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Agenda

SDRs: Overview, Challenges, and New Methodology

Evaluate an RF System with an FPGA based 16-QAM legacy
Waveform

Evaluate System Performance with a new Commercial Off the
Shelf (COTS) OFDMA Mobile WiIMAX™ Waveform

Compare both Waveform’s Susceptibility to RF Interference

FPGA Implementation and Test of an OFMDA Mobile WiMAX
Waveform

"WIMAX" is a trademark of the WiMAX Forum
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What Is a Software-Defined Radio?

Lots of definitions, but some key trends:

Radio where hardware is reconfigurable and will work with
multiple software-defined waveforms

Baseband and digital IF may be implemented with FPGAs,
ASICs, DSP

New communications waveforms can be quickly introduced into
the system without requiring taking the hardware out of service
for extended periods of time.

The Software Communications Architecture (SCA) enables
programmable radios to load waveforms, run applications, and
be networked into an integrated system.
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SDR Physical Layer Design & Test Challenges

Simulation is useful to evaluate waveform compatibility, but
iInvolves both baseband and RF. How can they be evaluated
together?

How can new waveforms, such as COTS WiMAX OFDMA, be
evaluated before implementing hardware?

How can new waveforms be evaluated with real-world field
scenarios (e.g. interferers, jammers, etc..) before field
deployment?

How can custom waveform interoperability be tested with off-the-
shelf test solutions after hardware implementation?
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New SDR Design and Test Methodology Helps
Address these Challenges:
Capture and use baseband hardware waveforms™ to design the

SDR RF system. Evaluate baseband and RF together in
simulation.

Leverage COTS reference waveforms™ (such as WiMAX OFDMA)
to evaluate RF system compatibility before implementing
hardware

Evaluate real-world scenarios (such as RF interferers) in
simulation before deploying hardware to the field

Test waveform™ interoperability with off-the-shelf test solutions by
leveraging simulation inside of test equipment

*Note: Waveforms shown in this presentation are physical layer
|Q waveforms, not full SDR DSP implementations
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Agenda

Overview
SDRs: Overview, Challenges, and New Methodology

Evaluate an RF System with an FPGA based 16-QAM legacy
Waveform

Evaluate System Performance with a new COTS OFDMA
Mobile WIiMAX Waveform

Compare both Waveform’s Susceptibility to RF Interference

FPGA Implementation and Test of an OFMDA Mobile WiMAX
Waveform
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Addressing Physical Layer Design & Test Challenges

Challenge:

Simulation is useful to evaluate waveform compatibility, but
iInvolves both baseband and RF. How can they be evaluated
together?

Solution:

Capture and use baseband hardware waveforms to design the
SDR RF system. Evaluate baseband and RF together in
simulation.
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ADS Overview
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ADS Overview

Numeric Domain Based Co-Simulation

RF N RF/Analog > Digital N Digital
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ADS Overview

Instrument Based Co-Simulation
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ADS software and all these
instruments, and many
others, use this 89600 series
\VSA software.
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Using ADS with FPGA Hardware

ﬁ From ADS one can read and write directly to & from instruments:
i 16900 Logic Analyzer with FPGA QAM 16 Board |
Download/ Write Pattern Generator Board

from ADS

Download/Write
Digital Stimulus
from ADS to FPGA

ADS»E R

CM_PatGen_169xx_Sink
C1

Capture/Read
Into ADS

VSA

ADS| || »

16900 Logic Analyzer

S =

Capture/Read Digital
Output from
FPGA into ADS

VSA_89600_Source
V1
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FPGA QAM 16 Block Diagram

ot Agilent Technologies

Advanced Design System
2006A
|

5

-

Initializmg ...

“To dismiss, select this window and press Ese

Agilent EEsof EDA

Capture and read FPGA waveform into ADS to design RF system
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FPGA Test Setup

f . 16900 series Logic
FPGA Boar Analyzerwith 89601
VSA Software
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Capture FPGA Waveform and Design Transmitter
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Add Channel Model and Design Receiver
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Agenda

Overview
SDRs: Overview, Challenges, and New Methodology

Evaluate an RF System with an FPGA based 16-QAM legacy
Waveform

Evaluate System Performance with a new COTS OFDMA
Mobile WiMAX Waveform

Compare both Waveform’s Susceptibility to RF Interference

FPGA Implementation and Test of an OFMDA Mobile WiMAX
Waveform
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Addressing Physical Layer Design & Test Challenges

Challenge:

How can new waveforms, such as COTS WiIiMAX OFDMA, be
evaluated before implementing hardware?

Solution:

Leverage COTS reference waveforms (such as WIMAX OFDMA)

to evaluate RF system compatibility before implementing
hardware
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802.16e Mobile WIMAX OFDMA COTS

OFDMA-= Orthogonal Frequency Division Mult. Access

Data transmitted on multiple subcarriers for each
symbol- variable FFT sizes (512,1024,..)

Less susceptible to narrowband interference and
» Fewency  MUltipath

Nulls create orthogonality Parallel burst structure- multiple users (‘Multiple
between subcarriers Access’) are assigned unique subcarrier mapping vs.
time
Symbol number =
Logical Sub-channels k kt+1 k+2  k+3  k+4  k+5  k+6
0
===
5 n+3 n+4 n+5
6 n+6 n+7 n+8
7
LI
9
Physical subcarriers 10
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Customizing COTS Technologies for SDRs

Parameterized Signal Sources and Receivers

Mobile WiMAX RateCode=3 (16 QAM)  RateCode=4 (64 QAM)
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Customizing COTS Technologies for SDRs

Flexible Parameterized Signal Sources and Receivers
§Example: Replace
ADS Bit Source oo | S

with a customized MLMABth o
: - Itoource Fort
MATLAB® source ML oowe | o ’OE;EFCS

Part
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> B
e DLSoniee : } QR o
mm'mm Dmpw - i |
DL Source RandomBiis : WMAN_M_DL_SignalSre N Part
—P'— ......................... . WyhAN_M_DL_SignalSro CxToRect RF_Modulator RF
RF_Maodulator

MAN_M_DL_SignalSrc_RF cy
DL_Source

FCarrier=FCarrier
Power=SignalPower
Bandwidth=Bandwidth Burst Zone
OversamplingOption=0versamplingOption g E 5 08 =

FFTSize=FFTSize L

CyclicPrefix=CyclicPrefix ’
FrameMode=TDD B3 — =

DL_Ratio=0.6177143
UL-MAP & UCD

FrameDuration=FrameDuration

DLMAP_Enable=YES =

ULMAP_Enable=YES % o

Preamblelndex=Preamblelndex -=3-8 & o285
DLFP & DL-MAP & DCD

FrameNumber=FrameNumber =
N S ]
Sources and Receivers

have parameters which
can be easily modified

f Existing Sources and
Receivers can be modified
| and saved to create custom
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Evaluate Performance with WIMAX COTS Waveform

# Spectragram: OFDMA_Xmit

As you watch the demonstration Wi :

think about potential performance

iIssues with the system and what P i ABHIL

could be done very early in the | i s e
design process to fix them.

Center: 3.4 GHz
REMW/: 11 kHz

Mohile Witdax o | | Channel —1 o
OFDMA Signal = Transmitter Design Modal

A Fa
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System Simulation Results with
WIiMAX OFDMA COTS Waveform
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Other COTS Wireless Libraries in ADS

CDMA EDGE Fixed WiMAX

GSM WLAN Mobile WiMAX

DTV CDMA2000 1XEV 802.11n

3GPP WCDMA TDSDMA WiMedia
....C..D.MA.Z.O.QE)........QIO_IO$.P.A ............ OO....BOQG.E.P. .l_.-I:OE. 000000000

Other possible sources of signals and measurements:

« The ADS MATLAB® Co-Simulation MATLAB

Elements: s Source

* Agilent Instruments: — e ST

EEEEEEEEEEE
uuuuuuuu

Simulation & Design of
Software-Defined Radios
November 28th 2007



http://eesof.tm.agilent.com/products/wireless_libraries.html

Agenda

Overview
SDRs: Overview, Challenges, and New Methodology

Evaluate an RF System with an FPGA based 16-QAM legacy
Waveform

Evaluate System Performance with a new COTS OFDMA
Mobile WIiMAX Waveform

Compare both Waveform’s Susceptibility to RF Interference

FPGA Implementation and Test of an OFMDA Mobile WiMAX
Waveform

Simulation & Design of

<% Agilent Technologies ERC R I
A November 28th 2007



Addressing Physical Layer Design & Test Challenges

Challenge:

How can new waveforms be evaluated with real-world field
scenarios (e.g. interferers, jammers, etc..) before field
deployment?

Solution:

Evaluate real-world scenarios (such as RF interferers) in
simulation before deploying hardware to the field
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Evaluate Effects of Interferers on QAM16 System

QPSK Interference Spectrum
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Effects of Interferers on QAM16

Swept QPSK Interference Frequency and Power using VSA Software
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Next: Evaluate Effects of Interferers on OFDMA
System

Interference
Type=QPSK
Fc=3385 to 3415 MHz
Pwr= -150 to -70 dBm
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Effects of Interferers on WiMAX OFDMA
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Effects of Interferers on WiMAX OFDMA
Interference Frequency Sweep

QPSK Interference Source EVM % vs QPSK Interference Frequency (-100 dBm)
Freq = 3380 to 3420 MHz 1
Power = -100 dBm 12__//""*"“"‘-*\
] 16 QAN

10—

WiMax EVM
QAM16_EVM

Interference
Source

WiMax

A

Receiver YN EEEEERER
~ 802 16e g2 2 3 2 3 8 8 83 38 8 3
—PJ | > X » DL QPSKFreq
5 EVM
Channel wvian v oL Evia \| ADS 802.16e (WIMAX)
Model EWh EVM Measurement
FCarrier=FCarrier
Somdwidih=Bandwict | CCMPonent

FFTSize=FFTSize
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Effects of Interferers on WiMAX OFDMA
Interference Power Level Sweep

A 4

QPSK Interference Source 16 QAM & WiMax EVM vs. QPSK Interference Power Level
Freq = 3402 MHz b
Power = -120 to -95 dBm 0
==
/ Eéé 12i
— @©
Interference R §§ =
» O =
Source —|— 8-
\6 1
Receiver 4 T T T | T T T | T T T | T T T ‘ T T T
-120 -115 -110 -105 -100 -95
| \;| 802.16e QPSKPwr
— v » DL

O

EVM
Channel WMAN M DL EVM Note: The 16 QAM based waveform

Model EVM system had an EVM of
approximately 15% in this region.

Simulation & Design of

.5 Agilent Technologies St DT (R
s November 28th 2007



Agenda

Overview
SDRs: Overview, Challenges, and New Methodology

Evaluate an RF System with an FPGA based 16-QAM legacy
Waveform

Evaluate System Performance with a new COTS OFDMA
Mobile WIiMAX Waveform

Compare both Waveform’s Susceptibility to RF Interference

FPGA Implementation and Test of an OFMDA Mobile
WIMAX Waveform
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Addressing Physical Layer Design & Test Challenges

Challenge:

How can custom waveform interoperability be tested with off-the-
shelf test solutions after hardware implementation?

Solution:

Test waveform interoperability with off-the-shelf test solutions by
leveraging simulation inside of test equipment
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FPGA Implementation
and Test Flow

o ﬁ Software-Defined Instruments with

: : ADS Installed
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ADS HDL Co-Simulation of SystemVue HDL

Agilent SystemVue

ADS HDL Co-Simulation Results : EVM ~ 1.1%

e i&f V2: Simulation output
= a -}
— i w ] File Edit Control Source Impub TestSetup MeasSetup Display  Trace Markers Utiliies Help
o 4 = - W L - P ; i
1 n & Grid 2x3 - oo | i) -
" s 0 b B0 006 N TR
=y i i A Chl OFDM Meas Rangs: 10 dBm [: Chi OFDM En Vect Spectium 10 dBm E: Chi1 OFDM EnVect Time Fange: 1V
-] a 1§ a 17 4 4
Y kS kS
e o, Fow o 0% o
G Ge e a e !
Conzt Linkdag Linkag
. e 09 @ 8000 UL 3 . .
a @ o I Ti ; . T
s2P0co0e 0l f_!_'!__l [ L] :
Generate 0 508080008 o LR THIE 400
. m e me s o ea 6 M I i
Adive _ Adive Hdiv
HDL with e o o o® o
g O m,o D 3 o
HDS3 ® Yo W O BP0 Iy Jo etk Bl Frd
A7 ok it s o i) et 0 :
Z[I! HLE R et i N E.JnLlIJ“I 1! | A i |
1.7 1.7 Start; 150 carrier Stop: 150 camer Start: 0 spm Stop: B zum
REW: 15 kHz TimeLer: 7 Sum REB%: 15 kHz TimeLer: 7 Spm
B: Ch1 Spectum Range: 10 dBm D: Chl Eypkﬁ‘um'mary\ Range: 1% F: Ch1 Frame Summary Range: 1 %
Evh [RCE)] = 1.1386 Al Channel Evh [%rmz) Power [dB] Mod,  Fmt
E'M Pl Zoab aym 0, su
[ ata EYM = 11707 img PSCH 1.1428 062625 ZLhu
RS B = 48593 mi¥ms S5CH 1.2408 064197 BPSEK
Freq En - BT mHz FECH 1.1004 [0.00064 APsk
SencCor = 99,805 k4
Comman Tracking Emor = 28737 mEms POSCHI 11058 00iess OPSK
== SymCk Er CA3s pem FDSCHZ 12369 20645 1BOAM
C S I t . th d230 IQImDeffsetSE D e “S';'E FDSCH3 1.2355 00398 G40AM
Oo-olimulate wi e IO Gain Imbslance = 0006 48 Mon-alos 07107
. 10 Quad. Emor = 32103 mdeg
HDL in ADS |0 Timing Skew = 33606 psec
CF Length Mode = Momallauta)
and VSA SW 201 RS-05/PRS = 1[autol/PN3[auto]
dBrmn S5CM1M2 =01
Center: 7.68 MHz Spat: & MHz
REW: 7.63371 kHz TirmeLern: 500 uSec
Stream Meazurement LTE INT REF Cal: None

Simulation & Design of
Software-Defined Radios
November 28th 2007

Agilent Technologies




FPGA Implementation Test Setup
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Close-Up of Mobile WIMAX Measurement
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Software-Defined Instruments with ADS
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Other Waveforms Implemented
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Summary

Capturing baseband hardware waveforms to design the SDR RF
system was shown. Baseband and RF were evaluated together
In simulation.

A COTS WIMAX OFDMA reference waveform was used to
evaluate RF system compatibility before the hardware
Implementation

An RF interferer scenario was evaluated in simulation before
implementing and deploying hardware

The FPGA hardware implementation was testing using Software-

Defined Instruments, leveraging simulation inside of off-the-shelf
test equipment
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Additional References

Web Links:
Agilent EEsof EDA Home Page:

EEsof SDR Applications:

EEsof Aerospace Defense Applications:
EEsof Connected Solutions:

Application Notes:
Software Defined Radio Measurement Solutions:

Connected Simulation and Test Solutions Using ADS:

RF/IF-to-Digital Connected Solutions BER Using ADS:
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http://eesof.tm.agilent.com/
http://eesof.tm.agilent.com/applications/sdr.html
http://eesof.tm.agilent.com/applications/aerospace-b.html
http://eesof.tm.agilent.com/products/connected_solutions_main.html
http://cp.literature.agilent.com/litweb/pdf/5989-6931EN.pdf
http://literature.agilent.com/litweb/pdf/5988-6044EN.pdf
http://literature.agilent.com/litweb/pdf/5989-0024EN.pdf
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