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AGENDA

* Software-defined Radio for LTE Band-3 1800 MHz
e System design with Zynq® UltraScale+™ RFSoC + Qorvo RF

e Avnet RFSoC Support Package for MATLAB® and Simulink®

* Modeling
e Simulation and algorithm exploration
e Verification

* Demo
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CHALLENGES OF MODERN WIRELESS SYSTEM DESIGN

Requires multi-disciplinary expertise

* Wireless system architecture, knowledge of evolving standards
* RF design

* FPGA design

 Embedded software design

* Analog and digital signal processing

* |IP network architecture

* High-speed layout / signal integrity board design

Need proven pre-engineered subsystems for fast proof-of-concept
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SYSTEM DESIGN

Software-defined Radio for
LTE Band-3 1800 MHz
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SMALL CELL WIRELESS Base Station Categories
NETWORKS

Suburban

Urban

Network densification ~—
towards 5G E

* In pre-5G/LTE-Advanced Pro (LTE-A pico Cll
Pro) transition

Small cells

* Provide increased data capacity s ) R o~
° Help service providers eliminate Pico Cell 025101 0.1t00.2 30 to 100 Indoor/Outdoor
. f Micra Cell 1t 10 02to 20 100 to 2000 Indoor/Outdoor

expenSIVe roo top SyStemS Macro Cell 10 to =50 8to 30 =2000 Qutdoor

* Help improve the performance of
mobile handsets

Qorvo



() EBVElektronik

CONTINUITY INNOVATION

TRADITIONAL BASEBAND/IF SAMPLING & RF SIGNAL PROCESSING

RFIC E 1.8 GHz

ZYNQ" ¢

MPSoC

Duplex

FPGA / DFE ; ¥ *Lo i Filter

1.8GHz ‘ . |
| LNA  BPF
. LPF .1

* Extra complexity, cost and power consumption

 Signal processing in the analog/RF domain with analog mixers and filters
* |/Q phase & gain imbalance, LO leakage, voltage and temperature variation

LPF
100MHz
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SOFTWARE-DEFINED RADIO FOR LTE BAND-3 1800 MHZ

8 channels

Qorvo \

f.=1842.5 MHz

Downlink l

BPF  TQL9092

e

RF DAC /

TQP9418

8 channels

Duplex

@ Filter
QPL9096  BPF /Z/

2| &2

e

fc =1747.5 MHz ~x
Uplink QPF QPL9096
’ / control;
AVNET l

RFSoC Support Package for MATLAB and Simulink
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AVNET RFSOC SUPPORT

Package for MATLAB
and Simulink
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MULTI-DOMAIN SIMULATION FROM ANTENNA TO DIGITAL

* Design, simulate, and analyze end-to-end
communication links with channel and
RF impairments

e Radio-in-the-Loop with MATLAB
and Simulink
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MODELING THE SIGNAL CHAIN FROM BASEBAND TO RF

Case Study: LTE Band-3 Modeling the RF Aleorithm Exploration Demo Avnet RFSoC
1800 MHz Signal Chain & P Development Kit

’ MahWorky

Rx, =Tx, +G, =L —4

Rain

— RF Link Budget

+G, Simulation Verification
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INNOVATION
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RF LINK BUDGET ANALYSIS OF RF SIGNAL CHAIN

INNOVATION

o\ RFBudget Analyzer - RF_Link_budget w - . et e - . N )
3 = ] . - - < Figure 1: Signal-to-Noise Ratio =HECHL X
ANALYSIS
Eile Edit View Inset Tools Desktop Window Help o
s Od T B @ b N & NEde |k AAODE4- G| 0 ud
New Open Save Delete Amplifier Modulator S-parameters Generic Plot Export B B R )
- - - - - a Or S Signal-to-Noise Ratio vs. Input Frequency
FILE DELETE ADD ELEMENTS PLOT | EXPORT Cascade
| RF_Link_budget | — 1
[—
72.98 1.3
Input frequency: 1.8 GHz - G G @ 72.96 e
: - . |} | : : = —_—1.5
Axailable input power: -9 dBm N F - NO + 174 = Ga I n I NE . I NE =] 1.6
: 1P P T 72.94
Signal bandwidth: 100 MHz = Dac insertion_... balun_NC... TaLsog2 % 1.7
B 7292 1.8
Element Parameters Stage 1 2 3 4 §
Amplifier GainA (dB) 0 A5 011 226 _? 729
NF (dB) 12 0 0 06 =
. 72.88
Name: [DAC OIP3 (dBm) 215 Inf Inf 39.5 E’ \
Ayailable power gain: |0 dB @ 72.86
Cascade 1.4 1.2 1.3 1.4 19
Noise figure: |12 a8 Fout (GHz) 18 18 18 18
op3: 215 dBm Pout (dBm) K 05 1061 1199 1.85 e 7l
GainT (d8) 0 =15 -1.61 20.99 1.5
Input impedance: |50 Ohm 1.8 1.4
NF {dB) 12 12 12 12.08 1 2‘| 3
Output impedance: 50 Ohm OIF3 (dBm) 215 20 19.89 37.73 175 1.1 Cascade
SNR (dB) 7298 7298 7298 7292
Input Frequency (GHz)

 MathWorks RF Budget Analyzer App
* Analyze gain, noise figure, and IP3 of cascaded RF elements
* Plot RF budget results across bandwidth and from stage to stage

Export to RF Blockset for simulation within larger model
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MODELING THE DIGITAL UP-CONVERTER IN RF-DAC TILE

Clock Domain Crossing FIFO Interpolation Filters Quadrature Mixer

4 N

:>/ 7\ 165/ I RF Signal Out
/1,/2,/4,/8 o ” 3
500MHz Clk IN i

MHz Ik IN 6.554 GS/s NG RF DAC J \

Clk In
:‘>K /K[ 11,12, /4, /gT }Q_ ®

AXI| Stream Numerically
Controlled @
Oscillator j

2B

RFSoC DAC Interpolation Finers(’ —— * Simulink model of hardened DUC in

PLL Sampling Clock 6.554 GHz

> x[n2] ' E‘l’ RF'DAC
roton 2¢ 0 » cascaded halfband interpolation filters
nf2] " - '2 . » In1 Out1 ’ » in1 Out —@ )
— 2 | o e quadrature mixer
o K I o TN o j ) * Aid for frequency planning, post-DAC
s 2 i X eman o — analog reconstruction filter

Analyzer Complex Mixer
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ALGORITHM EXPLORATION WITH ZYNQ ULTRASCALE+ RFSOC
1800 MHz Signal Chain Development Kit

NE
4\ MathWorks Gigabit Ethernet Dt o [ ey

_ ., £ XILINX

. ‘ ZCU111
RFSoC Explorer with P 3
MATLAB and Simulink <4 3

i rmp—" A ‘wt 'M"[W"'*"’ﬂ"\w "

4\ MathWorks
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AVNET RFSOC EXPLORER WITH MATLAB AND SIMULINK

Generate signal stimuli within MATLAB Analyze signals in time and frequency domains

* real / complex sinusoids
e LTE /4G waveforms
* 5G NR radio Release 15

T

File Tools View Playback Help

B-a- 03| AN E

e o

RFSoC Explorer with

| | MATLAB and Simulink 5G Toolbox from MathWorks
P1|M|h‘i‘|¢,¢_|"'ih ‘ rp‘? [ FIARY S Signa P ) Simulate, analyze, and test the physical
: 1 ' M' ' " e QD P s layer of 5G communications systems
Control RFDC in MATLAB Corking ; e 5""“”’_“’” S
‘ DAC / ADC SEttings ?” PLL Processing nvw-swmz Sample rale=953.04 Mz | T=0 5G Waveform Selector o

* Interpolation / decimation o . _
*  Complex mixer e e

*  Sampling rate

T .

r 000 0 i G|gab|t Ethernet

3932165

RFSoC connectivity to
MATLAB and Simulink

&4\ MathWorks
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* Model, simulate, design and test 5G systems with MATLAB .‘
* Waveform generation
* Downlink processing - Transmit and receive b
e TDL and CDL channel models S
* Physical channels and signals

* Link-level simulation & throughput measurements
* Synchronization Bursts

* Cell search procedures

» Reference designs as detailed examples 4\ MathWorks

Perfect
Channel model: CP-OFDM PDSCH DL-SCH
e o — -

MATHWORKS 5G TOOLBOX™
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RFSOC SUPPORT PKG IN MATLAB ADD-ON EXPLORER

% @ bem
=
Help Request Support
_ v [2] Leam MATLAB
4\ Add-On Explorer I| & Get Add-Ons
N
L]
Q Manage Add-Ons

Manage Add-Ons

Iavnet rfsoc

Filter by Source

] Community

n Get Hardware Support Packages

Check for Updates >

mum| PUNEN Avnet RFSoC Support Package for MATLAB and Simulink

Filter by Type

] Toolboxes and Products

B Deveigmant K1

| Functions 2 T Avnet RFSoC Explorer for MATLAB and Simulink helps 8 Downloads
- designers manage signal stimulito the RF-DACs, Updated 12 Feb 2018
Filter by Product Family e var W capture and analyze incoming analog signals through
. ) E E B Bl the RF-ADCs. It provides data streaming over GbE
L Simulin¥ - between MATLAB and ZCU111 and supports code
’ E B === generation to HDL and C.

* Works with Free MATLAB Trial Package for Wireless Communications

www.mathworks.com/rfsoc

INNOVATION
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AVNET ZYNQ ULTRASCALE+
RFSOC DEVELOPMENT KIT

Avnet extends the functionality of the
groundbreaking Zyng® UltraScale+™ RFSoC
ZCU111 Evaluation Kit with a Qorvo 2x2 LTE
Band-3 RF front-end card, plus native connection
to MATLAB & Simulink from MathWorks with
support for 5G NR radio Release 15

Enables system-level design with:

* Signal Capture & Analysis with MATLAB and Simulink

* Radio-in-the-loop co-simulation (Gigabit Ethernet)

* Over-the-air testing with 2x2 LTE Band-3 1800MHz FDD
e Direct-RF sampling without an external RF mixer

Kit includes:

e Zyng UltraScale+ RFSoC ZCU111 Evaluation Kit

* Qorvo 2x2 LTE Band-3 RF front-end card

* Vivado System Edition (includes System Generator DSP)
* Avnet RFSoC Support Package for MATLAB & Simulink

CONTINUITY  — INNOVATION

QONVO. @\ MathWorks Sami|ec  § XILINX.

Zynq UltraScale+ RFSoC ZCU111 Evaluation Kit 4
Xilinx OEM kit including XM500, Filters, Cables, etc.

Qorvo Small Cell RF Front End
2x2 1800MHz FDD LTE Band 3

4\ MathWorks

G i

b ¢
M RFSC Development Kit
Graphical User Interface

W ooy (S

or
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SYSTEM OBJECTS™ SIMPLIFY RFSOC USER INTERFACE

— Algorithm Developer
4\ MathWorks: \

LT WU
QPSK

S_VStem ObjeCtS ™ o [ C P rog ra m m e r ZYI;JQ
Function Black Parametey rs: MATLAR System =

- - v

fio_sys_obj i Xl Ll NX Up to 16 Channels

System Object block for IO devices A ® (g
]EC A(CBlocik A " P

Source code
| B |F|F-ADC 0—

Paramet ters St

1P address: 172.28.200.125 Th ] DDC RF In
Device name 3 ad9361
Th XR DACBlock AnalogDataPath ‘ |F‘F'AD° o
Number of input data channels: 4 A k A |V
—_—
S -0 1h| struct XRFdc_DACBlock_AnalogDataPath P
Number of output data channels: 4 This structure is for internal driver use.

Qutput data channel size [samples]: 8192

- —E|—-|RF-DA(: O—
Simulate using: Il:nterpreted execution n,:_- Eo _Em_[ o
L nds to C_DAC_| DUC ut
[ ok [ cancel |[ Help Apply to C_DAC_I III B———
L
L/

* MathWorks System Objects implement and simulate dynamic systems

e Custom System Object encapsulates functionality of RFSoC
Data Converter Subsystem

20
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CODE GENERATION WITH ZYNQ ULTRASCALE+ RFSOC

W Up to 16 Channels
u- S —
L OErermmerepemmer e - RF-ADC
# - 20003: 4 ciame sire to be uowa fox ANES trics DDC
spelrencirial | - RF-ADC

e Up to 16 Channels
- RF-DAC
El puc

4\ MathWorks || code generation

o £ XILINX.

ZCU111

e 4\ MathWorks

o0t

nq SDR

e HDL Coder & Embedded Coder for
code generation

 Real-time execution on RFSoC board for
over-the-air testing

* Runtime debug and instrumentation over Ethernet
* Petalinux with open-source Linux drivers for product deployment

21



() EBVElektronik

AVNET RFSOC SUPPORT PACKAGE FOR MATLAB AND SIMULINK

Gb Ethernet

4\ MathWorks

 Connection to MATLAB and Simulink
over TCP

* Variable-depth sample buffer and
DMA transfer to / from
programmable logic (PL)

server

XRFdc API

kernel drivers

DMA

FIFOs

6.4GSPS
RF-DACs

CONTINUITY

DDR4
Memory

INNOVATION
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