@ KEYSIGHT
WORLD 2019

3\
f
|

i
‘.\‘L
\ ‘\'
! T "ﬁ'
Pl
ISt

3GPP 5G NR System Design &
Verification Solution

Application Engineer/ Keysight Technologies

WU Jiarui

ANIADKL ¥ = %
;K’\,.r/_"




5G Devices Design Challenge

© Architecture design ©

Components, RF sub-system, Modules design
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[ Block diagram of 5G use equipment wir

NR (néw radio) MODEM design
Beamforming IC design

Board design, SI/PI issue

© Phased array antenna system design

© mmWave RF Transceiver design
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Keysight EEsof EDA Product Overview

Genesys

SystemVue GoldenGate A-LFNA
— ESL — RF Mixed Signal — Advanced Low-
Frequency Noise
' SystemVue AEIAS!
m ADS IC-CAP WaferPro Express
M — MMIC, — Device Modeling — Wafer-level
RF Board, GaAs, GaN, measurement and
Advanced SiP, HSD Custom Models WaferPro programming
Design System Express
Measurement
EMPro MBP HeatWave
— 3D EM — Device Modeling — IC electro-thermal
Silicon : analysis
HeatWave
Genesys MQA
— RF Board — Model Quality
Assurance



What You Can Do for 5G?

Using SystemVue, ADS, GoldenGate & EMPro

Standard Waveform Creation and Analysis
Link Level Performance

Architecting RF Transceivers
Over-The-Air(OTA) Simulation

Phased Array and Beamforming

Difficult System Engineering

Advanced End-To-End Link Performance

1.
2
3.
4.
5.
6.
.
8.

Multi-Radio Co-Existence

KEYSIGHT

EEEEEEEEEEEE



1. Standard Waveform Creation and Analysis

Baseband: Trusted Algorithm Reference IP

Support Standards

« 3GPP TS 38.211 - Physical Channels and Modulation

« 3GPP TS 38.212 - Multiplexing and Channel Coding

« 3GPP TR 38.901 - Study on channel model for frequenmes from 0.5 to 100 GHz
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) OFDM Symbol Multiplexing :
Channel Coding el | |
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1 L=t SS/PBCH Block I
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[ NR Baseband Digital Signal Processing |] [ Model Based Design for NR Baseband DSP]
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2. Link Level Performance

A Glance of Future Diversity Case Including Beams

4~ Graph2 (=@ =]
1[%Way_Switt:hing_Rx_Diversity_Beamforming_Thrnughput
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3. Architecting RF Transcelvers

FR1 Dual Connectivity UE Architectures

Note) for basic DC UE RF architectures information, refer to 3GPP TR 37.863-01-01

O Tx oL b ] Tx1 * Ny duplexer
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0 DRx2
[ Separate 4G, 5G Transceivers, Dedicated UL PA ] [ Converged 4G, 5G Transceivers, Dedicated UL PA ]

Technical Issues:
« Complex 4G, 5G Transceivers and Multi-band RFFE(RF Front End) Design
» Dual Connectivity Simultaneous UL Produces IMD onto Active Receiver (Rx)

* Noise measurements in Rx band to estimate the impact of Tx excess noise
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3. Architecting RF Transcelvers

mmWave Design Flow

System level modeling using circuit level MMIC design data

(= >
I !

lteration

Front End Schematic Back End Layout
* Load Pull — power and PAE * Layout & 3D view Momentum

> * PA —Initial design with linear * DRC image: Keysight, 28GHz transceiver module
and non-linear simulation  LVS
* Optimization Cockpit * Reticle Generation
* Robust Statistical Design * Package and Bond wire
+ X-Parameters effects / 3D EM simulation
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Verification Method 1: Verification Test Bench

In ADS / GoldenGate

WLAN_11ac_Tx
WLAN 802.11ac Tx: DownLink transmitter measurement e ()

I
=

Analog PA ( & i-.f

‘.7*

el [hp %
§ -1 ‘17_:,

i
2 ®
A Y A Mg 8 M g i
Sample | e
N ¥ Pyl P
-
+ ! -
EVii ACEE messrement ENnahes B LU LatLR RAs LA LR A LRIt Rt
p Modulstion=84- GAM BHENS NS |
| |$| ENVELOPE I Gainlmb=0 I B
st o0 i THCCEE
Envslope NumSymbok=200 = -
VTB1_Env NoissDens ity=4.004068-21 W e |
Freq[1}=vibFC arrier_Source  F Camier=RFireq Hz = ]
Order[1]=5 RF_Power=Signal Powsri/ar - i
ABM_Mode=yes R &fR=50 Ohm = ] |
¥ =]
= ik ez « 1 =
-

SymbolRate=SymbolR ate Hz

Advanced P =2 o
[Z}=50 Ohm

Design System| SIMULATE LOCALLY INSIDE ADS
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CCDF_wPA
Start=0 s

Stop=10e-3 s

NumBins=500

System Level Simulation Black B
y 02 {Oscillator@Data Flow Motels} aC OX S p e Ctru m
Frequen:;y():i;iz:;z:; [Fcprriel Spectrum_wPA({S| ecwumAnillyzerEnv@Dam Flow Models’
Behavioral e
ResBW=15000 Hz [SubcarrierSpacing

—
— Model
2 of H. %% ~
EVM_wPA{NR_UL_EVM@5G Advanced Model EV M

Verification Method 2: Fast-Circuit-Envelop Model
777777 —»[E] CCDF

F13
s Im PassFreq=25e+6 Hz [PassFre
O T —’! Clli’assRlpple:[f d
@ w5 ] | P PPpe—————— P —'2 — L Pp— StopFreq=30e+6 Hz [StopFred]
" StopRipple=30 d " peye—
11010 e Rej MdximumOrder=3o 5
NR_UL_Numerology_Src 1 S4 {SetSampleRate@Data Flow Modefs}  C1{CxToRect@Data Flow Models o & M2 {Modulator@Data Flow MogaisTh 2
OversamplingOpton=Ratio 2 Hz [OversamplingOption] SampleRate=122 9e+6 Hz [SamplingRhte] —0—> K 4" InputType=1Q » * F2 {Fas(Circ ftnvelogt @DatdFlow Models} EL{EnvToCx@Data Flow Models}
B1 {DataPatiern@Data Flow Models} DC_ReservedNO /—\/ FCamer:ZAlZg@Hz [FCarrier F\Ie:‘%_ZpAlZng:iM_L;vel&fce
DataPattern=PN9 Numerology=u0_15kHz [ENumerology] ““ ,’ : o
CellD=0 [-CellD] F1 s* . Q . . . .
CarrierNumRBs=270 [=CarrierNumR B PassEreq=250+6 Hz PassFred o* U . m m
Nunlerology_fozo PassRipple=l . . : o I e O a.l n S I g n a
CyclicPrefix=Normal [=Cyclic Prefix] - T‘ '] "
NumBWPs=1 Sop Fmg’gg;r‘gﬁ"’f"’“ Q x
Bv%vgfﬁsgggssil;%}?évvsﬁﬁﬁsfsgs] Maxlmaw& er=3m .: : Waveforr LwPA{S\nk@Iﬁ)ata Flow Models}
BWP_NumPorts=1 [=BWP_NumPorts] pectum A o * » - tartStopOption=Samples
BWP_PortList=1000 [FBWP_PortList] .® - : :
PUSCH_Enable=YES [FPUSCH_Enable] ® -
RNTIO [-RNTI] Spectum_bebrePal (Spectumanal= I . e
Mode:Res# * [
ResBW=15000 Hz [Sub o a o e .
V1{VSA_89600B_Sink@Data Flow Models}

DMRS_portsList0
Payload_Config=Transportblock sze
TransBlock Size=2555 [=TransBlock Sizel

ADS

Including
Memory Effect
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Early R&D Hardware Testing - RF DUT

Simulated IS Simulated Receiver

% % A/D Baseband
> O O

Waveform

RF/RF BER

SystemVue
+ VSA SW

=

Step 1 —— _ Step2
MXG, ESG  pownload I Capture
Signal Signal MXA, PSA

KEYSIGHT 3GPP 5G NR System Design & Verification Solution
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4. Over-The-Air(OTA) Simulation

A Differentiator in Keysight OTA solution

OTATX & Rx

Rotate array (with element patterns)

Move probes (XYZ location & rotate probe pattern)

Radiated near field and far field

Dual-polarization & polarization mismatch

Phase shift (narrowband) / time delay (wideband)

NearFeldBeamPattem FarFieldBeamPattem
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5G NR DL OTA Measurement Simulation

— Noise »—p e =

ThetaSweep {WaveForm@Data Flow Modet}

OOO*

Explicitvalues=0 V[ZoD_Cen/180*pi] Density
Periodic=YES |
— A (AddNDensity @Data Flow Modet§1 {Env ToCx @Data Flow Models}
-——p 2 {BeamformerWeights @Data Flow Modpis} Density Type=Constantnoise dersy
04{Oscilator@Data Flow Mpdels} CenterArray AIOrigin=NO Npensity=-51699 dBm [NDensity_dBn] NR_DL_Numerology Rov.2
requency=28e+9 Hz [FCqrri SaveAntennaLocation=NO i o=
—~X__ Power=2 dBm [EPRE] PhiSweep {WaveForm@Daia Flow Modeb} NumberBeamTrainingRourds=1
_Explicitvalues=0.524 V[AoD_Cen*pi/180] BeamrainingRXREChaINSEILO EVM{EVM}
A (@] Offset=0 v/ 5&'};7 0 NumOfinterestedPorts =1
_ —~__ Periodic=YES SSBRog=1000 Num_PDSCH_REs=6624
[ ) - PDSCH_n_ID_ 0 =40 ]
: _ PBCH_Decoding_Enable=YES [PBCH_Decoding,f9iei3 10 [NumSiots)
@ m F13 b — — ) SynqT
11010 . [ — Q@ Mod . 1 ' —’—» 01 ooo
Nro_soun ] [)< nn Phase o fmpe——emmp{  OTA_Tess [Pt FU Synamic
o @ Rel ! (818] Shifier = e . D> " oD E}S:‘SBiPower {Sink@Data Flow Models}
ynamicUnpack_M@Data Flow -
B3 {Da@mPatiern@Data Flow Models} - m C4{CxToRect@Data Flow Modek} —~_ M4 {Modulator @Daia Flow Models} | 1 éj Format=ColumnMajar Mgéopopton=samples
DataPatiern=PN9 InputType=1Q A4 {Amplifer@Data Flow Models} S5 {Spliter_M@Data Flow Models}A3 {Amplifier_M@Data Flow Mod¥8}{PhaseShifter_M@Data Flow Models} O1{OTA_TestTx@Data Flow Models} —o—> v ox —’-—» N
NR_DL_Source_1{NR_DL_Source@5G Advanced Modem Mt} A FCarrier=02e6 Hz GainU ray GainUnit=voltage ProbePatternType=lsotroft: —k)
SSB_Port=1003 —~__ Gain=l NumRows=8 [TxNumCot] NoiseFigure ProbeEiheta=1 _
— NumCols=8 [TxNumRovs] GCType=nae ProbeEphi=0 4>>
_ E2 {EnvToCx@Data Flow Models}
- PolarizationMismatch=NO o 9}
DynamicControl=Noe <

N1{NR_DL_FrameSync@5G Advanced Modem Mot}

38 Power vs Phi SSB Power Pattemn | EVM vs Phi EVM Pattemn

I |

mheta
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5. Phased Array and Beamforming
Antennas + Beamforming + Frequency Conversion

212 B # of Antennas and PAs determines maximum EIRP
I.qf; ki ) ) : Antenna element gain + Power summation gain + Beamforming gain
} n mog. 1573 N
\ [ :
I \ ALES
: 17,19
I4 R —————
I l'\.“; Max): N, X LNA I I I LO
L, F—t""\ G=20 dB10 | {ArayAtn} | F=235GH}[F_LO] I
| mag WL s [/ ‘ ' NF=2.5 dB10 Window=Taylor PH=30°
BV becrmveih. 459/ , T~ | skieLobeLevel=20dB10 l Pwl=7 dBm !
|| T Decmm e \ - i L | Quantizition:NumberofBits (Uniform) I I I
XU NumBits=6
' {ArrayPort}
: 1 {BPF_BUTTER}  {MOD_Limiter} I l I Freq=4.4 GHz [F_IF] I
: T - . 3 g -
| Flo=27.7 GHz [Flow]  IL=0.2 dB10 1 | | I
; 2 Fhi=28.1 GHz [Fhigh] giin 2 -
1 Y_ ‘ 2— | | : = 1:[ | |
|| {SWITCH_Linear2) ~_ | I : 17 I LD I
z ; T — ConvGain=-8 dB
I IL=05 dB {SWITCH_Linear2] trayphaset | qamayspiity |7 077 o l
1 ParamFreqList=27.9 GHz X | IL=0.5dB 4 CalcMode=Auto I I
RFFE ‘"1 RFFE | {BPF_BUTTER} FinalAmp DriverAmp ParamFreqList=27.9 CHz Theta:O"[beamTheta’
| Flo=27.7 GHz [Flow] =~ G=20dB10 G=15dB10 | . 'Phi=0°[beamPhi] | . | |
[ Fhi=28.1 GHz[Fhigh] NF=5dB10 NF=3dB10 I Quannzatlon:NumberofB|ts(lin|form) I I
\E NumBits=6
. J

mmWave RFFE Functionality

5G mmWave UE

* Rx:T/R sw, VGA, PS, Combining, down-conversion
Conceptual Block

« Tx:TI/R sw, PA, VGA, PS, Splitting, up-conversion
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Characterization of mmWave Components
Array Antenna

B_?rcnumgﬁermx

phil 270°
ta.30°

Mutual Coupling

— ldeal coupling matrix: non-physical coupling based on
the distance between the elements

— S-parameters: generated from electro magnetic
simulation, real measurement. This is a physical basis Ideal coupling matrix

and much more accurate BeamPattemlxActiveLoading
jgh! 270°

— Active impedance: various depends on array oA

configuration, spacing between elements, and phase

shift applied at each element

— Antenna element patterns

S-parameters
Increased null level from mutual coupling effect

KEYSIGHT
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Characterization of mmWave Components
Phase Shifter / Digital Attenuator

Ideal QuantSParams

L I
Phase shifter 22.5%unit:

circuit level design using TriQuint
pPHEMT process

Layersigped Zorohle

ety

. Directivity Distribution from Phase Shift variances
i T T T
= 3 Monte Carlo Simulation
l:‘f,/.)m. /
g g N / \ A =N, — -
BE Z 7/ L IRV A Ry
@ : —— o
: S ' 1| I A
> Oi e b ll L \
Circuit Simulationy ||,' 3v
- -2 B I L
-100 LA L L L L B __I|' l\ I l| ‘||
260 265 270 275 280 285 290 295 300 by a 2 i p P A5 23 -
Angie (d2q)

freq, GHz

[ component level characterization to system level beam quality analysis ]
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Simulation vs Measurement Results

8x8 28GHz URA rf Beamformer RF-IF converter

Beam 3dB Beamwidth | First Null Left First Null Right | First Sidelobe First Sidelobe
Direction (deg) (deg) (deg) Left (dB) Right (dB)

Meas Meas Sim Meas Meas Sim Meas
O degree 12.2 12.0 -15 -15 15 14 -20 -19 -20 -18
30 degree 14.5 14.0 14 13 50 50 -20 -21 -20 -20

-30 degree 14.5 14.5 -50 -50 -14 -13 -20 -22

 FEEEEEER
QLUDDID

0
ll {[al{u]fw o [w][w]u]x]

e

KEYSIGHT

TECHNOLOGIES



File Edit View Tools Help

i

Pro;ect: i’arametenzed Mo...

EJ W Parts
& i
: l_ & Sub
- 2 ® Ppatch
: @4 Copper
B- . Modelmg Sequence
- @ Boolea :

; T Translate
-5 Gircuit Components/Ports
4 External Excitations
™ Static Voltage Points

2 @ Sensors

l I, Intemal Port Sensors

aveguide Port Sensors

[@r‘;

P Near Field Sensors
- _* Far Zone Sensors
() SAR Sensor
i @ SAR Averaging Sensor
£ |}/ Definitions
53] E‘ Materials
& 3 Circuit Component Defini..,
i iq Waveforms
Pk Sensor Data Definitions
Pl N Bondwire Definitions
| B It} Slmuhbon Domain

KEYSIGHT

TECHNOLOGIES

"‘Eslm:) C & ® X Fomsmiaten
@@EIED

Modify Boolean View

2 Ve

3GPP 5G NR System Design & Verification Solution



EMPro — 3D EM Simulation(FDTD)

Gain total, FDTD - 8x8 0.8 lamda spacing : ( v || Hide Others || Unload |

L —

| Sep | Rotatons | PDF | Statistcs | Diversity |

Fowen /by Range: Theta=[0 °, 180 , Phi=[0 °, 360 9]
(Fulpstters | v| | Main Lobe Direction: Theta=0 2, Phi=0 °
Maximum Gain: 25,6033 dBi
Mean Effective Gain: 0.5

'® Other Statistics

8*8 (0.8 lamda spacing)

4 K80 GPU
4min, 40s

| Gain total, FDTD -16x16 : 000001 : Run000: v | Hide Others || I |

| Setup | Rotations | PDF | Statistcs | Diversity |

Royyer | Eifidesicy) Range: Theta=[0 °, 180 <], Phi=[0 °, 360 ]
(Fulpatteen || | Main Lobe Direction: Theta=0 , Phi=0
n Maximum Gain: 31,3323 dBi

Mean Effective Gain: 0.5

16*16

4 K80 GPU
27min, 46s

KEYSIGHT 3GPP 5G NR System Design & Verification Solution
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Planar Antenna: ADS Momentum 8x8 patch array

Direct EM solution, with weighted signal excitation in post-processor

KEYSIGHT
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Transmitter

single pass sub-network

rrms
iy
~

@]

_., Plextek RFI

()

Plextek RFI

. i

|
PA

>

e
)

//’/f

Plextek RFI Buffer Amp  Plextek RFI PA

P3—

P2

27 GHz BPF

Power Divider

KEYSIGHT
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EM Co-Sim: 1x4 Transmitter Array in ADS/Momentum

System / Circuit / EM Co-simulation and beam steering

Phase shifters for
Beamsteering

5

Manual gain taper
for sidelobes

Solution Setup

Port Setup

Extracted Excitation

States

Sweepl AC1 AC Phase_Shift=0
Sweepl. ACLAC Phase_Shift=61
Sweepl. AC1LAC Phase_Shift=122

Sweepl. ACLAC Phase_Shift=183
Sween] AT AC Phace Shift=244

KEYSIGHT
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6. Difficult System Level Engineering

SIMULATION-BASED DPD

ADS

(predictive)

WAL U

Advanced
Design System

‘....

MEASUREMENT-BASED DPD

Agilent

SystcmVue

M=z

MODEL

Digital Pre-Distortion

PA Model Extraction (Memory and
Non-linear effect)

24
Frequency (GH2)

M9392A PXI VSA (>140MHz)
or N9030A PXA (<140 MHz)

Agilent

SystemVue

M= = e

MIddide -,c
O

il.)

or E8257D PSG
as external modulator

o

M9330A AWG |f > 100 MHz
KEYSIGHT
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7. Advanced End-To-End Link Performance

Dual Polarized MIMO and Beamforming

Pol-1(H 3GPP TS 38.901 e

porc |~

* Polarization type : Dual EE
+ Polarization modeling method: Model-2 AT
* Polarization angle [0,90] £
+ XPRindB: cross polarization ratio
g Y Antenna pattern files Patch 2(mmWave module 2)
| xI + Complex vector components:
| | Mag(Etheta, Ephi), Ang(Etheta, Ephi)
] X| + PhaseCenter_Yes: antenna position Patch 1(mmWave module 1)
' X I 3 information from pattern files
. e + PhaseCenter_No: antenna position
X ,H %l Beams information from user definition Pol-1(H)

Y WYy

\7 Pot Beams g Ead

ng \

I oy i

X 3GPP mmW wireless channel model
| Scenario #1

x | * Number of stream (PDSCH_DMRS) : 2
Ay + #of mmWave module: 1 y;

D

L,.

MRC _@=

TXRU

Scenario #2 (o
* Number of stream (PDSCH_DMRS) : 1 Dual-polariz2d 4 olomrente

———

Dual-polarized 8 elements

ot o I

uniform linear array * Diversity combining : Maximal Ratio Combining \nifarm rectangular airay
+ #of mmWave module: 1
Scenario #3 Pol-2(V)
Pol-2(V) + Number of stream (PDSCH_DMRS) : 2
+ Diversity combining : Switching (selective)
« #of mmWave module: 2

i
i

KEYSIGHT
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8. Multi-Radio Co-Existence

Non-linear PA

Simultaneous UL Tx;
b3 UL @ 1740 MHz
n78 UL @ 3575MHz

I I .
=
1 | ]
N m S | < -
I MultiSource_1 . )I I ) REA MultiSource_4
PORT=1 AS1{SWITCH_NonLinear1MS1 {SWITCH_NonLineartf - T-RX {ATTN_NonLinear FLT_TX2RX {ATTN_NonLineagls Tx1 {SWITCH_NonLinearl} sl rggio PORT=4

| source1=b3centerfreq 1L=0.3 dB [AS_IL] IL=0.3dB[MS_IL]  -=0-05dBIO[FLT_RX_L] | L=55 dB10 [FLT_TX2RX L] ™L=0.6 dB [BS1_TX_IL] R do10 Source2=Wide: 1740 MHzat 0 dBm, BW: 20 MHz, Clk: Fosc

1S0=50 dB [BS1_TX_ISO] OP1dBo28 dBm Source3=Wide: 3575 MHzat 0 dBm, BW: 20 MHz, Clk: Fosc
I | OPSAT=31 dBm

0IP3=40 dBm
l ) OIP2=54 dBm
IL=3.

[ Antenna system]

b3 DL source
* @Victim Frequency
* Receive power @-95dBm

Transmit IMD signals
jump into the receiver

KEYSIGHT

TECHNOLOGIES

X X X
R P
X | X j'—i X

[ Band b3 receiver primary path @ 1835MHz ]

LNA {RFAMP} BPF_Cheby 4 RFAmp_1 BPF_Cheby 7 BPF_Cheby 8
| G=17 dB10 1L=0.25 dB10 G=21 dB10 1L=0.25 dB10 1L=0.25 dB10
NF=1dB10 N=8 NF=4.4dB10 N=8 ) N=8
[ Flo=1.805e+9 Hz [F1] Flo=1.805e+9 Hz [F1] MiKer  Flo=200e+6 Hz [F_IF-BW/2]
Fhi=1.88e+9 Hz [F2] Fhi=1.88e+9 Hz [F2] ConvGain=-8 dfi=p20e+6 Hz [F_IF+BW/Z
I LO=2.5dBm
PwrOscillator
| F=1.633e+9 Hz [Fosc]
‘ Pwr=2.5dBm

|
~_
%—9|

Port_3

RFAmp_2 BPF_Cheby 9 Z0=50
G=21 dB10 1L=0.25 dB10
NF=4.4 dB10 N=8

Flo=200e+6 Hz [EAF-BW/2]
Fhi=220e+

+ @210 MHz

1

I

|

IF Frequency l
I

I

|



Transmitter Intermodulations

Harmonics and IMD Products for b3_n78 (
40 | b3 Uplink Signal ————————— n78 Uplink Signal
1740 MHz F—————— : Z\ 3575MHz
25 : 1
- CW_h3_n78
10 ‘
. IMD’s landing on b3 e ‘ ™
= receive frequency IMD product @ 3480 MHz,
kT 1835MHz ’
self-interference for the
o -20
- NG J TDD band? /
@
£ 35 = ‘
o
50
65
-80 o 5 : . |- -
1000 2000 3000 4000
bg Uplink |38and Frequency (MHz) n78 TDD Band
1710MHz~1785MHz b3 Downlink Band 3300MHz~3800Mhz
1805MHz ~1880MHz

KEYSIGHT
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Customer Example

5G NR UE FR2 Radiated Receiver Characteristics

3GPP TS 38.521, Annex A DL Refereence Measurement Channel

* Channel configuration information:

FRCTable = 22, Frequency = 28000 MHz, Numerology = 3, Subcarrier Space = 120 kHz, Bandwidth =50 MHz, MCS =4, PDSCH_NumRBs = 32

AT

*5G NR Downlink System Model:

throughput fraction = 80.85 %

5G Modem
BS Transmiffer

Q sssss G NR Waveform
11010 . P!

NR_DL_Source_1

*Throughput performance analysis model:

!

NR_Throughput
CPariy

f

KEYSIGHT
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AR
J

LR ! v
Port 1 Port 2
Circuit_Link

G=15dB10
NF=3dB10
OP1dB=20dBm

TX —»

e

s

<—Rx

InterpDomain=Polar
InterpMode=Line&ideLobelq qu:-SO dB10

—-
—E-

Window=Taylor

B L =Rx

C1

|

IVIOU
| OUT|
Amp

Chamber

Env

—| P

U1

E2

nnnnnn

Receiver

5G Modem

R

Noise
Density

OTA Rx

Al

Subnetworkl

‘vV

BF_RxArray

Subnetwork2

UE Receiver

Design Revision:V1.0, 2/4/2019




Summary

* What You Can Do for 5G using SystemVue?

- Standard Waveform Creation and Analysis Worldls first

« Link Level Performance compliant 5G

« Over-The-Air(OTA) Simulation NR Verification Library

- Architecting RF Transceivers with OTA

* Phased Array and Beamforming

» Difficult System Engineering —
- Advanced End-To-End Link Performance maagement . [l ¢
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