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Wireless Testing Solutions in MATLAB

MATLAB Solutions Wireless Testbench Comms Toolbox SDRHSPs Instrument Control Toolbox

Max Supported Rate 250 Msps 20 Msps XX Gsps
Radio I/O v v v
FPGATargeting v x X

Supported Radio Price ($) 8K to 35K Up to 4K P55
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Supported Workflows by Wireless Testbench

Workflows Supported

_ _ Transmit/Capture usingup to 2GB/4GB of on-board storage
Transmit and capture wideband
Workflow 1: _ v'17s of 5G data @30.72 MSPS
_ signals at up to 250 Msps
Radio 1/0O v'6.5s of WLAN data @80 MSPS

v'2s at full N321 devicerate (250MSPS)

Reduce data requirements by intelligently capturing only waveforms of
interestby prebuiltdetectors
Workflow 2: Intelligent data capture with FPGA- v'Correlates the input signal with a known preamble sequence
Intelligent Capture based detectors and re-sampler v'Supports correlating filters of up to 1024 taps at all sample rates
v'Detectand capture a signal using signal energy as the trigger

v'Farrow-based rate conversion

Integrate custom IP blocks with RF Network-on-Chip (RFNoC™)

Workflow 3: < v'Radio customization
USRP T ti : _
Targeting argeting v'Rapid prototyping

v'Easy to use
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Workflow 1: Radio I/O

2\ High Speed 110

Transmit/capture at full device rates (up to 250 MSPS)
Capture using up to 2GB (4GB on X410) of on-board
storage
— >17s of 5G data @30.72 MSPS
— > 6.5s of WLAN data @80 MSPS
— > 2s at full N321 device rate (250MSPS)
= Capture to host via high-speed streaming
= Captureto file or workspace
= Select arbitrary sample rates . =
— Farrow-based rate conversion y H
— E.g. select 40Msps for WLAN signal capture on N310 IM 0 S —————
= Generate and transmit waveforms with Wireless lH H m H “
Waveform Generator app ‘ "
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Workflow 2: Intelligent Capture

- Use FPGA-based preamble detection to capture only )DYD

the signal of interest oo ST
- Transmit/capture at full device rates (up to 250 MSPS) ; =
-  Preamble sequences of up to 1024 taps esoiCacusion . 8
= Select arbitrary sample rates with farrow-based rate

conversion
= Detect and capture a signal using signal energy as the

trigger S
- Transmit test waveforms in parallel to detection II ol

8 01s .

pd = preambleDetector (“MyRadio”) ;
pd.SampleRate = 40e6;,
pd.Preamble = WLANPreamble,;

0
data = capture (pd,milliseconds (100)) 3172 3.1725 3.173 3.1?3; 3.1|?4 3.1745 3.175 3.1755 3.13’5
amples x10°
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Workflow 3: USRP Targeting

= Follows standard HDL Coder workflow
= Generate bitstream and control from MATLAB

. Steps

1.

Lo e

SelectPlatform and parameters

Map DUT (user logic) 10s (data & register)

Generate HDL and wrap it as IP core (single click)
Generate Bitstream with User DUT (single click)
Generate MATLAB scriptto control DUT (single click)

NI USRP Radio
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Streaming Interfaces Register Interfaces

Getting Started with NI USRP Targeting Workflow
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Simulink Model "IP Core Gen Settings )
Model . . Select IP Target Interface
Design Simulation Core Gen Seﬂﬂlgs
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' Generate and Load Bitstream
Generate Build

IP Core Bitstream

N
Device
!
[Hnﬂt Interface Script

. Run on
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https://kr.mathworks.com/help/wireless-testbench/ug/getting-started-with-ni-usrp-targeting-workflow.html
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Wireless Testbench: Examples

https://www.mathworks.com/help/wireless-testbench/examples.html

< & by

4\ MathWorks-

Help Center

Products  Solutions Academia  Support

mathworks.com/help/wireless-testbench/examples.html

Community  Events
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— CONTENTS

« Documentation Home

« Examples
« Wireless Communications

Category

5G Toolbox

Bluetooth Toolbox
Communications Toolbox

LTE Toolbox

Satellite Communications Toolbox
Wireless HDL Toolbox

Wireless Testbench

Get Started with Wireless
Testbench

Transmit and Capture
Spectrum Monitoring
Live Data I/0

Target NI USRP Radios

WLAN Toolbox

Type
@ Al
O MATLAB

O simulink

Documentation  Examples  Functi

Wireless Testhench —

Get Started with Wireless Testbench
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Capture from Frequency

5 Band
12 Capture |Q data using single radio
3 antenna and plot the frequency
spectrum of the captured data.
3
2
Transmit and Capture
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Capture from Frequency
Band

Capture |Q data using single radio

antanna and nint tha frannance

ons  Blocks = Videos  Answers
Examples

Triggered Capture Using
Preamble Detection

Capture data from the air upon
detecting a preamble sequence.

S—

Capture Wideband Spectrum
by Combining Data from
Multiple Antennas

Capture and plot a wideband

enartriim b ~ambinina racaivad

Triggered Capture Using
Energy Detection

Capture data from the air upon
detecting signal energy.
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Transmit generated waveform using
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Transmit Waveform

Transmit generated waveform using
single radio antenna.

Loopback Transmit and
Capture

Transmit and capture generated

wiavafarm ncina sinala radin

Loopback Transmit and
Capture

Transmit and capture generated
waveform using single radio

Transmit App-Generated
Wireless Waveform Using
Radio Transmitters

Transmit generated waveform over

tha air nicina a radin francmittar

& Trial So

Wideband Spectrum
Analysis

Capture a wideband signal and

analra tha ranturad dats with tha


https://www.mathworks.com/help/wireless-testbench/examples.html

MATLAB BXPPO

Wireless Testbench: Examples

Capture a wideband spectrum using multiple antennas
Use the multiband combiner
Capture up to 800 MHz of bandwidth

Capture wideband spectrum

Transmitand Capture

Scans a wide bandwidth to determine 5G NR and LTE signal
Captures and labels the bandwidth of the associated carrier
waveforms

Captures unknown signals

S N NN

Capture signals for Al training

<

Use USRP to capture data from the air using preamble
detection.
v' Use the transmit capabilities of the radio to loop back a test
waveform

Triggered Capture using Preamble
Detection

Spectrum Monitoring

Use USRP to capture data from the air using energy detection.
Use the transmit capabilities of the radio to loopback a test
waveform

Triggered Capture Using Energy
Detection

S

Run a complete end-to-end OFDM transmission system
Use a single-input single-output (SISO) channel.
Mimics standardized transmission schemes like 5G NR

cket-Based USRP -based algorithm on USRP
Targetin i ulink® to modelan algorithm

v' Generate bitstream and MATLAB scripting interface

OFDM Transmitter and Receiver

Live Data /O

NSV

10


https://www.mathworks.com/help/wireless-testbench/ug/capture-wideband-spectrum-by-combining-data-from-multiple-antennas.html
https://www.mathworks.com/help/wireless-testbench/ug/capture-and-label-nr-and-lte-signals-for-ai-training.html
https://www.mathworks.com/help/wireless-testbench/gs/triggered-capture-using-preamble-detection.html
https://www.mathworks.com/help/wireless-testbench/gs/triggered-capture-using-preamble-detection.html
https://www.mathworks.com/help/wireless-testbench/gs/triggered-capture-using-energy-detection.html
https://www.mathworks.com/help/wireless-testbench/gs/triggered-capture-using-energy-detection.html
https://www.mathworks.com/help/wireless-testbench/ug/ofdm-transmitter-and-receiver.html
https://www.mathworks.com/help/wireless-testbench/ug/multiport-packet-based-usrp-targeting.html
https://www.mathworks.com/help/wireless-testbench/ug/multiport-packet-based-usrp-targeting.html
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Wireless Testbench: Supported SDR Hardware
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Supported SDR Hardware: Specifications

N32X

MATLAB BXPPO

= Channels: up to 4x4 per
device

= 100 MHz
bandwidth/channel

= 10MHz - 6 GHz

= Large user-programmable
FPGA, Zyng-7100

= Configurable sample rates:

122.88,125,and 153.6
MS/s
= 16-bitADC, 14-bit DAC

Channels: up to 2X2 per
device

160MHz bandwidth per
channel

Frequencyrange: DC - 6
GHz

Xilinx Kintex-7 XC7K410T
FPGA

16-bitADC, 14-bit DAC

2x2 MIMO

200 MHz BW per channel
3 MHz — 6 GHz range
Zyng XC7Z100-2FFG900I
200/245.76/250 MHz
sample rates

16-bitADC, 14-bit DAC

1 MHz to 7.2 GHz
frequencyrange (tunable
up to 8GHz)

Up to 400 MHz of
instantaneous bandwidth
per channel

4 RX, 4 TX in half-wide RU
form factor

Xilinx Zynq Ultrascale+
ZU28DR RFSoC
12-bitADC, 14-bitDAC
IQ Sample Clock rates up
to 500 MS/s

13
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Wireless Testbench: R2024a

Transmit and capture wideband signals at up to 250 MSPS
Transmit/Capture using up to 2GB/4GB of on-board storage

v

NRNIRN

v

v

17s of 5G data @30.72 MSPS

6.5s of WLAN data @80 MSPS

2s atfull N321 devicerate (250MSPS)
Capture to hostvia high-speed streaming

Intelligent data capture using FPGA-based detectors
Reduce data by intelligently capturing only waveforms of interest

Correlates the input signal with a known preamble sequence
Detectand capture a signal using signal energy as the trigger
Farrow-based rate conversion

Test wideband wireless systems and USRP Targeting
perform spectrum monitoring Integrate custom IP blocks with RF Network-on-Chip (RFNoC™)

v
v
v

Radio customization
Rapid prototyping
Easyto use

15
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Wireless Testbench: Simple Radio Set Up

Features
« Rapidly set up the wireless test environment

« Easy installation of third-party dependencies
» Radio setup wizard to configure the radio

16
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S umm ary an d K ey TakeaW ayS https://www.mathworks.com/products/wireless-testbench.html

4\ Wireless Testbench x +
« C @ mathworks.com/products/wireless-testbench htr c e w »0@ :

Wireless Testbench Workflows: . o
o High-speed data transmit capture capability up to 250 MSPS il tons)
o Intelligent signal detection using a preamble detector

Wireless Testbench Examples:

o High-speed data transmission and capture Wireless Testbench
. . Test wideband wireless systems and perform
o Spectrum Monitoring spectrum monitoring

o USRP Targeting [ Viewprang

Wireless Testbench hardware support:
o USRP N3XX, X3XX, X410

Wireless Testbench Features:

o Transmit and capture wideband signals

o Intelligent data capture using FPGA-based detectors
o Integrate custom IP blocks with RF Network-on-Chip

Required Products:

o MATLAB, Signal Processing Toolbox, DSP System Toolbox, Communications Toolbox
o HDL Coder (for HDL Code Generation)

Wireless Testbench™ enables you to test wideband wireless systems

17
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