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5G Development Process
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Simulate Design Validate

Build simulations that prove Design the RF and Analogue  Validate that the system meets the
that the impossible is hardware. design requirements, at component,

achievable Design the control algorithms sub-system and phone levels.
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5G Mobile

RF Front End - Simulation




5G Target Hardware

'Mobile Test Platform b
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The target hardware is a fully function The RF Front End supports over 30* different RF
phone including 5G Mobile Data Modem bands using multiple Power Amplifiers and Envelope

and 5G RF-Card Trackers

(*) The number of bands supported is chosen by the phone manufacturer




Simulation: Building the MATLAB System Model

'MATLAB Simulation w b
5G . \\
Power . TXSignal | | b,
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o Digital , Low
Calibration RX Stgnal || apc |« Noise Filter
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S

MATLAB is used to build a The digital blocks are We include accurate Power
complete model of the TX and RX modelled in a bit accurate Amplifier models based on

paths manner bench measurements

Tool boxdés wused: Signal Processing, DSP System, Communi’cat



Simulation: Predictions

Predicted System Parameters: System Parameters that are System Parameters that are

AError Vector Magnitude optimized: swept:

AAdjacent Carrier Leakage Ratio APA Output Power A Operating Band and Channel

ASystem Efficiency A Analogue Architectures A Channel Bandwidth

ARX Band Noise ADigital Settings ANumber of Resource Blocks
: ADPD Settings AModulation Schemes

- ATime Slot Allocation
. J—L APA Output Power
i —1SUNHUEBO;ZTIZ?‘;2?;&{;(;WWZUGUGU

Error Vector Magnitude Power Signal Density

Powerl/frequency (dBm/Hz)

At each test point the key system Design parameters are optimized ~ Predictions are repeated for
parameters can be predicted to balance performance against ~ different waveform types, to make

efficiency sure we have a full solution
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5G Mobile

RF Front End - Validation




Validation Challenges: Number of Waveform Combinations

5G NR (Sub 6MHz) >10,000

4G (LTE-A 3 Component Carriers)

4G (LTE)

Early 4G: 16

Waveform Combinations by Technology Not to scale]

Channel Bandwidths:
_ - : Modulation Schemes:
The number of possible Waveform Combinations is Active Resource Blocks:

Increasing exponentially with each new standard Time Slots per Sub-Frame:

Frequency Division Multiplexer:

Sub-Carrier Spacing:

x10
x5
1to 273

x8 (UL or DL)
X2
X3 10



Validation Challenges: Number of Supported RF Bands

Number of Supported RF Bands:

A1990 2

A2000 5
A2010 10*
A2018 20*

PA module incl. duplexer
(PAMID)

Mobile phones are being used in  Each band is powered bya LTE-A: 48 bands
more bands around the world. different Power Amplifier 5G NR: 26 bands

chain. - 5G is being targeted at some LTE bands
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(*) The number of bands supported is chosen by the phone manufacturer



Validation Tools: Automated Test Sequencer
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" Modem Model 1|LTEB12 INLTX75M ET GO 7075 0 1RBO exponential 155 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 2
e 2ITEB12 INLTX75M ET GO 7075 0 1RBO exponential 155 15 3.8 1.8 reuse  vmaxcpoint 3 Oreuse  firmware  Oreuse  bas 0 0 2
e ISR JPM4620-QSW2B20C\Test defi =
P Ol TCPIP0:192.168.0.100:2 3|LTE B12 IN1_TX7 5M ET GO 7075 @ 1RBO exponential 145 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
4 LTE B12 IN1_TX7 5M ET GO 7075 0 1RBO  exponential 145 15 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
SIGAN (rfRX) TCPIP0:192.168.0.120 5|LTE B12 IN1 _TX7 5M ET GO 7075 0 1RBO  exponential 135 15 3.8 18 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
completed passed testnum test tag dut_pa 6 LTE B12 IN1_TX7 5M ET GO 7075 0 1RBO  exponential 135 15 3.8 1.8 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0O 0 22
(REBSERNEIE G0 | T721 2 il 27 2240 ] 0 |3t 1RB Pawer Sweep - cal [QPM4620 B8 7\LTE B12 IN1_TX7 5M ET GO 7075 0 1RBO exponential 1 315 3818 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
POWERMETER (p=0ut) AR ET] :; i:: ::::x:sca‘ g}‘:mg;g :g BLTEB12 INLTX75M ET GO 7075 0  1RBO Exponerltial 1 315 3818 reuse vmax-cpoint 3 Oreuse firmware Oreuse bas 0 0 22
9|LTE B12 IN1_TX7 5M ET GO 7075 0 1RBO  exponential 125 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
e AEr N TCPIP0:192.168.0.130:ANS :‘; 12: :::;zx:sca‘ g';mg:g :: 10 LTE B12 IN1LTX7 5M ET GO 7075 0 1RBO exponential 12515 3.818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
. S TRE Power Sweep QPM2520 2 5 11|LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO exponential 155 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
SIGAN (mxbn) = TRE Power Sweep - col[QPMAEZ0 = 12|1TE B12 IN1_TX7 10M ET GO 7075 0 12RBO exponential 15515 38138 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas © 0 22
RESIGGEN (nDe | | - 13|LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO  exponential 145 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
esense) . 14 LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO  exponential 145 15 3.818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
put Running test - out Uf : Faled: - 15(LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO exponential 135 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
B0l U -Po251-QETS 1007 ~ e _ Ol cnams O on completion 16 LTE B12 IN1 TX7 10M ET GO 7075 0 12RBO exponential 13515 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
17|LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO  exponential 1 3 15 3818 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
[ QPMA620 Setup 18 LTE B12 IN1_TX7 10M ET GO 7075 0 12RBO  exponential 1 3 15 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
19(LTE B12 IN1 TX7 10M ET GO 7075 0 12RBO  exponential 125 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
QPOET L - conmen: [ 20/LTE B12 INLTX7 10M ET GO 7075 0 12RBO exponential 125 15 3.8 1.8 reuse  vmaxcpoint 3 Oreuse  firmware  Oreuse  bas 0 0 2
Board ID Operstor [ Debug Mode 21|LTE B12 IN1_TX7 10M ET GO 7075 0 S0RBO exponent?sl 155 15 3.8 18 calibration vmax-cpu?nt 3 0 calibration f?rmware 0 calibration bas 0 0 22
22|LTE B12 IN1_TX7 10M ET GO 7075 0 50RBO  exponential 155 15 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
Results path _ 23(LTE B12 IN1 TX7 10M ET GO 7075 0 S0RBO exponential 145 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
24|LTE B12 IN1_TX7 10M ET GO 7075 0 50RBO  exponential 145 15 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
——— 25|LTE B12 IN1_TX7 10M ET GO 7075 @  50RBO exponential 135 1.5 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
Calibration Measurements — 26/LTE B12 IN1TX7 10M ET GO 7075 0 50RBD exponential 135 15 3.8 18 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 2
0 Auto Trace Loss | S E =TS 27|LTE B12 IN1TX7 10M ET GO 7075 0 50RBO exponential 1 3153818 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 2
Trace Input Loss (dB) B Tracking Analysis 28|LTE B12 IN1_TX7 10M ET GO 7075 0 50RBO  exponential 1 315 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
29(LTE B12 IN1_TX7 10M ET GO 7075 0 50RBO  exponential 125 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
Trace Output Loss (dB) Vi [ElCE e 30|LTE B12 IN1_TX7 10M ET GO 7075 0  SORBO exponential 125153818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
. _ 31|LTE B12 IN1 TX7 5M ET GO 7015 0 1RBO  exponential 155 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
aroer 7 Gain [ Ol ST e 32LTE B12 IN1TX7 5M ET GO 7015 0 1RBO exponential 155 15 3.8 18 reuse vmax-cpoint 3 Oreuse  firmware 0 reuse bas 0 0 2
O OBW Emissions 33|LTE B12 IN1TX7 5M ET GO 7015 0 1RBO exponential 145 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
8-09-23 QPOET ET Offset (V) - 34LTE B12 IN1_TX7 5M ET GO 7015 0 1RBO exponential 145 15 3.8 1.8 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0O 0 22
10:30:16 y 35|LTE B12 IN1_TX7 5M ET GO 7015 0 1RBO  exponential 135 15 3.8 1.8 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
36 LTE B12 IN1_TX7 5M ET GO 7015 0 1RBO  exponential 135 15 3.8 18 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
37|LTE B12 IN1_TX7 5M ET GO 7015 0 1RBO  exponential 1 3 15 3.8 18 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22
38 LTE B12 IN1_TX7 5M ET GO 7015 0 1RBO  exponential 1 3 15 3818 reuse vmax-cpoint 3 0 reuse firmware 0 reuse bas 0 0 22
39|LTE B12 IN1_TX7 5M ET GO 7015 0 1RB0  exponential 125 15 3.8 18 calibration vmax-cpoint 3 0 calibration firmware 0 calibration bas 0 0 22

A test sequencer controls the Test definitions are created using Excel We have over 50 test parameters
DUT and test equipment. The files containing 2,000+ tests per Power that can be swept during a test

same application is used to Amplifier module sweep. From waveform to
control all platforms. temperature.

Qualcomm QET5100, and QPM4620 are products of Qualcomm Technologies, Inc. and/or its subsidiaries.




Validation Tools

We record test parameters
and RF measurement results
using Excel

This is useful for smaller test
runs, but parsing 1,000 Exce
sheets is tedious for longer
runs.

Qualcomm QET5100 is a product of Qualcomm Technologies, Inc. and/or
its subsidiaries

Validation Tools: Data Visualization
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Validation Tools

We also store test
parameters and detailed
results in a MySQL
database.

Detailed reports are
extracted using a 3" party
report generator.

This approach makes
comparing device models
and variants a lot easier.

Validation Tools: Data Visualization

Database Extracted Report
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