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Creating and Analyzing Multi-Emitter
Environment Test Signals




Agenda

« Today’s Cluttered Spectral Environment
« Creating Realistic Multi-Emitter Radar Test Signals

« Creating Realistic Multi-Emitter Radar and Communications
Test Signals

« Evaluating Co-Existence Issues Between Radar and
Wireless Signals
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Today’s Cluttered Spectral Environment

Today'’s cluttered spectral
- e - environment:

= 5 « Spectrum is becoming
increasingly crowded

« Signals are more complex and
dynamic

« Challenging operating
environment for systems

This Highlights the Need to Test Hardware Under Realistic Signal Scenarios...

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium
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Spectral Envi.avi

Today’s Approach to Generating Realistic
Signal Scenarios

Equipment Rack 1 Equipment Rack 2 Equipment Rack N

Custom Test Equipment: $$$
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Subsystem Subsystem Subsystem
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Custom Custom Custom
Subsystem Subsystem Subsystem

What if Less Capability is Needed with a Lower Cost and Footprint for R&D Lab Testing?
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4

#ii- Agilent Technologies

Aerospace & Defense Symposium
© Agilent Technologies 2013




Evaluating Hardware Under Realistic Signal
Scenarios

« Complex test systems may be $$$ with multiple racks of
equipment— utilization of these test resources may be
prohibitive due to cost and space constraints

» Lower-cost, smaller footprint commercial-off-the-shelf (COTS)
solution may be suitable for some R&D and lab testing
applications that require less capability

« Spectral environments may require a combination of Radar,
wireless, wireless networking, and recorded signals

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Agenda

« Today’s Cluttered Spectral Environment
« Creating Realistic Multi-Emitter Radar Test Signals

« Creating Realistic Multi-Emitter Radar and Communications
Test Signals

« Evaluating Co-Existence Issues Between Radar and
Wireless Signals
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Creating Multi-Emitter Waveforms with
Simulation and High-Performance AWGs

Agilent SystemVue
Creates Emitters:

.. Radar —

Agilent

Others ——

Capture, Record, and
Add Other Signals:

M9703A
digitizer

PXA signal
analyzer

89600 VSA
software

Anticipate ___Accelerate ___Achieve
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Creating Waveforms in SystemVue

N
T

Agilent
SystemVue
2013.01

~ W systemVue “Add-on” Libraries: In addition:
m
3G/4G MOBILITY NETWORKING » Pl aion >
LTE-Advanced (Rel 10) WIMAX / 802.15e e
LTE (Rel 8,9) WLAN /802.11abgn/ac/ad g

WCDMA, HSDPA, HSUPA Custom OFDM* Math-based
CDMA, CDMA2000

LOCAL BROADCAST & 1
CONNECTIVITY SATCOMM

R1 {ReadFile@Data Flow Models}

WPAN / 802.15.3c DVB-S2/T2 Perotonies
~802.11ad ISDB-T Read IQ data files
Zigbee* / 802.15.4 GNSS

general Digital Modulation*

* available with W1461BP DEFENSE ).

core environment RADAR: PD, UWB, FMCW, V1 [VSA_89600B_Source@Data Flow Models)
VSATitle="Simulation output
SAR’ DAR’ SFR’ MIMO’ OutputType:Timsdsj(t\ETnvelo_pg!Re;Baseban..
Phased Array Capture signals from

test equipment

Anticipate ___Accelerate ___Achieve :
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Combine Emitters in SystemVue and
Download to High-Performance AWG

. o
Emitter #1
» Center frequency = Fcl
* Bandwidth =BW 1
+ Samplerate =SR 1

Emitter #2

» Center frequency = Fc2
* Bandwidth = BW 2

+ Sample rate = SR 2

Emitter #N

* Center frequency = FcN
* Bandwidth = BW N
+ Sample rate = SR N

V1 {VSA_B89600B_Source@Data Flow Models}
VSATIitle="Simulation output
OutputType=Timed (Envelope/Real Baseban...
VSATrace=B

Capture signals from
test equipment

Anticipate ___Accelerate ___Achieve
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“SignalCombiner”
Element

SignalCombiner

Multi-emitter output:
Output center frequency
Output sample rate

M8190A
AWG
s B ¢
C -] ‘@: .
O PSG signal
£t . generator
= Xl

Aerospace & Defense Symposium
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multi-emitter.avi

SystemVue “SignalCombiner”
Validate system performance, receiver algorithms

Simulation based N\
re-sampling and APPLICATIONS
sighal combinin . . .
J 9 ) signalCombiner 3GPP Rel 9 MSR
Stored 1,0 — * Interferer Studies
Waveform I e « Cognitive Radio
Files Z2c S > « RX Verification
/ | SignalCombiner Desensitization
- S1{SignalCombiner@Data Flow Models} Cross-modulation
Measurement SampleRate=15.36e+6;15.36e+6:30.72e+6;30.72e+6:3... [SampleRates] ADC/AGC range
Data Fc=1.003e+9;1.008e+9;997.4e+6;992.4e+6:9... [Fcs] Selectivity
Bandwidth=5e+6;5e+6;5e+6;5e+6;600000;600000;600... [Bandwidths]
OutputFc=1e9 * Download to Test
OutputSampleRateOption=Auto J
BaseOutputSampleRate=15.36e6

|I|F spectrum & individual standard spectrums

Active @_H

%—-QD l Del{t{[l;lm (From left to right GSM2 GSM1 WCDMA2 WCD| 1LTE2 EDGE11
. | 1
Subnetworks .z 5 W
User IP Om in v
(.m, C++, HDL) g J 1"' \ 5o '
é' - / K%M li\— E—ED \ T
Standards =~ = ¥ J L
IP reference (), . ~ Tl ~N:
» Multiple inputs * Single sample rate
* Different sample rates * Single carrier freq
* Nearby carrier fregs * Time-aligned
* Individual amplitudes y \_* Composite crest factor y

Anticipate __Accelerate __Achieve _
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Up to Best Slg nal q ual Ity Distiortion-

agilent 15:24:23 Dec 8, 2609 \ free

a Mkrl . -
8 Atten 10 dB

M8190A
e + 14 bit 8 GSa/s and 12 bit 12 GSa/s mode
| s + 2 GSamemory for long playtime
Tgrfgé%ﬂgﬁvﬂﬂﬁmmrJJMwmmMnhIm»\mm © 5 chzanalog bandwidin

+ Signalsup to 5-7 GHz in doublet mode

VBK 10 kHz

Baseband & Up-converted , Parameter

L changes
b €al-time!

Digital Up-Conversion

* Real-time signal processing in
Agilent's proprietary ASIC.
Sequence mechansm stays the
same

»  Change Waveform parameters such
as frequency, amplitude & phase on Frequency
the fly without re-loading new
waveforms

«  Better frequency resolution | e 1 R A
SpanZOOOMHz
(<1 nHz) o
* Longer playtime for repetitive
waveforms, optimized setup

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Agilent M9703A High-Speed Digitizer

Reduce the test time of your DUT with the new M9703A!
Higher number of synchronous acquisition channels, wider signal capture with the
best accuracy and flexibility, and optimized throughput

Key Features

* 12 bit Resolution

* 8 channels @ 1.6 GS/s

* Interleaving option to get 4 ch @ 3.2 GS/s
* DC to 2 GHz analog 3dB bandwidth

* Optional real-time digital downconversion
(DDC) on 8 phase-coherent channels

* Up to 256 MS/ch memory and segmented
acquisition

* > 650 MB/s data transfer
» Agilent 89600 Software support

Anticipate ___Accelerate ___Achieve
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M9703A OS support =
* Windows

- XP (32-bit)

- Vista (32/64-bit)
- 7 (32/64-bit)

* Linux

Drivers — MD1 software—m
- IVI-C, IVI-COM :

> Letslat ==
* Matlab (through IVI-COM)

OTS application software

* MD1 soft front panel
* AcqirisMAQS U1092A-S01/S02/S03
* 89600 VSA software

Aerospace & Defense Symposium
© Agilent Technologies 2013




M9703A High-Speed Digitizer

O 8 channels digitizer

O 12-bits ADC

4 1.6 GSals

d DCto 2 GHz

O 4 Ch BBIQ measurement

Anticipate ___Accelerate ___Achieve

Aerospace & Defense Symposium
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Create Radar Emitters in SystemVue

Data

Create Resample &
Six Radar — = e Combine with
Emitters ~ SignalCombiner

Now let’s also add some test signal emitters which
have been captured from test equipment....

Anticipate ___Accelerate ___Achieve

Aerospace & Defense Symposium
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Connection Diagram for Test Setup to
Capture and Record Signals to Add to
Simulated Emitters(X-Band)

P_XA 1 - Aux IF Out
signal "" (400 MHz)
analyzer =& . CH1 M9703A Eight Channel Digitizer
' _ﬁ"ﬁ “ﬁ e T 09 T @*‘@ i -f :
10 MHz Ref m@;imm " |
PXA2 | Aux IF Out g(')"g?i’cal cho)
Signal = (400 MHz)
analyzer

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium
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Picture of Capture/Playback Test Setup

PXA1l
(Down-
converter)
PXA?2
(Down-
converter)
M9703A multi- PSG
channel digitizer | (Test
M8190A multi- Signal)
channel AWG
SystemVue
(installed on
controller)

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium
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Capture Two X-Band Signals with PXAs and
M9703A Multi-Channel Digitizer

« AuxIF Out
CH1 M9703 Eight Channel Digitizer

L, Dot e o =,
5% CEC AL L] "
Ta— e A | e e e

A Software (64-bit)

File Edit Control Source Input MessSetup Trace Markers Window Uilties Help @ | Fle Edit Control Source Input MessSetup Trace Markers Window Utiliies Help
[Blil [J B (8% H My | [50%]0% |[colorNormal [l LJ B2 R]5% Y [ MR |[50%]0 %] [Color Nomal
P coa specer 1Y

A Ch2 Spectrum
10 dBm

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Add M9703A Captured Recordings to
SystemVue-Created Emitters: 8 Emitters

M9703A CH1

Recording «
.:LL —f>
M9703 Eight Channel Digitizer b )

T

e T . rae

!

M9703A CH2 Recording

— -
Add 6 -
Additional = e | e [P Resa_mple_&
Radar ™ Combine with
Emitters SignalCombiner

Anticipate ___Accelerate ___Achieve
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M8190A AWG

o

Env

@ ) b —p To

- — Datat
=

l Vector PSG

Ref 0.00 dBm

Conceptual Test Signal
8 Radar Emitters

|
24
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Ao
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X-Band
(9-11 GHz)

Center 10.000 GHz i Span 2.000 GHz
#Res BW 10 kHz VBW 10 kHz Sweep 422 ms (1001 pts)
staTus € Align Now, All required

Aerospace & Defense Symposium
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Conceptual Test Signal:
Simulated 8 Emitter Waveform in SystemVue
Before Downloading to M8190A AWG

File Edit Control Source Input  MeasSetup  Trace Markers  Window  Utilities Help
®|m . RJA Y MM R[50 %[0 % [Color

- X

Mkrl 9 000 000 000,00 He -65.972 dBm

8 Simulated Radar Emitters with Different Frequencies,
Comter 10 GHz Amplitudes, Pulse Widths, PRIs, and Delays S Cite

Res Bw 100 kHz Timelen 38.19375 uSec

- X

Start 0 Sec Stop 38.193 uSec

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Add Additional Emitters in SystemVue to
M9703A Captured Recordings: 16 Emitters

M9703A CHl. P~

Recording ? M8190A AWG
M9703A cH2 O[5

Recording

e
; = BT
= i) ‘@:‘
= &( EECE A
o Cee "“]
1S eme BEE © (o
L p——a s © 868 EEE o/@)
e
£9 ¥ X-Band
iz e
T Hiwl———= = e Agilent Spectrum Analyzer - Swept SA (Prototype - Limited Sale Allowed)
Ad d 14 Center Freq 10.000000000 GHz S A Ty Lo s (T
PNO: Fast Ly Trig:FreeRun Tvre
Ad d Itl 0 n al IFGain:Low Atten: 10 dB oET
—
R Ref 0.00 dBm
adar ] .
mazin — Hisl——1 Center Fre
E m itters - - 10.000000000 G+
iz iz

Freq Offsi
o

Center 10.000 GHz ) Span 2.000 GHz
s #Res BW 10 kHz VBW 10 kHz Sweep 422 ms (1001 pts)

staTus €3 Align Now, All required

Anticipate ___Accelerate ___Achieve

. R . - Aerospace & Defense Symposium
1 Work-in -Prog ress TR A9l|eﬂt TBChﬂOlOgles © Agilent Technologies 2013



Conceptual Test Signal:
Simulated 16 Emitter Waveform in SystemVue

7= Vector - B:C MAerospace_Defense\AD_Sympesium_2013%\Capture_Playback_M3703_M8190N\Capture_Playback_M9703_ME8190_1 16_2013_revl.wseviCreate_¥X_Band_16_Emitter_Test_Signal_W1:... | =] | | =) ||-E.&-
File Edit Control Source Input MeasSetup Trace Markers Window  Utilities Help

AT N fae] Buv i BN NR=rNM | L | [l ™ _|: BN @ | 50 0% | Color Normal

A: Chl Spectrum -

Frng 10 dEm

16 Simulated Radar Emitters with Different Frequencies,
Amplitudes, Pulse Widths, PRIs, and Delays

Center 10 GHz Span ERegk
Res BWw 100 kHz Timelen 3819375 uSec

- X

Start 0 Sec Stop 38193 uSec

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Considerations

« M9703A digitizer capture: 256 Msa/ch memory
« M8190A AWG playback: 2 GSa/ch memory

« Simulation-time: not real-time

« Dynamic range versus the number of emitters

e Others...

Anticipate ___Accelerate ___Achieve

Aerospace & Defense Symposium
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Agenda

« Today’s Cluttered Spectral Environment
« Creating Realistic Multi-Emitter Radar Test Signals

« Creating Realistic Multi-Emitter Radar and Communications
Test Signals

« Evaluating Co-Existence Issues Between Radar and
Wireless Signals

Anticipate ___Accelerate ___Achieve .
Aerospace & Defense Symposium
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Evaluating Hardware Under Realistic Signal
Scenarios for EW

« Today’s cluttered spectral environment may contain many sources of
interference:

Wireless infrastructure, military assets, radars, EW, other..
« May need to capture offending signals in the actual environment

* May need to generate mixed radar and communications signals to
evaluate hardware under different scenarios

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium

Work-in-Pro gress ::: Agllﬂﬂt TBChﬂOIOgies © Agilent Technologies 2013

25



Multi-Channel Capture

Multi- Isolate, Identify, and
channel analyze signals
down-
converter » Add other emitters

Generate multi-emitter
test signals

R

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Capture 5 IF Channels with M9703A

IF is split into 5 outputs

" ¢_ U

gooooe -

\
i @@e @E ﬂ@-(j
-

Fie Edt Cond Souce Ipul MeSewp Troce Maes Window Utites he

M9703A eight channel digitizer

Spectral environment to
be captured

Anticipate ___Accelerate ___Achieve s
Cegnet Aerospace & Defense Symposium
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File Edit

1=

Contrel  Source  Input Trace

@ (B -+
am

MeasSetup

Radar
1.85 GHz

Center 1.85 GHz
Res: Bw 1 kHz

Span 15 kMHz
Tirmelen 3819375 mSec

Markers

([l

dBm

Window  Util

FmE

ities  Help

Center 1.97 GHz
Res BW 1 kHz

EDGE
1.97 GHz

Span 15 kMHz
Tirmelen 3819375 mSec

5 Spectrum

Rrg 4 dBm

Custom OFDM
1.9 GHz

dBm
Center 1.9 GHz
Resz Bw 1 kHz

Span 15 kMHz
TimeLlen 3819375 mSec

- X

B: Ch2 Spectrum -

Frng 4 dBm

LTE
1.95 GHz

Center 1.95 GHz
Res Bw 1 kHz

Span 15 kHz
Timelen 3815375 mSec

D: Ché Spectrum

Idiv

-180
dBmn

- X

Frngd dBm

WCDMA
1.98 GHz

Center 1,98 GHz
Fesz B\ 1 kHz

Span 15 kHz
Timelen 3819378 mSec

- X

F: Mo Data

10 MO DATA
n

Idiv

-10

Start 0 Stop 0

Playback Measurement - recording five channel_recording.sdf

| mrreF | caL Mone

Anticipate ___Accelerate ___Achieve
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5 Channel Demodulation Performed
Simultaneously with M9703A and VSA Software

T Vector - Agilent 89600 VSA Software (64-bit)

File Edit Control Source Input MeasSetup  Trace Markers Window  Utilities  Help

“dan | Radar - - I d ) - 50 % | 0 r Mormal
i | | @] [l LY

Loghdag Loghdag

-140 LTE -110 -160 UStom -140

dBm dBm dBm dEm
Center1.95 GHz Span 5 kHz 1.97 GHz 1 hdHz 1.8 G@FDME miHz 1.98 GHz 10 hiHz
1.27315 kHz AmBec 721875 uBec 1.044323 mSec BEB.7H96Y uSec

E: LTE - Layerd OFDM Meas L H: EDGE - Chl EDGE Evo MeaEall K: Custorn_OFDM - Strml OFDESSEE M: WCDMA - Antennal CompdEaes
Radar Rrg 500 mY Eng 500 rmY
15

1.85 GHz 159 MHz
38193756 mBec

-

Rng 500
Lk M TIITIIY)

. 15 .
50
] -
dBvpk -1 EQDG E.524 1632 1632 0 code 50 code

49375 kHz 33 Swvm

Laghdag

tdod Scheme = 8
TSC =10
Slot Index =§

(=1 Chi

Ehd 38214
EvtAPeak 12692
Ehd = 30.71 t FilotEVI 32769
87327 % pk oat aw DrataEYhd 384493
kdag Err 22208 t FrmblEY 36324
Fi34az % pk oat sw FreqEr

0 Sec 100 uSec Fhase Err 19848 CuwnCILE w0 RONG

o

ok

Anticipate ___Accelerate ___Achieve L O S ——
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Download the Multi-Channel M9703A
Recordings to CH1 on M8190A AWG

M9703
Channel 1
Recording

M9703
Channel 2
Recording

M9703
Channel 3
Recording

M9703
Channel 4
Recording

M9703 m . t

Channel 5 : - ] o .
Recorang Resample and combine CH1: Captured signals

recordings with from M9703A played out of
SignalCombiner M8190A AWG CH1
(up to 5 GHz)

Anticipate ___Accelerate ___Achieve .
Aerospace & Defense Symposium

Work-in _Prog ress ':::‘ Agilent Technologies © Agilent Technologies 2013

30



Download Additional Emitters to CH2 on
M8190A AWG

L- Band Radar 1.2 GHz

.
WCDMA 2.1 GHz ._>—" = e
=-Band Radar 3.3 GHz aamas
o -py-————————=

WCDMA 3.4 GHz — e _ Fc
Change

M8190A AWG

C-Band Radar 4.1 GHz E P . Resamp|e and CH2: Additional emitters
- combine radar from SystemVue played
and wireless out of M8B190A AWG CH2
emitters with (up to 5 GHz)

SignalCombiner

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium
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Conceptual Test Signal

Combine CH1 and CH2 on M8190A AWG
M8190A AWG

B }'

559 = PEr] B a?

Agilent Spectrum Analyzer - Swept SA

T |

Trig: Free Run
Select Marker’

PNO: Fast )
IFGain:Low Atten: 10 dB

Ref 0.00 dBm
Emitters Recorded | Additional Emitter
with M9703A Added with

‘D SysteTVue

Properties»

=
=]
aI

Span 3.000 GHz Lol
Sweep 5.00 ms (1001 pts) —
Aerospace & Defense Symposium
© Agilent Technologies 2013

Center 2.500 GHz
Res BW 3.0 MHz VBW 3.0 MHz

msG i Alignment Completed

Anticipate ___Accelerate ___Acnx
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Multiple AWGs for Frequency Band
Upconversion/ Vector Modulation

o

R s T
0ooooooo

(o] ]
([oF (&N
eEa@ N

@i NAAOMm

N peen
Y e @ e
@

@ PTEET BTETT - o - .
2 . —~=3XFZETFTEZT 2=
LA Tk ——aaar 38 AR ANe,

Add radar Emitters —

Add comms Emitters —
Add other Emitters —

1 &
~ boooooo
b)

(o)
EE)
(o]

Anticipate ___Accelerate ___Achieve .
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Agenda

« Today’s Cluttered Spectral Environment
« Creating Realistic Multi-Emitter Radar Test Signals

« Creating Realistic Multi-Emitter Radar and Communications
Test Signals

« Evaluating Co-Existence Issues Between Radar and
Wireless Signals

Anticipate ___Accelerate ___Achieve .
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Picture of Test Setup

M8190AAWG

(]

—

g,
mn‘:@“
_"'!
H-\.

",

E8267D PSG S

Anticipate ___Accelerate ___Achieve
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DSAX96204Q

Infiniium Oscilloscope

—N9030PXA
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Multi-Emitter Signal Creation with SystemVue

AR L-Band RADAR
- [ ‘*’%""“ Fc=1.2 GHz, BW=100 MHz

o Meratamri et B S 00 0 TR &Dem Daw W
1 Seed=zFo =

U ¢ Download Waveform
S-Band RADAR to M8190A AWG

Pl SESENE SL8 EENE b =« Fc=3.3 GHz, BW=200 MHz

P gy g 3 Rsand &0 is g
Mnnlln:l.m v Eg=id duedml B4 0 bpad
B = 2g-py B

TE
o e T B R S

OFDMA (LTE)
Fc=1.95 GHz

Multi-Emitter
Test Signal

WCDMA
Fc=2.1 GHz

WCDMA
Fc= 3.4 GHz .M' -

-]
GSM (file-based)
Fc=1.98 GHz  ~iEsiseizmngw

EDGE (file-based) () >—>-.—.e

Fc=1.97 GHz S

P R - - -4

Anticipate ___Accelerate ___Achieve :
Aerospace & Defense Symposium
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Measured Waveform on DSA91304A and VSA

sy Vector - Agilent 896008 Vector Signal Analysis

File Edit Control Input MeasSetup Trace Markers Window  Utilities Help
Pl e[ 25 1 [R1% v i ML ][50 %][0 % ][ColorNorma
Rng 22 dBm
w0l EDGE GSM WEBMA WCDMA
dBrn
L-Band \ / S-Band

Loghdag

Radar LTE \

15

Idiv

-120
dBrm

Center 2.3 GHz Span 2.5 GHz
Res Bw 30 kHz Timelen 127.3122 uSec

B: Chl Main Time - X

Feal

Idiv

-10
W
Start 0 Sec Stop 127.31 uSec

Anticipate ___Accelerate ___Achieve
Aerospace & Defense Symposium
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Close-Up: S-Band Radar Emitter

C: Ch1 Mai

Fng 16 dBm Rng 2.005 %
G
kdeg

Un Phs

Center 1.2 GHz Span 120 kHz Left-1 uSec Right 1 uSec
Res Bw 100 kHz Timelen 38.19661 uSec Trig Ch 1 Delay -1 uSec Trig Lvl 800 mY

B: Ch1 Main Time v X - Ch1 Main Time v X

Rng 2.005 ¥ Rng 2.005 ¥

10
kHz
Idiv

&0
hHz
Left-1 uSec Right 1 uSec Left-1 uSec Right 1 uSec
Trig Ch 1 Delay -1 uSec Trig Lvl 800 mV Trig Ch 1 Delay -1 uSec Trig Lvl 800 mY

Measurement paused |INT REF| CAL: None

Anticipate ___Accelerate ___Achieve
' . - Aerospace & Defense Symposium
- Agilent Technologies © Agilent Technologies 2013

. Work-in-Progress



EVM=0.15% L_—

EVM=0.85%

i L
Pl o il gh g1

Anticipate ___Accelerate ___Achieve
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demod.avi

Rng 16 dBm
-10

Center 3.3 GHz
Res B 100 kHz

Span 250 MHz
Tirnelen 38.19375 uSec

Left-1 uSec

Trig Ch 1 Delay-1 uSec

Right T uSec
Trig Lvl 800 ¥

h1 Main Time - %

Fing 2005 ¥
1 TRIG 01

N

Left-1 uSec Right T uSec

Trig Ch 1 Delay -1 uSec Trig Ll 800 mi

AR

- X

Rng 2.005 ¥

20
tHz
Idiv

-100
tHz

Left-1 uSee
Trig Ch 1

Delay-1 uSec

Measurement paused

WCDMA

S5-Band
Radar

Anticipate ___Accelerate ___Achieve

.and WCDMA
Emitter is Impacti
Radar

|INT REF|¢

File Edit

M,

& W-CDMA (3GPP)/HSPA - Agilent 896008 Vector Signal Analysis

ontrol Input MeasSetup Trace Markers Window Utilities Help

HmE hf

Left 0 code

R\thED :nde

|l
w
A

C: Antennal C Dmpmltrﬂ Meas Time

Rng4 ¥
2

mitter
cting

Idiv

EVM

-4.385787

43857868

B: Ch1 Spectrum -~

Ring 22 dBm
22041

Center SEReIgk

Res Bw 57277 kHz

Span 5 Hz

TimelLen BRE 875 uSec

D: Antennal Composite Error Summary

™

EVM=10%

|INT REF|CAL: None
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WLAN 802.11ac and Radar Co-Existence

C-band radar(4 to 8 GHzi

C-Band Radar 5.5 GHz RapaR
LFM

T

17
5 —-?L—’—»—’m Em

Source2

4
Fe

SampleRatz=300=+5Hz [SR_Radar_C] C3{CxToEnv@Data Flow hodss)

Pulsewidth=1e-6s [PulseWidih]

PRI=5e-65 [FRI]
PRI_Combination=1 [

1]

Bandwidth=20De+6Hz [BW_Radar_C]

M_Offset=0
BE_SamplingRate=800e+6Hz [SR_Radar_C]

VHT WLAN 5.8 GHz

Fe=5.5e+3Hz[Fc_Radar_C]

56 {SignalCombiner@Data Flow Models}
CH;

P e e+ [Sampl _CH2]
Fo=5.5e+9;5.8e+8 [Fes_CH2]
Bandwidih=200e+5;160e+8 [Bandwidths_CH2]
OUtpUtFc=4.7e+8 [Fc_Output_GHZ]

Subnetwork? {WLAN_80211ac_160MHz QutputSampleRateOption=User Defined

FCarrier=5. ge+oHz
Power=10dBm
Bandwidih=BW 180 MHz
OversampleRatiosc
MCS=6

Idlelnterval=12s8s
N_SS=1[[1]
CodingType=0 ]
AgaregatedMPDU=1 [[1]
NumMPDUPerUs er=1 [[1]
Userd_MPDUDatalength=2048 [[2048]]

OutputSampleRate=4¢+9[SR_Output_CH2]

Userd_MPDUMACHeader=0;0;0,0,0:0,0;0 [[0,0,0,0,0.0.0.0]

802.11ac WLAN

Anticipate ___Accelerate ___Achieve
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_§96008_Sink@Data Flow Models)
VBATitle="Simulation output

Ma1
HWAvailable=VES
PrimAddress="141.121.85.114

E3{EnvToData@Data Flow Models} ADCBitWidth=ADC_14Bis
Amplitude=0.675¢
ArbOn=YES
ShowAdvancedParams=YES
AutoScale=YES

Work_in_Progress : Agllent Technologies

Download waveform
to M8190A AWG

TETTTT
FEEFS =

T

environment
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Scenario 1- WLAN 802.11ac and Radar
Co-Existence

e e sl bpe  Masdietuy Tosen Mastan L = Mitae My -

o D Yirt MmN
| LT

EVM= 3.1%
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Scenario 2- WLAN 802.11ac and Radar
Co-Existence

Cannot
Demodulate
802.11ac
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Summary

« Today’s cluttered spectral environment may contain many
sources of interference

« Highly realistic test signals are needed to test R&D hardware

« May need to generate mixed radar and communications signals
to evaluate hardware under different scenarios

 May need to combine capture signals with created signals

« M9703A digitizer, M8190A AWG, and SystemVue offer a
flexible and re-configurable approach

» Cost-effective and suitable for R&D lab environments

Anticipate ___Accelerate ___Achieve
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