Conformance Test User Meeting 2024

R&S®CMX500 signaling test for 5G

All-in-one 5G signaling tester CMX500 OBT (RedCap,
NTN, VoNR, Tput, Wi-Fi 7)
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USA STUDY - NUMBER OF PEOPLE AND GROUPS NOT ABLE
TO COMMUNICATE AS PART OF THEIR JOB OR ACTIVITIES

57 MILLION HIKERS

11 MILLION HUNTERS

60 MILLION ANGLERS

9 MILLION ACTIVE SKIERS & SNOWBOARDERS

100 MILLION THAT GO BOATING EACH YEAR

40 MILLION AMERICANS THAT GO RV CAMPING

10 MILLION SURVIVALISTS

869.000 AGRICULTURE WORKERS

32,300 FISHING AND HUNTING WORKERS

12,600 FORESTRY AND CONSERVATION WORKERS
14, 000 NATIONAL AND STATE PARK RANGERS

45,500 LOGGING WORKERS

710.800 FREIGHT AND CARGO TRANSPORT WORKERS
66.000 WATER CARGO WORKERS

18,500 ZOOLOGISTS & BIOLOGISTS

261,300 PARAMEDICS AND EMERGENCY MEDICAL WORKERS | |
OVER 1 MILLION POLICE AND FIREFIGHTERS ||

20.000 FEMA EMERGENCY MANAGERS

18,000 DISASTER RELIEF COORDINATORS

51,500 COASTGUARD PERSONNEL AND RESERVISTS
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LEO GEO

600km — 1900km distance 35000km — 40000km distance
N R-NTN Delay (one-way): <6.4 ms Delay (one-way): 135.3 ms
Relative speed: ~7.5 km/s Relative speed: ~0 m/s
TR 38.811 (Re|ease 17) Footprint: <3000 km Footprint: <10000
S, L band in R17, Ka in R18 S, L band in R17, Ka in R18
Up to 20 MHz bandwidth Handheld LOW tpt loT devices + VSAT
HAPS Handheld: up to 20 mbps DL,
20km — 100km distance up to 500 mbps UL D]]ﬁ-ﬂ]]

Delay (one-way): <1 ms  VSAT: 100-200 Mbps (400 MHz)
Relative speed: mﬁ

~0...100 km/h V{ED
Footprint: ~200 km =
Handheld: 42 Mbps DL,

18 Mbps UL
VSAT 100-200 Mbps
(400 MHz)

Base station '

50m — 10km :

distance

Terrestrial Non-terrestrial network EARTH
network
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NTN: ROUND TRIP TIME ASPECTS 4
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NTN: DOPPLER SHIFT RATE IN A LEO SCENARIO t
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NTN MOBILITY SCENARIOS

\§

s& &8

./
IS

Cell selection/ Intra-satellite/ Inter-satellite handover/ NTN — terrestrial
cell reselection Inter beam handover Inter-satellite dual connectivity (DC) handover/DC

2)

<«<—> NR-NTN connection

*--=-=-- = Target or simultaneous dual connectivity NR-NTN connection
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Channel simulation: Fading

» NOTE: Fading is optional for signaling tests, doppler + delay simulation is not!

Propagation differences between terrestrial and non-terrestrial scenarios

TR

Coverage Ioss e.g. shadowing

Combine satellite &
terrestrial channel models

S
parameters
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INTERNAL CHANNEL SIMULATION IN CMX500 *

» Tight coupling between Signaling and Fading
— Start channel emulation at specific system frame number
» Fading control and signaling control in the same API (GUI, XLAPI etc.)
» Power attenuation due to fading is automatically compensated
» Smaller HW footprint
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Testing Solution

» Products:

(required for GNSS)
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EXPANDING COVERAGE WITH 5G NETWORKS MWC2024
NTN-NR DEVICE TESTING / NTN-NR END2END >

CMX500 NTN-NR Callbox

¢ NTN-NR signaling

& RF measurements

& 3GPP conformance tests
to follow

& \Voice, Data Calls

¢ Internal fading
¢ LTE/5G & Wi-Fi in one box

" CMX500 + TM500 NTN-NR-EZE test bed
Application test over NTN-NR

=>See the joint solution on the Viavi booth, Hall 5 Stand A18
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Expanding coverage with 4G networks
NTN NB-loT Device Test

R&D, Bring-up / Integration Conformance

Justa SW upgrade to market R&S activated GCF WI-333 in Jan “24
leading One-box tester

¢ SAN Emulation ! & 3GPP TS36.523 protocol

¢ Channel Emulation & 3GPP TS36.521 RF/RRM

¢ GNSS Simulation & 3GPP TS38.523 protocol
& 3GPP TS38.521-5 RF/RRM

R&S°CMW500/SMBV100

A i
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CALLBOX REDCAP
EXAMPLE USE CASES

» Complete coverage of
RedCap features

31 x| ™\ NRCQI-RX Meas

Ovesall MR Cell 0

55B EPRE [dBan)

Total Cell Pow..
573
Absalute

Absolute

Relative

ACK 9N % 45528 B2% 5528
NACK 677% 3305 677% 3305 3000

o7X 00 % % 00 % 7 i::t

BL 678% 6.78% 1500
Throughput Relative mBits 1000

Average a.n% 1838
Scheduled 1972 o 01 2 3 4 5 & T 8 8 W W
b Streams

uplink

UE Measurement F. 3% x| ourstate

UE Serving Cell Meas Report Scope  CallList UE Neighbour Cell Meas Report Scope 4 st REGItred Access 3PP
geport all Cells | Canfigured in Core Netwark v Mo UE Measurement Reporting SEMMSIate: omal f Active

¥ Serving Cell RRCState / Status: Connected/ 0K

RSRP RSRQ RSSINR 0C Mode:

NR PSCell BCC 30127 to 126 dBm) 58145 to 14.d8) 45 (110 0.5 dB) 155t
WS Cal St

OFF

Dereaistered

EPS UE Usage:

main Preference: —
PO Active
RedCap identification: Unspecified
IMEL 861782060001527
WSk 001010123456063
A State

RRC State: Connected to N Cell 0

Radio Conne

56 NR

ctivity Mode:
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SEAMLESS IOT CONNECTIVITY =
OPTIMIZING POWER CONSUMPTION W/ REDCAP FEATUR@S

Power Consumption Measurements

& RedCap functionality with Rel.17 Power saving features
& E-DRX & Meas Relaxation

¢ NGM Power supply
2

Power consumption curve with Signaling events — both offline and online
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3GPP TC LIST

» 134 3GPP TCs supported
» NSA: 36

> SA: 74 *
» RedCap: 24

» These licenses should be part of every
callbox offer!

Sigle Box — CMX500 only!!

NR FR1 3GPP Composite NSA il
NR FR1 3GPP Composite NSA CA il

NR FR1 3GPP Composite SA il
NR FR1 3GPP Composite SA CA .l

NR FR1 3GPP Composite RedCap  .ull
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CMSQUARES
ALL TOOLS IN ONE PLACE

» Interactive Mode
— Workspace
— Use Cases

SUMMARY

Flexible configuration
Many useful squares
Covers all use cases

One-click scenarios
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ASN.1 Import — Opens many possibilities

Enables re-creating real
network config on
CMX500

Easy integration into

customer automation
Framework

Competition supports this
already

Parsing ASN.1 content &
configuring CMX500 done in a
single line/click

Rohde & Schwarz

i)

NI

UserMeeting 2024

ASN.1 defined by 3GPP
(standard interface)

Customer does not have to
learn vendor interfaces

>700 config parameters just
in NR RRC defined in ASN.1

CMX500 interfaces will never

expose the full extend as
ASN.1 config

Clients Support
XLAPI
SCPI

CMsequencer

COMPANY RESTRICTED



E2E Tput testing without DUT
re-cabling

= Requirement

4

-

= Automated E2E Tput testing for all

=

. ’// = =

supported band combinations without re-
cabling the DUT

=  Problem
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= Dynamic Antenna switching in DUT

74

=  Complex cabling incl. lots of combiners

K r
S .
/. Aﬂﬂ“

= Difficult to figure out which band

combinations can be supported on given
OBT config
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WIFI
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THE FUTURE OF CONNECTIVITY: WI-FI 7 AND BEYOND DGW02024
SIGNALING, OFFLOADING, NON-SIGNALING

2024 Features
STA/AP emulation
All channels, all bands
4096 QAM Modulation
OFDMA multi-user
up to 8 GHz
MLO: STR / EMLSR
Voice over WLAN
5G/Wi-Fi offloading
(3PDG/N3IWE)
LTE/5G & Wi-Fi in one box

4 y
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INTERACTIVE
WORKSPACE

Offloading Result view:
» Visualize multiple RATs

» Sequencer Automation

» Measure the IP Throughput over
different technologies

—- €.0.5G & WLAN

and more...

APPLICATION TESTING

COMPANY RESTRICTED




WLAN OFFLOADING MESSAGE ANALYSIS

Message Table X x [ e capabitnes x
2| & | 130 ) | (0| deubortnerabie T T, T, n- P 3 © B 3 | defaohsc VRN RN B

Tmesmp  Tmesmm A f— wxper Serncz e stmp U
OEIIT 000 254 505 ue e wma_s7arus
631 003661 5835 niac s
SIS 0001836651 5635
IS 000106362 5005
Qs ovonsemmo

e
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e

CRAC_UL_DCCH_ ind. e ' ;
POCP_CTRL SAP PDCP_C_DATA 57 ESAL ctivete Deslcted £PS Besrer Content Request
) SECURIT' ———

Iné

EPS A PEER ME Ind
o EPS NAS PEER ME Riq.
R EPS NAS SECURIT:Rag.
- CRC_ILDCCH + heq E | ise " UECapsbinyinfomation

TRT

[T
1573 UECapabillyEnguiry

Message flow between
UE and network

e 3
POCP_CTHL 53 (LT o

FEFFTEEER

= 3
1589 RRCConnectionReconfiquration;AAC Reconfiguration
——

[T
RREC 818
POCP_CTRL_SAP

[

07:1636.103
1820

74635158

68 26 e cRac
00:07:40.195.359 46058 POCP_CTRL_SAP =
1638 " Uuedormationteanstar

000740395737 s5m8

y case o L
007:40.402.355 86335 POCP_CTRL_SAP. POCP_C_DATA o618 Sesloe OX (O

0OTHOATIN O w0 16 " 5 et Dedicatd EPS Sesen Content Aceept
0007:40.403.266 0 INFD —_—

Inspect Information Elements "—
on Layer 1 up to IP Level : R —

Byl Besteam  icenter
a

OMO1EZ0BCF 31831375

1 = rofeconngeeatin i9)
=& muecceagquatcn
e_Transsctieszone = (0)
tersions = (i Aecontiuraton ()
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& s Co
5 = dib_ToruddModLt < (1)

NARROW DOWN ROOT CAUSES AND QUICKLY RETRACE THE SIGNAL FLOW!
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WIFI COEXISTENCE
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|n.DeVice Coexi stence In-device coexistence testing, RX sensitivity

. 55
Interference Testing "
45 /
si With / Without
F_._-’ 40 interferer/ interferer
g 35 /
2
s 30 /
% 25 /
) / /
15 ~
~ Desensitization
10 -
2412 MHz 2484 MHz 2570 MHz 2620 MHz 2690 MHz 5 /
a
—68 -70 —72 —74 —76 78 —80 —82 -84
LTE WLAN LTE LTE LTE | | lin dB
band 40 channels band 7 band 38 band 7 nput level in dBm
(TDD) 1t0 13 UL (FDD) (TDD) DL (FDD)
| | -
\W/4 T =
2300 MHz 2400 MHz 2500 MHz 2600 MHz 2700 MHz
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. Nl e
I i .

Extended Max. Throughput Mobility, Failure & VolLTE oWIFI ‘ .
Realit ! ' Speech ity “‘
y Reject Scenarios

WLAN offloading Real MNO Config
Testing

IP Security

Backend Services NG eCall

CMX500 APPLICATION TESTING USE CASES
Power Consumptlon I COI\/IPANY RESTRICTED




CMX500
APPLICATON TEST

» Fully integrated IPv4/6 INTERNET/ ,
infrastructure i =
—_— E i -
» Test of most common Internet ) : :
Services and Protocols out of the FUNCTIONALITY TR 2
X grated web services :. rex."l u;d‘ s
bo m - o f:('r.f-ﬂj(--.v-.:(%'-"-
Extensive User Backend testing of Ea
OTT applications [ eroc | __-___--—r-—/
WLAN interworking with a single ]
box solution
i APPLICATIONS 7 — | === [ = — . =
ngheSt IP E2E ThroughpUt rates Measurements and tools @ '|||||||.|||| o= =N ij :—::; —EE ‘q?w el/\l
Ipert 1P tune Slicing 1P analysi IP logging DNS monitor QoS POLOA® Delay

Unique Tools:

— Throughput Wizard, IP Tune, IP
Analysis, integrates speech
quality, Delay measurements,
SMS Center ...

Unique integrated solution — Simplify your test setup!
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NETWORK SLICING - SLICELAND
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What is network slicing?

Network slicing is an important feature of 5G for Operators.

Creates multiple virtual networks on a single shared physical
network.

Each slice is like a private road on a shared highway.

Dynamic allocation of resources enables flexibility & efficiency.

Slices might cover various applications like autonomous
vehicles, augmented reality, loT and others.

Each slice is tailored to specific application requirements
(speed, capacity, security).

With network slicing, the network adapts to the individual
requirements of different use cases.

COMPANY RESTRICTED




Network slicing Message Analysis

Message flow between
UE and network

Further slice details

Signaled Network Slices

NARROW DOWN ROOT CAUSES AND QUICKLY RETRACE THE SIGNAL FLOW!
@ Rohde & Schwarz



SPEECH QUAL-ROCK
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5G - Voice over NR (VoNR) testing fields

Speech acoustic testing ) Speech performance and operator testing

= Performed in a chamber of the entire system incl. = Conducted testing without microphone and speaker
microphones & speaker = Basic testing MOS e.g. with impairments or fading

= Artificial HEAD is used o _ = Focus R&D and operator test:
= Extensive testing e.g. Background noise simulation etc. = RF: voice quality vs. RF setting

= Detailed analysis of the system components e.g. max Power FR1, multiple CC etc.

= Standards: Protocol testing: voice quality vs. protocol
= P11xx SPS, RoHC, codecs and other IMS features etd
= UNR 144 Application testing: voice quality vs. IP traffic
= (3GPP TS 26.131/132) Software & hardware regression
Performance & temperature test
Operator Testing etc.
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Precise delay measurements with Ta
CMX500 & HEAD acoustics labCORE

Downlink delay measurement (IP Forward) Uplink delay measurement (IP Forward)

Rohde & Schwarz UserMeeting 2024 COMPANY RESTRICTED



CMX500 - Integrated
Speech Quality
Analysis

| 2

One box for Audio Quality (Internal POLQA
Analysis — no need for Audio Analyzer)

— Golden Standard KPI for speech quality
measurement

— Evaluates the subjective speech quality

— MOS (Mean Opinion Score):

— 1 (worst) ... 5 (best)
VoWiFi, VONR and VoLTE in the same box
Support for AT&T VoNR Audio Quality test plan

Speech samples files in multiple languages
provided

— ITU-T Rec. P.863 (2011)

| Remote PC

LAN for Remote

™
\ b
] )

Y
J Lr“l n W I. I

POLOA®

4G/5G RF Link

Media Endpoint | IP Forward v

Sample: American English

DL: speech receive

External DAU USB sound card
Internal Loopback
IP Forward

] \ Audio
DL: speech playout connectors

4G/5G Antenna
Connectors
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NG ECALL - ROCKS'
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NGECALL

» ... thisinitiative updates standards for the
networks.

Transition phase:

— 1. With effect from 1 January 2025 it is allowed to implement NGeCall
— 2. With effect from 1 January 2026 it’s a must for all new vehicles

— 3. With effect from 1 January 2027 older vehicle delivery might be stopped

— PSAPs need to be updated till > 01.01.2026

See: for IVS mandate
for PSAP mandate
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https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13845-Vehicle-safety-updated-standards-for-in-vehicle-emergency-call-systems-eCall-_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13191-Automatic-emergency-112-eCall-by-onboard-vehicle-systems-EU-wide-interoperability-specifications_en

NGECALL

5G PSAP enabler for NG eCall
New option 5G NG eCall for CMW PC!
Same software environment for all eCall variants (runs on PC)
Same look & feel like NG eCall or legacy eCall with CMW
Controls CMX500 for 5G easy swap to CMW for legacy
Enables VONR Voice Communication

Ve e . e eee

' '® ® ® 5 6@

[ Sd S Sl Sl Sl Sl s
@ E R EEE
- -

® Rohde & Schwarz

CMX - NR Cell |I PSAP NG-eCall

Edit CMX

CMX
Visa | Edit NR Cell

TG
VISA

NR Cell

1| | Edit PSAP IMS NG-eCall

PSAP IMS NG-eCall
IMS Configuration
Authentication Scheme
Mo Authenfication G}No Authentication

Call QoS Signaling Type
Simplified Call Flow G}Simpliﬁed Call Flow
Dedicated bearer

Mo dedicated bearer (Z}No dedicated bearer is
~ setup for calls

Media Endpoint
Loop Back To DUT ~ |(€)Loop Back To DUT

Control | Edit PSAP IMS NG-eCall | Detailed results |

CMX-KA098 5G NGeCall PSAP 1222.6639.02
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BATTERY-LIFELAND
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. . . M
Energy efficiency and environmentalism 0or G 202,

Verifying Eco Design and Energy Labeling o

Mobile device energy labeling
¢ Energy labeling mandatory in EU from 2025

& CMX500 emulates LTE or 5G network and SmartViser app runs pre-
defined tests (call, streaming, ...) and evaluate the battery drain

& Based on the drain, a rating is provided to Smartphone

® Rohde & Schwarz UserMeeting 2024 TED

o



6G peninsular on the horizon
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Towards 6G
New Spectrum with ,,FR3“ / FR2-0

_ CMX500 FR3 signaling 6G Study items for WRC-27:
¢ Prototype implementation 1.125-8GHz, 14.8-15.35 GHz
78 for early R&D
s FCC:
' 12.2-12.7 GHz, 12.7-13.2 GHz

Candidate BW: 400 MHz

FSVA and SMW200A ~
Different SCS settings | LN
Upto 1GHz Signal BW

Optimized EMV for FR3 \
|Q noise cancellation §

OTFS signal generation .\

and analysis
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