9484C VXG (signal generator) and N9042B UXA
(signal analyzer)

10MHz Ref/Trigger/LAN

Signal Analyzer

Signal Generator

RF Cable

Figure 4. N9055EMOE Power Amplifier test connections using N5186A MXG (signal generator) and N9032B PXA
(signal analyzer)
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Once your connections are made and the instruments powered on, the signal analyzer, with the installed
N9055EMOE Power Amplifier measurement application and a valid license, will display the power
amplifier measurement application’s Mode/Measurement/View Selector view. Users can enter a power
amplifier measurement by selecting “Power Amplifier” for the mode, “Power Amplifier” for the
measurement, and “Normal” for the view as shown below. Press ‘OK’.

lode / Measurement / View Selector |screen Name Power Amplifier 1

LTE FDD & NB/eMTC & V2X Power Amplifier

‘When Sequencing is On and LTETDD & LTE-ATDD AcP

there are multiple Screens, all
Screens update in sequence.
When Sequencing is Off, only
the selected Screen updates.

Measuring Receiver EVM Metrics

Multi-Standard Radio (MSR) EVM vs. Power
5G NR & V2X DPD lteration

Power Amplifier Delay Alignment

Figure 5. N9O55EMOE Power Amplifier measurement application in Mode/Measurement/View

Establishing a connection between the signal analyzer and signal generator is accomplished in the LAN
connections in the power amplifier measurement mode. The first time you connect to a specific signal
generator, you must input the IP address or instrument Hostname. Use the application to input the signal
analyzer’s configuration in the “Signal Generator List” where details are stored even after the signal
analyzer is rebooted. Once you establish a connection between the signal analyzer and the signal
generator, the signal generator’s details are displayed in the information box. A Connected/Disconnect
indicator will display "Disconnect" as a choice for the connected signal generator. Multiple signal
generators can be entered but only the "Connected" signal generator is highlighted in green.

i 5G NR 1
Aodulation Analysi: + u Meas Setup v

cose |[f Comedion
Connection Management uose) < Mansgement | Settings
't — | Meas
I oy | Standard
3.350000000 GHz
Auto
enerator List | Man
Name (Optional) Hostname/IP Address Disconnect =
—t——p——— |RF Output Ref Signal
Information |
On
| of
{RF Off After Meas
| Preset DPD
. i On
| of
?Channci
| Channel 2 Envelope
L oy Tracking

| Amplifier

{ PAMeas

w Signal Generator

i ly Settings to. |
Hostname/IP Add To Generator A_opy
Address List b 75[9__ 1al Generator 4

Name (Optional) Delete Selected
Generator

Figure 6. N9O55EMOE signal generator connection management
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Steps to establish LAN connection to signal generator:

1. Select “Signal Generator” in the ‘Meas Setup’ menu

2. Select “Connection Management” to open the connection management view
a. Enter the signal generator IP address or Hosthame

3. You can select “Add to Generator List” to add the new analyzer to the signal generator list or select
“Delete Selected Generator” to remove a generator from the list

4. Select a signal generator you want to connect to, and you will see the border highlighted in blue

5. Select “Connect” to establish a connection to the selected generator. Once connected, the signal
generator border will be highlighted in green, the signal generator Information will display in the
information box, and the button will change to "Disconnect".

Download a Reference Waveform to the Signal
Generator

Keysight's PathWave signal generation desktop or the generator’'s embedded software, accompanied by
a valid N7631APPC license, can configure and generate a 5G NR reference waveform. Figure 7 shows a
reference waveform downloaded to the signal generator.

il NR 1
M Modulation Analysi: + ﬁ Nees Son
Select File Close ) |[Waveform Type l Settings
Signal Studio v
 —— | Meas
JR ) demo_signal_PA ) Waveform Directory Power Amplifier W || Waveform Location | stangard
S—p——— o T Local =
| Signal

Name A Date Size Content
Generator
( setect Waveform

B

[™) NR5G_DL_TM1.1_100M_subframe_CF3.35G_CFR8dB.WIm 9/19/2022 2:44 PM 614 KB Wim file

D NR5G_DL_TM1.1_100M_subframe_CF3.35G_CFR8dB_dpd 10/19/2022 4:22 PM 1MB Wim file Amplifier

D NR5G_DL_TM1.1_100M_subframe_CF4.85G.wfm 12/13/2021 10:48 PM 614 KB Wfm file

D NR5G_DL_TM1.1_100M_subframe_CF4.85G_OSR3wfm  12/13/2021 11:42 PM 1MB Wim file

to iénal

Generator

File name NR5G_DL_TM1.1_100M_subframe_CF3.35G_  File type: Waveform Segment Files (*.wfm) Select

Figure 7. N9O55EMOE reference signal waveform configuration
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Steps to download reference waveform to the signal
generator:

1. Select “Ref Signal” under the “Meas Setup” menu

2. Select “Signal Studio” for the “Waveform Type”

3. Select “Local” for the “Waveform Location”

4. Press the “Select Waveform” button to open the “Select File” view

5. Select the reference waveform you want to use. Once selected, the waveform will be highlighted in
blue

6. Press the “Select” button, to send the reference waveform to the signal generator

Once you have completed the reference waveform setup, you will configure the source settings in the
“Signal Generator” tab as shown in Figure 8.

S5GNR 1
Modulation Analysit = Meas Setup v

Connection

Connection Management
Management

“I Settings
|

st
me (Optional) Hostname/IP Address
PTG

| _| Amplifier
| RF Off After Meas
DPD
On
off |
e « PAMeas
| Channel |
| Channel 2 v | Envelope
ws Tracking
|

"? Advanced ‘l'

Figure 8. Signal Generator Settings include center frequency, channel source, and more.

Steps to configure signal generator settings:
1. Select “Signal Generator” under the “Meas Setup” menu
2. Enter the center frequency in the “Frequency” text box

3. Select the correct channel from the drop-down menu in the “Channel” text box. For this document’s
demo, the VXG’s channel 2 is selected.

4. Select “RF Output” “On”. For this example, the reference waveform is located on the VXG’s
channel 2.

5. The “RF Off After Meas Preset” is set to “On”, by default, and will switch to “Off” after the
measurement preset. You can also choose to control RF On/Off manually
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Figure 9. M9484C VXG displays it is under remote control and channel 2 is generating the waveform

The screenshot in Figure 9 shows the M9484C VXG signal generator’s display after the reference
waveform is downloaded from the signal analyzer. The reference waveform’s file is displayed while it is
generating the signal.

Pre-DPD Measurements

Following the signal generator configuration, you will configure the analyzer demodulation and power
measurement settings. The N9O55EMOE Power Amplifier measurement application provides a radio
standard preset to help you quickly configure parameters based on a specification.

"SI 5G NR 1
3 Modulation Analysit + u Meas Setup v

Radio Standard Presets C!cse)

¢ Radosw Tl Sl
| Presets
BW Option ; S C
- Signal
25 MHz Generator
Configure Ref Signal
30 MHz Carriers

Preset from 5GNR
40 MHz foolliss

50 MHz DPD

All the settings of the ACP PA Meas

measurement are configured

automatically based on the Envelope

Gz selected format during the radio Tracking
standard preset. |

80 MHz EVM Radio Format is also set

automatically based on the

selected radio standard.

The EVM measurement will be

switched off if it's on.

60 MHz

90 MHz

100mz

Press OK to execute the selected
200 MHz preset and exit this dialog

400 MHz OK Cancel

Figure 10. N9O55EMOE radio standard preset for ACP and EVM measurement

AN KEYSIGHT


http://www.keysight.com/
http://www.keysight.com

Steps to configure signal analyzer

Max Input Power

. -
settings: 0 cBm e
Loss In hSAt:?Zard
1. Select “Meas Standard” in the “Meas Setup” menu 0dB —
igna
« . » . . Loss Out ngerator
2. Select “Radio Std Presets” to open the radio format view - =
Ref Sigr .
3. Set the “Format” to “6GNR”, “Radio” to “BTS”, “BW” to “100 MHz”, ?:";B
and Option to “FR1” representing frequency range 1. Press the
“OK” button. Pwe;ﬁ?:;t:;" Mode | hpp
PA Output
4. Next, select “Amplifier” in the “Meas Setup” menu —y— PA Meas
. . . -2 dBm Envelope
5. Enter the power amplifier parameters, including “Max Input Power”, Tracking

“Loss In”, “Loss Out”, “Gain”, and “Power Control Mode”.

6. Select “Frequency” and enter the analyzer’s center frequency

Figure 11. N9O5S5EMOE Power
Amplifier configuration menu

Pre-DPD measurements are performed by measuring the signal generator’s reference signal. The screen
capture below shows the pre-DPD measurement results in yellow for all the PA test trace windows.

You can restart the measurement to see new results, or use "Continuous" mode to check pre-DPD results

-
continuously by pressing the button as shown in Figure 12.
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Power Amplifier 1, Eel 8] +
ST S Modulation Analysi
KEYSIGHT Input RF Input Z- 50 Q Atten: 40 dB (e10) | Trig: External 1 Carrier Ref Freq: 3.350000000 GF
- Coupling: DC Corr CCorr RCal Pre: Int off, LNA off #IF Gain: Low SG Amp:-2.00 dBm (On), Connecl
Ext Gain: -20.00 dB Freq Ref Ext (S)  uW Path: Bypass
Alicsn: IDFF DAY Dact WWhdo

1AM-AM v 2 AM-PM v
Scale/Div 6.500 dB Ref Value 25.00 dB Scale/Div 36.50 deg Ref Value 180.0 deg

60 dBm WEPre-DPD mEPost-DPD 10 dBm|-60 dBm " mWPre-DPD mEPost-DPD

3 ACP Graph v 4 Numeric Results v
Scale/Div 10.0 dB Ref Value 10.00 dBm Pre-DPD Post-DPD
: i Delta EVM 377 %
Input Power -2.00 dBm
Output Power
Gain

Center 3.3500 GHz  WPre-DPD MPost-DPD Span 298.4 MHz| CrestFactorin

5 Raw Main Time v 6 EVM Error Summary
Scale/Div 10.00 dB Ref Value 40.00 dBm

Post-DPD
Channel Power
Channel Power(Active)
EVM
Peak EVM

Figure 12. N9OS5EMOE Pre-DPD measurements

Window 6 of Figure 12 (highlighted in red) shows the optional demodulation EVM results and supports 5G
NR and WLAN demodulation. To view demodulation EVM measurements, a N9O85EMOE license for 5G
NR, N9077EM1E for 802.11ac/ax, and N9077EM2 for 802.11be is required. The next section describes
how to enable 5G NR demodulation EVM results in power amplifier measurement. You can refer to the
same steps to enable WLAN demodulation in PA measurements.
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Enable 5G NR Demod EVM

Figures 13 and 14 demonstrate how to enable 5G NR demodulation EVM results in power amplifier
measurements. Start by configuring demodulation parameters in the 5G NR modulation analysis
measurement. The 5G NR license, N9O85EMOE, provides several test models under “Meas Standard”.
Demodulation parameters can be configured quickly by selecting the preset button. If fast power amplifier
measurements are important for your application, it is good to know that the length of the reference
waveform is typically one subframe. Within “Meas Time” you can configure the result length and search
time to optimize measurement time.

Power Amplifier 1 I
'ower Amplifier + 'Q Meas Setup ¥
KEYSIGHT Input RF Input ‘Z_SO Q Atten: 10 dB Tnig: Free Run Carier Ref Freq: 3 35&)000000 GH Component Carrier
oupling Corr CCorr RCal Pre: Int off, LNA off #F Gain: Low CC Info: DL, 1 CC, SISO
Freq Ref Ext(S) W Path: Bypass cco

Search Length Settings
3.0000 ms

Scale/Div 328 subcarriers
Radio

Meas
Subframe Standard

1 Component
u=1: 30 kHz 6.141 |Start: 0.00 symbols Stop: 27.00 symbols ; Carriers
4 CC0 y
Raw Main Time Subframe
Ref Value 0.00 dBm Scale/Div10.00dB  Ref Value 10.00 dBm 1

v

Channel

Slot Profile
y L (1]
| 1 1y ) Advanced

| Symbol
tr: 3.350000000 GHz Width: 110.6 MHz

Res BW: 1000 Hz Info BW: 98.30 MHz Start: 0.00 ns Stop: 3.00 ms 0. Decode

EVM  Power per RE N cco Sublrame

2.85 -47.11 dBm B Channel Power (Active / Total) -11.97 dBm / -11.97 dBm
276 -47.11 dBm § EWM (RMS / Peak) 2.85%/10.96 %
PDCCH (DL BWP 1) 231 -47.16 dBm Frequency Emror (RMS / Worst) 378.9 mHz / 378.9 mHz
1.97 -47.21 dBm Symbol Clock Error 0.001 ppm
1Q Offset (SISO) -63.56 dB
Time Offset 674933 us

5 CCO Frame Summary ¥ 6 Error Summary I

Freq Ermor
S22 O colis

5GNR 1
Modulation Analysit & Meas Setup v

( AM-AMAM-PM | Setings

Meas
< (B Standard

EVM Signal

Radio Format <
Generator

EVM .
<

Ref Signal
Preset from 5GNR EVM s

Report EVM in DB
Amplifier

EVM Meas Time 3.0000 ms
DPD

- On
Optimize EVM

Allow Full Bypass On Set "Allow Full Bypass in Auto” to On for the

in Auto best EVM performance. Envelope
Tracking

The PA test measurement doesn't provide interfaces for users to access the parameters required for
demodulating a 5G NR signal or a WLAN 11ac/ax/be signal on the GUI. To activate the EVM
measurement in the PA test measurement, users must set the demodulation parameters either via the 5G
NR application’s EVM measurement or via the WLAN application’s Modulation Accuracy measurement,
depending on the selected radio format on the GUI. Those parameters are then adopted by the
demodulator in the PA test measurement when the EVM measurement becomes active.

To keep the consistency between the EVM measurement and the other sub-measurements in the PA test
measurement, some carrier-related parameters (Number of Carrier, Carrier Ref Frequency, Carrier Freq
Offset, Carrier Bandwidth, Integration Bandwidth of ACP, etc.) and the measurement time of EVM
measurement are configured automatically based on the settings of the 5G NR application’s EVM
measurement or the WLAN application’s Modulation Accuracy measurement under the following
circumstances

e tha

Figure 14. Enable 5G NR demodulation EVM results in power amplifier measurement
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Steps to enable 5G NR demod EVM:

1. For a 5G NR modulation analysis measurement, you must configure the demodulation parameters
and the measurement time

2. Switch to the N9O55EMOE Power Amplifier measurement, then, select “PA Meas” in the “Meas
Setup” menu

3. Select the “EVM” button to open the EVM configuration page
4. Inthe EVM configuration page set the Radio Format to “5G NR” and select “On” for EVM

5. Click on the “Preset from 5G NR EVM” button to couple the demodulation parameters for PA
measurement.

The demodulated EVM results will be displayed in the “EVM Error Summary” table.

ILC DPD Measurements

Figure 15 demonstrates how to enable an iterative learning control (ILC) DPD measurement. The DPD
iteration measurement makes it easy to acquire AM/AM, AM/PM, ACP, delta EVM, and demodulation
EVM for each iteration. Post-DPD measurement results are displayed in blue for all the PA Test trace
windows.

G NR 1
lodulation Analysit + Meas Setup v

KEYSIGHT : Input Z: 50 O Atten: 28 dB (e8)  Trig: External 1 Carrier Ref Freq: 3.350000000 GH f ]
e : Corr CCorr RCal Pre: Int off, LNAoff #IF Gain: Low SG Amp:-2.00 dBm (On), Connecl Settings
-20.00dB FreqRef Ext(S)  uW Path: Bypass DPD Iteration: 6/6 ;

St Hdlesal =
3ACP Graph 5 Raw Main Time v |PA Model Extraction | Standard
Ref Value -44.41 dBc Scale/Div 10.0 dB Scale/Div 10.00 dB On ! Signal
| of Generator

e ' teration
WW | 5 Ref Signal
= S —— — I DPD Algorithm | Ampiific
SRS 000 s 1.000ms |1 ¢ DPD
teration 1 W Lowergg Upper teration 6/Center 3.3500 GHz Span 298.4 MHz Digiu] IF BW 294.91 MHz L. |

A
13 DPD Iteration ACP
[Offset A

12 DPD Iteration EVM v 1AM-AM v 2 AM-PM v Gain Expansion
Scale/Div 0.14 %  Ref Value 1.68 % Scale/Div 7.500 dB Scale/Div 36.00 deg {298
'/ DPD Agorithm |
Configuration | Envelope
- |Meas DPD lteration | 1299

On
off

o PA Meas

eration 1 [ Delta EVMgRMS EVM Neraton 660 dBm WM Pre-D WMPost! 10 dBm-60 dBm MsPre-D mmPost! 10dBm||§_ |

— Restart DPD lteration}
11 DPD Iteration Metrics v d ]
wer Offset A ACP Upper Offset A Delta EVM RMS EVM

Figure 15. Enable ILC DPD measurement
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Steps to enable Iterative Learning Control (ILC) DPD:
1. Switch the measurement to single mode

2. Select “DPD” in the “Meas Setup” menu

3. Select “ILC DPD” in the “DPD Algorithm” drop-down menu

4. Select DPD “On” to display post-DPD measurement results

5. Select Meas DPD lteration “On” to start measurements based on the iterative number you set
6. Click on the “Restart DPD lteration” button to start the iterative DPD measurement.

The ACP, EVM results will be displayed for each iteration. For this example, the default number of 6
iterations is used. You can modify the number of iterations to align with your DUT PA performance.

Over-Sampling a Reference Waveform

Figure 16 demonstrates how to resample the signal analyzer’s reference waveform in the N9O55EMOE
Power Amplifier measurement. The new, resampled waveform is input to the signal generator for
generation by setting the “RF Port” in the “Signal Generator” menu to “On”.

S5GNR 1 sty
Modulation Analysi + ﬁ Meas Setup v E

Close> iWavefcrm Type

Waveform Processing ‘Senings
| Signal Studio v

| . | Meas
|Waveform Location | standard
L Local v [signai
by " Generator
| |
Resampling Ratio  |3.00 ;< Select Waveform ‘
i '

Burst Formation &
Mask

Actual Resampling Ratio - 3
Resampled Length : 363640 ‘

‘Ampliﬂer

U ppD

|
|
‘ PA Meas

s ENvelope
Waveform ‘ ]
Processing |

- Exponrigéigr;al ‘7‘

Tracking

Generator

Figure 16. Enable reference waveform over-sampling ratio

AN KEYSIGHT

15


http://www.keysight.com/
http://www.keysight.com

Steps to enable over sampling:

1. Select “Ref Signal” in the “Meas Setup” menu

2. Select the “Waveform Processing” button to open the waveform configuration page
3. Select “Common” under Waveform Processing

4. Disable “Auto” for the Predefined Resampling Ratio and the Resampling Ratio value

5. The resampling points are updated based on the resampling ratio. For this example, the 100MHz
bandwidth 5G NR signal has 3 X 122880 sample points.

Figure 17 demonstrates how a 3rd-order distortion appears in adjacent channels. To improve ACPR, the
pre-distorted waveform bandwidth needs to also be used for adjacent channels. To achieve this, we need
a wider bandwidth waveform. In this example, a 100MHz bandwidth 5G NR waveform is used with a base
sample rate of 122.88MHz. Since there is no 3rd order bandwidth coverage, the DPD doesn't improve the
ACPR performance. However, by applying a 3 X higher sample rate, we can achieve ACPR improvement
with DPD. Therefore, the signal generator and signal analyzer used in the system must be capable of 3 X
the carrier bandwidth. To measure PA with DPD for a 100MHz bandwidth, the system requires a signal
generator and signal analyzer capable of a 300MHz bandwidth.

3ACP Graph v
Scale/Div 10.0 d8 Ref Value 10.00 dBm

3ACP Graph v
Scale/Div 10.0 dB Ref Value 10.00 dBm

ACPR & EVM are both improved!
——)

Center3.3500 GHz _ MPre-DPD 8 Post-DPD Span 298.4 MHz
11 DPD lteration Metrics v 11 DPD lteration Metrics ¥

DPD lteration  ACP Lower Offset A ACP Upper Offset A @ RMS EVWM DPD Meration ACP Lower Cl pr RMS EVM

OSR =1, DPD Method = ILC, IQ Average = On, Gain Expansion =0 dB OSR = 3, DPD Method = ILC, 1Q Average = On, Gain Expansion = 0 dB

Figure 17. Effect of over-sampling ratio
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IQ Coherent Averaging

The ILC DPD method compares a measured signal to an ideal signal where noise is a significant portion
of the difference. Every active part in a measurement setup adds noise, including the DUT and the
measurement instruments. The combined test system noise reduces the measured signal’s signal-to-
noise ratio. To effectively apply ILC DPD, there must also be a method to minimize the influence of noise
and non-linearity. The N9O55EMOE Power Amplifier measurement application’s “IQ Coherent Averaging”
minimizes the influence of noise when the ILC DPD method is used. Figures 18 and 19 show two
methods of enabling 1Q averaging for a power amplifier measurement.

'5GNR 1
Modulation Analysi + a Meas Setup
KEYSIGHT Input RF Input Z: 50 Q Atten: 28 dB (e8)  Trig: External 1 Carrier Ref Freq: 3.350000000 GF [
>

Coupling: DC ComCCorrRCal  PrerIntoff,LNAff #IF Gain“ Low SGAmp-2.00 dBm (On), Connect | Soherent
Ext Gain: -20.00 dB Freq Ref: Ext (S) HBW Path: Bypass DPD lteration: 6/6 ging
N DA Dt Widn nOD- 1o Do On

A
13 DPD lteration ACP 3 ACP Graph 5 Raw Main Time off Standard

Offset A C
Ref Value -36.30 dBc Scale/Div 10.0 dB Scale/Div 10.00 dB 1Q Coherent Signal
Averaging Number Generator.
10 [
i Ref Signal
'Avg Acq Type l
| Simul i 5
»SII‘I‘IU ltaneous (Fllterab‘ Amplifier
iMeas Type |
Single Power DPD
12 DPD Iteration EVM v 1AM-AM \ 2 AM-PM \ Power Sweep

Scale/Div 0.18 % Ref Value 2.89 % Scale/Div 11.50 dB Scale/Div 36.50 deg

== ] X 1.000 ms
teration 1 I Lowerjg Upper fteration 6|Center 3.3500 GHz Span 298.4 MHz|Digital IF BW 294.91 MHz

Power Sweep | PA Meas
| Config

| Envelope
| Meas Preset Tracking

| .
— Launch MATLAB
teration 1 i Deita EVMRMS EVM lteration 6|60 dBm MW Pre-D MMPost! 10 dBm|-60 dBm MuPre-D MEPost- .

11 DPD lteration Metrics v

DPD lteration ACP Lower OffsetA ACP Upper Offset A Delta EVM
0 E 3¢ 35.11 dBc 5
1 =
2

-44 21 dBc

Figure 18. Enable IQ averaging in the Settings menu
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Figure 19. Enable IQ averaging in the Iterative Learning Control DPD configuration window
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Steps to enable 1Q coherent average:

1. Select “DPD” in the “Meas Setup” menu

2. Click on the “DPD Algorithm Configuration” button to open the configuration window
3. Select “Iterative Learning Control” under Configuration DPD Algorithm

4. Set “lQ Coherent Averaging” to “On”, and enter an IQ Coherent Average Number
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Figure 20. IQ averaging improves ACPR and EVM
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Gain Expansion

Gain expansion is the ratio of a pre-distorted waveform’s peak power and the reference waveform. An
increased gain can linearize the PA but it will clip when there is too high of gain. The N9O55EMOE Power
Amplifier measurement application provides a gain expansion configuration parameter that helps to
achieve measurements in this extreme case. Figures 21 and 22 show two methods you can use to

configure the gain expansion parameter.
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Figure 22. Configure Gain Expansion value in ILC DPD window
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Steps to enable gain expansion:

1. Select “DPD” in the “Meas Setup” menu

2. Click on the “DPD Algorithm Configuration” button to open the configuration page
3. Select ‘lterative Learning Control’ under Configure DPD Algorithm

4. Enter a gain expansion value in the “Gain Expansion” cell
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Figure 23. Improved ACPR and EVM by increasing the gain expansion
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Export ILC DPD Results

The N9055EMOE Power Amplifier measurement application enables the export of DPD results, including
PA model, DPD model, and the pre-distorted waveform, as shown in Figure 24.
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Figure 24. Export DPD results

Steps to export PA DPD measurement results:
1. Select the file button on the bottom left

2. Click on the “Save” button to save the configuration information

3. Select “DPD Results” under the Save/State

4. Select the Data Type by clicking on the circle next to DPD Model, PA Model, or Pre-distorted
Waveform

5. Click on the “Save As” button to export the selected DPD results file to the specified location
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Configure DPD Algorithm Iterative Leaming Control(ILC) DPD
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Figure 25. Extract an approximate DPD model based on ILC DPD measurement

You can export an approximate DPD model, as a reference, to verify your DPD modeling design after an
ILC DPD measurement. Start by configuring the DPD model type and other related parameters in the ILC
DPD configuration window as shown in Figure 25.

For more information, see the N9055MOE Power Amplifier measurement application technical overview
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Additional Information

o X-Series measurement applications: www.keysight.com/find/X-Series_apps

¢ Download X-Series measurement application: www.keysight.com/find/X-Series_apps_software

e Learn about compatible instruments: www.keysight.com/find/X-Series_apps_platform

¢ 30-day trial license for X-Series measurement application: www.keysight.com/find/X-

Series_apps_trial

e X-Series Signal Analyzers: www.keysight.com/find/X-Series_SA
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