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► Odd numbered G’s were almost exclusively for business, even-numbered G’s for consumers

− 1G: Connection for business people

− 2G: Commercialization of cellular communication

− 3G: Internet access/email for business customers

− 4G: Internet, video streaming, social media for everyone 

− 5G: eMBB, yes, but the focus is on market verticals (automotive, IIoT)

− 6G: Metaverse, digital twin, holographic communication, etc.

► Another observable trend: we tend to change the physical layer from an odd to an even G

− 1G to 2G: analog → digital (CDMA/TDMA/FDMA)

− 3G to 4G: CDMA/TDMA/FDMA → OFDM

− 5G to 6G: OFDMA → ??? (e.g. AI-native air interface)

FROM 5G TO 6G
FIRST, SOME OBSERVATIONS…
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IF 6G IS FOR THE CONSUMER, WHAT DO WE NEED?
A NEW TYPE OF DEVICE!?

“A hologram display over a mobile device 

(one micrometer pixel size on a 6.7-inch 

display, i.e., 11.1 Gigapixel) form-factor 

requires at least 0.58 Tbps.” 
Source: Samsung 6G White Paper

https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
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6G USE CASES SPAN A PLETHORA OF APPLICATIONS
COMMUNICATIONS, SPECTROSCOPY, IMAGING AND…

https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration-_255934.html
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JOINT COMMUNICATION AND SENSING
ONE USE CASE BENEFITING FROM HIGH BANDWIDTH

► Design communication signal that can be used for objection 

detection, tracking, recognition, localization and imaging

► Sensing-assisted communication 

by utilizing sensed information to 

aid beam management/alignment,

CSI acquisition, medium-aware 

links, interference mitigation etc.

► Research challenges

− Channel sounding/modeling?

− What frequency/bandwidth?

− Waveform design (e.g. PAPR)?

− Full duplex transceivers?

− Interference? Distributed sensing?

Man machine 

interworking 

& safety zones

Intrusion & 

proximity 

detection

Remote health monitoring

Gesture detection & 

control
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THE DEPENDENCY OF BANDWIDTH AND RESOLUTION

► Note that there are many 

techniques to improve resolution 

accuracy, e.g. averaging

BW [MHz] Resolution [m]

100 1.5

500 0.30

1000 0.15

5000 0.030

10000 0.015
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Security & 

Trustworthiness

Full-duplex 

communication

HOW DO WE ENABLE ALL OF THIS?
WITH AN ORCHESTRA OF      TECHNOLOGY COMPONENTS

Ultra-massive

MIMO
New network topologies, 

distributed computing

Multiple access, 

new waveforms,

channel coding

A high-level overview on 

all these research areas 

is provided in one of our 

#THINKSIX video. 

Don’t miss it!

Artificial Intelligence 

and Machine Learning

Joint communication 

& sensing

THz communication

& “FR3”

Reconfigurable 

Intelligent Surfaces

Photonics, Visible

Light Communication

https://www.youtube.com/watch?v=mv0EYJhnncw
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6G WILL TAKE ADVANTAGE OF FR1 AND FR2
THz WILL BE ANOTHER FREQUENCY LAYER

i.e. ‘Spectrum Horizon ‘

initiative of the FCC
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Source:                   

Spectrum Working Group

BUT AGAIN, 6G SPECTRUM IS MORE THAN THz
A LOT OF INDUSTRY PLAYERS DISCUSS “FR3” SPECTRUM

“FR3”
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“FR5”“FR4” “FR6”
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(SUB)-THZ RESEARCH EXAMPLES

The 6G SENTINEL (Six-G Enablers: Flexible 

Networks, THz Technology 

and Integration, Non-Terrestrial 

Networks, SidElink and 

Localization) project 

Artificial Intelligence aided D-band 

network for 5G long term evolution

6G-TERAKOM: 

Key components for 

THz communication for 

intelligent 6G networks

https://www.iis.fraunhofer.de/en/ff/kom/mobile-kom/6g-sentinel.html
https://www.ict-ariadne.eu/
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-terakom
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FCC GRANTS QUALCOMM AND SAMSUNG D-BAND 
FREQUENCY LICENSES IN THE US

Source: https://www.6gworld.com/exclusives/qualcomm-samsung-and-the-us-battle-for-beyond-5g/ (March 2022)

https://www.6gworld.com/exclusives/qualcomm-samsung-and-the-us-battle-for-beyond-5g/
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THE INDUSTRY IS ACTIVELY WORKING ON THz, SO DO WE!

• CMOS-based D-Band (110 to 170 GHz) 

RFIC with 128 antenna element array

• 2 GHz signal bandwidth with MIMO 2x2

• 12 Gbps @ 30 m, 2.3 Gbps @ 120 m

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

https://news.samsung.com/global/samsung-electronics-and-university-of-california-santa-barbara-demonstrate-6g-terahertz-wireless-communication-prototype
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R&S SUPPORTS CHANNEL SOUNDING MEASUREMENTS

► Fraunhofer IAF InGaAs mHEMT technology: extremely low-

noise and broadband applications at room temperature

► Signal generation TX and analysis RX at 275 to 325 GHz 

operating frequency

► Signals can be arbitrary modulated for transmission 

experiments with beyond 5G candidate waveforms for THz 

communication or for channel propagation measurements

„THz Channel Sounding: Design and Validation of a High Performance Channel Sounder 
at 300 GHz” (IEEE WCNC2020) https://ieeexplore.ieee.org/document/9124887

https://arxiv.org/abs/2203.04404

(March 2022)

https://arxiv.org/pdf/2203.04397.pdf

(March 2022)

https://ieeexplore.ieee.org/document/9124887
https://arxiv.org/abs/2203.04404
https://arxiv.org/pdf/2203.04397.pdf
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Non-volatile memristor-like switch 

from 2D hexagonal boron nitride

An atom-thin layer of hexagonal boron nitride sandwiched between gold 

electrodes acts as a switch to route 5G and possibly higher frequencies

https://spectrum.ieee.org/atomthin-switches-5g-6g-radio-signals

COLLABORATION WITH ACADEMIA ON mmWAVE AND THz
TESTING RF SWITCHES @ D-BAND W/ R&S®ZNA43 & R&S®ZC170

https://spectrum.ieee.org/atomthin-switches-5g-6g-radio-signals
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SIMULTANEOUSLY WE TAKE THE NEXT STEP TOWARDS FULL 
OTA TEST SOLUTIONS FOR D-BAND

Initial realization:  

90 to 140 GHz 

– full D-band 

support under 

development
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ONE OF THE OFTEN RAISED QUESTION

Can we ever realize 

significant cell sizes at 

D-Band frequencies?
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D-BAND BASICS
FREE SPACE PATH LOSS
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D-BAND LINK BUDGET
A VERY BASIC EXAMPLE

Transmitter

Receiver

𝑃𝑎𝑡ℎ 𝑙𝑜𝑠𝑠 = 𝑇𝑋 𝑝𝑜𝑤𝑒𝑟 − 𝑅𝑋 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

TX power RX sensitivity

Device power Noise (BW)

+ TX ant gain + Noise figure

+ Required SNR

- RX ant gain 
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D-BAND LINK BUDGET
A VERY BASIC EXAMPLE

Transmitter

Receiver

TX power RX sensitivity

10dBm -87dBm (500MHz)

+ 25dB + 8dB

+35dBm + 10dB

- 25dB

- 94dBm𝑷𝒂𝒕𝒉 𝒍𝒐𝒔𝒔 = 𝟏𝟐𝟗 𝒅𝑩

𝑃𝑎𝑡ℎ 𝑙𝑜𝑠𝑠 = 𝑇𝑋 𝑝𝑜𝑤𝑒𝑟 − 𝑅𝑋 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦
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ANOTHER OFTEN RAISED QUESTION

Can we at all transmit 

through material?
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CALCULATIONS
TODAYS DEMO SETUP

► Part 1: simple LOS case

► Part 2: impact from various materials

► Part 3: reflection NLOS case 

-10 dBm

1 m corresponding to ~76 dB 

-34 dBm

https://play.google.com/store/apps/details?id=com.rohdeschwarz.android.estimator&gl=DE
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DEMO
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TEST SETUP

R&S®SMW200A 

vector signal generator

R&S®FSW 

signal and spectrum 

analyzerR&S®FE170ST

frontend

R&S®FE170SR

frontend

WR6.5 waveguide (4 cm)
BP TX

PA

REF

LAN

IF IN

REF

LAN

IF OUT
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SETUP

FE170ST FE170SR

WR6.5 waveguide (4cm)
BP Tx

PA

REF

LAN

IF IN

REF

LAN

IF OUT

REF

LAN

Bandpass-Filter

(126 to 153 GHz)
TX PA

Waveguide (~0.8 dB loss)
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SETUP
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CONCLUSION

► Academia and key industry players are 

exploring the boundaries and many research 

projects started looking into the next generation 

of wireless communication, aka 6G.

► One – out of multiple – research items 

investigate D-band spectrum as potential band 

offering wider bandwidth and therefore enabling 

new or enhanced use cases.

► Testing D-band components requires easy to 

use instruments, which provide stable and 

accurate measurement results as calibration is 

key in the sub-THz frequency range.



Find out more

www.rohde-schwarz.com/wireless/6G

http://www.rohde-schwarz.com/wireless/6G

