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What are we going to talk about?

How MATLAB and Simulink can be used in a wireless system design
workflow

= Wireless Scenario Simulation

End-to-end Simulation of mmWave Communication Systems with Hybrid
Beamforming

Developing Power Amplifier models and DPD algorithms in MATLAB
Use of National Instruments PXI for PA characterization with DPD
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What differentiates high data rate 5G systems from previous
wireless system iterations?

High data rates (>1 Gbps) requires use of previously “under-used” (mmWave) frequency
bands

mmWave requires MIMO architectures to achieve same performance as sub-6GHz
— Lower device power and high channel attenuation

Antenna array, RF, and digital signal processing cannot be designed separately!
— Large communication bandwidth = digital signal processing is challenging
— High-throughput DSP - linearity requirements imposed over large bandwidth
— Wavelength ~ 1mm - small devices, many antennas packed in small areas

MATLAB EXPO 2019
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How iIs the presentation set up?

Link Level Modeling
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What is the most basic way we can look at a wireless link?

Scenario Modeling

= Scenario Level Modeling
— RF propagation
— Multi-transmitter scenarios
— Coverage
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What relevant items need to be included to analyze a realistic
5G coverage scenario?

« Multiple Transmitter Scenario for analyzing SINR

Frequency = 4GHz
TX power = 44dBm
Antenna height = 25m

= Model 19 adjacent cells
Each cell has 3 sectors
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What are the different scenarios that can be analyzed?

= Select unigue RF propagation scenarios = Choose different antenna elements and
such as ‘Close-in’ and ‘Rain’ propagation array configurations to maximize
models. coverage.
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What are the different use cases for Antenna Toolbox?

Antenna Element and Array Design Visualization and Analysis of 3" party
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What type of fidelity do we want to add to a physical layer
model?

- RF Front End

Noise budget
Gain
Non-linearity
Tx linearization

=  Antennas

— Propagation effects

Arrays
Beamforming

Loading

MATLAB EXPO 2019
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Why do link level modeling for a 5G mmWave system?

File Tools View Simulation Help o

B-lOk® - a- 50 8 &K@ EE

Modify Simulation Parameters |
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MATLAB EXPO 2019
11



4\ MathWorks

What needs to be included in a 5G system model to describe
typical operation?

Include fidelity that comprises of array behavior, channel modeling, spatial
multiplexing and pre-coding and basic hybrid beamforming
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Atmospheric Gas Attenuation (dB/km)
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What comprises the behavior between the Tx and RXx

antenna?
« Channel and RF propagation behavior

Atmospheric Gas Attenuation Multipath Fading Observed at Mobile Unit
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What is Hybrid Beamforming?

_______________________________________________________________________________________________________

Beamforming done in two stages:
— RF Beamforming (phase shifters in RF front ends)

|Baseband|

— Digital Beamforming (digital filtering of baseband signal)

MATLAB EXPO 2019
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Why do you want to add RF (System-Level) models to your
PHY layer model?

= Design the architecture and define the specs of the RF components

= Integrate RF front ends with adaptive algorithms such as DPD, AGC, beamforming
- Test and debug the implementation of the transceiver before going in the lab

- Use models and measured data to gain insights in your design

= Provide a model of the RF transceiver to your colleagues and customers

RF_Filter Demaodula. IF_Filter IF_Amplifier

Stage 5
GainA (dB) -2.583 12 -5 -0.1385 20
NF (dB) 2.583 1.9 5.4 0.1395 6
DIP3 (dBm) Inf 21 Inf Inf Inf

MATLAB EXPO 2019
15



4\ MathWorks

Circuit Envelope to Trade-off Fidelity and Speed
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PA Linearization: Digital Pre Distortion (DPD) in Practice

Up-conversion
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PA Modeling Workflow

=  Get I/Q (time domain, wideband) measurement data from your PA
= Fit the data with a memory polynomial (extract the coefficients) using MATLAB

= Verify the quality of the polynomial fitting (time, frequency)

1M1

yvp(n) = Z Z (n—m)

k=0 m=0

v(n—m)|" .

Memory length -

94522 + 24 3710i 8.3372 +22.50271 -76355-17.80491 52338+1281091 -3.5523-8.36591 14949+ 4.0988i
15.8350 + 25.6405i 3.8876 + 1.83451  -3.1046 + 0.5440i 21230 + 0.9708i 1.0384 -2.0353i 2.5988 + 0.4408i
674772 -8061461 -20.3301-13.02111  13.5985 + 0.1138i -5.0557 - 251041 -2.4325+ 456291 -7.4792-0.7205]

(¢« 18pi0 )

-0.6211 - 1.0900i

1.6011-0.5171i

-4.3852 - 0.3074

~
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What resources are available to characterize a PA Model?

PA Data

Figurel =E=]
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MATLAB fitting procedure
(White box)

function a_coef = fit_memory_poly_model(x,y,memLen,deglen,modType)
% FIT_MEMORY_POLY_ MODEL

% Procedure to compute a coefficient matrix given input and output

% signals, memory length, nonlinearity degree, and model type.
%

% Copyright 2017 MathWorks, Inc.

® = x(:);

v =y(i);

xLen = length(x);

switch modType
case "memPoly’ ¥ Memory polynomial
xrow = reshape((memLen:-1:1)" + (@:xLen:xLen*{deglen-1}),1,[1);
*Wec = (@:xLen-memLen)’ + xrow;
*Pow = x.*{abs(x)."(@:deglen-1)};
xWec = xPow(xVec);
case "ctMemPoly' % Cross-term memory polynomial
absPow = (abs(x).™(1l:deglen-1)):
partTopl = reshape((memLen:-1:1)"+(8:xLen:xLen*(deglen-2)),1,[1);
topPlane = reshape(
[ones(xLen-memLen+1,1) ,absPow((@:xLen-memLen) " + partTopl}].', ...
1,memLen*(deglen-1)+1, xLen-memLen+1) ;
sidePlane = reshape(x({(8:xLen-memLen)' + (memLen:-1:1)}.",
memLen,l,xLen-memLen+l) ;
cube = sidePlane.*topPlane;
x¥Vec = reshape(cube,memLen®(memLen®(deglen-1)+1),xLen-memLen+1).";
end

coef = wWec\y(memLen:xLen);
a_coef = reshape(coef,memLen,numel({coef)/memlen);

Voltage (V)
S

File Edit View Insert Tools Desktop Window Help ~

PA model coefficients
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Why is static DPD modeling not enough for 5G systems?

= Circuit Envelope for fast RF simulation
- Low-power RF and analog components
— Up-conversion / down-conversion
— Antenna load
= Digital signal processing algorithm: DPD
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Real-Life Example: AD9371 Transmitter + Observer

ad9371_dpd
@ |[Pa]ada371_dpd » -
@
=
QPSK Transmitter »o
s
n BB ad9371
Qut Transmitter RFF—In % Outf—1 2—11 g
L5 Signal LD 7
o i &% T Memory o &
1 3 ] =
DFD Directicnal S-parameters
Antanna
PAln
Coet
121
P Out =
Adaptive DPD »
Coefficient Calculation 8
RPEM algorithm Spechom TX - RX RF Copyright 2016-2017 The MathWorks, Inc.
" [BFS] ad9371
QPSK Receiver [« = Out  Observer RX
LO r—

Copyright 2016-2018 The MathWorks, Inc.

4\ Spectrum TX - RX [dBFS] — O x 4

File Tools VWiew Simulation Help ¥| File Tools View Help

3 0P0 > UEIBEN NIRRT

Signal Spectrum

T=0.000

RBW=49.98 kHz |Sample rate=61.44 MHz | T=0.000 Running

‘unning
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From Simulation to Implementation: HDL Code G

Automatically generate synthesizable HDL (Verilog / VHDL) code
- Make your model hardware “friendly”
- Estimate utilized resources

= Optimize model and generated code (speed, cost)

= Target FPGAs for rapid prototyping

Code Generation Report
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ut2[0 ,
ut2[0] < 16'

t
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4\ MathWorks
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How do we transition from software models to hardware?

= Implementing DPD in hardware
Data streaming

Prototype on hardware

MATLAB EXPO 201¢

PXI Chassis

PXI Controller

High Speed Digital
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Precision Source
Measure Unit

Vector Signal
Transceiver

Vector Signal Analyzer

Digital
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DCout

RFin

MIPI RFFE Control
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Current Folder

Name ~
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H LG Find Fles
Save o ComoRre 54GoTo v Comment % 3 iJ

» C» Work

PUSLISH

wx | we@EA- Y D B s @

gm - . u~-‘\wL'4Jaﬂ‘:usv R ' S 1 = INONR Y

NAAOATE EOIT  BREAKFODITE | _RUN

IO W Editor - C:\Work\dpd.m

Stimulus

Response

dpd.m +
|1 function predistorted = dpd(xx, zz, ¥)
2 - @ = rms(y) / rms(zz);

3 = yw=v/ @

Hardware

q4- ¥ = [yy, yy."abs(yy), yy."(abs(yy))."2, yy."(ab=(yy))."3, yy."(abs

2, xx.*(abs{xx)).”

S~ a= Y\ zz;
6 - predistorted = [xx, xx.*abs(xx), xx.*(abs(xx)).”
7
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‘7 NATIONAL
’ INSTRUMENTS'

Connecting System-Level Models to Hardware for
Design and Verification

MATLAB EXPO 2019
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NI Front-End Module Test With DPD

= VST with 1 GHz instantaneous generation and analysis bandwidth
= Free NI-RFmx SpecAn with LUT, MPM, and GMP DPD models
= Free RFIC Test Software with DPD automation examples

PXI System

Front-End Module
’ \ -

> PA ’ \—

Generate reference waveform and Digital
acquire distorted waveform

Create predistortion model by
e comparing reference waveform to
distorted waveform

-+

Apply DPD to reference waveform using
predistortion model

Generate predistorted waveform and
make measurements

. Power ET
Modulator | Power Supply

MAILAB EXFU 2UlY
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Traditional T&M Setup for MATLAB Based PA
Characterization with DPD Algorithm Running in MATLAB

4\ METLAB R20153

- Familiar user experience for many engineers i E &
. . ooy H L) Find Fles b Q=S inset 54 fx Kyl ‘:_31 iZ ‘E:& (5] sackin @
= Slower measurement speed, Large physical fOOtprint |, e swe /omwee = soonor Gmet % 5 0 (L o fnwa | aseee  Rne
LR = i AR A -7 1 ST R AR . s e
= EXxpensive to upgrade or replace — even Software seiBroome T o s
- Difficult to synchronize for ET & DPD e 1] im0 —|
T dpdim 1 function predistorted = dpd(xx, zz, ¥) .
- Tradeoffs between speed and accuracy 8 e :p
q4- ¥ = [yy, yy."abs(yy), yy."(abs(yy))."2, yy."(ab=(yy))."3, yy."(abs
:: :z;d:s:o::;d = [xx, xx.*abs(xx), xx.®*{abs(xx))."2, xx.*(abs{xx)).”
PC installed with P
H7614B signal studio

LAN/GPIB

——
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LANIGPIB TRIGGER1 EXT REF
IM 1 IM
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10MHZ | o o | Ns1824: TRIG OUT
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1

I

I

I

I

InOene = | 1
=] T L=

dalal bl ee I

" _.J‘I I

I

2
— PA Enable _
RF Signal Generator RF OUT Trigger Signal Analyzer RF M
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NI PXI Setup for MATLAB Based PA Characterization

with DPD & ET Algorithm Running in MATLAB

= Similar user experience as box-instruments
= Faster and FPGA-accelerated measurement speed, at

4\ MathWorks

(¢ NATIONAL
’ INSTRUMENTS'

4\ METLAB R20153

Ca (9 H L) Find Files
New Open

Save. \x Compere > 54 GoYo v Comment % g2

insert 54 fx K| -

Eresipoints Mﬁn“&m Run and
-

| : _ S A - e [y~ i e
a fraction of the physical footprint — R— -
SO » C» Work
- Modularity for incremental upgrades i irim xH]
- ] ] . f f__lm 1 function predistorted = dpd(xx, zz, ¥) = ia
= Native synchronization technologies at sub nanosecond iy (1" famin) i

accuracy

= R&D grade measurement accuracy with production test

speed

o
MATLAB EXPO zolsﬁfﬂ
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S~ a= Y\ zz;
6 - predistorted = [xx, xx.*abs({xx), xx.*(abs(xx)).”2, xx.*(abs(xx)).”
7

[yy, yy."abs(yy), yy."(abs(yy))."2, yy."(ab=(yy))."3, yy."(abs

Stimulus

27



Enabling Integrated Semi PA Design & Validation Flow
Between LabVIEW & MATLAB

Design

(MATLAB)

(e
{oro

Validation
(LabVIEW)

DUT

DUT

A 4

@

MATLAB EXPO 2019

Waveform
Generation

DPD
Algorithm

DUT

Waveform
Analysis

GUI
environment

Design
(Sim-only)

MATLAB

MATLAB
(Custom)

Sim Model

MATLAB

MATLAB

V&V
(T&M Only)

LabVIEW
RFmMx

RFmx +
NanoSemi

Real

LabVIEW
RFmMx

LabVIEW
RFIC
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’ INSTRUMENTS'

28



4\ MathWorks

(¢ NATIONAL
’ INSTRUMENTS'

Enabling Integrated Semi PA Design & Validation Flow
Between LabVIEW & MATLAB

Design Validation
@ @ (Sim-only) (T&M Only) (Integrated)
Waveform LabVIEW
Generation MATLAB REMX MATLAB
DPD _ MATLAB RFmMx + MATLAB
DPD Algorithm (Custom) NanoSemi (Custom)
DUT Sim Model Real Real
v Waveform LabVIEW
DUT | RFmx .NETAPI DUT Analysis MATLAB RFmX MATLAS
GUI
MATLAB LabVIEW MATLAB

@ @ environment RFIC

MATLAB EXPO 2019
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Enabling Integrated Semi PA Design & Validation Flow
Between LabVIEW & MATLAB

Design Validation
(MATLAB) (LabVIEW) Design V&V Design V&V
(Sim-only) (T&M Only) (Integrated) (Integrated)
Sl @ Waveform LabVIEW LabVIEW
a a
EanerEiicn MATLAB REMx MATLAB REMxX
LabVIEW MATLAB DPD _ MATLAB RFmx + MATLAB MATLAB
DPD Script Node Algorithm (Custom) NanoSemi (Custom) (Custom)
DUT Sim Model Real Real Real
y Tb Waveform LabVIEW LabVIEW
DUT DUT Analysis MATLAB RFmx MATLAB RFmx
GUI LabVIEW LabVIEW
v ST MATLAB REIC MATLAB REIC

MATLAB EXPO 2019
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¢ NATIONAL
High-Power PA w/ DPD HW Demo Setup

Peak Output Power 63W (P3dB)

Application

Telecom
Typical Power
(PSAT) 20+ 40
Power Gain 27 dB

Operating Voltage 28V

Frequency 1.8-2.2GHz
Surface
Package Type -
Efficiency 37%
Technology LDMOS

* On-chip matching for broadband operation
- Typical CW performance, 2200 MHz, 28 V, combined outputs

- Capable of handling 10:1 VSWR @28 V, 10 W mod avg output power
* Integrated ESD protection

- Human Body Model Class 1A (per ANSI/ESDA/JEDEC JS-001)
- Integrated temperature compensation

- Pb-free and RoHS compliant
NHILHB EAXAFPU ZUlY

PXle-1078 Chassis
PXle-8840 Controller
PXle-5840 VST
PXle-4112 Power Supply

Wideband LDMOS Two-stage

Integrated Power Amplifier 20 W + §
40 W, 28V, 1805 — 2200 MHz

SKU: PTNC210604MD-V1

The PTNC210604MD is a wideband, two-stage, LDMQOS integrated power
amplifier. It incorporates internal matching for operation from 1805 to
2200 MHz, and dual independent outputs with 20 W and 40 W of output

power each. It is available in a 14-lead plastic overmold package with gull
wing leads.

Features

- Output power at P3dB = 63 W
- Linear Gain = 28 dB
- Efficiency = 50.5%

g
E
5
=
T
3
8
=
=
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PA Design Engineer’s View in MATLAB

H @ @ @ 8 .cn- coeny g P

T Enabie spp codng alerts

Sae  Calback Functin Pogerty Applopt A Find »  Inderd [1] o s ShowTgs  Fun

- - ~ " Argumenis - -
FLe mssRT NAVIGATE Eom viEw RESOURCES | RUN B (=1 | >
dpd miapp %

Callbacks

statupFca
VegResourceChangsd

VsaR Changed

RunButorivshysChanged
WealoOfssiMode ropDanivalueC hanged
AcpeveragingEnsbledt heckBosVabeChanged
AcpRtAuioCheckBorvalueChanged
GraphiZDropDawValueChanged

Graph! DropDiwnVilusChangs
VegloOSsoiModsDropDammalusChanged
DpdEnabledChickBosalusChangsd
ArpenThoesholdStatevalusChanged

VeaTnggeeStateDiopDownivakeChanged

etz MATLABDP DD malFigursClossReqy

vsgHandle

methods (Access = private)

function [frea, spectrum] = FetchACP(app, selectorString, timeout)
[~ spactrumdet] = app.nr.Acp.Results. FetchSpectrun(selectorString, tinesut, [1);

nglelspectrumtiet, GetData());

freq = (8:single(spectrumiet.SampleCount) - 1) * spectrumMet.Frequencylncrenent + spectrumNet.Star

end

function [1, g = FetchConstellation(app, selectorString, timeout)
import Nstionallnstrumen

complexSingleArrayType = ComplexSingle.ComposeArray(8, 0);

[~ constallation] = spp.nr.ModAcc.Results.FetchPyschDataConstellationTrace(selectorstring, timeout, complexsingleArrayType);
(i, ] = ComplexSingle.DecompossArray(constallation);

i = single(i);

a = single(q);

end

function [subcarrier, ewn] = FatchEveVsSubcarrier(apm, selectorString, timeout)
[~, evmhet] = app.nr.ModAcc.Results. FetchRnsEvnPerSubcarrierMesnTrace(selectorString, tineout, [1);
evm = evmNet.GetRawdata();
evn = single(evn);
subcarriar = (9: singlatevnNet.SanplaCount) - 1) * ewnNet.Timing.Samplelnterval.TotalSecands;

end

function [symbol, ewn] = FetchEvmVsSymbol(app, selectorString, timeout)
[~ evmNet] = app.nr.ModAcc .Results. FetchRmsEvmPerSynbolMeanTr.
2um = evmNat.Gethaudata ();

tring, timeout, [1);
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if stremp(resultName, Measurerent Before DPD After DPD
resultIndex = @; 2pp AmpmThreshoid
celor - b B ACP NR Channel Power (d... 35.5436 35.2079
N e s * app AveragingPane ACP NR Offset 1 Lower (dB) -26.3277 -51.0464
= resulelndex = 1; RO ACP NR Offset 1 Upper (dB) -28.5067 -51.5899
ACP NR Offset 2 Lawer (48) -43.7083 -52.8022
o ACP NR Offset 3 Upper (48) -48.8719 -53.6735
'[al’a .s;e;ltl:u;]l = ?p;_ﬁet:h.ﬂ(l"{'_—e]ertorstri'g, vsaMeasurementTineout); EVM (%) 5.90338 0.3752
plot(app.Graph®, B
axis(app.Graph@,
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¢ NATIONAL
Validation Engineer’s View in LabVIEW

’ INSTRUMENTS'
E]F«F C Msmt Example MATLAB DPD + AMPM.vi Blod

File Edit View Project Operate Tools Window Help

D@ 0N Y 2 wafd | 15ptApplicationFont ~ | §ov dav @D~ Ed

am on MATLAB DPD lvproj/My Computer

Numbef of DPD Iteratoins@—

RF Script

RF Waveform Name |

I:‘ RFIC hsmt Exarnple WMATLAE DPD + AMPR i Front Panel on MATLAE DPDvprojitdy Computer
File Edit ‘View Project Operate Tools ‘Window Help

o & () I | 15ptApplication Font ~ | §ov o~ M &~ »| Search
e 2.1500006 ‘
1 AMPM - SGNR | Spectrum | RF Waveform Info

L DL D

| RFsA AM/PM L
P | B
Post DPD Results ] 37N
ManoSemi Linearizer
RFSA Resource MNarne
Constellation Plat 0 H I Ehd ws Symbol
VST_01 I~ Enable DFD? (____)
O
Reference Level {dBrm) DPD Configuration .
45.0 I—
DPD Level Level 2 o had 2l Search A
External Attenuation {dB) tho 0.1 . 2
42.00 Training Samples 25k
T Hault DPD configuration, sets the appropriate fields, then resets DPD training.i
rigger
————— - 2
Acquisition Time (s) 200.00u : MATLAB script]
i ?  EEEEE— a i~~fapplicatio ectory d licationDirect:
Enable Trigger @ urmber of DPD Ereratains 3 : ! awm* applicationDirector cd(applicationDirectory) L
Digital if ~libisloaded('nstdpd’)
‘gt I 1Q Powver Edge I E loadlibrary('C:\NanoSemi\bin\nstdpd.dil’, ‘C:\NaneSemi\inc\nstdpd.h') "
Digital Edge Source | PXLTrigd | L1 Xl o Sofbemnificn end
A= [error, dpdConfig] = calllib('nstdpd’, 'nst_dpd_get_default_config', []);
BED if ~strcmp(error, 'NST_SUCCESS")
OBL)} error('Error occured getting DPD default configuration’);
g DBL) end
Trigger Delay (s} \1—’ 0.00 = dpdConfig.iv = dpdLevel;
dpdConfig.rhe =dpdRho;
dpdConfig.training_samples = dpdTrainingSamples;
dpdCenfig.abs_vsg_max = 1.01;
dpdConfig.f_sample = referenceWaveformSampleRate / 1e6;
error = calllib('nstdpd’, 'nst_dpd_reset_training’, dpdConfig);
if ~stremp(error, 'NST_SUCCESS')
error('Error eccured resetting DPD training’);
Subcarrier Subcarrier end
RMS EWRA Mean (2a) 0.362867 et error out

status  code

MR Offset 1 Lower Relative Power (dB) -51.10
il HU source B

MR Offset 1 Upper Relative Power (dB) -51.61
MR Offset 2 Lowver Relative Power (dB) -52.73
MR Offset 2 Upper Relative Power (dB) -53.57
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Two Distinct Approaches to PA Characterization

Traditional Approach Platform-Based Approach

Separate workflow for design and validation Integrated workflow for design and validation
Different waveforms, PA models, analysis algorithm - Same waveforms, PA models, analysis algorithm

Expensive, large footprint, poor synchronization Modular, small footprint, sub-nanosecond
synchronization
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Ultra High Band 5G FEM 3.3 — 4.2 GHz

Qorvo

QaM19000

400 MHz bandwidth

Rapidly tested with a wide variety of waveforms

“The wide bandwidth, excellent RF performance, and the flexibility of NI's PX] test system were critical in

helping us introduce the industry’s first commercially available 5G FEM. Qorvo's focus on innovation was
clearty demonstrated at the 20th GTI Workshop in London.”

—Paul Cooper, Director of Carrier Liaison and Standards
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*We were able to reduce manufacturing test time of Power Amp (PA) by 5 times compared fo existing
test system by using NI VST to implement power servoing on FPGA level.”

—New Product Introduction (NPI) Team, Broadcom

NATIONAL
wusnmamu

5x faster test times

Reduced tester footprint by 50%

Saved Several Million $$$

‘The measurement speed of PX| was very attractive to us. In fact, the VST's measurement speed was about 5 times
faster than our previous test equipment. This has allowed us to cut the characterzation time for a typical LTE modem

from one week to less than 2 days...With the additional testing that we were able to perform using PXI, we estimate that
we have saved several milion of dollars.”

—Eike Ruttkowski, Head of RF Cellular Hardware

(intel)
NATIONAL .
INSTRUMENTS m.com

e

Sub-6 GHz New Radio Sky5 (3.3 = 5.0 GHz) =N

Introduces
200 MHz bandwidth W

Empuwnnng thv 5G Revolution

Tested with the PXle-5840 VST

"Skyworks is pleased to be utilizing NI's RF VST to validate performance of our Sky5™ solutions for 5G NR
applications. Using NI's PXI platform, we are able to validate key performance benchmarks.”

—Kevin Walsh, Senior Director of Mobile Marketing for Skyworks

NATIONAL
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Qualcomm UK Uses MATLAB to Develop 5G RF NanoSemi Improves System Efficiency

Front-End Components and Algorithms for 5G and Other RF Products
Challenge Challenge
10x more waveform combinations in 5G than in LTE, Accelerate design and verification of RF power amplifier
making device validation much more complex and time- linearization algorithms used in 5G and Wi-Fi 6 devices
consuming Solution
Solution Use MATLAB to characterize amplifier performance,
Use MATLAB to simulate hardware-accurate Tx and Rx develop predistortion and machine learning algorithms,
paths to predict system performance and optimize and automate standard-compliant test procedures
design parameters. Results
Results = Development time reduced by 50%
= Fully model RF transceiver and components = |terative verification process accelerated
= Securely release sensitive IP = Early customer validation enabled

= Eliminate the cost of developing separate test suites

“With MATLAB, our team can deliver
leading-edge IP faster, enabling our
customers to increase bandwidth,
push modulation rates higher, and

reduce power consumption.”

Sean Lynch S .
Qualcomm 5G RF front end prototype y NanoSemi linearization IP development Nick Karter
P yp Qualcomm UK, Ltd. and verification using MATLAB.

MATLAB EXPO 2019 NanoSemi
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“We use MATLAB models to
optimize and verify the 5G RF
front end through all phases
of development.”
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Wrap up

How MATLAB and Simulink can be used in a wireless system design
workflow

= Wireless Scenario Simulation

End-to-end Simulation of mmWave Communication Systems with Hybrid
Beamforming

Developing Power Amplifier models and DPD algorithms in MATLAB
Use of National Instruments PXI for PA characterization with DPD

MATLAB EXPO 2019
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Learn More

= Where can you get more information about MathWorks tools for wireless
system modelling?

MATLAB and Simulink for 5G Development

- White paper: RE PA and DPD linearization using MATLAB and Simulink

= White paper: Hybrid Beamforming for 5G Systems

MATLAB EXPO 2019
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https://www.mathworks.com/solutions/wireless-communications/5g.html?s_tid=srchtitle
https://www.mathworks.com/campaigns/offers/modeling-rf-power-amps-with-dpd.html
Hybrid Beamforming for 5G Systems

