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Introduction

Efficiency:

Maximum around P

out,max
Operating cost / battery
lifetime

Linearity degradation: out of
band emissions, higher EVM

Pre-Distortion:

Modify the DUT input signal
so that the output of the DUT
is linear

output amplitude / dB
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AM/AM

—DUT
ideal
DPD

input amplitude / dB




Challenges

ChaHenges

Know-How required on how to “fit” the algorithms for effectiveness
* DUT specific, adaption required for new devices

* Find the right trade-off, cost of DPD (complexity, energy consumption) vs.
PA back-off

=» Device, application, maybe even vendor specific

Questions:

* What is the maximum EVM/ACLR of my PA, if | had the perfect DPD?
* |sthere a generally valid approach to compare different amplifier designs?
* Can | convert this theoretical performance into something usable?



Direct DPD

The original waveform A is pre-distorted sample-by-sample
The amount of pre-distortion is based on the measurement M

M is compared to A, and the complex difference is used to generate the
pre-distorted waveform P

No “algorithm” involved, that describes the dependency between A and P
Iterative process




Model Based DPD

Traditional:

* Reference algorithm, e.g. Polynomial, Memory-Polynomial, Volterra, etc.
* Highly sophisticated derivation of coefficients (save computational effort)
* Fits for one specific DUT

* Can be applied to all signals (waveforms), i.e. real-time application

* Inverse of DUT model

TX Chipset

______’-‘-—'“’

Inverse

P M
P(nT) = Z kpmAMT = 7,) |A((T = 7,)) P
p=1m=1



Deriving a Model from Direct DPD

Least Squares Fitting of a configurable
Memory Polynomial (Polynomial Order P,
Memory Depth M) in Matlab

F(A(nT),P,M) ! = P(nT)

A(NT) —»b
S

P(nT)

Result: Memory Polynomial describing the
pre-distortion P(nT)

Generate calculated pre-distorted signal
P(nT)

P M
P(nT) = kpmAMT — T,) |A((nT — Tm))|p_1



Deriving a Model from Direct DPD
Requirements

Matlab li ired
Rohde & Schwarz K180 Modeling Toolkit Version 1.0 (Build of 02.03.2018 9:46:24.24 ) — ]

Any other function can be suppliedina =~

S

. Connect | Prepare K18 displays Run K180 measurements Run MATLAB Try all DDPD files | STOP
Matlab function st [PFTOBEIE

Generater [TCPIP:1169.254.138.159

B 1. MATLAB Environment 10:55:35 Clearing FSW D-DFD WV files
- Vo |te r ra ata storage folder C:\Users\ramian\Documents\doc =55:3€| 9 files deleted on FSW.
SF files folder C-\Users\ramian\Documents\dod |10:55:36 |Clearing PC files
file to run RunMadeling 10:55:3¢] 0 files deleted on BC
{ d.1) REF vector name vfcQriginal 10:85:36|Testing sync

10:55:36| Starting D-DPD
:3€|  Settings parameters ..
Generator BMS

— Simplified memory polynomial e

) Parameter file name vfeCoeffs bin

1.4054501

Generator Fea

function to call DPDModelSyrthesis 10:55:36 | Running D-DPD
. . . ) Plot results? No 10 €l Running iteration .
g) Show MATLAE output? No 10 7| Finishing ..
- | @ 2. Measurement selup 10 81 File <C:\R_S\Instriuser\ET\Files\gpsk_008_l00e

Ell File
81 File
21 File
81 File

_S\Instr\user\K18\DirectDPDIteration
_S\Instriuser\K18\DirectDPDIteration
I\R_S\Instr\user\KL#\DirectDPDIteraticn
_S\Instriuser\K18\DirectDPDIteration

0ot file name K18DD
Q averaging count 10
) Direct-DPD iterations 10 10

10 81 File L_S\Instriuser\Kl8\DirectDPDIteration
- — O r — 10 81 File R_S\Instr\user\Klg2\DirectDPDIteration
) ) 1 Store sereenshats Yes lo°5e:08]  File <C-\R_S\Imstriuser\KI3\DizectDPDIrezarion
=k Memwwly'““—d"‘xu 10 51| File >:\R_S\Instriuser\Kl&8\DirectDPDIteration
10 S| File <C

lemory depth 1 _S\Instr\user\K15\DirectDFDIteration

deliver the pre-distorted waveforms || = .

SCFI Log
Using K18D, Matlab, and the R&Stool, N0 e

programming knowledge is required )

With recommended tools, process is fully
automated



Deriving a Model from Direct DPD
Signal Flow

Iterative Direct DPD (e.g. in FSW-K18D) Calculate

coefficients k
! Compare

Measure against
Reference

Pre-Distorted

Signal from -
Coefficients

Pre-Distort

(Direct
DPD) Measure

N iterations

For each of the N Direct DPD Signals



Deriving a Model from Direct DPD
Iterative Approach

Ref Level L RBW 100 kHz

Att ® VBW 1

* |terative approach
converges

* After convergence, noise | |
(from measurement) is the | Direct DPD
main difference between
consecutive results

2 Result Summary EUTRA/LTE Square

Channel Bandwidth Offset Power
Txl (Ref) 100.000 21.07 dBm

e QOverview of all : 1 o e,
measurement results allows ...

22| Iteration| Raw | Output  |Cuzve widthl Shx 1 ace |
13:38:22] ¢ | EVM | RMS |Crest|AM/AM|AM/PM| BMS | Peak |Left |Right |
13:38:27| Oziginall| 5.€1121.11] 4.65|0.05712.120] -5.00] 1.405| -41.2] -41.§|
° ° ° ° 13:38:32 MERS1| 1.33]21.04] 4.91|0.01810.282| -5.00| 1.409| -45.9| -4€.3| (K12DD_iterated2.wv)
Irect IcCKINng the best TIt 1335s31  wmRsE| 1 o121 101 4 5300 01610 1671 —a 531 1 4131 —47 71 4771 (Ki5mp seeraveds
13:38: MEAS3| 0.5312L1.04| 5.0310.01€10.186] -4.55] 1.413] -45.3| -48.1| (K13DD_iteratedd.wv)
13:38: MEAS4| 0.51121.10| 4.95|0.01€10.180] —4.52] 1.417| -42.5| -48.3| (K13DD_iteratedS.wv)
MEASS| 0.52]21.05| 5.0310.01€10.183| -4.57| 1.420] -42.5| -42.4| (K13DD_iteratedé.wv)
MERSE| 0.51121.0%| 4.97(0.01g|0.181| -4.3Z| 1.4128| -42.4| -42.3| (K13DD_iterated7.wv)
MERST| 0.82]21.05] 5.01(0.01€|0.188| -4.37| 1.414| -45.5| -43.4| (K13DD_iterated3. wv)
MEASS| 0.8%12L.03| 4.5€|0.01€10.166] -4.52| 1.414] -45.5| -48.4| (K13DD_iteratedS.wv)
MEASS| 0.5112L1.05| 4.95|0.01€10.183] —4.56] 1.418| —48.5| -48.4| (K13DD_iteratedl0.wwv)
CRLC1l| 1.50]21.02| 4.25|0.02€|0.511| -5.00] 1.40%] -47.4| (E12DD_iterated2 calculated.wv)
CRLCZ| 1.4€|21.09| 4.85|0.02€|0.512| -4.93| 1.413| -47.8| (E18DD_iterated3_caleculated. wv)
CALCZ| 1.47121.031 4.57/0.02€10.5151 -4.331 1.413| -47.8| (K13DD_iteratedd_calculated.wv)
CALC4| 1.48121.05] 4.52|0.02€|0.515] —4.32] 1.417] -47.4| (K18DD_iteratedS_calculated.wv)
CALCS| 1.50121.041 4.57/0.02¢|0.518| -4.87| 1.420] -47.3| (K12DD_iteratedf_calculated.wv)
CRLCe| 1.4%5|21.028| 4.92|0 €10.5123| -4.52| 1l.4182]| -47.1| (El2DD_iterated?_calculated.wv)
CRLC7| 1.50121.03| 4.37|0.025|0.516| -4.97| 1.414]| -47.1| (E18DD_iteratedS_caleculated. wv)
CALCS| 1.51121.081 4.52/0.02€10.5181 —-4.521 1.414] -4€.81 -47.1| (K13DD_iteratedS_calculated.wv)
CALCS| 1.51121.04] 4.56/0.02€10.514] —4.36| 1.418| -4£.5| -47.1| (K18DD_iteratedl0_calculated.wv)




Summary

Direct DPD is a convenient method to
compare different PA designs

Iterative approach supported

High dynamic range measurements possible
using 1/Q averaging feature

Model optimization can be done w/o
hardware, based on the Direct DPD results



