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LTE System Toolbox
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MATLAB & Simulink

MATLAB & Simulink

Fixed Point Design

BEAE HDL Coder
HDL Verifier DPI-C Link

Co-simulation

Cadence® Virtuoso®
DPI-C Model Analog Design Environment (ADE)
Virtuoso® AMS Designer (AMSD)

C-Code RTL Code — :
Generation Generation Verification
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5G Support Package
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— Delay profile: TDL and CDL profiles: A, B, C, D, E or custom

— Channel delay spread
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— MIMO tBx 1%

— CDL: spatial channel model, includes also:

= Antenna array geometry [M, N, P, Mg, Ng]
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LTE: Max BW occupancy is
90% of allocated BW
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In 5G the 90% limit does not apply, we
need to design a filter (F-OFDM) or
windowing parameters (W-OFDM) to
limit out of band emissions
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Spectrum with PA clipping
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5G Support Package
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Hybrid Beamforming

- Beamforming & FFMRFPRLIESHIT

— M BERYTrade-off, power dissipation, SEIEZERE =
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— Phase shifters vs. Switching networks
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— RF chains #18 & X&BEX NS FREMEHEE

Baseband RF RF Baseband

precoding precoding combining combining
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Z£6): Hybrid Beamforming &ixixf81ZM4

4 subarrays of 8 patch antennas operating at 66 GHz = 8x4 = 32 antennas
- #Fbeamforming | 4 NFXZkE (azimuth steering)
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>> a = linearArray

>> a.Element = p;

>> a.ElementSpacing = 0.1;

>> a.NumElements = 4;

>> layout (a) ;

>> pattern (a,

3D Radiation Pattern for UE #1

Az 90
ElI O
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E Figure 2
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Example: AD9361 RF B &#lEYiitT acc
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http://cn.mathworks.com/company/events/conferences/matlab-tour-china/2015/proceedings/matlab-rf-development-application-in-numbers_en.pdf
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5G - Over-the-air testing with SDRs & RF instruments

Range of supported hardware

¢ ™ 4 &
i RF Signal Generation RF Signal Capture \
Instruments Instruments
-~ - *
. EN. R
Baseband Waveform Baseband Waveform
Generation Analysis
% J \. J
4\ MATLAB 4\ MATLAB
& &
LTE System Toolbox™ LTE System Toolbox™
. Supported SDR Supported SDR \ 4 S peCt rum Ana Iyze r
Transmitters Receivers
S r ~ & 5
| 1 | . |
e 4 \ = J
Zyng Radio SDR
Generate Transmit with Capture signals
. : Recover >
custom SDR devices with SDR . R
: ) original data .
waveforms or RF instruments or Instruments

USRP SDR
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Example: MATLAB ## SDR and AD9361/9371 i#{T31E

AD9361 RF Transceiver J=h) =

Baseband Waveform RF Signal Generation

Generation

&

HW
‘ MATLAB Support

package
LTE System Toolbox™ .

Zyng ZC706 Board
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MABFEZFISCIN: Xilinx Zyng + AD9361 SDR

MATLAB code (.m)

[
[
[
[
| SW
[

[

Embedded
Coder

A

Processor in
the Loop

AR
Processing
System

v

5G Signal

Simulink Model

Radio Algorithm

Analysis

Ethernet

&\ MathWorks’

[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 —
N\ _ N\
HDL Coder Vivado
/ /| IP3
Prog Logic Programmable Logic
3 3
5G
Wireless 5G Wireless 5G Wireless Svstem
System Interface Interface y
Model

21


http://www.mathworks.com/videos/fpga-implementation-of-an-lte-receiver-design-121505.html?s_tid=srchtitle
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Ericsson — 81538 UE#R Y83+ Using HDL Coder

Radio Testbed Design Using HDL Coder

RADIO TEST BED
USING HDL CODE

Tomas Andersson
MATLAB EXPO 2014 | Nordic

DESIGN
R

ERICSSON

enabled the design to quickly adapt to changes in specifications.

Systems & Technology (5&T) is the department at Ericsson responsible for securing technology leadership far
Cevelopment Linit 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 technalogy strategic work, An important part of
this wark is the development of test beds to validate and demonstrate new technolagy. In this session, Tomas
shares his experiences incorporating HOL Coder™ into the design workflow of a new test bed radio. He highlights
how it has been a key factor in managing the rapid development of a complex FPGA application and how it has

Tom

|
CrICSS!

as Andersson

14

View video online at:
http://www.mathworks.co.uk/videos/radio-testbed-design-using-hdl-coder-92636.html
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http://www.mathworks.co.uk/videos/radio-testbed-design-using-hdl-coder-92636.html

4\ MathWorks

Nokia: PIRERISEER Using HDL Coder

Example Design for HDL Coder Flow

Challenge

Scaling and Power Limitation Block

L]

Rounding and

1Q-data input

MATLAB ma
Verilog
™M HDL Coder?

FPGA Prototyping + SW testing FPGA Protot

Would it be possible to
left-shift this and

_ trial algorithms in

HW earlier?

»time

7 @Nokia 2016

ASIC Optimization

Area and Timing Results

UL

1Q-data output
o "™ RTL Resource Utilization Comparison
— FPGA Prototype Vs. Original ASIC Targeted Model
et __ Flip-Flops
Further timing optimization :
Total could have been performed Negative slack
150% (Work focused on FPGA 5000
rototypin =
100% . yping) 4000
3bQ0
2000 \
1000 Sl
0 L

Sequential

Original model

=== Generated model
«ASIC optimized generated model

17 @ Nokia 2016

Clock 1/0 Clock

Combinational

Original model
[ Generated model

[ ASIC optimized generated model

NOKIA
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Security Level:

System-Level ASIC Algorithm
Simulation Platform using Simulink

S

HUAWEI TECHNOLOGIES CO., LTD. HUAWEI

ASIC Algorithm Simulation Platform Requirements

Visual & Modular

. . -‘k MathWorks:
Simple Timing
Real ASIC et .
Performance

Comparison

Comprahensive
Toolbox

Nebugging and

Simple Performance r
Lo calizalion )

Efficient Simulation |

MathWorks MATLAB & Simulinkis great for algorithm simulation in ASIC

Huawei consider it as important ASIC algorithm verification tool

bl 11
= &2 Huawer

TMTAWTI TECTINOTOGITS CO_TTD

using MATLAB and Simulink

Algorithm Simulation/Verification Workflow in ASIC
Floating Point Fixed Point l Floating/Fixed Point 1 l Algorithm/ASIC 1
Design/Verification [> Design/Verification E:> Comparison E> Comparison
Sub-module b-module Fixed Poi b-module Floating/Fixi Module Level
Simulation esignNeriﬁcaho Point Companson Companson
Link-Level ink-Level Fixed Pomt -Level Floating/Fix ink-Level C
ulation/Verificati imization/ Verific Point Companson -Level Comparis
Floatlng Point Fixed Point c OK
Performance OK Performance OK ppanison

Characteristics of ASIC Algorithm Simulation/Verification

1. System Level Design and Verification of Floating Point Arithmetic
2. Accurate Fixed Point design and Performance Comparison with Floating Point

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

Compared to conventional floating point algorithm simulation, for ASIC algorithm

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

&2 Huawer

HUAWEITECHNOLOGIES CO..LTD.

Huawei: System Level ASIC Algorithm Simulation Platform using Simulink

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

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