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Production test strategies and smart solutions

Making lab testing more realistic with R&S®CM360°
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| ONE tool for automated device testing

Simplifying 5G mobile device testing

®
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Challenges to 5G mmWave component characterization
e
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. 4th May Validation of digital design of next gen devices ' ' o

5G DEVICE TESTING JOURNEY



TODAY’S
WEBINAR

» 5G Automation needs
» ONE Solution for all needs
» Demo

» Key learnings




TESTING PHASES

R&D Testing :  Conformance Testing Non-Sig Go / NoGo
: Testing Testing
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FOCUS ON R&D TESTING
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e Multi-eval meas.

* BLER meas.
* Rx Sensitivity meas.

* FR2 Spherical meas.

* Reports & summary
* Tables & Graphs

* Time optimized

* 3GPP Tx/Rx Pre-conf.

* Min/Max Power meas.

» L3 & NAS Sig.
procedure verification

* Failure/Reject tests

* Roaming tests

» Throughput tests incl.
CA

* Report Signaling &
Failure events

* Flexible configuration

* IP Throughput meas.

* IMS tests incl. failures

* VOLTE, VoNR, EPSFB
tests

* Battery Life tests

» Power consumption
with events

* Throughput charts

TYPICAL R&D DEVICE TESTING TEAMS

* 3GPP Fading profiles

* Network impairments

* Latency tests

» Combine Functional &

Application tests

* Reports & Summary
* Post-processing

results
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Tool

Protocol
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Tool
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Automation
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DETACHED APPROACH

Performance
Automation
Tool
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TEST REQUIREMENTS ARE NOT ALL DETACHED
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RF Functional

test team test team

3GPP Tests Voice call tests

Application

test team

Max E2E t-put tests

Performance

test team

Handover in loop

Any or all 3GPP

Rohde & Schwarz

Establish voice call
Tx/Rx tests Release Voice call

Configure test system
Setup LTE / 5G cells
Power Cycle the device
Establish Connection

Configure Max
Sched. & start IP
throughput

Ping-pong
Handover in loop




ADVANTAGES OF ONE TOOL APPROACH

Easy to learn
&
Easy to maintain
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user automation
framework for all
testing teams

Consistent information
exchange between testing
teams and higher mgmt

Uniform
reports and
results

Amplify
device tests with
combining
RF, Signaling, E2E
into one test



5G TESTING CHALLENGES

UE supported
LTE-NR Band combos » Test every 5G feature for each and every MRDC band combination
A, T .
— Results in 100s of test scripts
DC-1A-78A

v . - . -

- -> Difficult to maintain
\_/
DC-2A-2A-TA-NT1A — Process reports for every band combo test script

- Difficult to summarize

DC-3A-3A-7A-7A-8A-N78A|

NS
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5G TESTING CHALLENGES

Seamless support of OTA Chambers
Finding Beam Peak (Main beam)
Spherical Coverage

Measurements across all test points

Throughput tests

v v v v vY

FR1 + FR2 tests
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5G TESTING CHALLENGES

» Many Signaling features impact Battery performance
» Rel-16 has quite many new features for power saving

» How to re-use all the created and verified functional tests for

battery life testing ?
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AUTOMATED TESTING MADE SIMPLE WITH CMSEQUENCER
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TESTING PHASES

R&D Testing Go / NoGo
’ Testing

CMsequencer CMsequencer
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SEQUENCER

Place of

Includes comprehensive campaign
management

State of the art, future proof software

Complete Coverage of 5G NR R&D
tests incl. 3GPP RF in one application

NSA_FRT_ENDOWItNTxRx_Maag

Automatic band combination tests T —

& sample2_nsa
o
sample2_nsa Stoppod by bier wng o - Sttt
ool .
S e ~
R 207 results, 0 scheduled =




COVERED USECASES

CMsequencer
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Throughput
Testing
High volume
Testing
IP / IMS
Testing
Automated
Campaign
Management

Battery Life
Testing

Over-The-Air

Testing
Mobility
Testing

3GPP RF

Pre-conformance

Reject &
Failure
causes

RF Performance
Testing



ALL TYPES OF R&D TESTS IN ONE TOOL

3GPP Pre-conformance tests Protocol & Failure tests

* 5G features like ESFB, CA, CMAS/ETWS,
Multi-numerology, ...

» Easy to configure & speed optimized + Failures like Attach Reject, TAU Reject,
Conn Reject, RLF, IMS Failures, ...

* SCPI and Python code extensions

e 38.521 in-band Tx/Rx tests

*  Flexi mode for extended testing

RF & Functional tests

Automation Support

«  Multi-Eval, BLER, Rx Sensitivity with live meas * Re-use of CMsquares automation
results incl. graphs framework
*  Max Throughput E2E tests «  Easy integration into external automation

*  VOLTE/VoNR with Audio analysis
+  Battery life tests

frameworks
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TAKING TESTING TO THE NEXT LEVEL

3GPP Pre-conformance tests Protocol & Failure tests
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» Mix & match all types of testing

» Stress test devices it
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» Lean learning curve & easy maintenance i

SCPI Raw Command List

SCPI Raw Command List

» Efficient exchange of tests and results across teams
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RF + SIG + E2E w ONE Ul

RF Meas

- LTE/NR Tx/Rx Meas

- Min/Max Power Meas

- Sensitivity Meas

- Channel/Band/BW sweeps
- Live Meas / graphs

Signaling Procedures incl. Failure

- Roaming, Tput, Scheduling

- ENDC, CA & other procedures
- Multi-cell & Mobility

- Reject, Failure, RLF

- UE capability sweep

IP Services incl. IMS

Common & Control

- IP Throughput services

- DUT Control - IP servers (DNS, FTP, ...)
- User prompts, Delays - IMS, EPS-FB, VOLTE, VoNR
- Simple loops / for loops - Audio/Video testing

- If / else condition
- Input / Output parameters
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AUTOMATIC SHUFFLE THROUGH UE BAND COMBINATION

NSA_07 MR-DC UE Capabilities and NR TX Measureme...

UE supported » CMsequencer offers an automatic way to sweep :;Lc:g;mlt E
LTE-NR Band combos . .

through all UE supported band combinations Courrowerofi

;o P— Set PLMN A#

> Ad Vantag es Set EPS Tracking Area ;5#

DC lA 78A Configure LTE Cell 15#

<\—/ — One click solution S

Activate LTE Cell i

SCTATANITA Cormwen 0

\_/ .
) - Verify RF meas, BLER meas & Throughput for all Verty 25 tach B

W . . Get UE Capabilities -
band combinations ’

. loop over each item in list

: L. Update Cell Parameters ’5#
DCGAGAJAJA»M»NMA) — One report summarizing results for all band Coureowerstt
. . NSA Conn Setup v

Comblnatlons NR FR1 Tx Measurement il

Deactivate LTE Cell A

- Great way to check for health of a device Deactivate NR Cell A
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5G RF
PRE-CONFORMANCE

R&S®
CMsequencer

Enables fast in-house RF Pre-
conformance testing for in-band
test cases

A
CMsequencer

Based on industry standard 3GPP
conformance

FR1 Min Footprint
Allows combination of functional,

_ i good for:

parametric testing, BLER search - NSA FR1: LTE 2x2, NR 2x2

routines and 3GPP pre-conf. - SA FR1: NR 4x4

testing

No extra SW installation needed FR2 Min Footprint

good for:
- NSA FR1: LTE 2x2, NR 2x2; FR2 8CC 2x2
- SAFR1: NR 4x4; FR2 8CC 2x2




3GPP TESTS - EASY & FLEXIBLE MODE

Easy
One block for configuring

(= all 3GPP TCs incl.
Band/BW/Channel

3GPP NSA RF Tests

Signaling Reset 'D

configuration

NSA Call Set Up Ga'
Irrespective of mode, Uniform Measurement Report

> Activaled [TE Cell - LTE Cell 1

¥ Activated NR Cell - NR €21l 1
Name Value

3GPP NSA Tests

NSA Connection Release

Band i3
UL Reference Peint A 620080
UL Reference Point A 620085
Bandwidth 10.0 MHz
565 300kHL
DL 5B EPRE 693 dBm

Flexible

¥ DU Information

1W4FI RS 10017017

3GPP NSA FR1 Tx and Rx Tests P

(@ Aclivale EN-DC Mode: Passied

Signaling Reset

v NR FR1 -6.28.2.3 UE Maximum Qutput Power reduction for Inter-Band EN-DC within FR1 @ DC_1A_n78/15kH2 | J0kiH2/ShaHz  100Hz

PV

Test Item Test Condition lower Limit  Upper Limit Measured  Unit  Verdirt
NSA Call Set Up 62125 UL Mdmum CUTpUT Power reducion fornter s L D wihin 131 P ——— W mm mor dm sk
- o 62823 Ut Maximum Gutput Powe reduction for Inter-iand EN-OC within 1 AUB62034;10MHE0KHZCP-OF DM GPSK;Ldge_THD_Lefi(] GU)PUmaxpCriDi2e 0 00 230 dom
NR 6.2B.1.3 Maximum output power for inter-band ... .l
62823 UE Maximum Output Power reduction for Inter-Band EN-DC within FR1 178;620334; 10MHz; 20kHZ;CP-OFDM QPSK;Edlge_1RE_Right[1@23);Puman;pc3;IDi25 17.50 2500 2285 dBm
: i B 6:28.2.3 UE Maitmurn Outpul Power restuction for Inter-Bary wilhin FR1 24, 10MHZ;30KH5;CP-OFDM GPSK;Outer_Full(2@0);Purax;pcID:26 1750 2500 161 dBm  Pussed
NR 6.2B.2.3 Maximum Output Power reduction fori.. .ull
6.28.2.3 UE Maimurn Gulpul Power restuclion Lot Inter-Bar EN-DC wilkhin FR1 78620334 10MHZ;20KE42,CP-OFDM 16 QAN ner_Full{ 126 Pumaspe 310:27 19.00 2500 %62 dBm  Failed
i i 2 Sutput Po ducti £ E vithi = - 5 CAMGEg 1@ 7.5 5, d
NR 6.3B.3.3 Tx ON’IOFF time mask for inter-band E... _.||| 2B.2.3 UE Maximum Ouiput Power reduction for Infer-Band EN-DC within FR1 n78,620334;10MHz;30kHz,CP-OFDM 16 GANGEdge. 1RB. Lefi(1 @0 Pumax;pc3; D28 17.50 25.00 2448 dBm
62R.2.3 UF Maximum Output Pawer reduetion for Inter-Band FN.0C within FR1 AIREI0TII0MHE0kE7CP-OFDM 16 GANGEAqe TRA. Right(1 @ HPumaxpe 039 1250 500 2200 dim
NR 7.3B.2.3 Reference sensitivity for Inter-band... p! 62025 UF Maximum Gutpur bower reductian for Inter fsand [N 0 within (161 7520414, 10M 17101 7,CP OFDM 16 QAM;OUter Tull[22Ra)Pumaxpe 10:10 sn 2500 63 dim
62823 Uk Maximum Cutput Power reduction for Inter-Band EN-OC within FE1 /8520934 TOMHz; 30KHzCF-OFDM 63 (AN Edge_TRY_Left{1 &0k Fumaxpcd; ;31 16.00 2500 432 dbm
NR 7.4B.3 Maximum Input Level for Inter-band EN-... by 628.2.3 UE MaXimum OUtpUE POwer reduction for Inter:8and EN-DE within i1 175520334 TOMHE 30KHE.CP-OFDNM 54 GAMEGQE. TRE, RIGht(1 @23 Pumaxpi 31032 600 s B o
6:28.2.3 UE Maximurn Qutput Power restuction for Inter-Bary within FR1 178620334 10MH2;30KE2,CP-OFDM 61 GANOULer_Fulll21@0)Pumaxpc3iD:22 16.00 2500 2101 derm e
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AUTOMATION ror ALL 3GPP RF, R&D TEST SCRIPTS

R&D XLAPI

3GPP RF RF & Sig SCPI e
scripts " scripts _

scripts scripts

CMsequencer

Headless CMsequencer provides easy

integration with user automation
HEINEE
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Configure NR Cell »B’o Configure LTE Cell Ay

S U M MARY Activate NR Cell 20 Activate LTE Cell

Deactivate NR Cell A Deactivate LTE Cell A
Set NR Cell Power A_d Set LTE Cell Power Ay
Easy drag & drop blocks with color coding & Set NR Scheduling &5 g
i i Set Max NR Scheduling E% 2 At
parameterization -
Configure 5GS Registration B =
Control structures like loops, if conditions & e S
Varlable aSSIQnmentS 5GS Deregistration =

5GS PDU Session Establishment

Unlimited testing possibilities by mixing RF,

Verify 5GS Registration Failv

protocol, application testing blocks

Configure NR UE Mea-
Comprehensive reports with tables, charts &
graphs

Extension possibilities using SCPI & python

Easy & flexible 3GPP Tx/Rx tests
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CMsquares - Home

c O

Applications

Test Environm ent

MKSDN Pl X

RLS5 ® Cisquares - Home - CHIXS0 plus CRWY

CMsquares - Workspace

ocalhost5555

Current Workspaces

—

Wessage Analyzer

@ @ @ [
4

Sequencer

B 360_UE - rmuT32434 - Rernote Deskto

Moo Test Channed
i [Aeaamaton Rzt [En?
ROHOER SOMVIRE Stop Crnd iuuamxu, Delay [ Test

Forwerd Conversion | Rieverse Conveision Sezson Lo |

Use Cases
Q Listening for connections ong [—
AF Test NSA RF Test 54 3. Throughput P Analysis
Bluetooth Do Nt Disturb Flashlight

1B D N =, |

B >~ ¥ W ~ = =

Library I.icen28 Settings About Maintenance Help '";I‘a“"“”” Data Services

2nager ” .




KEY LEARNINGS

» ONE automation tool is better than fragmented tool for
different testing use cases

» R&S CMsequencer simplifies 5G testing and is a turn-key
solution for ALL 5G R&D automation tests

» Thorough testing of 3GPP + RF + Protocol + E2E using
ONE tool
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THANK YOU



