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Digital Pre-Distortion----- Principle
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Digital Pre-Distortion----- Principle

The DPD-PA cascade attempts to combine two nonlinear systems into one linear result
which allows the PA to operate closer to saturation.
The objective of digital predistorter is to have y(¢) ~ Cx(¢) , where C is a constant.
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The most important step is to extract PA nonlinear behavior accurately and efficiently.

>
>
2

Power Out (dBm)

Power Out (dBm)

Power Out (dBm)

Power In (dBm) Power In (dBm) Power In (dBm)
DPD AM-AM PA AM-AM DPD+PA AM-AM

SystemVue DPD

4

Copyright Agilent Technologies 2010 .:::. Agilent Technologies Jinbiao XU

May 26, 2010



Memory Polynomial Algorithm

« As the signal (such as 3GPP LTE) bandwidth gets wider, power amplifiers
begin to exhibit memory effects. Memoryless (LUT) pre-distortion can achieve
only very limited linearization performance.

* Volterra series is a general nonlinear model with memory. It is unattractive for
practical applications because of its large number of coefficients.

Memory polynomial reduces Volterra’s model complexity. It is interpreted as a

special case of a generalized Hammerstein model. Its equation is as follows:
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Signal Training to derive the Memory Polynomial

1. Pre-distorter training: |
Nonlinear coefficients are X(n) Predistorer 2(n) Povter ()
extracted from the PA (Copy ol A il
input and PA output
waveforms (ie — on real P e
physical behavior) - /

2. Copy of PA: The DPD “(n)
model accurately captures _Fr’fe_di_stortﬁr .
the nonlinearity with raining )
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Crest Factor Reduction (CFR) Concepts

» Spectrally efficient wideband RF signals may have PAPR >13dB.

 CFR preconditions the signal to reduce signal peaks without significant
signal distortion

 CFR allows the PA to operate more efficiently — it is not a linearization
technique

 CFR supplements DPD and improves DPD effectiveness

« Without CFR and DPD, a basestation PA must operate at significant
back-off from saturated power to maintain linearity. The back-off
reduces efficiency

Benefits of CFR
1. PAs can operate closer to saturation, for improved efficiency (PAE).
2. Output signal still complies with spectral mask and EVM specifications
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Crest Factor Reduction (CFR) Concepts

Vout
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1 dB compression
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If you can reduce the Peak-to-Average Ratio of the signal, then for a given
amplitude Peak, you can raise the Average power (up & to the right, above)
with no loss in signal quality.

Thus, CFR enables higher PA efficiency by reducing the back-off, often by 6dB
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Crest Factor Reduction for Multiple-Carrier Signals

« Multiple-Carrier Signals (such as GSM, WCDMA, WiMAX) already have high
PAPR.

* In the future, they will also include multiple waveforms (ie - LTE with 3G WCDMA).

* Therefore CFR will increase in importance for Multi-Carrier PA (MCPA)

linearization.
GSM GSM+UMTS UMTS+LTE
@ || | ||PI‘ ﬂ ||"|| i - @ ||'1| |”| @ i - :E'I_'E @ E
UL T U N E Ty

CFR algorithm for multiple carrier signals
« PW (Peak Windowing)-CFR

* NS (Noise-Shaping) -CFR

* Pl (Pulse Injection)-CFR

« PC (Peak Cancellation)-CFR
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CFR for 3GPP LTE DL OFDM Signal

Controls EVM and band limits in the frequency domain.
* Constrains constellation errors, to avoid bit errors.
» Constrains the degradation on individual sub-carriers.
* Allows QPSK sub-carriers to be degraded more than 64 QAM sub-
carriers.
» Does not degrade reference signals, P-SS and S-SS.
» All control channels (PDCCH, PBCH, PCFICH and PHICH) adopts

QPSK threshold.
,| Out-of-band
Processor
{2810 L IFFT || Clip || FFT cp
. | Pad i iy B
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LTE CFR (Crest Factor Reduction)
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DPD Simulation Workspace

E{ﬁ Step 1 Create DPD Stimulus

-[_1"} CreateDPDStmulus (Schematic)

----- iR CreateDPDStmulus Analysis (CreateDPDEkmOlLs) Ste p 1 IS to G ene rate Wavefo rm fo r D P D

oin

-1 CreateDPOStimulus Analysis_Data {CreateDPDStmUlus Analysis)

£ papr

=5 Step 3 DUT Model Extraction
£ DPD_NMSE
-] DPD_PowerAlignment

4 DPD_erfication_Spectrum Step 3 is for DUT Model Extraction

-[frb DUTMadelExtraction (Schematic)
----- M OUTMadelExtraction Analysis (DUTModelExtrackion)
[ DUTMadelExtraction Analysis_Data (DUTModelExtraction Analysis)

1 43 Step 4 DPD Response Step 4 is for DPD Response

= £ Step 4.1 DPD Response

-4 DPDResponse (Schematic)

----- i3 DPDResponse Analysis (DPDResponse) . . .
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=43 Step 4.2 EYM Measurements
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LTE DPD simulation for a memoryless non
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LTE DPD simulation for a nonlinear PA with memory
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DPD Hardware Verification Flowchart

Create DPD Stimulus DPD HW Flowchart consists of 5 steps:

« Step 1 (Create DPD Stimulus) is to
download waveform (LTE or User defined)
into ESG/MXG.

+ Step 2 (Capture DUT Response) is to
capture both waveforms before power
amplifier and after power amplifier from
PSA/MXA/PXA by using VSA89600
software.

+ Step 3 (DUT Model Extraction) is to extract
PA nonlinear coefficients based on both
captured PA input and PA output waveforms
and then to verify DPD by using PA
nonlinear coefficients.

+ Step 4 (DPD Response) is to download the
waveform (LTE or User Defined) after pre-
distorter (by using PA nonlinear coefficient
from Step 3) into ESG/MXG, this real signal
passes through the PA DUT, capture PA
output waveform from PSA/MXA/PXA by

— using VSA89600 software.
MXG, ESG SystemVue + VSA Software  MxA.PsA || ¢ Step 5 (Verify DPD Response) is to show

SystemVue DPD
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DPD Hardware Verification Workspace Structure

(=45 Step 4 DPD Response

@ DPC_LTE DL ) 243 step 4.1 Power Alignment
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[j Step 4.1 Power Alignment =45 Step 5.3 Spectrum Comparison
[ Step 4.2 Apply DPD 4 SpectrumCamparison
[j Step 4.3 Capture DPD-PA Qukpuk Wyaveform {j‘}- SpectrumPlot {Schematic)
=43 Step S Verify DPD Response i SpectrumPlot Analysis {SpectrumPlot)
[j Step 5.1 Download WaveForm (Mo DPD) ba ESG [ ] SpectrumPlatComparisan {SpectrumPlot Analysis)
[_7] Step 5.2 Capture PA Oubput WaveFarm (Mo DPD) B-& Step 5.4 EVM Measurements
[j Step 5.3 Spectrum Comparison @ EVM

{:"1:- EMMMeasurements (Schematic)
M EYMMeasurements Analysis (EYMMeasurements)
_________________________ [ ] E¥MMeasurements Analysis_Data (EvMMeasurements Analysis)
o =45 Step 5.5 ACLR Measurements
S~ {:} ACLRMeasurements (Schematic)

~o M ACLRMeasurements Analysis (ACLRMeasurements)
o [ ] ACLRMeasurements Analysis_Data (ACLRMeasurements Analysis)
. Ry After_Pa_acLR

Sao [y AfterDPD_Pa_acLR

S R original_acLr

[[] Step 5.4 EYM Measurements
[_7] Step 5.5 ACLR Measurements
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DPD Hardware Verification Platform

1. PA input signal capture

Signal source:

LTE 10MHz
Agilent MXG/ESG 10MHz Reference _ PSA/MXA/PXA
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2. PA output signal capture
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DPD Hardware Verification — LTE (Step 1)

The CFR must be enable in LTE
source.

LTE paramters (such as bandwidth,
Resource Block allocation and etc)
can be set.

Step 1: Create Stimulus

The download waveform transmit
power, length also can be set.

1: Create DFD Stimulus | 2: Capture DUT Response || 3: DUT Model Extraction | 4: DPD Response || 5: Verlfy DPD response

LTE Parameters
— __ Bandwidth Oversampling Opiion - ——— Cydic Prefix (CP) Type R .
FCarrier 1-05-|Hz e 3:BW 10 MHz (SORE] %  |Ratio 4 v| (2 Normal (Msc: 12 | Nsymb: 7) . CCDF: Complementary Cumulative Distribution Function
= (O Extended (Nsc: 12 | Nsymb: §)
[&] crREnable Clipping Threshold | 0.0000165 \
stx_mr.gemu|a.1' 160AM_EVMThreshold |0.1 J E40AM_EVMThrashold | 0.1 1
Mapping Type {Modulation Scheme)
subframe 0 1 2 3 4 5 g 7 8 3
ow lapsk v [apsk v [Qpsk (] [arsk [ [opsk x| [apsk v |apsk ] opsk v [apsk s [aPsk o

Edit User Mapping e Prev UE Next UE i \

Download Farameters
RFPower -2 dBm W PrimAddrass 146.208.175.2

TimeStart |D _|m5 v| Timastag 30 | |ms v- Te3

LTE DL Source M
i Download Waveform Go To ESG Web Contral
. —l [-—:—_ “ﬂj -
' : s —— —

8
Signal range relative to AveragePower (d8)
—— ccoF_coor
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DPD Hardware Verification — LTE (Step 2)

Step 2: Capture DUT Response

e i Fre i T
@r hnem"‘*j,'

| 1: Create DPD Stimulus | 2: Capture DUT Response | 3: DUT Model Extraction | 4: DPD Responss | 5: Werify DPD response |

NumsOfCapturedSamples | B1440%30

VsaTrace |1:8 v SetupFle  |LTE DL 10Mrzset | [ Browse ]

Capture PA Input

e n—_ *
== LR "
F l—-m—:-* it i L * -11\‘-:
LS 4 - Ml ] |
Capture Waveform Show Captured Files
Capture PA Output

[ 08— ’ —_—

Capture Waveform Show Captured Files

Firstly, connect the ESG directly
with the PSA/PXA and click the
“Capture Waveform” button in the
“Capture PA Input” panel in the
GUI. The captured signal is the
input of the PA DUT.

Then, connect the ESG with the
DUT, and then connect the DUT
with the PSA/PXA and click the
“Capture Waveform” button in the
“Capture PA Output” panel in the
GUI. The captured signal is the
output of the PA DUT.

These 1/Q files are stored for
further usage.

.,. . _ SystemVue DPD
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DPD Hardware Verification — LTE (Step 3)

‘. 1: Create DPD Stimulus ” 2: Capture DUT Response 3 DUT Model Extraction I 4: DPD Response H 5 \igrify DPD Response ]

t : DUT Model Extraction
S ep 3 U Ode c O KumOfInputSamples Maodel Typs

MemoryOrder Model Identification Algorithm | 0: LSEusing QR »
NorlinearOrder

X
——

Z1

Poly 2

+ >y

' Poly T +
Show Results

(Pouier alignment] |3.94B71667733962 | [wwsz | |-37.s759357?431ss |d3
DPD Verification AM-AM
. AM-AM Characteristic N PA AM-AM Characteristic
] T This step is to extract
) . s B - PA nonlinear
LT LR coefficient from the

PA input and PA
| output waveform and

Pin/Pout
ra =] X
L]
P
“
e ney
[
-
Al
L]
L
.
n
FPout/Fin [dE)
LS o
o L]
e
e 8 L@
? v, ';::..
TR
&
%
”
v, |

b . .:F.\_ - : = 4863 , 3451 ..
o - “ - get the coefficients of

s - ‘ the DPD model.

B . 8
u
10 " -10
55065 -49.418 -43771 383125 -32478 26831 21185 -16533 9891 4245 1402 &0 535 nd 405 -34F‘ " d;?.s 2 145 B 15 5

Pout (dBm)
*  DPD Model validstion ®  DPD Measuremert

SystemVue DPD

Copyright Agilent Technologies 2010 5 ; Agllﬂﬂt TBChﬂOlogies Jinbiao XU
20 A May 26, 2010




DPD Hardware Verification — LTE (Step 4)

Step 4: DUT Response This step is to apply the DPD model extracted in

Step 3. The generated LTE downlink signal is
firstly pre-distorted by the extracted model, and
then downloaded into the ESG.

AM-AM Characteristic

&

| 1: Create DPD Stimulus | 2: Capture DUT Response | 3: DUT Model Extraction | 4: DPD Response | 5: Verify DPD Response |

Power Alignment |3.948?166??33962 | [ Default ] [ Do Power Alignment ] [ AM-AM ]

Download Parameters

RFPower ‘4‘963 ||d3m v| [ [)efauh;] PrimAddrass | 146.208.175.2 .
.
. o
Time Start DB Time Stop B2094 S64RG G006 43606 TR 07D 2436 A7EH 1145 A0F 1403

Pin (dBrr)

5
4
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1
]
=
o
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2
3
4
5
5

LTE DL Source Pre-Distorter MXG/ESG Spectrum

> e | 3
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L — P —

Capture Waveform -

=210

1969 1975 1SE2 1988 1994 3 2006 2012 2018 2025 2081
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—e— Befors Predistorter —s— After Precistorter

fis)
=31

W
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Spectrurn (dBrm)
I

o
et}
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=
)

Show Results
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DPD Hardware Verification — LTE (Step 5)

Step S: Verify DUT Response

Spectrum
EVM
ACLR

This step is to verify the performances
of the DPD (including spectrums of the
DUT output signal w/ and w/o DPD,
EVM and ACLR).

Spectrum

Frequency (GHz)

—4— P4 Output with DPD —— P4 Output weio DPD

Copyright Agilent Technologies 2010
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|. 1: Create DPD Stimulus " 2: Capture DUT Responss " 3: DUT Madel Extraction " 4: DPD Response
Download Parameters

5: Verify DPD Response

RFfower | 4,963 Primaddress | 146.208.175.2
Time Start IZI Time Stop
LTE DL Source MXG/ESG

This step is to download the
] original signal (without DPD) with
D — f_’._.-‘;_:* bish Lt the same RF power as step 4. You
l . Bl lEEg may also use the downloaded
- waveform in step 1 and change
the power in MXG/ESG.

Capture Waveform

Show Results

Index  AfterDPD_PA Original After P4,
EVM (dB) 1 -19.443 -19.352 -18.577
2 -18.84 -18.844 -18.071
ACLR (dB)
Original_ACLR_L_2B8YW Original_ACLR_L_BW Original_ACLR_U_BW Original_ACLR_LI_2Bw/
63.173 0653 51.252 £3.363
PA_ACLR_L_2BW PA_ACLR_L_BW PA_ACLR_U_BWY PA_ACLR_LI_ZBW
51.307 36.244 38.367 51.23
DPD_PA_ACLE_L 2BV DPD_PA_ACLE_L BWDPD_PA_ACLR U BV DPD_PA_ACLE_U 2BW
£2.437 50.514 A0.611 £2.825
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Hardware Verification

PA AM-AM Characteristic
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Pout CdBrm)

# DPDModel alidation

Index AfterDPD_PA  Original  After_PA
EVM (dB) 1 -19.531 -19.384) -18.625
2 14438 -18.382 -18.616

ACLR (dB)

Original_ACLR_L_2EWY Original ACLR_L_BW Original _ACLR_U_EWW Original_ACLR_U_2BW/

—— P4 Dutput with DPD —s— PA Outputuwo DPD
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51614 50,992 £0.005 51821
PA_ACLR L 2EW  PA_ACLR_L BW  PA_ACLR U BW  PA_ACLR U 2BW
43 585 27 B3 27 422 42 262
DPD_PA_ACLR_L 2BV DPD_PA_ACLR_L_BWDPD_PA_ACLR_U BVyDPD_PA_ACLR_U_2BW
50,147 42 426 42082 47779
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