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Frank Shen
Senior Application Engineer
Rohde Schwarz Taiwan

ROHDE&SCHWARZ
Make ideas real

COMPANY RESTRICTED




o
=
o0
=
2
=
=
S
o
=
(
-+
=
@)
=
3
&
LN
A

COMPANY RESTRICTED




5G Frontend Challenging

» Challenging RF designer on RF Frontend
- 5G in mmWave , MIMO, Beamforming
— Increasing Bandwidth , Higher Order Modulation

- FR2 (24.25 — 71Ghz) 400Mhz 1024QAM

- EIRP = Tx RF Power(dBm) + G(dB) - L(dB)

- EIRP : Equivalent Isotropic Radiated Power

- Tx: RF Power, G : Antenna gain, L : Feeder loss (Cable loss)

Power Amplifier Gain in Efficiency but remains Highly Non-Linear
» To address these Linearity and Efficiency requirements
— Operating close to saturation offers best energy efficiency

v

— Power added efficiency

PAE (Power added efficiency) = 100% - (P, - P;, ) Py. P, . 1 PAE 1
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Active devices and linearity

» Distortion is generally created in devices, such as or
» Linearity means that the output of a device is directly proportional to its input.

» Active devices are typically linear over a defined input power range, but above a certain input
power (high power signals) they can become non-linear and produce distortion.

R —

1

1 I
1 I
: Amplifier ] IF Amplifier :
1 I
1 I
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Compression

OUTPUT
_ o POWER ¢ /LFNEAH GAIN

» When an active device is operated above a TR T (compveased peata)
given input power level, there is no longer ¢ /'/ e e A O
linear relationship between the increase in ‘,.r"f R AT \ ’ \ ’ \ ’
input power and the increase in output P S
power — this is called compression. : :

» The most commonly measure of A . INPUT

: ' POWER

compression is the 1 dB compression
point (P1dB), where the actual output
power is 1 dB less than the expected

(linear) output power.

Parseval’s Theorem. | . o
7f

Frequency spectrum
of output.
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AM-AM (Amplitude Modulation To Amplitude Modulation)

4 AM/AM TSP 1 Clrw s 2 Mod e IdealLine
/ﬂ‘“‘: 5GNR CP-OFDM
Compression - <A ~
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Time-domain

PAThput (dBm) 14,0 dBm
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Memory Effect
4 AM/AM ST 1 Clw e 2 Mod e IdealLine Memory Effect

* Frequency Response(Uneven )

Bandwidth 1 Memory Effect (Spread)
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* Supply Voltage Ripple

* Power Amplifier Self-Heat
PA Input (dBm) 14.0 dBm
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AM-PM (Amplitude Modulation to Phase Modulation)

AM-to-PM conversion is one of the fundamental
6 AM/PM ROl ~— contributors to ( )

« Itis important to quantify this parameter in
communication systems

I
Phase[degree)

-30,0 dBm PA Tnput (dBm) 12,0 dBm 256QAM EVM 2.68%
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Distortion due to compression

» An active device that has been pushed into compression by high input signal levels will also
create distortion in the form of significant levels of harmonics and intermodulation products.

fz_f1

f1 fa 15t order (fundamentals)
2" order (products)
3" order (products)
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Spectral regrowth

» Intermodulation products created by compression lead to what is known as spectral regrowth,
in which the power of the desired signal appears to spread or “grow” into adjacent spectrum or
channels. This is relatively easy to recognize from spectrum.

4  Power

Desired

¢ signal i

> Frequency
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(ACLR) Adjacent Channel leakage ratio

» An important measurement of ; T
spectral regrowth is adjacent
channel leakage ratio
(ACLR), or ACP (adjacent
channel power), which
compares the level of the
desired signal to the signal
level in adjacent channels (-X .
dBc)

2 Result Summary EUTRA /EFE Square
Channel Bandwidth Offset Power
T Hz 0.02 dBm
N 0.02 dBm
Lower
-44.83 dBc
-68.06 dBc

5.1 MHz/
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Span 51.0 MHz

Upper
-45.19 dBc
-638.24 dBc
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Modulation quality - Error Vector Magnitude

» The most important modulation quality

measurement is EVM — error vector (i <
magnitude (/

» EVM measures how much a received symbol
(amplitude + phase) deviates from the ideal - ERROR
symbol ... i.e. how far away it is from the MEASGRED o

intended constellation point. SIGNAL

» Minimizing EVM is a one of the major goals in
wireless system design and operation.

IDEAL SIGNAL
(REFERENCE)
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Error Vector Magnitude

SNR = - [PAPR + 20 * Log;o ("M% / 100)]

1 Magnitude Capture RF

2 Result Summary

0.0s 50.0 us/
4 Gain Compression vs Tnput Power

-05.0 dBm
3 Spectrum FFT

-100.0 MHz
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Maod. Acc.

500.0 ps=

.5 2«Bm/

.0 MHz/

Man

Mas

Unit =

Unit

100.0 MHz
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Error Vector Magnitude

Frequency (S|gnaI(N0|se) Non-Linear
Noise
Response

(Uneven)

+ EVMZ,

oise

EVM, 00s = \/ EVM}#, + EVM}
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» Digital Pre-Distortion
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Wh at iS Baseband o RF PA Output

.. . . signal - signal
Digital PreDistortion (DPD)? o . .
nentional Inverse Igna naistorte:

distortion distortion signal

» Key parameters for PA Performance are:
— Compression Point
— Linearity

» Non linearity's can be corrected for by pre
distorting the input signal.

Maximum QOutput
Power|of the PA |

» The right correction will result in | \ e
— Higher the compression point,
— More linearity performance

— Consistent EVM / ACLR across PA
operating range

4 »
-9.7 dBm 8.8 dBm
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R&S DPD TYPES

Polynomial DPD Direct DPD

/"= Faster N N

= Applied in real time to any test signal

» Parameters can be used for other types of signals

» Limited performance for amplifiers with memory
effects

= Compensate ,

= Typically used in lower power, low bandwidth amplifiers

= |terative approach

= Slower than polynomial DPD

= Compensates for memory effects

= Better performance especially for amplifiers with

= Compensate

\2_Mostly UE work / = Compensate Magnitude / Phase over Frequency
= Mostly Infrastructure work
Memory Polynomial DPD - >4
= Select optimal iteration step of Direct DPD )
= Define model complexity MEEEE
= Create model
= Verify model: create waveform with model and compare / \
with K18D results
= Access all model parameters for further external use phizadigy SR AP
aveform Waveform
to SigGen v
N J -
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» Solution for DPD
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Designer Task

Input

. DPD
signal

input signal

Predistorted

DUT

]
Q:J/f
s
cadence
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Feedback loop

Linearized
output signal
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Joint solution: Ez} cadence

WinlQSIM2 VSE

o sesm—
Signal Generation Signal Analysis m-

Cadence VSS k

RF Design/Analysis

Direct DPD

Linearization
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Joint solution:

TDMA Standards
GSMEDGE
Bluetooth
TETRA

CDMA Standards
3GPP FDD
COMA2000
TD-SCOMA
1XEV-DO

WLAN Standards
IEEE 802 11 abig
IEEE 802 11
IEEE 802 11 ad
UWB MB-OFDM 3

OFDM Standords
EUTRALTEAOT

| seNR.
> V5GTF

cadence

Results and/or demodulated data for post processing

OFDM Signal Gener
OneWeb
IEEE 802 16 WilMAX A
s
Satellite Navigation T
o

o
GPS

caEo cremommee - WinlQSIM2

Muli Camer CW.

GLONASS Mo Carrier Signal Generation
BeDou Muli Segment
Impon
22

Encrypted
1Q files

Y
WINIQSIM2 buT VSE
A
ol A L VU
>
0 8

VSS*

Visual System Simulator

cadence
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VSE

Signal Analysis
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Joint solution: B> cadence

TOMA Stondacds

WUAN Stoadar: Resuilts and/or demodulated data for post processin:
N < N <>
.

= woznss -
= ..—.1 P.j,i-.([ .[x .
Encrypted = Encrypted
1Q files 1Q file
Seilite Horigation By ———— VSS*
- s g WinlQSIM2 Visual System Simulator
Signal Generation

cadence

:u'.-. LR

FLSFarE
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Simulation vs. Measurement

Simulation cadence’ {zg Measurement Ezo

* Ampifier

Ref Level 0,00 dsm

~. Amplifer: 3 Spectrum FFT

|channel | Bandwidth

Capture Time 1.

63,0 dom

MultiView =2 Spectrum X Amplifier

Ref Level im Capture Time
Meas BW

Os 156.25 ps/
3 Spectrum FFT

-307.2 MHz 61.44 MHz/
5ACLR - RBW: 100 kHz
Channel Bandwi... Offset = Power

13.114

13.114
Channel Bandwi... | Offset Lower Upper

-44,

5G_Amplifier Testing_Seminar

Result Range #

2 Result Summary
Modulation Accuracy

1.5625 ms |

-63.0 dBm 7.0 dBm/
6 Phase Deviation vs Input Power

Balanced

-63.0 dBm 7.0 dBm/

3} 5GL DPD Count 4/4
1/Q Avg Count 5/5

Current | Unit »

0.101
Max

7.0 dBm

7.0 dBm
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Solutions for PA R&D - modulated tests

Goals Test considerations
= Check compliance with = No compromises

design targets = Maximum flexibility

= Optimize design » Right tools Selected instruments for modulated measurements |

= Shorten design cycle

= Single & dual RF up to 2x
44 GHz, single 67 GHz

» 2/4 GHz RF BW

= DPD, ET, Doherty suites

= Upto 85 (90) GHz

= 8.3 GHz internal analysis
T moaon 00 B e G, 28 e BW

= 60 dBc SF dynamic range
= PA measurement suites

R&S®FSW

Excellent performance out of the box for

modulated tests during R&D and design validation
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Solutions for PA R&D

Dedicated applications to speed up the design cycle

=
3
)
=)
=2
=]
-]

p
K541 Digital Pre-distortion
" Realtime polynomial/ table DPD

-
K540 Envelope Tracking
» Realtime envelope calculation,

L shaping, delay and DPD

J
(" K546 Doherty N
= Two precisely aligned signals,
with adjustable phase, timing
and amplitude relationship

26

7 ‘\ Doherty

f .\|
/ Envelope
Tracking b

\ LoadModulation |
\ : / Chireix
\ Multilevel |

\

\_"* Realtime shaping and DPD /) .

L
B
- Dual Input Y
y- Doherty Y
.\\
Programmable
Split Doherty

£ Classic
/’ Doherty

e

| Bias Modulated

~

\ Doherty B,
. Outphasing | N

\, Continuum \
Doherty 4 \
Outphasing | \
Continuum | / Outphasing

+ET | % ‘
B /

\ e
Doherty
N \
~ \

~

Outphasing / ./‘
ER/EER \ / e

~ /
P =S -
~— o ——

‘‘‘‘‘‘

-
. | K18M Memory Polynomial

" g PR
Ll mreaca Han il &% iay | BEEE
[

K18 Amplifier Measurements

= Realtime polynomial DPD
together with SMW-K541

= EVM, ACLR, AM/AM, AM/PM,
PAE, gain compression, ...

\_" SMW control for PA tests

A\

p
K18D Direct DPD
= |deal pre-distortion (including

(__memory effect)

AN

= Verify linearization via model of
K18D result )

-
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Solutions for PA R&D
Simple setup for real-time Digital Pre-distortion (DPD)

LAN for control and data transfer

R&S®FSW-K18/ -K18D

Before ppp | AM/AM FIrt U
o
- DPD . — =
| v o e S (= Realtime configuration and control of SMW )
P = Many reference waveform options: from
= Realtime amplitude and phase offset on every generator, customized, user-generated
I/Q sample = (Ideal) Memory DPD with upper performance
= Polynomial shaping, manual DPD Table bound characterization (FSW-K18D)
" Automatic DPD Table transfer from FSW-K18 " Extraction of pre-distorted waveform J
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Basic Gain/Compression point measurement with SMW
baseband power sweep and FSW-k18

Power Sweep A

» Use SMW baseband power sweep and FSW-K18 OSanest, [ Tisoer [ wrr [ ek | sweep crape| |
» Highly linear test signals are required to measure AM/AM and {""G\"" O St O reen () s O %Zti’fii?n}
AM/PM or gain transfer function of transponders Shape Linear Ramp « Slope Ascending = Resouon 0010 dB- Sample Rate 5242920 Mz -
Const. Power D Spaval
] Range 35.00] 4B - |
» Digital baseband in R&S SMW200A is perfect solution P.mp ‘ \
500/ dB -
— Maximum linearity for a CW tone level sweep * F St Level | 6500 dom-
. RF Blanking Time Pre-Sweep Time ' Sweep Time Fall Time
— No blanking of RF output - Tl T —

— High linearity of level sweep

2 Gain Compression

- Max sweep range of 50 dB

— Pre-Sweep to get the transponder or payload equipment to Measured gain transfer curve

the working point
- Linear, Triangle and Step shape

5G_Amplifier Testing_Seminar GLRL] COMPANY RESTRICTED
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Basic Gain/Compression point measurement with SMW
baseband power sweep and FSW-k18

=  AM/AM, Gain compression are lines as
expected, showing when the DUT enters in
compression

» They describe the DUT behavior but do not

indicate if the DUT will distort a modulated

signal significantly

Gain @ 2 GHz / 0 dBm input level: 14.59 dB

5 Gain Compression vs Input Power:

Gain compression

dBm

ST COMPANY RESTRICTED
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R&S DPD SOLUTION
Polynomial-based and Direct DPD

LAN for control and data transfer

R&S®FSW-K18 polynomial based R&S®FSW-K18D Direct DPD

/_ Faster \ ("= lterative approach for a given test signal R
= Slower than polynomial DPD

= Compensates for memory effects

= Better performance especially for amplifiers
with memory effects

= Can be used as a reference pre-distortion

= Typically used in lower power, low bandwidth ) ’ZUBE’IIIDG r:&?:ﬂi ?JZ:c;)Lgas\;es’z c;Eess

\_ y J \_* Mostly Infrastructure work D

= Applied in real time to any test signal

= Parameters can be used for other types of
signals

= Limited performance for amplifiers with
memory effects
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R&S DPD SOLUTION
Memory polynomial

LAN for control and data transfer

R&S®FSW-K18D Direct DPD

(- Iterative approach

= Compensates for memory effects
= Excellent performance especially for
amplifiers with memory effects

» Reference for best possible
= Suppliers typically do not have
access to DPD algorithms used by
9 system integrators

R&S®FSW-K18M memory polynomial

_J

31 5G_Amplifier Testing_Seminar
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= Memory polynomial model based on
Direct DPD result

= Modeling can be adopted in order and
memory depth

= Model verification on DUT

= Proves easy linearization of RFFE
solution

ya*y COMPANY RESTRICTED



EVM CONTRIBUTIONS

EVM

Frequency (Signal/Noise)
Response Noise

Eque_llizer | I/Q Averaging Digital Pre-Distortion

K18
K18D
K18M
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ACLR & EVM

(-]

MultiView H{ Spectrum @] Amplifier | MultiView l:‘[ Spectrum @] Amplifier @l_
RefLevel 32.00d8m Otiset 12.00dB Capture Time 2083ms TIS 393251772039 s SGL RefLevel 32.00dBm Offset 120008 Capture Time 2.083ms TIS 1223168452 ms BGL
Att 3048 Freq 800.0MMz MeasBW  12288MHz SRate 3.6 MHz Count 171 AII.B 3048 Freq BO0OMHZ MeasBW  12288MHz  SRate 153.6 Mrz Count 1/1
YIG Bypass ¥IG Bypass
3 Spectrum FFT @1 Messe2 Mode 3 Ref |(2 Result Summary 3 Spectrum FFT @1 Masse 2 Mode 3 Raf |2 Result Summary
- Modulation Accuracy A Unit i ion A v Min [ Current Max Uit
s f’ \I o EVM 62043 % -z ;f % Raw EVM Doo2 | 1710 | 212664 | %
-3u =l——I1——11—1—F——— Power Unit % — T —TT Power Min S Max Unit
o [ T [ & ||Power In dBm = l T 5 |Pewer In -56.41 -5.00 6.07 dém
- | L] Tfpower Cut dBm % | T 1 ||Power out -32.70 22,88 33.13 d8m
o X Jicain ®B . S 'm‘i Gain — 27.88 — )
-go \\ |Crest Factor In a8 )ﬂ o5t Facter In 11,07 - )
5 -5 &b
X Crest Factor Qut @B Crest Factor Out 10.26 = B
- )
Multiview & Spectrum () Amplifier (&) | v |z
RefLevel 32.00d8m  Offset 12.00d8 RBW 500 kHz SGL
Att 27 dB ® SWT S ms(~72ms) VBW _SMHz Mode FFT
ALK 70dem
Txl
Adj Adj
0 genn // \ 7.0 dBm
-1
-2 I
- —
-3 @ ~—]
| .
-8 _— 1 ‘ -
-84 _— - -
CF 800.0 MHZ 1001 pts 3.33MHz/ Span 33.3 Miiz
2 Result Summary None - ] .
Channel | Bandwidth | offset Pawer | 9 Q k d f D t D P D
Txl Ref) 16,000 bHz 24.92 dBm uic emo or virec
Tx Total 2492 dBm
Channel | Bandwidth | Offset Lower | Upper
Adj 10.000 MHz 11.000 MHz -64.80 dBc -65.14 dBc
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Solutions for Envelope Tracking

34

RF signal
Envelope signal
Power sweeps
Realtime DPD

LAN control and data transfer (for DPD)

Varying Envelop Signal

PAPR (dB)
3G (WCDMA) 3.5
3.5G (HSPA) 6.5
4G (LTE) 8.5
5GNR 12

5G_Amplifier Testing_Seminar

Constant supply voltage

Battery Supply ]
PA temperature: 70°C |
Envelope Tracking Q
PA temperature: 50°C » *

ET reduces PA 2L A

temperature by Battery Envelope
20°C Supply Tracking

= RF analysis
= Voltage / current
analysis
= Distortion analysis
= Realtime DPD
Energy
dissipated
/ as heat

r'd
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Solutions for Envelope Tracking

11QAndog Otpts Vhatt
- i DC Power
wmm—_\ ----------------- ‘

| Envelope to RF Delay

?

emmesenscteccnccccnccncnccnnscnnahen PR

Calculate Envelope from Predistorted Signal

248.000 ns
PreGaln Shaphg G:ln lout
100050 oﬂJ SOdB° [ 248,000 159

Envelope

Tout Envelope

v

o gy FSW

k RFout RFrer RFmeas RFII’]
J/ J

RF Input Power R * RF Output Power

Sessssssfssssssssssshesshecssnnsncsnnnnnn=’

PAE(Power Added Efficiency ) = (P P.)IP,

out -
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» Summary
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Summary

» EVM and ACLR performance are still key in this
application

— SMW/FSW still lead the way

» Unique application capabilities move the discussion
beyond specifications

- SMW/FSW are complete solution in this application

— Real Time Generation great simplify the whole
measurement process
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Thank you for your attention
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