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5G Physical Layer Design Challenges

Baseband Design Challenges

Blocking
- Standard compliance test — \EEQ
 Massive MIMO algorithm verification /ﬁ%_ '\
) / - ® mmWave
RF Design Challenges ) = \
=
- Transceiver Design: Thermal - Fower:
Issues ‘ Consumption
* Millimeter wave bands ) } \
« Beamforming l ! \
* Coupling Effect(multiple channel,RF/Antenna) , I
« impedance mismatch -
i | \ ,
Antenna Design Challenges . i}
| Intermodulation 2 g REI
* mm wave array antenna design from Dual - Spurious
.o O 2 .
« OTA performance verification Connectivity « Harmonics
| \ L1 -~~~ Clocks | /
System Integration Challenges \ SO e y,
ST PMU
* Disjointed tool set « Low budget for “overhead” \@‘ rd
K = /) Mobile Handset

* One-directional, not predictive ¢ Difficult to co-validate
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Accelerate 5G Design with ADS SystemVue Empro

5G Library
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System architecture study

Baseband Verification
library as golden
reference

Spectrasys analysis
for RF architecture
design

Phase Array for
antenna array

Baseband RF Antenna Design

. RF Circuit Design

RF Matching
RF+Em cosim
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“ADS

Empro

5G Library

Conformance test template
5G Fading Channel Model
SystemVue ADS Cosim

SystemVue

ADS VTB
OTA for antenna verification
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DUT validation with test equipment
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What You Can Do for 5G?

Standard Waveform Creation and Analysis

Architecting RF Transceivers

Phased Array and Beamforming

Link Level Performance

5G OFDM Based Real time FPGA Prototype for Massive MIMO Verification
High Band RF Matching

MM wave Transmitter Design

Phased Array Antenna Design

Advanced End-To-End Link/OTA Performance validation

T

10. Early RD Hardware Verification
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» Design Challenges for 5G Physical Layer Design Overview
== System Architecture Design

» Baseband RF Antenna Design

« Baseband RF Antenna Simulation Verification

 Early emulation system for hardware test
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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
'“—' 'ﬁj;; """ [““‘] r‘“"] """""" !
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Cerewe-w  Replade and test
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[ NR Baseband Digital Signal Processing ] [ Model Based Design for NR Baseband DSP]
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2. Architecting RF Transceivers

FR1 Dual Connectivity UE Architectures

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

. Tx1 1 duplexer
g Tx oL ; Tx1 L P
3 , e 2
D Q :
c| PRx_3 .2 |PRx
@ o
~| DRxu @ | DRx 4 t[
Q g
|_
Q
0
o T*2 — )
Tx o \ :
(O] < L (0]
3| PR >
= Xall r DRx1 5
= DRx , LE ] E
\—[ L] Q T
@) 4 O L
al 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

KEYSIGHT

TECHNOLOGIES



2. Multi-Radio Co-Existence

| SystemVue |

Non-linear PA

____________________________
g creates IMDs ; .
I Simultaneous UL Tx:
l | * b3 UL @ 1740 MHz
: . | o]
T § | | : « n78 UL @ 3575MHz
I MultiSource_1 . )I I ) MultiSource_4
PORT=1 AS1 {SWITCH_NonLinearL]MS1 {SWITCH_NonLineartf -T-RX {ATTN_NonLinear FLT_TX2RX {ATTN_NonLineags 1x1 {SWITCH_NonLinearl} RPAmpL PORT=4
| source1=b3 centerfreq 1L=0.3 dB [AS_IL] IL=0.3dB[MS_IL]  -=0-05dBIO[FLT_RX_L] I L=55 dB10 [FLT_TX2RX_L]  ~||=0.6 dB [BSL_TX_IL] ﬁ":z:g g‘;ig Source2=Wide: 1740 MHzat 0 dBm, BW: 20 MHz, Clk: Fosc
1SO=50dB [BS1_TX_ISQ] OP1dB=28 dBm Source3=Wide: 3575 MHz at 0 dBm, BW: 20 MHz, Clk: Fosc I
I | OPSAT=31 dBm
0IP3=40 dBm I
l OIP2=54 dBm
. N - Dokl Vm e e e e = R e e e m e m e —m———————— ik
IL=3. .
[ Antenna system] [ Band b3 and n78 transmitters |
_________________________________ ~
b3 DL source
Victim F 2 | 2 - AT HRN
- @ :
ictim Frequency A | A x A | e
® Rece ve powel’ @ - 95d B m LNA {RFAMP} BPF_Cheby_4 RFAmp_1 BPF_Cheby_7 BPF_Cheby 8 RFAmp_2 BPF_Cheby_9 20=50Q
G=17 dB10 1L=0.25 dB10 G=21 dB10 1L=0.25 dB10 1L=0.25 dB10 G=21 dB10 1L=0.25 dB10
NF=1dB10 N=8 NF=4.4 dB10 N=8 ] N=8 NF=4.4dB10 N=8
Flo=1.805e+9 Hz [F1] Flo=1.805e+9 Hz [F1] MIKer  £10=000e+6 Hz [F_IF-BW/2] Flo=200e+6 Hz [EAF-BW/2]
Fhi=1.88e+9 Hz [F2] Fhi=1.88e+9 Hz [F2] ConvGain=-8 di=p>0e+6 Hz [F_IF+BW/2 Fhi=220e+

LO=2.p dBm

IF Frequency

Transmit IMD signals
jump into the receiver

@— * @210 MHz

PwrOscillator
F=1.633e+9 Hz [Fosc]
Pwr=2.5dBm

o EEm EEm - S -

[ Band b3 receiver primary path @ 1835MHz ]
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2. Architecting RF Transceivers

mmWave Design Flow

System level modeling using circuit level MMIC design data

2 TR
1 1
C = & B RO
TN R !
T L>

lteration

AW TR

| 3
e
:
Front End Schematic Back End Layout :
* Load Pull — power and PAE * Layout & 3D view Momentum I
>  PA —Initial design with linear « DRC I image: Keysight, 28GHz transceiver module
and non-linear simulation * LVS I
+ Optimization Cockpit * Reticle Generation '
* Robust Statistical Design + Package and Bond wire :
S charameterss . - v effects/ 3D EM simulation | I
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3. Phased Array and Beamforming
Antennas + Beamforming + Frequency Conversion

# of Antennas and PAs determines maximum EIRP

e @ : Antenna element gain + Power summation gain + Beamforming gain
I LNA l | 1 =,
G=20dB10 | {AmayAtn} | F=235GH}[F_LO] |
1 NF=2.5dB10 Window=Taylor PH=-30°
~y | shieLobeL evel=-20 dB10 ! pwk7 dBm !
1 - i L Quantizition:NumberofBits(Uniform) I [ I
l .
| R | I NumBitssb I I {ArrayPort} I
| {BPF_BUTTER}  {MOD_Limiter} G- & . Freq=4.4 GHz [F_IF]
| Flo=27.7 GHz [Flow]  IL=0.2 dB10 1 | 1 | |
: 2 Fhi=28.1 GHz [Fhigh] gtin 2 ¢
l| = | : 5 I | |
—{Z- o =0 ;
1 {SWITCH_Linear2} ~ | : . I . '(\;’"*er_ y I
1 IL=0.5 dB {SWITCH_Linear2) {ArayPhaseh | {arraysplig | °Eg_§'3;m g |
1 ParamFreqList=27.9 GHz X | IL=0.5dB J CalcMode=Auto I B I
RFFE REFE 1 (BPF_BUTTER} FinalAmp DriverAmp  ParamFreqList=27.9 CHz Theta:0°[beamTheta!
1 Flo=27.7 GHz [Flow] ~ G=20dB10 G=15dB10 | Phi=0° [beamPhi] | | |
i Fhi=28.1 GHz[Fhigh] ~NF=5dB10 NF=3dB10 I Quantization:NumberofBits(liniform) I
\E NumBits=6 l
. J

mmWave RFFE Functionality

5G mmWave UE

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

« Tx:T/Rsw, PA, VGA, PS, Splitting, up-conversion
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Characterization of mmWave Components
Bfg%gﬁermx

Array Antenna
ta 30°

Mutual Coupling N R e

— 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

— Active impedance: various depends on array
configuration, spacing between elements, and phase
shift applied at each element

— Antenna element patterns

S-parameters
Increased null level from mutual coupling effect
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4. Link Level Performance

A Glance of Future Diversity Case Including Beams

14 Graph2 (=& ](=]
1[%Way_Switt:hing_Rx_Diversity_Beamforming_Thrnughput
[1h]
a0 o = Origin(0,0,0)
L~ 1 Beams Controller
# 70 // —— /j &
= | T
E_' 60 f/ /_,..—'""r/ _‘::j“‘
2 50 4R ~ ] - i
=¥V 7 d = RX_Div_2Way
= A1
40 = RFIC1_Only
30 — RFIC2_Only TXDijgital/AnalogPrecoding/BF Part
20 /
0 1 2 3 4 5

SNR(dB)

i
—p

)
sl
—ee

.
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o

3GPP NR Downlink Receiver

3GPP NRDownlink Source BB Part Channel forthe first antenna patch #1 (BB Part)

Channel forthe firstantenna patch #2
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Agenda

» Design Challenges for 5G Physical Layer Design Overview
« System Architecture Design

==+ Baseband RF Antenna Design
« Baseband RF Antenna Simulation Verification

 Early emulation system for hardware test
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5. 5G OFDM Based Real time FPGA Prototype for Massive MIMO

Verification

Antenna
Array

BS TX

OFDM-based ¢
PUCCH Demod

BS RX

Real-time Beam Control
Per each stream

OFDM-based
PDSCH Mod s

el
525"
3
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Antenna UE TX
Array

OFDM-based
PUCCH Mod

Tx Beam
Meas

OFDM-based PD
9
Rx Beam
Meas

S
U

B

V]

CH

E RX
Real-time

Beam Control

Per each
stream

Antenna UE TX

OFDM-based
PUCCH Mod

Array

Tx Beam
Meas

OFDM-based PDSCH
é
eam

UE RX

Real-time
Beam Control
Per each
stream

* Provide the HLS IP for real time
Massive MIMO FPGA Prototype

» Support real time Massive MIMO
adaptive beamforming

« Support real time beam tracking
Support TDD mode

« Support up to 4 streams in BS(2 UESs,
each UE has 2 streams)

« Support throughput test



6. High Band RF Matching

Advanced
iDe5|gn System
3 [ : . ' ‘
Dl \
@%1:%‘ 7 | | : }
= s ) ([ c
T At ) — |
\ N ‘t_%- ;
E:th\%/ Q /
freq (2.300GHz to 2.400GHz)
Layout Import EM-Schematic Co-sim Accurate Match with Meas.

Project output :
1) Reduce simulation time for RF team :
Previous : 1day /band ==y Keysight ADS Flow : 1hour /band
2~3weeks /board == Keysight ADS Flow: <3 Day/board
2) Great improved accuracy for high-band matching
Previous : Can’t match meas. mp  Keysight Flow : Accurate match with meas.
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7. MM wave Transmitter Design

.

1X4 Array .5 Lambda
Patch Antenna

rrEn
= Plextek RFI

()
= Plextek RFI
.

~L_

Plextek RFI PA

=

27G_BPF
_9

27 GHz BPF

P3—
P2l —

Power Divider

Phase Shifter

e

Srmmw el
a7 Shen

¥
=
|

]
T
Ram3. Then

F31
o pes I mne_S
I3z oom

ZRwr=2 S

VLI

Advanced
Design System
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7. EM Co-Sim: 1x4 Transmitter Array in ADS/Momentum M'1T

System / Circuit / EM Co-simulation and beam steering

Advanced
iD.e5|gn System‘

Phase shifters for
Beamsteering

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
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8. Phased Array Antenna Design -- EMPro

Pro 2015.01 - 290.5hp (b4-b

File Edit View Tools Help [y B [l 9‘ H ¢ & ® 2 romsmuaton |~ ‘O——x1

Create Modify Boolean View

IR AN J Y EEEELNEY R B A

EI ® patch

E Copper
=R E Modeling
0. @ Ry

- f Internal Port Sensors
f Waveguide Port Sensors
E Near Field Sensors
* Far Zone Sensors
@ SAR Sensor
(@) SAR Averaging Sensor
F_q Materials
E Circuit Component Defini...
"_ﬂ. Waveforms
Sensor Data Definitions
E Boendwire Definitions
= £} Simulation Domain

KEYSIGHT 3GPP 5G NR System Design & Verification Solution .19
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8. EMPro — 3D EM Simulation(FDTD)

EMPro

Gain total, FOTD - 8x8 0.8 lamda spacing : ( v | Hide Others || Unload | Gain total, FDTD -16x16 : 000001 : Run000. v | Hide Others || Unload |

_______ | Setup | Rotations | PDF | Statistics | Diversity |

) ! Power [ Effidency Theta=[0 °, 180 9], Phi=[0 °, 360
Power / Effidency Range: Theta=[0 °, 180 9], Phi=[0 °, 360 ] ) _RBDDG_ [0°, ; 9], Phi=[0 °, 360 7]
z SRS x __Full Pattern Main Lobe Direction: Theta=0 °, Phi=0 ®
(FulPattern | +| | Main Lobe Direction: Theta=0 °, Phi=0 ® Maximum Gain: 31,3323 dgi
Maximum Gain: 25.6033 d6i R
I = cle. 2203 1 ean etectve o 05
Mean Effective Gain: 0.5 ‘® Other Statistics

'@ Other Statistics

8*8 (0.8 lamda spacing) 16*16

4 K80 GPU 4 K80 GPU
Amin, 40s 27min, 46s

KEYSIGHT 3GPP 5G NR System Design & Verification Solution - : ; ; .20
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8. Planar Antenna: ADS Momentum 8x8 patch array W

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

Advanced
Design System

S11_fitted

dB
dB(S

_45
T T T T
48 49 50 51 52 53 54 55 56 57 58
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» Design Challenges for 5G Physical Layer Design Overview
« System Architecture Design
» Baseband RF Antenna Design

==+ Baseband RF Antenna Simulation Verification

 Early emulation system for hardware test
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95G NR Base Station Conformance Test Summary-FR 1 & 2

Conducted & radiated conformance tests

Transmitter Characteristics (chp 6) Receiver Characteristics (chp 7) Performance Requirements (chp 8)
« Transmit Power « Reference Sensitivity Level « Performance Requirements for
TRP, EIRP i
( ) + Dynamic Range PUSCH _ _ _ ,
- Output Power Dynamics o _ « Multipath fading propagation for given
(RE Power Control DR / Total Power DR/ ...)| * In-Band Selectivity & Blocking SNR
) Characteristics (Adjacent Channel « Performance Requirements for
+ Transmit On/Off Power Selectivity (ACS)) PUCCH
(TX Off Power / TX Transient Period) . :
_ _ + Out-of-Band Blocking + ACK missed detection
* Signal Quality _ e » NACK to ACK detection
(Freq Error / EVM / Time Alignment Error /...)| * Spurious Emissions . UCI BLER performance (format 2)
+ Unwanted Emissions + Intermodulation » Performance Requirements for
(Occupied BW / A-\LCR / Spurious /...) + In-channel Selectivity PRACH ) |
* Intermodulation + False alarm probability and missed
(Interference...) detection
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9. Verification: 5G NR DL OTA Measurement S

o
ThetaSweep {WaveForm@Data Flow Modek} ,_’ NOIS_% 4’._» 4’._» ©
Explicitvalues=0 V[ZoD_Cen/180*pi] Densny N
Offset=0V ©

Periodic=YES

A (AddNDensity @Data Flow Modet§1 {Env ToCx @Data Flow Models}

04 {Oscillator@Data Flow Mpdels}

2 {BeamformerWeights @Data Flow Mod|
CenterArray AOTigin=NO

-—->

Density Type=Constantnoise dersy

Npensity=-51699 dBm [NDensity_dBnj NR_DL_Numerology Rov2
requency=28e+9 Hz [FC4rra] SaveAntennaLocation=NO = o
—~_ Power=2 dBm [EPRE] PhiSweep {WaveForm@Data Flow Mode} N“‘"be’Bea"ma"”"ghm’““tl
_Explicitvalues=0.524 V[AoD_Cen*pi/180] BeamIraningRXREGhaINSTIS EVM{EVM}
A (4] Offset=0 V. ssﬁ’ Igoo NumOfinterestedPorts=1
ortE =
- Periodic=YES n Num_PDSCH_REs=6624
- () TN ! PDSCH_n_ID_! jgnored=40 1
_ - _ PBCH_Decoding_Enable=YES [PBCH_Decoding,f9iai3 10 [NumSiots)
4 Im F13 i ) SyndT
.
1
. ~jmpeml{ OO O
1apde | s Phase oot oTa s [ P * ” Ea] som
s Re| § Shifter = e [)3"D> " oD B}S:‘SBiPower[Smk@Data Flow Models}
ynamicUnpack_M@Data Flow ~
B3 {Da@mPatiern@Data Flow Models} - ») 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—> o | e PP N
NR_DL_Source_1 {NR_DL_Source@5G Advanced Modem Mk} X FCarrier=0.2¢6 He ray GainUnit=volage ProbePaternType=Isotroft - W4”
SSB_Port=1003 e Gain=l NumRows=8 [TxNumCot] NoiseFigure ProbeEteta=1 _
NumCols=8 [TxNumRows] GCType=nae ProbeEphi=0 ot — P
_ E2 {EnvToCx@Data Flow Models}
= PolarizationMis match=NO i o
DynamicControl=Nare - e
N1{NR_DL_FrameSync@5G Advanced Modem Mockt}
A SSB Power vs Phi o || B f[E3 SSBPowerPattern i EVM vs Phi

SSB Powervs Phi

—+— lambda 10

== lambda 50

@

SSB Power Paftem

@ EVMPattern

dB

o

—+— lambda 10

EVM vs Phi

== lambda 50

w
&

EVM Pattemn
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11010

OversamplingOption=Ratio 2 Hz [OversamplingOption]
Bl {DataPatiern@Data Flow Models}

DataPattern=PN9

e s
@

NR_UL_Numerology_Src 1

DC_ReservedNO
Numerology=u0_15kHz [ENumerolog]
CelllD=0 [=CelliD]
CarrierNumRBs=270 [=CarrierNumRBj]
Numerology _k00
CyclicPrefix=Normal [=CyclicPrefix]
NumBWPs=1
BWP_RBOffset=0 [FBWP_RBOfisef
BWP_NumRBs=270 [FBWP_NumRBs]
BWP_NumPorts=1 [=BWP_NumPorts]
BWP_PortList=1000 [FBWP_PortList]
PUSCH_Enable=YES[FPUSCH_Enable]

NumLayers=1 [FNumLayers]
DMRS_portsList=0
Payload_Config=Transportblock sie
TransBlockSize=2555 [=TransBlockSize

KEYSIGHT
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T

PP P TP

$4 {SetSampleRate @Data Flow Mode|
SampleRate=122.9e+6 Hz [SamplingR|

— P

s}
hte]

Spectrum_beforePAl {SpectrumAnal

Circuit Design

System Level Simulation

e
R94>

C1{CxToRect@Data Flow Models

02 {Oscillator@Data Flow Moflels}
Frequency=2412e+9 Hz [FChrrie]

——P X — P

/_\_/

F13
PassFreq=25e+6 Hz [PassFreq
PassRipple=1
StopFreq=30e+6 Hz [StopFreq]
StopRipple=30
MaximumOrder=300

Mode=Res
Start=0 s|

——P X P

/_\_/

F1
PassFreq=25e+6 Hz [PassFreq
PassRipple=1
StopFreq=30e+6 Hz [Stof»ir!q’
StopRipple$3®
Maxnm‘uwﬂv er=300

.
.
.

Launch Eile Edit View Create Check Ogfions Migrate Window Help o

.
.®

Power=-52 dBm

\npulType:Vq“
FCamer:ZAlZngz [FCarried
P e
.
.
.
.
.

2 4“) \
e ow—’:
Amp

M2 {Modulator@Data Flow Moq*'-‘

Black Box
Behavioral [

ResB)

4’*

cadence

ResBW=15000 Hz [Subj =N

% 0 @ % O T

¢ IR’ a® %L 1 e

N
F2 {Falelrcwﬁnvelog%@DaﬂFlow Models}
F\le:gkgp4125123M,L;ve|3.fce

-

L]

Wavefor|

Advanc
Design Sy

GoldenGate

CCDF_wPA
Start=0 s
Stop=10e-3 s
NumBins=500

Spectrum

ectrumAnalyzerEnv@Data Flow Models
Mode=ResBN
Start=0 s
15000 Hz [SubcarrierSpacing

P
EVM_wPA{NR_UL_EVM@5G Advanced Model
E1 {EnvToCx@Data Flow Models}

ST Time Domain signal

h_wPA{Sink@Data Flow Models}
tartStopOption=Samples

V1{VSA_89600B_Sink @Data Flow Models}

Including
Memory Effect



Advanc
Design Sy

‘GoldenGate

s EW PeREW framcrEre DOTe Syt CholEm
2 T et
[y la -
Ve HLB. PUSCHEW NI BNPUPLSOONRSEW, . PUSCH VRS 0
S _t \/ 0w o or m.,
| SystemVue | =
w_Do Dc
+]_ srcz
Analog PA T
:
E o s nent_Analysis
TE= T 2T T N e T =y 2 [ 77
Modulation=G4 O ] Y ™) R Rt T Y T L e
S
Envelops NuarrleB-yrrr:lbDIs=ZDB
MoiseDensity=4.00405s-21 W
;;IE}T]EVH;Z)FCEIM_SMIDB Fg::ia':;-Fﬁﬁq Hz
Ordex[1}=5 RF_Power=Signal Pow ervar
ABM_Mode=yes RefR=50 Chm
SymbolRate=SymbolR ste Hz
SR CTEirE e
SIMULATE LOCALLY INSIDE ADS
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Agenda

» Design Challenges for 5G Physical Layer Design Overview
« System Architecture Design

» Baseband RF Antenna Design

« Baseband RF Antenna Simulation Verification

==+ Early emulation system for hardware test

KEYSIGHT

EEEEEEEEEEEE



Early R&D Hardware Testing - RF DUT

Simulated S Simulated Receiver

% % A/D Baseband
> O O

Waveform

RF/RF BER

SystemVue
+ VSA SW

E ’.’"‘ .

i v ﬂ] _ 7 73 ..
Step 1 . ~ Step2 ¢ KL wills
MXG, ESG  pownload — Capture = '
Signal Signal MXA, PSA
KEYSIGHT 3GPP 5G NR System Design & Verification Solution
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Keysight Phase Array Antenna Test

* Throughput/Beam Pattern Simulation in « Massive MIMO Throughput/Beam Pattern
SystemVue to get Antenna Performance OTA Test with Keysight Instruments &
baselne SystemVue

e e e g_‘/ 5G baseband . ":‘ = s _v T
b Ml P2 ‘ coded source .‘E:: o
. i 030 !
. A ! (o) ok R MIMO - -
L R AN | byl < 2T 5G baseband 7 e
i A [ !i ll‘ ) 5 I\K\J/\ Tx RF link receiver R e  pas
5’*\' “ / \ ‘.“I ‘ ‘ I“.‘ .‘-‘ﬂ",‘" /_,‘ l- : \‘\_‘__5,___.2‘ : i
TN VN (o) g == n
2! ‘ b T | .S;:_)_,-_.!---I .E::: = % ’l - e
Cww w ow w0 m w om W w >

>
Antenna __l'A_ntenna *_ 7:. IE
5 9 . . -
ATA A

e ——————
1
FR a5 AAFAARA5A4]

|
= e e

== - = _
i 904 ‘
80 — | —
70 | e . /
2 & T /
E% 40 [
" 30 /
20
10 / L
| e D-z -18 - - -
5 17 20 23 2 29 35 Tx Pawerin dBm
Simulafith Result Test Result
555%%[90‘11 3GPP 5G NR System Design & Verification Solution . 30



Accelerate 5G Design with ADS SystemVue Empro

System architecture study

— Baseband Verification| [Spectrasys analysis Phase Array for e
library as golden for RF architecture antenna array

reference design

Baseband RF Antenna Design
HDL

5G Library 5G Library

. RF Circuit Design
RF Matching
RF+Em cosim

ADS Empro

v
4

gl /

Baseband RF Antenna validation

Conformance test template

5G Fading Channel Model

T SystemVue ADS Cosim l
ADS VTB
:!I_(())é]i%]i?(())lo SystemVue " OTA for antenna verification 1011010010 -
DUT validation with test equipment 10010110... EVM

e — PR 5G
— . 5G NR
‘ w ":‘2'.2‘-‘. o n . P o
B S e 2w ] oo
= Gics Verification
; Test

nmmM/an
A | | | ¥

B E K—_E.‘—l L}
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