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Introduction to 5G Physical Layer

* 5G requirements and use cases
« Key 5G physical layer features
* Physical layer simulation with 5G Toolbox
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5G Use Cases and Requirements

- eMBB (enhanced Mobile Broadband)
— High data rates

) #
e (3 %
. mMTC (massive Machine Type Communications) — , 1/
— Large number of connections o & @ A

« URLLC (Ultra-Reliable and Low Latency
Communications) =0 iy

— Low latency A /&‘ network
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5G vs LTE: Main Physical Layer Differences

LTE 5G

Use cases Mobile broadband access (MTC later) More use cases: eMBB, mMTC, URLLC

Latency ~10 ms <l ms

Band FR1 (< 6 GHz) FR1 (<6 GHz), FR2 (23-53 GHz)

Up to 100 MHz below 6 GHz
Up to 400 MHz above 6 GHz

Subcarrier spacing Fixed Variable

Bandwidth Up to 20 MHz

Freq allocation UEs need to decode the whole BW Use of bandwidth parts

“Always-on”
signals

MATLAB EXPO 2019

Reduced always-on signals, the only

Cell specific RS, PSS,SSS, PBCH one is the SS block
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5G Waveforms, Frame Structure and Numerology

« Waveforms

Resource elements and blocks
Frame structure

Variable subcarrier spacing
Bandwidth parts
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Waveforms

« OFDM with cyclic prefix: CP-OFDM

4\ MathWorks:

= Increased spectral efficiency with respect to LTE, i.e. no 90% bandwidth

occupancy limitation

= Need to control spectral leakage:

— F-OFDM
— Windowing
— WOLA
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dBm

Spectrum
20! <108 RBs (W-OFDM, F-OFDM)
100 RBS OFDM
-40 F < ( ) >
']( l' r\ )} | ( wf Ll i {1 e I
-60 J‘ )" '1 i Y |‘1 M“
bl
80 - ' ; L
-100
|
-120 +
-140 |
-160
R W-OFDM
| 1 F-OFDM
0 \ OFDM
-220 1 i 1 A A 1 1
15 -10 5 0 5 10 15

Frequency (MHz)



4\ MathWorks:

Resource Elements and Resource Blocks

/ Resource element: smallest physical resource

Resource block: 12 subcarriers
(frequency domain only, no time duration (*))

L' \ OFDM symbol

OFDM symbols (time)

Subcarrier (freq)

(*) unlike LTE: 1 RB = 12-by-7
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Frame Structure

10ms frames
10 subframes per frame
= Variable number of slots per subframe

= 14 OFDM symbols per slot (normal CP)
= Variable number of OFDM symbols per subframe (different from LTE)

frame: 10 ms

Dowrl ink frame 7

Uplink frame 7

} \Wry + Ny oma I
—- i
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Variable Subcarrier Spacing
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Subcarrier spacing (kHz) 15 30 60 120 240
Symbol duration (no CP) (us) 66.7 33.3 16.6 8.33 4.17
Nominal max BW (MHz) 49.5 99 198 396 397.4
Min scheduling interval (ms) 1 0.5 0.25 0.125 0.0625

Subcarrier spacing can be a power-of-two multiple of 15kHz

Waveforms can contain a mix of subcarrier spacings

This flexibility is required to support different services (eMBB, mMTC, URLLC) and to
meet short latency requirements

Increased subcarrier spacing can also help operation in mmWave frequencies

MATLAB EXPO 2019
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Slots and OFDM Symbols (Normal CP)

15 kHz

30 kHz

60 kHz

Subcarrier spacing (kHz)

Symbols/slot Slots/frame Slots/subframe
14 10 1

14 20 2
60 14 40 4
120 14 80 8
240 14 160 16
. subframe .
) slot: 1 ms ‘
) slot: 0.5 ms .
slot: 0.25 ms

A

v
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Bandwidth Parts (BWP)

= Carrier bandwidth divided into BWPs

BWP

m
o
Z
- ABWRP is characterized by @
. . % BWP NRB 30 kHz SCS,
— Subcarrier spacing O normal CP
O
0p)
Z

— Cyclic prefix

BWP NRB

- Addresses the following issues: sweRsoftse

— Some devices may not be able to receive Vi y
the full BW Point A RBStartZI RBStart 1

— Bandwidth adaptation: reduce energy
consumption when only narrow bandwidth is required

BWP RBOffset

MATLAB EXPO 2019
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Bandwidth Parts (BWP)

« A UE can be configured with up to 4 bandwidth parts
=  Only one bandwidth part is active at a time
= UE Is not expected to receive data outside of active bandwidth part

BWP2
active BWP3 active

e

S

=

o

[

© o)
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oK

8 gl BWP1

active |

v - : _
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5G Toolbox — PHY Layer Functions

NR Processing Subsystems
LPDC & polar coding
CRC, segmentation, rate matching
Scrambling, modulation, precoding

NR Downlink and Uplink
Channels and Physical Signals
Synchronization & broadcast signals
DL-SCH & PDSCH channels
DCI & PDCCH channels
UCI, PUSCH, and PUCCH channels

MIMO Propagation channels
TDL & CDL channel models
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Logical Channels

| PCCH |

| BCCH | | CCCH | | DTCH | | DCCH |
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Downlink

Transport Channels | PCH |

Physical Channels

N

N\

/‘ BCH | DL-SCH

\[E

poxcn

DCCH |

DCl

~

/

/ Transport aann els
UL-SCH P
U|C I
PUSCH PUCCH
\h_ Physical Channels

Uplink
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5G Toolbox applications & use-cases

MATLAB EXPO 2019

End-to-end link-level simulation
=  Transmitter, channel model, and receiver
= Analyze bit error rate (BER), and throughput

Waveform generation and analysis

- Parameterizable waveforms with New Radio
(NR) subcarrier spacings and frame
numerologies

Golden reference design verification

= Customizable and editable algorithms as golden
reference for implementation

15
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5G waveform generation

* 5G Toolbox supports downlink & uplink waveform generation

« Generated waveforms feature:
* mixed numerology
« multiple bandwidth parts
« multiple PDSCHs / PUSCHs
« multiple PDCCHs / PUCCHs
 fully parameterizable SS bursts
« multiple CORESETS and

search Spaces Power levels have been modified to improve visualization

.Wuﬁ-;err‘w' e
TP TV ror st
ﬂ YT Y "ﬁ‘-\ﬁﬁf«‘kﬁvﬁ
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5G NR Downlink Carrier Waveform Generation

@ Help
@S- Q| Bemplelist x| + |
ocumentation All Examples Functions Search Help
= CONTENTS Close

« Documentation Home

« Examples

Category

MATLAB 252

5G Toolbox 12
Getting Started with 5G Toolbox 5
Downlink Channels 7
Physical Layer Subcomponents 2
Signal Reception 3
End-to-End Simulation 4
Testand Measurement 1

Communications Toolbox 132

DSP System Toolbox 105

Signal Processing Toolbox 134

MATLAB EXPO 2019

Waveform Generation

Generate an NR single carrier
downlink waveform, essential
downlink channels, and signals for
data transmission.

Open Script

3
LDPC Processing for DL-
SCH

Highlights the LDPC processing
chain for the NR downlink shared
transport channel

Open Script

" Blocks and Bursts

Generate multiple synchronization
signal blocks (SSBs) to form a
synchronizafion signal burst (SS
burst).

Open Live Script

Information

Model DCI message encoding,
PDCCH processing, and
information recovery in NR
communications system.

Open Script

' Coding

Highlights the new polar channel
coding technique of NR
communications system by
modeling the CRC-aided polar (CA-

Open Script
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Key Reference Application Examples

« NR Synchronization Procedures

= Downlink:

— NR PDSCH BLER and
Throughput Simulation

NR Downlink Waveform Generation

=  Uplink:
— NR PUSCH BLER and
Throughput Simulation

— NR Uplink Waveform Generation

MATLAB EXPO 2019

5G NR Uplink Carrier Waveform Generation

This exampie mpkments a 5G NR upknk camior waveform generator usng 5G Toolox(TM)

Copyright 2018 The MahWorks, Inc

Introduction

This exsmpie shaws haw 10 parameierize and pénesaie a 5G New Radio (NR) uplnk wavesarm  The folowng
chanmals and signals are penerated

* PUSCH ang i85 assodiated DM-RS
*PUCCH and It associaled Drd.RS

Thes example supports the parametenzabon and generabon of muthiple bancwidth parts (BWF) Multiple mstances of
the PUSCH and PUCCH channels can be generatad over the different BWPs

Carrier Configuration
Thes section sets the overall cartier bandwidih n resource biocks, the cedl 1D and the length of the generated
wavetorm In sublrames You can visualize the generated resowce grids by setting the [Display Grdast fiekd to 1

carrier « 15

Carrior NULRE = 209, % Carrier wiomh 154G apserology

carrier NCelllD - 8; X dantity

carrier.NusSubfremes « 10; X Musber of Ims subframes in generated we $.,8 siots pe
Carrler Displayticids « 1; N Bisplay the resource grids after gna

Bandwidth Parts

A BNP is formed by a sel of contiguous resowces shanng & numearology on & given carriel This example supports
the use of multiple BYWFs using a struct amray. Each eotry in the array represenis a BYW» Sach BWP can have
aterent subcarmer spacngs (SCS). use different Cycic prafix (CP) ngths and span different Danowidihs The
|RBOfset] parametes cantrols the bcation of e 8WP In the camier This 5 expressed in jerms of the BWP
rumerokgy . Deferant BWPs can overiap with @3ch othes

b Nandw

wp = [1;

bup{1).Subcarrierspacing « 15; ¢

bwp{l) .CyclicPrefls « “Hare : L
bup( 1) . NRR = 25) %5
bup( 1) .RBOffrat = 10; % Pacition of Bwp 4 arrier

Carvwe R

Cardt RB

DT TS
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BWP 1 in Caerier (SCS=15Hz) PUCCH locatian

I 1] »n 100 120 40
Symbok

BWP 2 in Cartier [SCS«300Hz) PUCCH location

Symbok

BWP 1 in Carmier (SCS=15kH2)

& 80 [ 100 1 ral
Symboks

HWP 2 in Carrler (SCS=30kM2)

50 . 130 A0

Symbok
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5G Toolbox has open customizable algorithms

= All functions are open, - C/C++ code generation:

editable, customizable Supported with MATLAB Coder
MATLAB code

4\ MathWorks

MATLAB EXPO 2019
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Over-the-Air Testing with SDR and RF Instruments

-

Baseband Waveform
Generation

4\ MATLAB

&
LTE System Toolbox™

J
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\

RF Signal Generation
Instruments
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Supported SDR
Transmitters
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RF Signal Capture
Instruments
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Supported SDR 3
Receivers
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Baseband Waveform
Analysis
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LTE System Toolbox™

\
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Demo Station:

Design and Prototype Wireless Systems

»

MATLAB EXPO 2019

e

RTL-SDR

RF Signal Generator

Pluto SDR
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Spectrum Analyzer

Zyng SDR
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Call to Action

= Learn more about RF and antenna arrays

Seamless System Design of RF Transceivers and Antennas for Wireless Systems
12:45-13:15

Wireless engineers are pursuing 5G and other advanced technologies to achieve gigabit data
rates, ubiquitous coverage, and massive connectivity for many applications such as loT and V2X.
The need to improve performance and coexist with multiple communications standards and
devices while reducing the overall area and power imposes challenging requirements on RF front
ends. Gaining an insight into such complex systems and performing architectural analysis and
tradeoffs require a design model that includes DSP, RF, antenna and channel, as well as
impairments.

Vidya Viswanathan,
In this talk, you will learn how to model antenna arrays and integrate them in RF front ends for the MathWorks

development of wireless communications, including:

+ Analyzing the performance of antennas with arbitrary geometry
» Performing array analysis by computing coupling among antenna elements
* Modeling the architecture of RF front ends

+ Developing baseband and RF beamforming algorithms

MATLAB EXPO 2019
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5G Customer Successes

J MathWorks Qualcomm (UK) ‘

Using MATLAB to Develop 5G RF

Front End Components and Algorithms
Sean Lynch, Qualcomm UK Ltd

Quakormm UK devedogs RF From End and h tracking Aogy
for 50 mobie devices that support over 30 different AT Sy in 56, 1he nusber af
possBle wanvelorm combinations ir 10« greaner than UL makng aevce valksatan
much move complex and time censemng.

Thw Quaknrmm N fear wed SATLAN %O bt a compleie madel of the Tx snd e
paths with fised-point digital Blocks and Sarcwars-accurase pomer ampittier modeh,
They used SMUELONM 10 PIedit Kty SH%IEM Periormance Measwres, 0pamae deepn
Paraneters, and AUNOMALe TESTNE over & tange of wovelerm combinationi. The toams
wctomaticaly genarated wirssform Macsews fram the MATLAR S6 medels, breng time
In hardware bast development 30d delvery of wavelorms 1o curtomers

Advenitages Ul usng MATLAE:

o Fully moded ans verdy the B Sransce ot and kay analog and R componunts

o Relesse mnutiee @ Sath irtemally snd exteraslly in 8 wecurs manner

¢ Enabide 2 smadl team to cregse 3 scaiable and malntainabie se of 1ests

* ERminate the (6T of Oeveioping sedanate L sutes for aifleresst test ntrumeals

"We use MATLAS madels to

optimize and verify the
5G RF Front End through

all ph of devel o

P

I MathWorks

J MattiWorks Huawei (China)

Developing a Radio Frequency Systerr
for Wireless ot Huowei

unified and efficient
bridge

Erme Zhu, Huowe

ebromingen of weg MALLAR

MATLAD phona ity

gdarg ot Lo

nvida

e s Brdoguns ead adrem g (e e Ticativns and siandand) for 3G wirrs Wwedag, e feend) s
ot~ Lot fywr: Pt Basse®, [1; wned Al Yimguetng That - describe thute wosk st brblf of Ciavids

With all the intarest 5G is genercting i the industry, what aspects of the

technology # your feam most excited about?

WL g et wad o wd Lt

L L P

A Jr (P Uhrasntiabie, bow L sieTs

L YRR ™

Vob Stustan anarirg vibe w

Ard 3¢5 witl »

S rarh an AR tare b svwbie b g ommmrrabnam of mebds 2itry 40 1 v e

At e adnnbty mml Digher apeny

b & by mging «

What role does Convida ploy in the 56 stondardy working groups?
And fram o business perspective, what are the benefits of parsicipating

in s working greups?
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| MathWorks NOkla (Flnland)

5G Development with
"Waorking wah MathWaorks has enetied

Model-Based Design at Nokia Nokia 0 establish Model-Basad Design,

Sami Repo, Nokia which has brought flesibiity, vsibiley and
capability 1o roact through emtire SG DFE

ok b s g Mt Bl et with MATLAR 4rdt Svudvk 10 scialerats seerlprrerd of 1he

Bgtal Moem 00 (DI Aw 56 Laie Stumers. The S warchard igaclinn Powbl 3 porabon &1iss o dasign flow by providing groater

e rarge o bepamncind 0 1eppert Giotes i eles, gredinr sehads by, avl reaey roreected undentanding of options, faster

1o chovican tion. and qualty img "

Thee U F pwanwies te & ighrsimed A4l processing Lo snd fonm surisoe, wnath thasdel Sase

Yitier arterva and I tremcetves comporerts [ S regueseTents bring rew exmsphes by Lo
e Semg o the OF L, Neskie Sas found Woded Saree Uesign o be erpenin by Serebou for Sve
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Customer Value

> Efficient IP development

» Small teams can do more
and work faster

» Use MATLAB code and
Simulink models throughout
the development process

» Unify R&D, test, and
hardware development

Available on the 5G Technologqy web page
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https://www.mathworks.com/solutions/wireless-communications/5g.html

‘\ .‘\Lllh\\"\)l'kﬁ Progucts Solutions Academia Support Community Events

How to learn more

» Go to 5G Toolbox product page — Seieiiaiaai

www.mathworks.com/products/5g . e oG Toolbox
5G Development with MATLAB (ebook) “iicie | o Simulate, analyze, and test the phiSiERlI | SR 5C
Dowriins Channess on sy communications systems

= Watch Videos & Webinars

5G: Model, Simulate, Design, and Test 5G Systems with MATLAB
Waveform Generation and Testing with SDR and RF instruments

MATLAB EXPO 2019

4\ MathWorks:
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http://www.mathworks.com/products/5g
https://www.mathworks.com/campaigns/products/offer/5g-technology-ebook.html
https://in.mathworks.com/videos/5g-model-simulate-design-and-test-5g-systems-with-matlab-1538401305240.html
http://in.mathworks.com/videos/waveform-generation-and-testing-with-software-defined-radios-sdr-and-rf-instruments-100661.html
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Email: tkhan@mathworks.in
LinkedIn: https://www.linkedin.com/in/tabrez-khan-8756615a/
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Thank You

4\ MathWorks
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