MATLAB EXPO 2016

The Road to 5G: Simulating and
Prototyping Wireless Systems

John Wang, Ph.D.
Industry Manager, MathWorks




4\ MathWorks

Agenda

» e Introduction

Algorithm-to-Antenna Design

Over-the-Air Testing

Prototyping and Implementation

Summary

MATLAB EXPO 2016



4\ MathWorks

A 5G Timeline
- Eifth Generation mobile networks (wireless systems)

5G Research, Prototype and Trial 5G Standard m 5G Deployment
Release 10 Release 11 Release 12 Release 13 Release 14 Release 15 Release 16

1 LTE Advanced (Phase C)

3GPP
LTE Advanced (Phase A) » LTE Advanced (Phase B)

IMT New Spectrum, Vision ’ » Technology Eval ITU
.' WRC-18/19

1 WRC-12 1l WRC-15

2017 2018 2019 2020 2021

2010 2011 2012 2013 2014 2015 2016
« LTE: Long Term Evolution 72 N :.z:?'”*
Ly -
 Long Term Employment 1N} 0,?*'35
« 5G: NR: New Radio ey B
 Never Retirement QRSP

MATLAB EXPO 2016 Source: 3GPP



4\ MathWorks

5G Vision and Use Cases

Not just towers and mobile phones To do all of this, 5G will require:

— New physical layer architecture

— New radio (RF) architecture

— New network architecture

— New design and testing approaches

Challenges
RF Designh and mmWave
Channel models (>6GHz)
New Channel Coding

New waveforms

U-health / Wearables Smart Home / Smart Vehicle lndustrhl :
Smart City Automation Massive MIMO

Ultra-Fast Mobile Advanced receivers

MATLAB EXPO 2016 Source: 3GPP Quick Prototyping
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Towards 5G: LTE and WLAN will Continue to Play a Key Role

Carrier aggregation

Sidelink (V2X)

| 1EEE 802.11p (V2X)

(| IEEE 802.11ah (I0T)

LTE Evolution

WLAN
Evolution

MATLAB EXPO 2016
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tight interworking

New waveforms

New Radio
Technology

new channel coding
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5G: From Algorithm to Antenna

RF DPD and CFR design. PA and RF modelling

BB Algorithm and Modulation
RF Front End Design

Mixed-Signal Design Antenna, Antenna arrays
Algorithm DIGITAL ANALOG

Antenna/Phase Array
Massive MIMO

CFR DPD

BB
PHY

Receiver
Algorithm

Channel Model

_ _ -

MATLAB EXPO 2016



5G: From Algorithm to Implementation
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ANALOG

DIGITAL
BB CFR DPD DAC
PHY Receiver
Algorithm ADC
N
MATLAB & Simulink
Co-simulation
C-Code RTL Code
Generation Generation Verification

DSP, ARM  FPGA or ASIC

LNA -

mih

MATLAB & Simulink

DPI-C Link

DPI-C Model

Co-simulation

Cadence® Virtuoso®
Analog Design Environment (ADE)
Virtuoso® AMS Designer (AMSD)
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5G Challenges and Solutions I =
T i

New Waveforms 1 ” \
— Performance of f-OFMD, FBMC, UFMC, etc. < = AAMENARR s
Massive MIMO and mmWave
— Antenna arrays, Beamforming and RF architectures ;Ef‘
Channel Model il
_ WINNER Il model and 3GPP - ‘
Advanced Receivers Design - mﬁ_ .
— LDPC and Turbo TN BB
Real Hardware Verification and Prototyping @ i g

— Hardware testbed and Quick prototyping on FPGA

Frequency (GHz)

LTE and WLAN Evolution
V2X (LTE based and DSRC based, 802.11p)
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Example: New Waveforms Evaluation:
- Universal Filtered Multi-carrier (UFMC)

= Filtering applied per sub-bands (not per sub-carrier as in FBMC)

— Filtering parameterized by side-lobe attenuation T T T 1] =

— Reduced filter length (compared to FBMC) ) ]

— Good for short bursts, suited for uplink with multiple users of R

N

= Orthogonal in the complex plane \
— use QAM symbols, reapply MIMO schemes e e

= Receiver complexity
— Similar to OFDM, use per subcarrier equalization

MATLAB EXPO 2016
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Evaluatmg the Performance of new Modulation Schemes

UFMC with 1D Subbands

SG 10MHz, EVA 10, 54QAM LTE PDSCH

10° . 5G: 10MHz, ETU-10, 16QAM LTE PDSCH
LTE S t m ——URMC 10
yS e § —6—F.OFDM
- Y 1 ——CP-OFOM
Toolbox |
102
i g
4 @ 4 m
T 103 i
[ 102
T 1 1074 R \ N
| . ' | '
Y 10° - y - - 1073 - + +
0 5 10 15 20 2 0 5 10 15 20
SR (dB) SNR (dB)

-100
05 04 03 02 -01 o 0.1 02 03 04 05
Normalized frequency

N

UFMC modulation Channel UFMC demodulation Channel estimation
& equalization

OFDM vs f-OFDM, 1 subband

N

* Need reference symbols
* Need a realistic signal structure

| I I I
|
PSD (dBW/Hz)

LTE resource grid
MATLAB EXPO 2016 s 04 03 02 o1 o 01 02 03 o4 05

Normalized frequency 11
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Example: Hybrid Beamforming Design

= Beamforming implemented part in the digital and part in the RF domain
— Trade-off performance, power dissipation, implementation complexity

= Different possible analog implementations
— Phase shifters vs. Switching networks

= Different possible analog architectures
— RF chains fully connected to each antenna vs. Subarrays

Baseband RF RF Baseband

precoding precoding combining combining

MATLAB EXPO 2016
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Example: Hybrid Beamforming Transmitter Array

= 4 subarrays of 8 patch antennas operating at 66 GHz = 8x4 = 32 antennas

= Digital beamforming applied to the 4 subarrays (azimuth steering)
« RF beamforming (phase shifters) applied to the 8 antennas (elevation steering)

MATLAB EXPO 2016

3
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Why Consider RF in 5G System-Level Simulation?

« RF imperfections that cannot be neglected, especially in 5G with higher frequency
= There will be a need for greater integration between RF and baseband

Digital to Analog to
Analog Digital
Converter Converter

Digital
baseband

Digital
baseband

| |

Transmitter (TX) Receiver (RX)
MATLAB EXPO 2016

14



4\ MathWorks

Example: AD9361 RF Transceiver acc

e Mansaindex Manual and slow attack mode
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5G End-to End Simulation Platform

LTE Downlink E-TM Generator

transmitter characteristics.
Test model

Bandwidth

Cell identity

Duplex mode

Number of subframes
Windowing (samples)
Waveform output variable
Resource grid output variable

E-TM configuration output variable

Generate downlink test model (E-TM) waveforms. These are
specified in TS36.141 (section 6) for testing the downlink

Generate waveform

(ol i
11 A
SMHz hd
1
FDD -
100
0
waveform
tmgrid
config

Testing Waveforms

o) ACPR

File Tools View Smulation Melp

Or® > m

Seady REVI7 5 iz

30 Q< i |ECE I2@E

Samgie Ratee38 4 Mz

Signal analysis

MATLAB EXPO 2016

% Construct Modulator
hDataMod = comm.OFDMModulatorf...

'FFTLength',

'MumGuardBandCarriers’, c.NumGuardBandCarriers,...

'InsertDCNull’,
'PilotlnputPort’,

'PilotCarrierindices’,
'CyclicPrefixLength’,

'NumSymbols',

c.PilotCarrierindices,...
c.CyclicPrefixLength,...
numDataSymbols);

5G Baseband algorithms

™

Transmitter

Baseband

Radio

>)>> B

5G Channel

Receiver

Baseband

Radio

Y 5G Fading
Interference

5G Receiver design
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5G - Over-the-Air Testing with SDRs & RF instruments

Range of supported hardware

4 N - N
i RF Signal Generation RF Signal Capture
Instruments Instruments i
= = L4
f - | 5 . RN :
Baseband Waveform Bascband Wavelorm
Generation Analysis
% P & J
4\ MATLAB 4\ MATLAB
& &
LTE System Toolbox™ LTE System Toolbox™
f Supported SDR 2 4 Supported SDR % 4 S pECt rum Ana Iyze r
Transmitters Receivers
& r ~ O J
o ‘ A I
\_ J . P
Zynq Radio SDR
Generate Transmit with Capture signals
_ . Recover ~ :
custom SDR devices with SDR . PR
. : original data wiuy

waveforms or RF instruments or instruments

USRP SDR

MATLAB EXPO 2016
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LTE/WLAN Standard-Compliant Signals: Signal Generation and Transmission

RF Signal Generator
LAN/USB/GPIB = o ~ \\W

I oooene
A o=l =18 000088 =8
i e D00808 ase
g - Flg D00 s o o
m e

o]

= Configure and control generation parameters using
- Generate LTE baseband signal in MATLAB = Upconvert IQ waveform to RF and play back over the air

» Download to Signal Generator

LTE/WLAN Standard-Compliant Signals: Signal Acquisition and Analysis

Spectrum Analyzer
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» Programmatically configure acquisition parameters

" Retrieve 1Q data into MATLAB for analysis = Downconvert RF Signal to baseband in hardware

» Perform visualization and analysis in MATLAB

MATLAB EXPO 2016
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Typical Use Cases for LTE & WLAN System Toolboxes

v

Baseband Waveform

Generation

‘.\I.\I'l \B
&

LTE & WLAN

RF Signal Generation

Instrument

o
™
Toolbox L @) f

SO0 ooee

System Toolboxes

>

=== | hroughput?

Quality?

Baseband waveform
analysis

—_—> ‘l_\]_-\'r[_-m
&

LTE & WLAN
System Toolboxes

MATLAB EXPO 2016

Golden Reference for Verification
Does my design work as it should?

Signal Generation/Analysis
Test with live data

End-To-End Simulation

&\ MathWorks

How do design choices affect system performance?

Does my system conform to the standard?

Signal Information Recovery
Decode real-world signals

20
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Example: MATLAB Connects with SDR and AD9361

( Dw'
AD9361 RF Transceiver ;DJ E

Baseband Waveform RF Signal Generation u
Generation

‘ MATLAB
&

LTE System Toolbox™

Zynq ZC706 Board

MATLAB EXPO 2016
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From Simu

MATLAB code (.m)

&\ MathWorks’

ation to Prototyping: Xilinx Zyng + AD9361 SDR

Embedded
Coder

Processor in
the Loop

ALY
Processing
System

v

5G Signal

Simulink Model

Analysis

MATLAB EXPO 2016

Ethernet

[Example Webinar] EPGA implementation of an LTE receiver design

MATLAB and
Simulink r ARM
| Embedded Vivado
Algorithm Coder System
Model SW LA I/ Linux Code
Driver Driver
AXI AXI IP1
I\ Interface I\ Interface s
N\ _ N\
HDL Coder Vivado
/| /| IP3
Prog Logic Programmable Logic
3 3
5G
Wireless 5G Wireless 5G Wireless Svstem
System Interface Interface y
Model

23


http://www.mathworks.com/videos/fpga-implementation-of-an-lte-receiver-design-121505.html?s_tid=srchtitle
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Ericsson — Radio Testbed Design Using HDL Coder

Radio Testbed Design Using HDL Coder

ERICSSON

RADIO TEST BED [R)ESI,GN

USING HDL CODE

Tomas Andersson
MATLAB EXPO 2014 | Nordic

Systems & Technology (S&T) is the depantment at Ericsson responsible for securing technology leadership for
Cevelopment Unit Radio. S&T is involved in standardization, concept development, and pre-pre-studies of new
features, standards, and concepts, and acts as a driver for radio technology strategic work, An important part of
this wark: is the development of test beds to validate and demanstrate new technaolagy. In this session, Tomas
shares his experiences incorporating HOL Coder™ inte the design workflow of a new test bed radio. He highlights
how it has been a key factar in managing the rapid development of a complex FPGA application and how it has
enabled the design to quickly adaptto changes in specifications.

MATLAB EXPO 2016

Tomas Andersson

Ericsson

View video online here

Accelerating 5G Wireless System Development with
Hardware Testbeds

Download the white paper “Accelerating 5G Wireless System Development with Hardware
Testbeds.” The paper explores an integrated methodology and workflow for the development
of advanced algorithms and rapid deployment to hardware testbeds. It discusses their usage
in engineering the next generation of wireless communication systems.

Download our white paper here oy


http://www.mathworks.co.uk/videos/radio-testbed-design-using-hdl-coder-92636.html
https://www.mathworks.com/campaigns/products/offer/5g-wireless-system-development.html
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Huawel: System-Level ASIC Algorithm Platform using MATLAB and Simulink

Security Level:

I A o

Floating Point Fixed Point J Floating/Fixed Point l Algorithm/ASIC
Design/\Verification E> Design/Verification E> Comparison E> Comparison
Sub-module b-module Fixed Poil b-module Floating/Fix Module Level
Simulation esig n/\Verificatio Point Comparison Compa rison
Visual & Modular

Link-Level ink-Level Fixed Point Level Floating/Fi;
< le Timi 4 MathWorks: bulaﬂonNenﬁcan‘ timization/ Verrrcam‘ ipomt Comparison i “k g C""""’”s“
impele Timing
ConverSion . e .
Floatmg Point Fixed Point c OK
. Performance OK Performance OK omparison

ASIC Algorithm Simulation Platform Requirements

Real ASIC

Performance
(\I J‘}. ILLTLI Nl\ Characteristics of ASIC Algorithm Simulation/Verification
i le P Sien leinns el Mioclel Bermd Diesion . . . A ) ) ) .
=i F?:z m?c:?r‘:srgz e _ 1. System Level Design and Verification of Floating Point Arithmetic

2. Accurate Fixed Point design and Performance Comparison with Floating Point
Comprehensive

iais]fErat 3. Performance Comparison between Fixed Point Algorithm and RTL in ASIC

Compared to conventional floating point algorithm simulation, for ASIC algorithm

Nebugging and

- a verification is more extensive to verify accuracy with high degree of confidence
Localizalion

HUAWEI TECHNOLOGIES CO..LTD. gu
% HUAWEI

Efficient Simulation

MathWorks MATLAB & Simulink is great for algorithm simulation in ASIC

Huawei consider it as important ASIC algorithm verification tool

IMIAWTT TRCITNOT.OGIES OO TTT. Lz U % HUAWEI

View slides online at:
MATLAB EXPO 20186 System Level ASIC Algorithm Simulation Platform using Simulink

25


http://cn.mathworks.com/company/events/conferences/matlab-tour-china/2015/proceedings/system-level-asic-algorithm-simulation-platform-using-simulink_en.pdf

Broadcom — NFC ASIC Chip System and Implementation

g Feedback

Modelling Near Field Communication Systems and Implementation on ASIC

Rob Castle, Broadcom

Oo | 0:02/23:00 Wl [

+ Read abstract

Mear field communication (MFC) technology is attracting a lot of interest for mobile payment and ticketing applications. Behind the
simple “swipe and go™ operation is a complex system spanning many different standards and presenting challenges from the RF
interface to the digital processing. Broadcom is currently developing chips to provide MFC solutions for handset manufacturers, and
MATLAB and Simulink are an important part of both the system modelling and, through HOL Coder, generation of the actual digital
hardware. This session will begin with an overview of NFC and its relevant standards. This will be followed by a discussion on how
MATLAB and Simulink are used for both simulation and FPGA emulation, as the design evolves towards production.

View video online at:
http://www.matlabexpo.com/uk/2012/proceedings/modelling-near-field-communication-systems-and-implementation-on-asic.html

MATLAB EXPO 2016

4\ MathWorks

26



4\ MathWorks

Agenda

Introduction

Algorithm-to-Antenna Design and Verification

Over-the Air Testing

Prototyping and Implementation
»- Summary

MATLAB EXPO 2016

27



- Algorithm-to-Antenna Design and Verification

Summary:

« Waveforms, Beamforming, RF and Antenna

 End-to-End Simulation

Over-the Air Testing

 LTE and WLAN standards compliant

Prototyping and Implementation

e C-Code and RTL Code Generation

* Quick FPGA Prototyping and ASIC Implementation

MATLAB EXPO 2016

[ 5G and Wireless ]
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[ RESEARCH ] [REQUIREMENTSJ

. Vo
DESIGN
Antenna and Channel Models
RF Components
Baseband and RF Algorithms
- o
( IMPLEMENTATION -
C, C++ VHDL, Verilog
ARM FPGA
w /4
[ INTEGRATION ]

=

(S == ===

NOILVYOIdId3A B LS3L
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For more information

Website

* https://www.mathworks.com/discovery/5g-wireless-technology.html

Web Search
- “5G, MATLAB”

MATLAB EXPO 2016

4\ MathWorks
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Questions

MATLAB EXPO 2016
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