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» The journey towards ,6G"

» ,6G" research highlights and key features 1
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3GPP STANDARDISATION ROADMAP

RAN#95 : 3GPP RELEASE SCHEDULE
MARCH 2022

March 2022

Rel-15 completed Rel-16 completed RAN #95

& &

MNormative period (18 months)

Rel-17

I
Comp}etion dates

Normative period (18 months) Completion dates
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R1 8 KIC KOFF DISC USSIONS Continued NB-IoT support, usage of spectrum chunks, e.g. CA

with CC and no SSB sync there, narrowband cell operation
Reduce measurements, almost zero power /_>

RX, energy harvesting

V2X in FR2, unlicensed bands, —/

extension up to 114.25 GHz

HAPS + UAV, network slicing NTN, //v

0T optimizing (no GNSS o
broadcast
Short interruption time, /
ADVANCED

including sidelink into NPN

Mobile IAB, smart repeater \/

Indoor 5G + WLAN operation,
dual connectivity with > 2 DC

Narrowband
operation

‘_ﬁ B . H
Base station downtime, breathing cell + SON

NW energy
saving

Power
saving

Al framework for UE, use cases, evaluation,
link and positioning prediction, Ref. Sig
reduction, beam management

€ ® }

5 MHz UE bandwidt ger S
enhancemefts, w. up signg

RedCap
evolution

i

'\\ LTE & 5G bro‘cast, NR MBS and multic

Topology
improvement

®
New KPI / QoS, application awareness,
\/ power consumption coverage, capacity and
mobility

Expanded
positioning

Multi-Radio
connectivity

SL positioning, high accuracy, RedCap
\/ positioning, positioning integrity

Sidelink
enh.

Evolution
DL MIMO

CSl reporting + multi-TRP /
multi-beam

Duplex
peration
enh.

© < SL enh. (unlicensed, power saving, efficiency),
>4 TX, freq. selective ~ ____——————— 5\ M‘;‘;‘:ty SL relay, coexistence LTE-NR V2X

precoding, coverage enh. i _
\ Flexible duplex, eg. DL only deployments, interference

L1/L2 inter cell HO, DAPS
— management, cross division duplex XDD

improvements, FR2 HO
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R18 “5G ADVANCED”

5G/§ - EVOLUTION AND REVOLUTION

.

& s

Mobile
Broadband

.

Extended
Verticals

\
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Dynamic
Infrastructure

Evolution Revolution

.

Sensing &
Ranging

\

Wireless
Intelligence




R18 MOBILE BROADBAND 56 NR Advanced

Release 18
O

>10 Gbps

many operators/UE for commercialization of networ,L<s (i.e.CPE)
A e O @

p
‘ Fiid ) ‘real and urgent demands for improving UL performancegieeded by
\I"Y) 28
NK N

Evolution of MIMO
( UL Multi Panel , up to 8 TX)

Evolution of MIMO
( DL Multi Panel)

Mobile B
obile Broadband TR1FR2

(up to 52.6 GHz)

Higher Frequency
(FR2-2 up to 71 GHz)

UL coverage

Full Duplex
(on a single carrier)
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R18 EXTENDED VERTICALS 55 NR Advanced

5G NR Release 18

| Release 17

5G NR

| Release 15

URLLCAION Extended Reality
: (Ultra Reliable, Low latency)
Extended Verticals . . b
Reduced Capabilities eRedCap for Smart Grid/Energy Harvesting
-

Drones/Uncrewed aerial vehicles

Broacast for critical situations & public safety

mMTC URLLC
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R18 INFRASTRUCTURE 55 NR Advanced

5G NR Release 18

| Release 17

5G NR

| Release 15

RIS - Reconfigurable s &°
Intelligent Surface

Smart Infrastructure

L4

Wireless Access Backhaul ( IAB)

Non Terrestrial / Satellite

\ Network Energy

UE Power Saving Saving
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R18 SMART REPEATING

» Study item on NETWORK-CONTROLLED REPEATERS (NCR)

—
Incidence ray o
RIS element ‘i N
Reflection ray i VELTEE AN

—_———

Multi-path ] iy, ‘

scattering

| -~ &

User 1

Base Station
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R18 SENSING & RANGING

5G NR

| Release 15

5G NR

| Release 17

5G NR Advanced
Release 18

Sensing & Ranging
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Sidelink .

Sidelink/Relay for
I1OT/Personal Network

FR2/CA/NR-U

V2 X/Automotive

Sidelink ,
for sensing and ranging
( Positioning )




R18 MACHINE LEARNING FOR WIRELESS
FIRST STUDY ITEMS FOR 5G-ADVANCED

» Potential ML use case: link adaptation

BlL Bxta v FESE]) (VoS MIVIS))
0\ Chems) csinEtn via GRS o ((®

) 3 ation,
link and positioning prediction, Ref. Signal
d am managemer < | ‘ O

Translate SINR ) Translate CQI to SINR,
to CQl , estimate RI select optimal MCS, Rank

if

oy
w 'y
Rt :

BUSCEHorg

— Benefit of an Al/ML-based approachiis to learn
the relationship between CSl-related values
and the ACK/NACK flows, incl. the relationship

Initial set of used cases to study:

« CSl-feedback enhancement with BLER
0 R el — gNB scheduler selects MSC, RI based on ML-
+ Position accuracy enhancement model output
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STANDARDISATION AND REGULATION ROADMAP

You are here

\ | | \
Standardization
Fundamental research |
Phase 1
Finaliz¢ report P ible identifi ion
Allocation of |additional an IMT}Future 0$S b.el 2 tf (B L. ”. @
spectrum|for 5G TechnolopyTrends potential new frequency -
ranges for [IMT-2020
' and beyond” '
WRC-19 WRC-27 f
Potential first 3SGPP Release
Rel-22?| |[+— .
| | Rel-217 - covering 6G standard
| Rel-20?| | - ‘
Rel-19? 1 7
| Re|'18? < ‘\ ! P <
Rel-17 el Tt NS L
Rel16 | ——M— = TTT---_lT -2 .
= = Assumptions = not confirmed timelines

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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META AND MICROSOFT JOIN HANDS FOR
METAVERSE! ANOTHER BIG TECH DOMINANCE?

DID YOU REALIZE, THAT ...

» ,,0dd numbered G‘s“ where almost exclusively for business, ,,even numbered G‘s* for consumers
— 1G — Mobile telephone connections for business people
— 2G — Full commercialisation of mobile telephony

- 3G — Business oriented, internet based applications like email clients for business peoplée °
— 4G — Consumer oriented, internet based applications for almost anything b\‘ « Sp°

— 5G — Focus on verticals, like Automotive, IloT, corporate networks
— 6G — Holographic communication, XR (,,Metaverse®) applications for everyone‘digita‘l twin ?2??

» And from odd to even ,,G"s, there was always a change on the PHY
- 1G to 2G - Analogue to Digital
—~ 3G to 4G - CDMA/TDMA/FDMA to OFDMA
- 5G to 6G - Single RAT (OFDMA) to multi-RAT (SDR, Al based RAT selection) ???
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@ RESEARCH AREAS FROM A T&M PERSPECTIVE

THz Joint communication  Artificial Intelligence Reconfigurable Photonics, V|S|ble
communication & sensing and Machine Learning  Intelligent Surfaces Light Communica

New network topologies, Full-duplex Security &
distributed computing ~ communication Trustworthiness

Multiple access, Ultra-massive
new waveforms, MIMO
channel coding

A high-level overview on
all these research areas
is provided in one of our
#THINKSIX video.
Don’t miss it!
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https://www.youtube.com/watch?v=mv0EYJhnncw

SELECTION OF R&S 6G ENGAGEMENTS
WITH ACADEMIA & INDUSTR

, K\r?vt'
A Al € A= 5
a - = a A -
S5
C 0=
1IN
[VER

LAGSHIP
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/- _“RESEARCH AREAS

Joinlcommunication  Artificial Intelligence
\\ sensing and Machine Learning

THz
communication

~
—

S —

)

(5

A =
<> — <>

Multiple access, Ultra-massive  New network topologies,
new waveforms, MIMO distributed computing

channel coding
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Reconfigurable

Intelligent Surfaces Light Communica

Full-duplex
communication

Photonics, Visible

Security &
Trustworthiness

A high-level overview on
all these research areas
is provided in one of our
#THINKSIX video.

Don’t miss it!


https://www.youtube.com/watch?v=mv0EYJhnncw

6G SPECTRUM OUTLOOK

» Let’'s be clear, a future 6G standard will also work below 100 GHz, below sub-6 and 1 GHz!
» (sub-)THz offers a promising extension of the spectrum

260
H-Band
140 220 275 450

G-Band

110 170 1 2 40 60 100 200

Frequency (GHz)
D-Band Lo 4

100 200 300 Z10]0) 500
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SUB-THZ FOR WIRELESS BACKHAULING AND CELLULAR?

=weiss - System Link Budget

Path Loss = 124dB @ 150GHz

250 metes Link—s — Cellular: ultra-hot spots in combination withg

FR27?

Challenges for Integrated D-band System%

IC Technology RF Interface & Packaging

TX Psat
+13 dBm

[Liet al]

+ SIW to Waveguide Transition:« An on-chip slot radiator
on silica-based substrate mounted in the micromachined

waveguide’'s H-plane
+ Loss=1.75dB + Loss=44 5dB

TR NS e Mo s

Source: Nokia Bell Labs; https://ieeetv.ieee.org/shahriar-shahramian-rfic-industry-showcase-ims-2020 (Aug 2020)
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» Initial use case for D-Band is wireless
backhaul and fronthaul applications

Hot spot layer
<48 GHz

| Capacity layer
<6 GHz

Coverage layer
<1 GHz

R\


https://ieeetv.ieee.org/shahriar-shahramian-rfic-industry-showcase-ims-2020

OUR CUSTOMERS ARE ACTIVELY WORKING ON D-BAND

Samsung Electronics and University of
California Santa Barbara Demonstrate 6G

Terahertz Wireless Communication Prototype —

Audio Share

Pl o »r

dddddd -
} P v G
; p [ & 4 A-"'
* CMOS-based D-Band (110 to 170 GHz)
RFIC with 128 antenna array elements

» 2 GHz BW, MIMO 2x2, 16QAM lead to
6.2 Gbps (E2E) over 15 m distance

VA i
5 SAMSUNG
A BELABY 5 § | 1

- e

https://news.samsung.com/global/samsung-electronics-and-university-of-california-santa-barbara-demonstrate-6g-terahertz-wireless-communication-prototype [June 2021]
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https://news.samsung.com/global/samsung-electronics-and-university-of-california-santa-barbara-demonstrate-6g-terahertz-wireless-communication-prototype

INDUSTRY'’S FIRST OVER-THE-AIR CHARACTERIZATION
OF A D-BAND (110 TO 170 GHZ) TRANSCEIVER MODULE

» ...sodowe

RoNDEASCHWARZ ®

Rohde & Schwarz and IHP first to characterize D-band
| ) frequencies in over-the-air test setup for 6G and automotive
radar

innovations
for high
performance

R&S®ATS1000
Antenna Test System

microelectronics

https://www.rohde-schwarz.com/us/about/news-press/all-news/rohde-schwarz-and-ihp-first-to-characterize-d-band-frequencies-
in-over-the-air-test-setup-for-6g-and-automotive-radar-press-release-detailpage 229356-1003584.html (Dec-17, 2020)
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https://www.rohde-schwarz.com/us/about/news-press/all-news/rohde-schwarz-and-ihp-first-to-characterize-d-band-frequencies-in-over-the-air-test-setup-for-6g-and-automotive-radar-press-release-detailpage_229356-1003584.html

(7 RESEARCH AREAS

THz Joint communication  Artificial Intellige;
communication & sensing

Reconfigurable P ytonics, V|S|ble

’ " : A high-level overview on
Multiple access, Ultra-massive New network topologies, Full-duplex Security & B hoso rosMch arcas
new waveforms, MIMO distributed computing ~ communication Trustworthiness

is provided in one of our
#THINKSIX video.
Don’t miss it!

channel coding
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https://www.youtube.com/watch?v=mv0EYJhnncw

THE RADIO CHANNEL - JUST A MATTER OF FACT ?
r(t) = s(t) + n(t)

» Classical approach to maximise reception quality: )\
> Adapt s(t) transmission scheme to target channel
e.g. CP-OFDM for multipath channel, carrier frequency and bandmdtb

pre-coding/equalization, modulation and coding schemes etc.
» Estimate and equalize the channel

» Adaptation of channel in order to maximise reception quality and
channel capacity.
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RECONFIGURABLE INTELLIGENT SURFACES (RIS)

INTELLIGENT REFLECTING SURFACES (IRS)

» RIS (or IRS) to increase spectrum and energy efficiencies

- Reconfigurable reflect arrays
- Liquid crystal meta-surfaces
- Programmable meta-materials

Intelllgent Reflecting Surface (IRS)

Moblle User Smart Vehicle
Base Station

RIS-aided wireless communications
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“man-made structures become more and more

electronically active, with integrated electronics
and wireless communication making the entire
environment intelligent”

Source: IEEE TRANSACTIONS ON SIGNAL PROCESSING, VOL. 66, NO. 10, MAY 15, 2018

RIS-based wireless communications



unit el Diode

META MATERIALS 5 Mﬂ

ologram 12 3.

[

o

Microwaves THz Mid-IR Near-IR Optical

Reflection |S, |
o

=]
N

Graphene |

Nonlinear materials } 007 300 32 350 375 400
Frequency (GHz) / Feed antenna

NON-FOSEEr | e — L
Reflection control with varactors
Ferrite, YIG, BST f—

\

)

Liquid crystals -

Microfluidics | Prototype
transparent dynamic
Conventional metasurface metasurface
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MEMS - - FEE
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Eramnanms [H=1

Tuning Technologies for reconfigurable meta-materials Prototype of transparent dynamic metasurface
vs. operation frequency LC based phased-array antenna

VARACTORS (variable capacitors, e.g. used in VCOs or frequency multipliers)
microelectromechanical systems (MEMS)

Source:Oliveri et al.: Reconfigurable Electromagnetics Through MetamaterialsVA Review, Proceedings of the IEEE | Vol. 103, No. 7, July 2015
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(/¢ RESEA

Joint communig ' Int e Ysgonfigurable Photepics, Visible
communj€ation & sengin and Ma ‘Leamning  Inté|ligext Surfaces Light Colymunication
. O "
\ O} - —
O ¢ .«
s ¥°°

O L T AT
ad - - 0 A g
q a !_____! ' .
C e | 1] K K

f ; : A high-level overview on
Multiple access, Ultra-massive Neyv r!etwork topo ogies, FuII-du_pIe).( Secunty_ & Bl these resedlch areas
new waveforms, MIMO distributed computing ~ communication Trustworthiness is provided in one of our
channel coding #THINKSIX video.

Don’t miss it!
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https://www.youtube.com/watch?v=mv0EYJhnncw

WHAT IS ARTIFICIAL INTELLIGENCE ?

&) OECD Article 3 (1) ATA

“a software that is developed with one or more of the
techniques and approaches listed in Annex | and can, for a
given set of human-defined objectives, generate outputs

such as content, predictions, recommendations, or decisions
influencing the environments they interact with”

3 main paradigms of ‘intelligence’

- Learning (ML approaches)

- Reasoning (logic —and knowledge based approaches)
- Modelling (statistical approaches)

Annex I

EUROPEAN
COMMISSION

Brussels, 21.4.2021
COM(2021) 206 final

2021/0106 (COD)

Proposal for a
REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

LAYING DOWN HARMONISED RULES ON ARTIFICIAL INTELLIGENCE
(ARTIFICIAL INTELLIGENCE ACT) AND AMENDING CERTAIN UNION
LEGISLATIVE ACTS

Source: https://ec.europa.eu/info/law/better-requlation/have-your-say/initiatives/12527-Atrtificial-intelligence-ethical-and-legal-requirements_en
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https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12527-Artificial-intelligence-ethical-and-legal-requirements_en

PARADIGMS OF INTELLIGENCE

a) ML approaches, including supervised, unsupervised and reinforcement
learning, using a wide variety of methods including deep Learning

U .
b) Logic- and knowledge-based approaches, including' knowied
representation, inductive programming, knowledge bas%s, inference
and deductive engines, reasoning and expert systems .

c) Statistical approaches, Bayesian estimation, search and optimization
methods.
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HOW TO APPLY MACHINE LEARNING FOR 6G PHY?
WE THINK THREE MIGHT BE THREE PHASES

Mapping/
. Precoding

OFDM Signal _“

Channel
' . Generation

coding

Scrambling — Modulation

Trans- RF Antenna Wireless

Modem (baseband processing) SEIVEr® Frontend | System Channel
i

Demod./
Demapping |

Channel
estimation

Channel |
. decoding |

Channel
. equalization |

: Signal detection/ <_ B

epe
. Synchronization -

ML applied to individual
processing blocks
- - Phase 2 Phase 1

ML replaces multiple
. processing blocks

. ML used to jointly

. optimize TX, RX and

. baseband processing;
i ML designs part of 6G
* PHY/MAC itself
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| Trans- . RF Antenna | ]

' Modem (baseband processing) | ceiver Frontend System |
U Channel | | Demod/ | | Channel | Channel | signal delaction
2 | decoding D Synch al 3 E

» Optimization of RF Frontend, modelling the non-linearities, i S (55 5D H &5 65 9
analog and digital impairments seems to be an ‘easy’ entry | i) (S I SN

point for applied machine learning in wireless communication.

Autoencoder=6G?!

Residual Neural Networks
Dre

Neural Network

Activ )

Instant Gated Recurrent Neural Network

Behavioral Model for Digital
Predis

® 29 Rohde & Schwarz R&S (c) 2022 5G and Beyond


https://www.researchgate.net/publication/340567565_Instant_Gated_Recurrent_Neural_Network_Behavioral_Model_for_Digital_Predistortion_of_RF_Power_Amplifiers
https://www.researchgate.net/publication/342170442_Neural_Network_Based_
https://www.researchgate.net/publication/342170442_Neural_Network_Based_
https://arxiv.org/pdf/2005.05655.pdf

PHASE 2: WHY IS THERE ROOM FOR MACHINE
LEARNING TO BE APPLIED IN WIRELESS?

» 5G: there is a zoo of reference signals” to allow the receiver to estimate the channel properties
and ultimately equalize resource elements for the propagation effects

Frequency
[Subcarrier]

— Time [Symbols]
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EEEEEEN
EEEN BN .
X °

The imperfect channel estimation and channel aging leads
to SNR degradation and mismatched computation and
thus equalization errors > Machine Learning will help to
overcome this mismatch!

) DMRS for each physical channel in DL and UL direction, PTRS; DL: CSI-RS, TRS, PRS; UL: SRS



APPROACHING PERFORMANCE CLOSE TO
PERFECT CHANNEL KNOWLEDGE

PHASE 2:

Neural receiver

10°
Receiver
T e g "
~N i e y .
5 .
% Decoding SIS A = . .
- o \
/! e RN
7 - \ L9 ” ®
’ 1072 N \
’ \ (3 W
’ \ ) \ - N
’ \ \ \
’ 3 )
% »
\
1072 d \\
5 4
.
[Re{¥}, Im{¥}] — % —> LLR o1 A\
10 \
72 X 14 x 2 72x14 %6 ‘
6 8 10 12 14 16
Ew/N, [dB]
= Baseline ®- Neural Demapper (Symbol) Neural Receiver

NOKIA Bell Labs

22/28
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= Perfect CSI 4

Neural Demapper (Grid)



PHASE 3: AUTOENCODER?

» The autoencoder challenge

» Learning the behavior of an End-to-End (E2E) communication link via an autoencoder
— One autoencoder or a concatenation of several autoencoder?

Source:

Z

» Yes, provides additional performance gains & efficiency, N
e.g. can eliminate the need for transmission of pilot
signals, but how practical is this solution in ‘real life’?
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https://www.researchgate.net/profile/Sebastian-Cammerer/publication/327266282_OFDM-Autoencoder_for_End-to-End_Learning_of_Communications_Systems/links/5ba23972299bf13e603c1d28/OFDM-Autoencoder-for-End-to-End-Learning-of-Communications-Systems.pdf

CAN T&M EQUIPMENT ACCOMPANY RESEARCH FOR
MACHINE LEARNING?

» Sure, by Generating data (training) sets, emulating radio environments and providing real 1Q data

.‘ .-*f‘?;;-:;‘ﬂ;"il 0;:.’“.

T e ot

: _,«V \V F__ IQ capture
f == via TCP/IP

Xox -

REF IN

ML model
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SUMMARY

» Deployment of 5G networks is in full swing! Clear evolution path provided
by the industry’s standardization organization

» Academia and key industry players are exploring the boundaries and started ., ¢
looking into next generation of wireless communication aka 6G ;\ ’
» New, challenging technology components may complement the existing \

concept of cellular networks or even add additional revolutionary aspects

» R&S is already part of it and is actively engaged in this phase of fundamental research,
providing our expertise in test and measurement to make ideas real
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Thank you for your attention!

“If you want to go fast, go alone.
f you want to go ﬁzf, L0 z‘ogef/zgr/”

/lfh'can pro verb

#THINKSIX &

https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

