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Abstract

MATLAB Web App Server

= Develop 5G downlink transceiver algorithms using

MATLAB
: Develo p Web App for SG downll nk base ban d da'ta LTE PDCCH Analyzer for Single LTE PDSCH Analyzer for Single NR PDCCH Analyzer for Single Slot
analysis using MATLAB App Designer supfrane ST
version 1.11 version 1.30 version 1.18

=  Deploy Web App using MATLAB Web App Server

NrPdschAnalyzer NrSsbAnalyzer WecdmaDownlinkAnalyzer
by Zhu Hengnian by Zhu Hengnian by Zhu Hengnian
NR PDSCH Analyzer for Single Slot NR SSB Analyzer for Single Slot WCDMA Downlink Common

Channel Analyzer

version 1.39 version 1.28 version 1.8
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= Qur team focuses on physical layer link-level
algorithm design and simulation.

At Nokia, we create
| technology that helps
the world act together

= There is a lot of need to analyze baseband data to
locate various problems encountered in physical
layer software development or test.



Background

Traditional baseband data analysis is done by link-
level algorithm simulators, which requires
professional physical layer and MATLAB knowledge,
and is difficult for general software engineers or test
engineers to get started.

With the baseband data analysis tool deployed by
MATLAB Web App Server, users can directly analyze
data online by browsing the web without installing
MATLAB and downloading the analysis code.

The analysis tool provides a standard data and
parameter log upload interface, and most of the
parameters can be automatically configured through
the tool, and graphical analysis results are provided.
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Design downlink receiver using MATLAB
1Q IN
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=  Support SSB/PDCCH/PDSCH channels, CSI-RS
signal.

= Implement symbol-level and bit-level receiver
algorithms.

Symbol Level Processing

B Bit Level Processing

MATLAB

Descrambling

Rate Dematching

Channel Decoding

CB
Desegmentation

CRC Removal

BITS OUT



Design baseband data analysis tool using MATLAB App Designer

= Using various GUI components in

MATLAB App Designer to design
Apps

4\ App Designer - C\Simulator\5GMaxMasterForGUITool_SingleSlot\NrPdschAnalyser\NrPdschAnalyser.mlapp*
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DESIGNER CANVAS VIEW B e Sc @
o O IE & P
New Open Save Compare App  Share Run
- - Details v v
FILE SHARE RUN ry
Component Library NrPdschAnalyser.mlapp® + Q
— (@]
‘ Search p ‘ = ‘EE ‘ MATLAB App Design View Code View %
— Qo
COMMON &
z
5
ny o v £
Q
Axes Button Check Box Parameters Time Freguency Spectrogram Equalized Symbc g
m
CELL&CsiRS PDSCH + »
F Antenna Index 1
30, 5 123| Mesindex DmrsConfigType Typel ¥
Date Picker Drop Down Edit Field
(Numeric) McsIndexTable _
- DmrsMappingType TypeA ¥ . Antenna Data(In-Phase)
McsTbSizeScaling E]
“a? ﬁﬁ 00 DmrsMaxLen
Edit Field HTML Hyperlink XOverHeadPxsch 0.8
Text
e NigDrrs
3] . 3
@ A 5 DataScramblingld =
Image Label List Box Sib1Flag 5: 0.4
Nscid
g O E LbrmBufSizeReduction m 02
Ob 12 oF AllocDataSymbols -
Radic Button Slider Spinner
Group 0
AllocDmrsSymbols el RS 0 02 0.4 06 0.8




MATLAB E

Design baseband data analysis tool using MATLAB App Designer

MATLAB App Designer
automatically generates object-
oriented MATLAB code based
on the design of various GUI
components.

Users can add custom code to
the auto-generated MATLAB
code.

4\ App Designer - CA\Simulator\5GMaxMasterForGUITool_SingleSlot\NrPdschAnalyser\NrPdschAnalyser.mlapp* — X
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Design baseband data analysis tool using MATLAB App Designer

Spectrogram of Antenna Data PDSCH Channel Estimation

0.05

0.04
The main functions of the baseband data analysis tool % 003
include: 250 Eooz
0.01
= Read various formats baseband data, including CPRI, B s
ECPRI. -
= Read the parameter log and configure the parameters 15,  Coualized PDSCH Symbols
. . b 1 ¥ % ¥ ¥ ¥ ¥ ¥ ¥
for parsing data based on the parameters in the log. - s TITEEETOES
| | . REEREEERE
= The downlink receiver algorithm is used to perform a s GOl FXEXXTEEZ
. . . ” -1 * F ¥ K ¥ F ¥ ¥
series of symbol-level and bit-level operations. T T e
100 In-Phase
= Aseries of results are displayed graphically, including
time-frequency diagram, channel estimation results, » Equalization Post SNR
and constellation diagram of the symbol after channel 50 ros5
equalization. The CRC processing result is displayed g 103
In text box. 5 10
49.2
. 49.15
= Users can download the decoded bit data. TR oM symbol dex 0 o0 2000 0o 4000 5000
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Design baseband data analysis tool using MATLAB App Designer

= MATLAB/Simulink supported deployment and sharing methods

[ simulink "l
— | Compiler e
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! l l

Embedded deV|ces/Edge N Desktop and Web Deployment — Enterprlse systems
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.exe Web App ontame Add -in Spark JAR Deployed
Simulation
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g T L ] [ |
/i’\ tml 2= | = docker ‘ = T@E MATLAB
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MATLAB Web HTTP Production

/ \ App Server / @dpoint Server y




Programs designed with MATALB App Designer can be shared
in the following ways:

= MATLAB App

MATLAE

Design baseband data analysis tool using MATLAB App Designer

4\ App Designer - C\Simulator\5GMaxMasterForGUITool_SingleSlot\NrPdschAnalyser\NrPdschAnalyser.mlapp

DESIGNER

-Create an App installation file that can be shared among MATLAB
users.

o 0O &

New Open Save Compare
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L3l

VIEW
App | Share Run
Details > -
SHA
MATLAB App

Component Library

Search

2]

Create an app installation file to share your app with MATLAB users

-Users can use the App when they install it in MATLAB.

COMMON

Y
= WebApp

Date Picker

-Create a deployed web App using MATLAB Compiler.

|abe
Edit Field
(Text)

A

Image

-Deploy the web App using MATLAB App Server. Users can access
the App as if they were visiting a web page.

= Standalone Desktop App

-Create a standalone desktop App using MATLAB Compiler.

-Users need to install MATLAB Runtime to run desktop App.

Web App

Check

p Standalon

e Desktop App

Create a deployed web app using MATLAB Compiler

Create a standalone desktop application using MATLAB Compiler
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Deploy App using MATLAB Web App Server

We use the way of Web App to share the App we developed.

The benefit of deploying apps by MATALB Web App Server; e featstiaion | toniaurs and wun
= Enable the centralized management of the app, and the ‘ B 73 0 0
user does not need to update the App. Stop | | Open Home Page| | OpenApp Folder | | Open Log Folder |
= Users do not need to install MATLAB or download the ity SlarupTimeout(see) - Session Timeout (min
44588 B0 ]

App when using the App.

. . e [ ]Use Secure Connection (S5L)
= Users can use the App as if they were visiting the web

anytime, anywhere.

Apply \| | Restore Defaults ~|
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Design baseband data analysis tool using MATLAB App Designer

Applications developed on multiple versions of
MATLAB can run on one server

When an App is updated, you only need to re-
compile this App instead of all, which is easy to
migrate.

TLAB Web Apps > Manage Apps
Name
Mass Spring Damper
MassSpringDamperAppForLinux
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) (1 n
M"@ !
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MATLAB AppDesigner Examples

MATLAB Connec tor Team

MATLAB AppDesigner Examples

MATLAB AppDesigner Examples

MATLAB Graphics Team

MATLAB AppDesigner Examples

MathWorks SimBiology Team

Dave Garrison
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Design baseband data analysis tool using MATLAB App Designer

Develop:

Develop user interfaces
and callback functions with
MATLAB App Designer

MATLAB
App Designer

[ P o=

>

User

MATLAB/Simulink

Develop shared MATLAB Web Apps

» Share your work with other end
users via MATLAB Web Apps

» Spend on App development, not
software distribution

IT System
a@. Admirzlistrator ’E@o

Manage basic services

» Security and access control of
MATLAB Web Apps

= No software distribution or installation
IS required, which saves a lot of time

Package: Deploy: Access and Run:
Package MATLAB applications, Use the upload feature to Direct access MATLAB Web
data, and dependent files with deploy MATLAB Web Apps Apps using your browser
a single click on a web page
4 )
MATLAB MATLAB Web App Server Browser
: MATLAB -,
Compiler Runtime NG s
— (—) 4 o N [—)
: N
o &S e
4 N )

End User

Easy access MATLAB Web Apps

» There is no need to install apps on the
desktop, which saves time.

= MATLAB Web Apps can be accessed

from anywhere using a browser.
13
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Web App Demonstration

A simple online demonstration of 5G PDSCH baseband data decoding using a Web App.

4\ MATLAB Web Apps x | +

€< c O

A == | 10.182.100.69:9988/webapps/home/

MATLAB Web App Server

. MATLAR
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AntMini

by xiaoxiang.li@nokia-sbell.com

Beam Pattern Generation and Plot
Tool

version 4.5

BeamPatternPlot
by 5GMAX Downlink Team

Plot Beam Pattern of Beamforming
Weight

version 1.0

LteAnalyzerUserGuide
by NSB MN RAN L1 RD HAZ SW 9
SG

LTE Analyzer User Guide

version 1.0

LtePdcchAnalyzer
by Zhu Hengnian

LTE PDCCH Analyzer for Single
SubFrame

version 1.1

NrPdcchAnalyzer
by Zhu Hengnian

NR PDCCH Analyzer for Single Slot

version 1.18

WedmaDownlinkAnalyzer
by Zhu Hengnian

NrPdschAnalyzer
by Zhu Hengnian

NR PDSCH 1Q Analyzer for multiple
slots

version 1.0

NrPdschAnalyzer
by Zhu Hengnian

NR PDSCH Analyzer for Single Slot

version 1.39

NrSrsAnalyzer
by Zhu Hengnian

NR SRS Multi-Antenna Channel
Estimation

version 1.5

LtePdschAnalyzer
by Zhu Hengnian

LTE PDSCH Analyzer for Single
SubFrame

version 1.30

)
nEEEEE

NrSsbAnalyzer
by Zhu Hengnian

NR SSB 1Q Analyzer for multiple
slots

version 1.0

NrDownlinklQAnalyzer
User Guide

by NSB MN RAN L1 RD SHA SW 2
SG

The User Guide to NR Downlink 1Q
Analyzer

version 1.0

NrSsbAnalyzer
by Zhu Hengnian

NR SSB Analyzer for Single Slot

version 1.28

NrPdcchAnalyzer
by Zhu Hengnian

NR PDCCH 1Q Analyzer for multiple
slots

version 1.0

ReadEcprilQData
by Qian Feipeng

Read Ecpri IQ Data

version 1.35
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Summary

= Using MATLAB's powerful algorithm development capabilities, the core algorithm of 5G downlink
receiver is designed.

= Using MATLAB App Designer, an App with a user-friendly GUI is designed to analyze the downlink
baseband data.

= Using MATLAB Complier, the application is compiled as Web App and deployed via MATLAB Web
App Server. Users can use the App to analyze downlink baseband data anytime and anywhere as if
they were visiting a web page.

= The development time is saved by using MATLAB tools to develop 5G downlink receivers and
applications; There is zero-time delay between the tool is published and can be used; The web App
becomes a public testing and operation platform within the company, and colleagues around the
world can access the App anytime, anywhere, eliminating on-site maintenance and saving
communication costs. Colleagues in different teams in China, Poland, United States, Finland, and
India are currently using this toolbox for data analysis.

= The toolbox has been in operation for more than two years, and we are constantly improving the
toolbox and adding new tools to it as needed, so that this model is more widely promoted.

15
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Thank you

o/)\ MathWorks:

© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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