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Regenerative Payloads

Digitally Regenerative & Switched

Conventional Digital
Hardware Signal
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Regenerative Satellite Challenges
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Digital Modulation Choices
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Higher Order Digital Modulation Choices
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What is APSK?:

« Used in DVB-S2 (8PSK, 16APSK, 32APSK)

« Compression has less effect on spacing, relative to QAM
« Lower PAPR than QAM

« May lend itself to pre-distortion by varying ring spacing
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Basic Constellation Measurements
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Error Vector Magnitude

What is the EVM Metric?
Reference Signal
Measurement Signal
Vector Difference
Compares Ref. to Actual

Quantizes Degradation
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Diagnosing Digital Modulation Issues

Processing

DUT Comparative Analysis

/\/\H\/\/ Measure EVM In & Out

‘Comparative Signal Analysis‘

Difference is Impairment
I | |

°1° *lely [el® Requires Consistent Tools
o | o ° () o| ®
IF RF Y Need Cross Format Tools
_M°d”'at°r‘_ orc)> ‘ ~ | ~ Need Software Tools...
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Diagnosing Digital Modulation Issues

7% Digital Demod - B:C:\Aerospace_Defense\AD_Symposium_2014\Flexible_Digital_Modulation_Testing\APSK ws:Simulation_Case_Study_QAM16:Simulation output |- | [e3s - Digital Demod - B:ChAerospace_Defense\AD_Symposium_2014\Flexible_Digital | Testing\APSK. | Case Study_QAMI6:Simulation ovtput |- | =)
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Mixed Signal Implementation Test Challenges

Different Signal Formats...
Analog vs. Digital Words
Cross Domain Analysis...
Probing Challenges...
Internal FPGA Signals

New Development Processes
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Use Same VSA Software Along a Mixed Signal Tx Chain
with Different Instruments

| VSA software on
Oscilloscopes, RF
Signal Analyzers,
and D|g|t|zers

Logic analyzer with t_ 3
FPGA dynamic probe tEr

Analog
(IF or 1Q)
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Probing Across the DAC Boundary Using VSA Software with a Logic Analyzer
(Digital) and Oscilloscope (Analog IF)

Logic analyzer on left
probing digital signals
on 21 FPGA pins via
flying leads --- fed to
VSA

Digital oscilloscope on
right probing DAC
analog output IF ---
fed to VSA

FPGA Dynamic Probe accesses three points along the signal path
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Multi-tone signal with
200 tones,
3 GHz bandwidth

Fs=7.2 GHz
"B iatone._gui Aﬁﬂlﬂ_hj

Preset

Sample Rate (Hz) 7.2e8

# of samples

# of tones 200

Start Freguency (Hz) | 15e8

Stop Freguency (Hz) | 3e8

Tone spacing (Hz) |1.5e+007

Phase Random A

Notch frequency (Hz) 1e9 | Motch
Notch span (Hz) 100e6

Notch depth (dB) -300

fll  Apply correction 7

Display | |Duwnluﬁd
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High-Precision AWG Example: Multi-Tone Signal

% Agilent 16:41:55 Dec 19, 2609 T | Marker
Select Marker
1 2 3 4
Normal
*
Delta
Delta Pair
{Tracking Ref)
Ref A
Span Pair
Span Center
d Off
o1lhlhihlh
) /| .l
- More
1of?2

File Operation Status. A:ZSCREN382.GIF file saved
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Picture of Wideband VSA Test Setup:
Wideband 16 QAM Example with Analog IQ Modulation using
Vector Signal Generator
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AWG

Analog IQ Modulator

Memory > D/A /

Memory »| DA >

Wideband digital
modulation:
QAM16, 1.76G Sym/s

Fs=7.2 GHz
with amplitude
correction
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High-Precision AWG Example: Analog IQ Modulation, Fc=10GHz

i Agilent 89600 Vector Signal Analyzer ~ pigital Modul... _ [1[X

File | Edit Control Source Input TestSetup MeasSetup Display Trace Markers Utilities Help
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Average in Progress Digital

Preset

Sample Rate (Hz)
Owversampling rate
Symbol Rate
# of samples
# of symbols
Modulation type
Fitter Type

Nsym

Beta
# of carriers
Carrier spacing (Hz)
Carrier offzet (Hz)
rel. magnitudes (dB)

Apply correction

WSA Calibration parameters.

Fc 10e8

Fitter length |99

) Digital Modul... _ 1 X

7.04e+009
4
1.76e+009
Auto
3000
QAM1E V
Square Roo... V
8

0.35

] Mutti-

carrier

0

Result Length |256

Convergence |1e-7

INT REF

Display Download ;

CAL: Mohe

Re-calibrate
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Creating and Analyzing an APSK Signal

Select 16, 32, or
Custom APSK

- Digitallod

6:64-0AM

T 128-04AM
2:258-04AM
10:512-080
11:1024-0LaM
12:2043-0LaM
13:4095-0LaM
14:16-APSK
15:32-APSK
16:5tar 16-0AN
17 5tar 32-0AN
18:Custom APSK
19:DAPSK
20:pir4 DOPSK
21:0ffzet QAPSK
22:500PSK-MIL
23 S00PSK-TG
24:DEPSK

25 EDGE-BPSK
26:pil3 DEPSK
2T MSK
28:GNMSK
29:M-ary CPM
30:Multi-h CPK
3.CaPsK
32:pid-COPSK
33 UF-0QPSK
34 FQPSK

35 EFQPSK

35 2FSK

AT 4AFSK
38.8FSK
39:16FSK

m
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Test Setup to Generate and Analyze Wideband 32 APSK Signals

62 GHz Infinilum Oscilloscope
with 89600 VSA Software

M8190A AWG

SystemVue —»
Installed on Controller

E8267D PSG
Vector Signal Generator

Aerospace & Defense Symposium
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Apply IQ Waveform Corrections Using VSA Complex EQ Response

Y

Step 1: Download APSK Signal M8190A AWG

< <~ = @ BPEST TETTD - o -
Iy |
Step2: Measure Equalizer [&-
Response and Store to File =

Yy

Y

F3 {FIR_Cx@Data Flow Models}

Step 3: Re-Download APSK Signal
With Complex FIR Correction

Tap Coefficients

zm O 0O

@00

62 GHz
Oscilloscope

Aerospace & Defense Symposium
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16 APSK Measurement Results After Apply IQ Corrections

Apply EQ real and imag frequency response
=1, to apply 1Q waveform corrections before downloading

g
Y
Yy

F3{FIR_Cx@Dta Flow Mok}
Taps={1x512}[6.655e-6 — 4.266=-6].370...

oo
=

) 4

Y

E Digital Demed - Agilent 89600 VSA Software (64-bit)
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

pil o] |, i@E. i BEE- . RV M, |50 0%] coornom

A: Chl APSK16 Meas Time L C: Chl APSK16 Err Vect Time

LinkAag

Start 0 sym

18
dBm

Aerospace & Defense Symposium
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32 APSK Measurement Results After Applying Corrections

:.:_ Digital Demaod - Agilent 89600 VSA Software (64-bit)

File  Edit
2l [Ni{ee)

A: Chl APSK32 Meas Time

Contral  Source  Input

Fing 2.005 V

-1.5

-2. 21641737

B: Chl Spectrum ~
Rng 16 dEm

dEm
Center 18 GHz
Fes B 3.18089 hHz
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MeasSetup  Trace

o ¥ -

B %Wl M

2.2164173104

Span 1.664 GHz
TimeLen 1.200721 uSec

Markers

Window  Utilities
i m W 0%
C: Chl APSK32 Err Vect Time

Rng 2.005 v

Start 0 sym

D: Chl APSK32 Syms/Errs

Stop 999 sym

EVM = 1.28%

Agilent Technologies

E: Chl APSK32 Eq Ch Freq

Rng 16 dBm
1.52 MO DATA

720
m
Center 18 GHz Span 2 GHz

TimelLen 50.5 Sym
F: Chl APSK32 Eg Ch Freq Resp

Rng 16 dBm

200 MO DATA
m

m
Center 18 GHz Span 2 GHz

TimelLen 50.5 Sym
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Customizing APSK- 64 APSK Example

E Meas01 - Digital Demod Properties E

Format | Filter | Search | Compensate Advanced ‘ Custom APSK

_ Ring ID Enabled = #States = Relative Magnitude Phase
0 4 1 45 deg
i 1 12 15 0 deg
2 20 25 45 deg
. = 28 4 0 deg
11010 - Digitabics .I 1 Mod o 1 0 0 deg
e ) (K ] 1 0 0 deg
6 ] 1 0 0 deg
7 ] 1 0 0 deg
| = Digital Demod - B:C\Aerospge€ Defense\AD_Symposium_2014\Flexible_Digital_Modulation_Testing\APSKwsv:Custom_64APSK_APSK16:Simulation output E@
File Edit Control rce Input MeasSetup Trace Markers Window Utilities Help 71
Name Value T[S r@lma, i B iR W i A, 50 % 0% cotornome
ModType 18:Custom APSK - — “““’”V“‘“me
RingStates [4:12;20:28] )
RingMagnitudes [1:1.5;2.5:4]
RinglnitialPhases f [45; 0:45:0] Linivag
DefaultState DefaultState/

COversampleRatio

ﬁversamplingRatin

PulzeShapingFiter

F'ulseSh/pingFilter

FilterLengthOption

FilterLgfgthOption

B: Chl Spectrum
ing 10 dBm

Length / Le rlg,t—l'rﬁTaps
Alpha / 0.25
BitOrder BifOrder

WorkMode }Wu;b:Mﬁde

Custom Ring States, Magnitudes, and Phases
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APSK - Adjust Ring Ratios to Compensate for PA Gain Compression

Power Amplifier (PA)
In compression

VEA
-_—
VSA_395005_SNK

APSK16 {VSA_896008_Sink@Data Flow Models}
VSATille=PA Qutput

APSK1 (VSA_896008_Sink@Data Flow Models}

Im
= DigitalMod -
Re (0.2
2% Digital Demod - B:C)\Aerospace_Defense\AD_Symposium_2014\Flexible_Digital_Modulation_Testing\APSK.wsv:APSK_Gain_Compression_APSK1:PA Input ERIENPS
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help @
B[ @ |= oo b v V[HM. M [50% Color Norma

A: Chl APSK32 Meas Time

Rng 1
15

_B‘ Ch1 Spectrum ~ X _D‘ Ch1 APSK32 Syms/Errs ~ X

¢ 10 dBm

Anticipate __Accelerate __Achieve

< Digital Demod - B:C\Aerospace_Defense\AD_Sympaosium_2014\Flexible_Digital_Modulation_Testing\APSK wsv:APSK_Gain_Compression_APSK16:PA Output

=fEEs
P

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

P @ = - Ry WM. | R BE|[S0%]|0% Color Norma

_A‘ Ch1 APSK32 Meas Time > X —C‘ Ch1 APSK32 Err Vect Time - X

Rng 1 ¥ g1V
15

_5: Chl Spectrum ~ - X _D: Ch1 APSK32 Syms/Errs - X
Rng n
PC

EVM= 10.56

Aerospace & Defense Symposium
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APSK - Adjust Ring Ratios to Compensate for PA Gain Compression

Power Amplifier (PA)
In compression

P15

"
3 DigitalMod ~ {— —-}L 8—’

VEA
-_—
VSA_395005_SNK

= o
o
o

Re Amp

Name Value
ModType 15:32-APSK -
Ratio_R2 R1 2
Ratio R3 R1 4
Name Value
ModType 15:32-APSK -
Ratio_ R2_R1 2
Ratio R3 R1 )

Changed outer R3/R1 ring
ratio from4to 5

Anticipate __Accelerate __Achieve

APSK16 {VSA_896008_Sink@Data Flow Models}
VSATille=PA Qutput

APSK1 (VSA_896008_Sink@Data Flow Models}

% Digital Demod - B:C\Aerospace_Defense\AD_Symposium_2014\Flexible_Digital_Modulation_Testing\APSK wsv:APSK_Gain_Compression_APSK16:PA Output (= =[]
file Edit Control Source Input MeasSetup Trace Markers Window Utilities Help ]
P[] | i@=, i BE- . YOIM, o E|[50%][0%)] colornoma

—A Ch1 APSK32 Meas Time ~ X _(: Ch1 APSK32 Err Vect Time ~ X

LinMag

I:aﬁmm - X _D Ch1 APSK32 Syms/Errs - X
dBm

ALL POINTS EVM: 699%
(vs. 10.56% previously)
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Generating Multiple Independent Modulated Signals Spanning 2 GHz

I
Di2_ModTypem 254
o ModType=5-754

: : !
ayiaad_ ModTyoe=QRSH Sayiaad ModType=15-Gal

—— 1 —_— ),
.
= [
«| QPSK
— =)
Dighod_Sourcal T MOt M odeEs}
d5me035m
Praamiya MaodTypa=CRSK Sraamisa HodType=0RSK
Payiaad ModTyp=-GPSK Payiaat MofType-QPSK
_ L ==
11010/ =5

3Mod_Sourcel_RF_11 {DigMod_Sourcel D
amhar=18 Se+9Hz [FCamart]
Bawar_dSm=0d5m
Sragmia_lodTypa=15-0AL1 Sraamia_ModTypa=3-28K
Payiaat ModTyp=-15-G4M Payioad ModType-&-75K
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Vol ok

V1 {W34_535005_Smk@Oats Flow Modss)
VSATIE- SmuiEton ovput

% M8190A AWG

s ar :

£1 {EmToCu gDt Flaw Modsis]

nOn=YES

¥

SnawAdvancadParams=-NO =
Rzsaei =)

g =

JEE @

= gco

=] ol

0 828 CEC

08 CCE
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Generating Multiple Independent Modulated Signals Spanning 2 GHz

7 Vector - Agilent 89600 VSA Software (64-bit) = e
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help ©
> (1] o % BE- R M. R [50% ] 0% ] color Nom
A: Chl Spectrum ~

Fng 42 dBm
15
dBm

QPSK 8 PSK 16 QAM QPSK 8 PSK QPSK 8 PSK QPSK 16 QAM

<4— 200 MHz Channels

< 2 GHz Frequency Span

-135

dEm
Center 18 GHz Span 2 GHz
Fes BYY 100 kHz Timelen 3819375 uSec

Aerospace & Defense Symposium
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Analyzing the Multiple Independent Test Signals

Fl TR —— o c 78 Dl D - Agihest 39600 VS S0Mwses (G-t
Fie [t Conrol Soume bput MemSenp Tt Maers Widow Dibes Help

L

7% Vector - Agitent 89600 VSA Software (64-bit)

File Edit Contol Source [Input MeasSetup Trace Markers Windew Utilities Help w
Blilo (NI BE-.RaviEM. KMPE

QPSK 8PSK 16 QAM QPSK 8 PSK QPSK 8 PSK QPSK QPSK 16 QAM

<€4—— 200 MHz Channels

4———————— 2 GHz Frequency Span ——m»

Aerospace & Defense Symposium
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What is BER?

*/
101100011001 f "’“0001100108
/ W il W \

, N\

/'/. \'\

/ Transmitter Receiver AN
. / Modem IE PA RE IE Modem A _
Bits1n, Bgsoedl:i)sgd ™ Modulator Demodulatof™ Ss_sgggir:; _I?ts out

Errors | T
Bits Sent

BER =

Aerospace & Defense Symposium
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The BER Bath Tub Curve Properties

101 1

Synchronization Loss »
102 ¢
100 4 Link Outage ]
104 ¢

10° ~+ :

100 4

107 T :

Bit Error Rate (BER)
peojIanO

10° + 5
10t 4 -

101 + .
Residual Error Floor ...

10-12 +

1
1
:
1
1
1
1
1
1
)
1
1
:
1
108 + R :
:
1
1
1
1
1
:
1
1
1
1
i
1
|:

-140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20

(sod) @a1n8s J0 Anrend

Received Signal Level (RSL)

Aerospace & Defense Symposium
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The Residual Error Floor Contributors

= Modulator |=

Demod o

Residual Error Floor

101 Synchronization Loss

102 Link Outage
103
104 1
105 1
106 7
107 ]
108 ]
109 ]
10 7
101 7
102 T .

peolIsnO

Bit Error Rate (BER)

Residual Error Floor

cee,

®e

o e — = — — — — SIS
e,

-140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40  -30

N}
o

Received Signal Level (RSL)
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Bit Errors & Symbol Errors

At Sample Time... OPSK

Phasor in Wrong Quadrant

1 45° .
Creates a Symbol Error
Symbol Map to Bits Q
Symbol Error < Bit Errors 0 00

Aerospace & Defense Symposium

i . .
Anticipate __Accelerate __Achieve foer, Ag ilent TBChIIDlOgIBS © Agilent Technologies, Inc. 2014



BER Simulation- DVB-S2 Example

DVB-S2 Source

a —— _ B/ BER Sink

oveaz 3
B8 Soure r@i‘} Raf
D3
DVBES2_Soume_1 MN=43040 [Kbd] B1
StarntStopOption=Sanpes
SampleStart=43040 [Kbch]

FecFrame=Normmal [FecFrame]
ModType=15APSK [ModType]
CodeRate=2/3 [CodeRsis] leStop=2808. 2246 [Kbch*NumOfLdpcBod=*100- 1]
NumOfLdpeBlocks=188 [NumOfLdpcBooa] BitsPerFrame=43040 [Kbch]
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Coded BER Simulation- Push into DVB
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Coding Gain- Simulated BER vs. Eb/No with Custom LDPC Codes

o BER vs SNR for LDPC code
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Additional BER Simulation Results-
Theoretical BER vs Eb/No in AWG Channel

BER vs EbNO for QPSK, QAM 16, 64, 256, 1024 and 4096
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Summary

« Digital regenerative designs can require more complex simulation, signal
generation, and signal analysis relative to bent-pipe approaches

« Combining design simulation with precision AWGSs enables flexibility
« VSA software with test equipment (logic analyzers, oscilloscopes, RF signal
analyzers) enable transmitter EVM performance to be evaluated along the

mixed-signal RF transmitter chain

 BER simulation enables design impairments to be evaluated earlier in the
design cycle
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