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Cellular/Mobile
Communications

Wireless
Connectivity

Wifi

3 Topics We Cover Today

e l ;ﬁ)_m €3 Bluetooth’
5 G e @ LigBee
A Transmi itter '
NB-IOT Q Baseband [~ Frzir?lltggd DAC .:‘ P ‘
? Digital PHY RF Front End Antenna SR
Satellite
Communications Q sasevans | _Digial 100> ’:‘ q

Receiver ((( )))

Ubiquity Complexity Efficiency

Iterate, optimize and verify design

Integrate and simulate multi-domain designs
implementations

from antenna-to-bits

Model 5G/Wireless connectivity systems and
standards
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Connected Devices

Wireless Communication is Everywhere

Mobile
devices

o - Automotive
Communications - Industrial
Infrastructure - Smart home
- Smart city
- Medical

Semiconductors
and components:
Baseband, RF, Antenna
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Common Challenges of Wireless Design

Physical Layer
Design

° OFDMA STANDARDS

e Mu-MIMO end-to-end simulation, golden reforence. [l com 4 systom beha
* Channel estimation/Equalization
* Modulation & Coding =
RF Linearization (PA and DPD)

MOBILE AND UNIFIED

CONNECTIVITY DESIGN AND
SIMULATION

Mdl and optim

LTE

Ubi qu Ity PROTOTYPING AND TESTING

Connect to hardware and automate workflows.

Test with

Ubiquitous Connectivity o SoR

MATLAB BEXIPPO

System
Engineering

« mmWave

* Link Budget Analysis

» Capacity & throughput

« System-level simulation

» Co-Existence and Interference

Complexity

Design Complexity

Deployment &
Verification * Fixed-point design

* Parallelism
Efficiency

Efficient deployment & testing

* Area-speed tradeoffs
* Over-the-air testing
* Rapid Prototyping and IP design



Cellular/Mobile Wireless
Communications Connectivity

Wifi

= D €3 Bluetooth
5G Lte ¥ tgsee
@NB-ioT
Satellite

Communications

Ubiquity

Model 5G/Wireless connectivity systems and
standards

3 Topics We Cover Today
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Ubiquitous Connectivity — Technologies & Standards

Satellite
communications
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The Consuiltative Committes for Space Data System

DB B**

SATELLITE

Personal Local Wide
Area Network Area Network Area Network
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5G: A Megatrend & Driving Force
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enhanced Mobile-Broadband

..........................

UAVs

 -Peakspeed 20 Gbps |

| -Edgeareal00Mbps | | 8K

B b B — Satellite
SatCom and UAVsS
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DATA center

5G Cellular

Connectivity & Positioning
UWB, BLE, Wi-Fi D —
| Tl A Al
Ultra Reliable & Low Latency massive Machine-Type Communicaticne
-1 million device connections/km?2 {@/ED
. - High energy efficiency :
e " Internet of Things Artificial Intelligence

5 - -1ms Latency
R\=/0) - -109 Error-rate, Ultra reliability |
Connected Car

Autonomous Driving / V2X Smart Factory
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Trend: Emerging Satellite Communications

Driven by development of high-speed internet connectivity

Orbit Propagation and Visualization; Link Budget Analysis Waveform Generation
Access and Link Analysis Name g

Distance (km) 3.6595e+03 0
Elevation (deg) 20.2176 - w | _ m |
Tx EIRP (dB) 51 Ll 'Iﬁr TP I|| ”w.‘ '
Polarization loss (dB) 3.0103 : “F |mll| |H “% “% Il lm | I. _l | HWF
FSPL (dB) 186.6387 H]'" . ! , il !
Received isotropic power (dBW) -141.6490 50 ! ! FE
C/No (dB-Hz) 87.9502 | |
C/N (dB) 20.1687 1565 MHz 1570 MHz 1575 MHz 1580 MHz 1585 MHz
Received Eb/No (dB) 17.9502 Fedquency
Margin (dB) 5.9502

End-to-End

Simulations

EsNo in dB
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Trend: Wi-FiI Evolution — Driven by loT

More devices &
dense environments

802.11ac 802.11ax Wi-Fi 6

100s of Mbps, high efficiency with lots of devices

802.11ax 802.11be Wi-Fi 7

Gbps, reduced latency and jitter

Direction Finding &
Localization

802.11az - Positioning




Common Use-Cases of Standard-Based Connectivity Design
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Waveform Generation

Interference &
Coexistence
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Link-level Simulation
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Wireless Waveform Generator App

= Interactive waveform generation
= 5G NR off-the-shelf waveforms:

— NR-TMs /FRCs

= Custom downlink & uplink
waveforms

— New in the App in R202 ] (o

4\ Wireless Waveform Generator - Resource Grid (BWP£1)

GENERATOR

= O H

TRANSMITTER

5a

=

=

5a 5a

- 73 Impairments

B ¥
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4\ Wireless Waveform Generator - Spectrum Analyzer

TRANSMITTER

GENERATOR
O 4 !
MNew Open Save NR (3G}
Session  Session ™ Session ™
E o o o
56 56 56 56
FILE
| Main | %5 Burst ¥ | H Downlink Uplink Downlink  Uplink FRC
L \ FRC
¥ 5G Downlink

mﬁ"

Test
Models ...

’ ’ - Visualize ¥
New  Open Save Downlink | Uplink  Downlink Y Generate | Export
Session Session™ Session > FRC B Defautt Layout =
FILE 'WAVEFORM TYPE GENERATION EXPORT
[ Main | ssBurst | PDCCH | PDSCH cs-Rs |
¥ 5G Downlink ¥ Filtering Configuration SCS Carriers Bandwidth Parts
N Ty — Subcarrier Grid Grid D | Subcarrier | Cyclic BWP BWP Label BA
Spacing | Size (RB) | Start (RB) Spacing Prefix | Size (RB) | Start (RB) |
Channel bandwidth (MHz). | S0 ~ 1 [1SKHz 270 3 1 [1SkHz . Normal .. 270 3 BWP1

Cell identity: 1
Subframes: |10
Windowing source; | Custom

Windowing (%): [0

Sample rate source: | Auto

[] Phase comp.

Resource Grid (BWP21)

| Spectrum Analyzer |

Carrier RB
= omow
g 8 8

g

BWP 1 in Carrier (SCS=15kHz)

PDCCH

B poscH
CORESET

I 55 Burst

Stopped

RBW=60 kHz Sample rate=81.44 MHz T=0
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MATLAB BXPPO
IEEE 802.11be Waveform Generation R202 1a

EHT Waveform

L-STF
L-LTF
L-SIG
RL-SIG
U-SIG
EHT-SIG
EHT-STF
EHT-LTF
EHT-Data

Time (sec) x 1010

11
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End-to-End Link-Level Simulation

4] NR PDSCH Link - o X

Synchronized data
NR 5G PDSCH Link

5 06 Bz
12 g 12 =R o PER for DMG SC-PHY, TGay channel
18 18 - 5 + & v
. 2 Perfect Channel Estimate 10 1 < \ \ S
* E (11 ) —o—Mcs 1
SNR MCS 2
. MCS 3
MIMO g ] —&—MCS4
NoLayers 1 v = \ MCS 5
NoTiAnts (8 v X —&—MCS 6
—&—MCS7
NoRcAnts (2 v —P—MCS 8
o \ MCS 9
POSCH Azimuth Tx Pattern w ‘, de— MCS 9.1
PDSCH allocation (RBs) [m"mpleplm’f;; multiple tayers) Performance a MCS 10
120 0 60
Modulation [ 16QAM v 0 e MCS 11
150 iy -z}’ 30 fzn w0 6“3;; MCS 12
S (- ), LN S —%—MCS 12.1
N B0 L
o R':7——‘9vf-:1) ® . —#— MCS 12.2
Channel // \ —8—MCS 123
( Block Error (@) 10| \ MCS 124
Delay Profile | GDL-G M| 210\ /330 \ HAr— '
N~ \ —&— MCS 125
Dely Soread o a4 | { b MCS 12.6
270
Max Doppler Shilt s + ! . . .
-5 0 5 10 15 20 25 30

SNR (dB)

End-to-End DVB-S2

Simulation with RE 802.11ax Downlink OFDMA

5G NR PDSCH Throughput and Multi-User MIMO
Throughput Simulation

Impairments and
Corrections
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Interference & Coexistence

= 2.4 GHz

. 5/6 GHz @
. 60 GHz @

MATLAB I
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Example - 802.11ax RF Receiver with 5G Interference

Transmitted waveform

802.11ax at 5950MHz

NR-TM at 5980MHz

- Channel power
- EVM per subcarrier
- EVM per OFDM symbol

~
@m 56 Interferer
/ Tests

I | > RF Blockset

5950 MHz 5980 MHz

> 802.11ax RF
Receiver

WLAN Toolbox

—> PHY Decode and
Measurements

14
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5G NR System-Level Simulations

- Evaluating performance of different schedulers

— Round-robin, proportionally fair, best CQlI
Throughput, goodput, buffer status

Uplink Scheduler Performance Metrics

Processing Loop Operations for PUSCH Transmission

— LE1

Buffer status report il — 2 N o
controlRx({ghNE): : control Tx(UE) %‘“ £ e
[ rnitschedien) | : : :
Uplink assignments 'l T 2 = A
gN B . ~control Tx(gNB): : controlRx(UE) UE e - /
; PUSCH transmis‘sinn ; ’ Simul‘:nm Tlrre‘(n‘l unit = 1‘050 ms) ” Surrn..atinn Tme.[01 unit = 1&- ms})
dataRx{ghB): : dafalx(UE)
time: time H"‘ 1 ] ‘ __‘
: H g 10 =
Channel g £ w0
Quallly g . o % 400
200 ){ 1
00 ms) “ ’ u‘[01 00
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Deep Learning for Wireless Workflow

Data
Preparation

Data cleansing @ Model design
and preparation and tuning

9 Human insight =253 Hardware
J —w accelerated training

Simulation-
generated data

* Interoperability

Simulation
and Test

@ Integration with

complex systems

-[>‘:|__, System
simulation

— X System verification
—+v/ and validation

@ Deployment

Embedded
devices

Edge, cloud,
desktop

Enterprise
systems
e
|:_|J
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Example - 5G Channel Estimation

= = Chf’in nel Linear Interpolation Practical Estimator  Neural Network
= = _ Estimator MSE:0.17904  MSE: 0.034566  MSE: 0.019558  Actual Channel
= = block :
' ! ! ' 1 i i ] L] ‘I | | L |
TX resource grid RX resource grid Channel estimation 200 200 200
with pilot symbols
L s £ ki E 560
5 5 ; 5
w w w w
" 400 400 400
) PN ) i —
) Network i
S 600 600 600
v M . 2 6 10 14 2 6 10 14 2 6 10 14 2 6 10 14
‘ l OFDM Symbol OFDM Symbol OFDM Symbol OFDM Symbol
" . - - - " -
Linear interpolation Channel estimation

using the pilot symbols
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Example - 5G Channel Estimation

input7

ouput8

input X

LIN B

MATLAB BEXIPPO

18



MATLAB EXIPC

Example - Modulation Classification

With MathWorks wireless communications tools Workflow example: ‘
- Synthetize data (5G waveforms, Radar, Lidar, GPS...) - Synthetize data in MATLAB

- Build and train your Al network in MATLAB

- Collect over-the-air data using SDR and test/retrain your
network with real-world data

- From Matlab to the real world... and back: Connect to - Deploy Al network to hardware
test equipment and SDR

- Benefit from standard compliant channel models
- Build link-level simulation (PHY layers + RF front end)

Waveform Modulation Classifier

Recaiver Radio [ADALW-PLUTO v Live Demo Transmitted Waveform [N

( W)on Predicted Maduk ation [N
on on

nnnnnnnnnnnnnnnn

RTL-SDR




Example - Modulation Classification

Frequency (kHz) Frequency (kHz) Frequency (kHz)

BPSK

QPSK 8PSK 16QAM
_— - ——y : P -;‘ - W e ;_' : V.'.‘
N E B B - =
-_— — : — o — ;_;’_ : f’;
Ez' gzs - _EZ Ez_tz_t ;3:.‘;
= - | - = - k22
T, 5 : . ol= F Pt
50 0 50 100 -50 0 50 100 -50 0 50 100 -5 0 50 100
Frequency (kHz) Frequency (kHz) Frequency (kHz) Frequency (kHz)
64QAM PAM4 GFSK CPFSK
- B = I e e’ e
E’ ":;-" - » E 5 > E _—i, 2 & : 1‘
3- N o .= - . = 4 =
g 28 B £ 2 S 2 2 ii i
- :;_, P - e - | =3 L o
O - " 0.. - P o -, - 1o ol .« . -
-50 0 50 100 50 0 50 100 50 0 50 100 -50 0 50 100

Frequency (kHz)

B-FM DSB-AM SSB-AM
-, - ™ =
4 ‘ : 4 4 b 5
4 I H L
E? E? E2| =
- ‘ - - 2
L ' 0

-50 0 50 100

-50 0 50 100 -5 0 50 100

Frequency (kHz) Frequency (kHz) Frequency (kHz)

hamburger

MATLAB BEXIPPO

gssification

\mage ¢!

french_fries
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3 Topics We Cover Today

Digital

nnnnnnn

@ @
g :
g 2
8 g
g
g g
g
i

Complexity

Integrate and simulate multi-domain designs
from antenna-to-bits

MATLAB E3

21
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Integrated Multi-domain Modeling Complexity MATLAB
SIMULINK’

Algorithms Waveforms RF Transceivers Antennas &
- =i Beamforming

$ Establish the number of component carriers
numCC = length (NDLRB);

§ Create transmission for each component carrier| 14b 808 8T
enb = cell(1,numCC);
-Ifor i = 1:numCC

enb{i} = 1teRMCDL('R.5');

J TRANSMITTER l /
Digital ' ’
Baseband o 9"E DAC .‘ »

- Channel ] *ed>
Digital PHY RF Front End Antenna —1
saseband [ o NEs
MO Propagation Models

RECEIVER

22



Workflow for Antenna-to-Bit Multi-Domain Design

MATLAB

Design an array

Add channel model

Hybrid beamforming

{ReE-

Baseband|

{rel-

R, B,

Specify RF front end

« Figure2 =3 o)
le Edt View Inset Took Desktop Window Help ~

Desktoy
S| RNNUBDLL- QR 0B =D

23
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Design, Analyze and Visualize Antenna Elements and Arrays

= Get started with antenna and array catalog, and apps
= Perform full-wave EM simulation

= Improve the performance using surrogate optimization
= Design and fabricate PCBs with Gerber file generation |
= Analyze the effects of installation on large platforms

4 Antenna Dessgnes - Pattern
4\ Antenna Array Designer - Pattern
DEsion
£ 3 : = = DESIGNER
i I coeromey [0 <] @ settings M HIE|@ © w» @H4 ¢
Mou 0N ST ey tage 80220 | impence[SPanmetr| | Curent (10 Pt A2 ot €L Pat | Optime | The | Undck | Expot gh T3 B cenmerrrequeney @ settings 0 Full Aoy H ]
Fue weur VECIOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS oermz | vew | exeomt = New OPen SVe procienc Range  [o000:100:11000 . ® Embedded Flement 30 Pattem AZPattern EL Pattern  Impedance Comrelation SParameter Default Layout  Export
Properties Show Pattem _
| | J FILE INPUT PATTERN COUPLING LAYOUT EXPORT -
¥ tractiCarpat
- [ Properties | [amy | [ impedance % | [Patem |
Humtaratons z a J L U Active
Lengh (m) = 4 e ®° ——clement 4
o () = " NumElements. 6 © 10
R o014 - ElementSpacing (m) 0.018137 linearArray of patchMicrostripCircular antennas | £ o
FeedOffset (m) A0 g » . 3
- 00278 0] 8 AmpltudeTaper (V) 1 =D
Hesti e oot 2 | | o
¥ Phaseshit (de 20
GrouncPaneLengm (m) ooz 14 (deg) o ; 3 .
- 20
GroundPianeViide fm) noss2 = Tt (deg) o v 5 E ©
8 i
FraciatCentsrOffsst (m) T TitAxis on a0
v (mm), pol==" y
e u Element patchiir [ — 9 95 10 105 1|3
Tasn 1
pow show Aveonn Wi | o] Frequency (GH2)  smimes
- et Substras - deectic — . — = » patchMicrostripCircular - Geometry ho -
ractaiCarpet - Substrate  disiecti param pedance . —— e
Catsiog FRe = Be » patchMicrostripCircular - Substrate | | Layout3p | || sparameters 1 | |* | Blevation 3
o 2000 - |
Hame ™ . » patchMicrostripCircular - Load o
T— Array layout
EoshnR @ \ . | 1500 Apply. 2 N
LossTangent oo ] . 006 R
S g ~ E oo oo o
2 \ 1 £
2 < 002
S dutor-meta K] 18 %o E
E A\ 3 - 0 180 Ll
Copper > Ba \ 1 H =
E = £ o 002
{: |J = \ = 004
sssc00mn 4 \ i 20 0
\ 500 006
2505 \ N
I | | | | T | | | -0.05 [) 005
== 18 18 2 21 22 23 24 18 19 2 21 22 23 24 x(m)
. I'ItEI'I n niry Frequency (GHz) Frequency (GHz) .lELrltE nna Arra}r _ Frequency (GHz)

Designer Designer
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Architecture Exploration for Hybrid Beamforming

Thermal and phase noise

i Image rejection ] S
B Channel selection :
] Non-linearity

S-parameters

Tramsmit Amray
Hybrid Beamforming

STTTTTTTT

PPPPPP

SubArmay Weights

nnnnnnnnnn

Baseband and RF beamsteering

25



ywp(n) = Z Z Wk (1

MATLAB EX

Power Amplifier Linearization: 5G Simulation Results

1. Generate 5G waveforms

rc = "NR-FR1-TM3.1"; % Reference channel (NR-TM or FRC)
% Select the NR waveform parameters

bw = "100MHz"; % Channel bandwidth

scs = "30kHz":; % Subcarrier spacing

dm = "FDD"; % Duplexing mode

2. Model PA memory and non-linearity

rzWaveform dpd = rf dpd({(txWaveform) ;

Dot
= 2ot Phﬁ;:;

Avallable Power IN Available Power OUT
m [dBm]

D+
| P——
bPD INOUT SL  RF . in Out RF SLE—4+—»(_1 )
»{coer = 1
clipper Memory Poly

T opp  PAIR =
z Coefficient Estimator

4] Figure2

File Edit View Insert Tools Desktop Window Help

NEawe 3|08 E

Power Gain Transfer Fune.2, A (5] @ € (3

K—-1M-1

z(n—m
k=0 m=0

©  Abs Gain
- Abs Gain Fit

Memory depth  Degree of non-linearity

Magnitude Power Gain (dB)

4. Create a RF system including DPD | oo oo oo e

Input Voltage Absolute Value(V)

[4] Figure 3 - o x

File Edit View Inset Tools Desktep Window Help El

REF DI

Equalized symbols constell 2, 2 {=] @& C

| s e wnse

m %G %o NN

3. Measure EVM = || 00 o s e o =

o DB e B

L X B K

Low edge RMS EVM, Peak EVM, slot 18: 3.343 11.745% &% % O W

High edge RMS EVM, Peak EVM, slot 18: 3.343 11.743% 4% @ & @

Low edge RMS EVM, Peak EVM, slot 19: 3.309 11.745% ik ¥ 4 @ &
High edge RMS EVM, Peak EVM, slot 19: 3.309 11.743%

o
o

Averaged low edge BMS EVM, frame 0: 3.325% 0 0.

Averaged high edge RMS EVM, frame 0: 3.325%
Averaged RMS 3GPP EVM frame 0: 3.325%
Averaged overall RMS EVM: 3.325%

Peak EVM = 12.1753%

|4 Figure 5 — [m] x
File Edit View Insert Tools Desktop Window Help ~

Node 2|08k E

15
1 L4 * - - L4 - L -
- - - Ld - - - L
4, Measure EVMwDPD - - - - - - -
- L - - >
L L3 - L4 -
Low edge RMS EVM, Peak EVM, slot 18: 0.794 3.210% i 4 - - -
High edge RMS EVM, Peak EVM, slot 18: 0.794 3.151% - » * - -
Low edge RMS EVM, Peak EVM, slot 19: 0.770 3.217% - - - - -
High edge RMS EVM, Peak EVM, slot 19: 0.770 3.152%
Averaged low edge RMS EVM, frame 0: 0.783% 0 0s 1 15

Averaged high edge RMS EVJM, frame 0: 0.783%
Averaged RMS 3GPP EVM frame 0: 0.783%
Averaged overall RMS EVM: 0.783%

Peak EVM = 3.7347%
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Propagation Channels

= Scattering MIMO channel
= Free space path loss

gL T U @/ " ) 5

R202 ] €1 : Up to 10 reflections

= Winner Il fading channel

Multiple fading channels with WINNER Il channel model.

i 1dmpulse Response at First Receive Antenna

A " | J" |||

)I[\J."‘ I'\_jl ;)7_)/; ./ [N A —

0 100 200 300 400 500 600 OO 800 900 1000
Frequency (GHz)

MATLAB BEXIPPO
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Array Beam Steering and RF Propagation

« Rectangular array of dipoles reflector-backed, operating at desire frequency
= (Electronically) Steer the array beam and assess coverage and links

4 Site Viewer . a X

4| Figure 2 = -

File Edit View Insert Tools Desktop Window Help

Dade @08 KE

Az 90
EIO

Az 0
EIO

28



MATLAB E

3 Topics We Cover Today

Efficiency

Iterate, optimize and verify design
implementations

29



Hardware Deployment, Verification and Testing

Baseband |-

Digital
Front End

Iransmitter | ’
DAC ."‘ » /

Digital PHY

Channel

Baseband

Digital
Front End

RF Front End Antenna
/
/
DY

Receiver l

Prototyping
SDR, FPGA, SoC

MATLAB E.

Simulink

HDL Coder

Wireless HDL Toolbox

HDL Verifier

il

30
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Wireless HDL Toolbox

Mission statement:
Provide high value reference applications and

k=
SS burst, block pattern = Case B, SCS = 30 kHz

HDL IP blocks to accelerate the pace of design, L mm et

Implementation and verification
of communication systems.

Applications:
1. 5G receiver reference applications
2. Custom OFDM reference applications

31



)

BG MIB Recovery Reference Application

MATLAB EXl

SS/PBCH block containing PSS, SSS, PBCH and PECH DM-RS

200

) sw2i

*s
Ti® F1st !
=== |m -] E
12 ° 1
| N
os|

Subcarmier

0.5 1 15 2 25 3 35 4 4.5
OFDM symbol

Decodes the Broadcast Channel
(BCH), which contains the Master
Information Block (MIB)

Hardware-proven. Demo shipping in
Comms Zyng HSP in R2020b

32



MATLAB

RF Pixels Verifies Millimeter Wave RF Electronics on a Zynq

RFSoC Based Digital Baseband

Challenge

Test and demonstrate radio front-end designs that
incorporate specialized RF electronics hardware and
millimeter wave spectrum technology

Solution

Use MATLAB and Simulink to implement a digital
baseband and deploy it to a Zynq RFSoC board for
over-the-air testing

Results
= Engineering effort reduced by one year or more
= Digital baseband implementation completed by a
single engineer
= Design iterations reduced from weeks to days

Link to technical article

SSOr
"l I % Board
Register Control
e RF Array
11 Control ™" s ‘

Equalizer/ Channel ?:"" Tming!

88 |
s Radio Fron
monis Rcm Freq. Sync 8 || ADC || nd Analog/

Generate |
) | Rosource || SrmPd WFT || Fitering Sorbraton || 18x | DAC | e Alr interface
Grid i ‘ BB 1Q to users

RFSoC Data |
Converters

MATLAB Genera ted HDL

Digital baseband implemented in HDL, used to verify the RF Pixels radio
front end.

“By adapting the LTE golden reference model from Wireless
HDL Toolbox and deploying it to a Zynq UltraScale+ RFSoC
board using HDL Coder, we saved us at least a year of
engineering effort—and this approach enabled me to
complete the implementation myself, without having to hire

an additional digital engineer.”
- Matthew Weiner, RF Pixels

33


https://www.mathworks.com/company/newsletters/articles/verifying-millimeter-wave-rf-electronics-on-a-zynq-rfsoc-based-digital-baseband.html

MATLAB BEXIPPO

Over-the-air testing: Moving designs to the lab

Signal Generation and Transmission

Signal Acquisition and Analysis

LAN/USB/GPIB . | v | § 33 ﬂ?
. - = LAN/USB/GPIB
RF Signal Generator Spectrum Analyzer

34



MATLAB BEXIPPO

Over-the-air testing: Moving designs to the lab

Signal Generation and Transmission Signal Acquisition and Analysis

LAN/USB/GPIB

LAN/USB/GPIB

RTL-SDR

35



MAT

RF Instrument Connectivity In
Wireless Waveform Generator App

4\ Wireless Waveform Generator - Transmitter — O b4

Transmit wireless waveforms with RF coemaron [T =IO

iInstruments (e.g., Keysight/ Agilent, < b

Find Tranzsmit

Rohde & Schwarz) —

|. Transmitter | Spectrum Analyzer

»

¥ Instrument

Interface: TCP/IP

IP address / Domain name:

= Need Instrument Control Toolbox
= Automatically discover available instruments Al e

Center frequency (GHz): |2.412

= Transmit/stop infinitely looped waveforms e p——

. . - Baseband sample rate (Hz): 20000000
= Configurable transmission frequency, output
power and (integer) interpolation factor Outut sampe e (22000000

|:| Tukey windowing

Freguency (MHz)
Stopped RBW=19.53 kHz |Sample rate=20 MHz T=0.0013464

2 instrument interfaces found I




MATLAB BEXIPPO

MATLAB & Simulink Tools for Wireless Design

Physical Layer System
Design Engineering

MOBILE AND UNIFIED
- . CONNECTIVITY DESIGN AND :
UbICIUIty STANDARDS SIMULATION CompIeX|ty

Waveform generation and analysis, Model, analyze, and opfimize
end-to-end simulation, golden reference. component and system behavior.

Wi-Fi
saseband || % |[antennos
LTE PHY & MIMO
(NB-loT Bluetooth
. (BLE)

C-V2X)
Channels & Propagation
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