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Extensive Lab Equipment

Multi-Radio Technology Lab
5G NR (incl. mmWave), cloT, Wi-Fi6, LPWAN,
Software-Defined Radio based Open Source
O-RAN & 6G solutions, Network/Channel Emulation

Networked Robotics Lab

Successful in field operation and
testing using Mobile Radio Lab

Lead Projects
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https://www.youtube.com/channel/UCtQ8h9bAiWhf9H6DNyyo7Lg
https://cni.etit.tu-dortmund.de/
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Research process: interplay between lab, transfer and real-life environments

Experimental Environment

Digital Network Twin

Lab Environment
(fully reproducable)

'

—)

Recommended
configurations

Transfer Environment
(partially reproducable)

= 3

—)

Recommended
configurations

Real-life Environment

(Field tests)

—=

Data-driven modeling using online learning (channel characteristics, mobility behavior,...).

L 2

Realistic
Single
Models

=

Research environment for selective mapping of

reproducible system states (e.g. mobility)

L 4

Modelled environment for the transfer
between laboratory and real environment

Scaled
Realistic
Models

=

=

Complete representation of a real environment
with realistic models of radio channel, mobility,
and transmission characteristics
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Research process: interplay between lab, transfer and real-life environments
Example: anticipate mobility to allow for mmWave beam and RIS selection and steering

mmWave Digital Twin (focussed on lab) Simulation environment (larger scale realistically modelled scenario)

-)

mmWave lab environment ‘

Based on:
» Light-weight ICT-centric Mobility Simulation LimoSIM
 Lean 3D channel model derived from experiments

B. Sliwa, M. Patchou, K. Heimann, C. Wietfeld, "Simulating hybrid aerial- and ground-based vehicular networks with ns-3
and LIMoSim," In Proceedings of the 2020 Workshop on Ns-3, Gaithersburg, Maryland, USA, June 2020. [bibtex] [arxiv

pdf] [video].

K. Heimann, A. Marsch, B. Sliwa, C. Wietfeld, "Reflecting Surfaces for Beyond Line-Of-Sight Coverage in Millimeter Wave
Vehicular Networks," In IEEE Vehicular Networking Conference (VNC), December 2020. [bibtex] [pdf] [video].

K. Heimann, J. Tiemann, D. Yolchyan, C. Wietfeld, "Experimental 5G mmWave Beam Tracking
Testbed for Evaluation of Vehicular Communications," In IEEE 2nd 5G World Forum (5GWF)
(WF-5G'19), September 2019. [bibtex] [pdf] [video].

Christian Wietfeld
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https://dx.doi.org/10.1109/5GWF.2019.8911692
https://www.kn.e-technik.tu-dortmund.de/bibtexbrowser/bibtexbrowser.php?key=Heimann2019experimental&bib=%2Fvar%2Fwww%2Fvhosts%2Fkn.e-technik.tu-dortmund.de%2Fhttpdocs%2F.cni-bibliography%2Fpublications%2Fcni-publications.bib
https://www.kn.e-technik.tu-dortmund.de/.cni-bibliography/cnidoc/Heimann2019experimental.pdf
https://www.youtube.com/watch?v=DjqCDtUAaBA
https://dx.doi.org/10.1145/3389400.3389407
https://dx.doi.org/10.1145/3389400.3389407
https://www.kn.e-technik.tu-dortmund.de/bibtexbrowser/bibtexbrowser.php?key=Sliwa2020simulating&bib=%2Fvar%2Fwww%2Fvhosts%2Fkn.e-technik.tu-dortmund.de%2Fhttpdocs%2F.cni-bibliography%2Fpublications%2Fcni-publications.bib
https://arxiv.org/abs/2003.09829
https://www.kn.e-technik.tu-dortmund.de/.cni-bibliography/cnidoc/1584860347.pdf
https://www.youtube.com/watch?v=vNTfQ85auaU
https://dx.doi.org/10.1109/VNC51378.2020.9318411
https://www.kn.e-technik.tu-dortmund.de/bibtexbrowser/bibtexbrowser.php?key=Heimann2020reflecting&bib=%2Fvar%2Fwww%2Fvhosts%2Fkn.e-technik.tu-dortmund.de%2Fhttpdocs%2F.cni-bibliography%2Fpublications%2Fcni-publications.bib
https://www.kn.e-technik.tu-dortmund.de/.cni-bibliography/cnidoc/1611576811.pdf
https://www.youtube.com/watch?v=5tmwskY5lNg
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Field trial highlight: Multi-Link Networking for SAR drone at Baltic Sea

October 2019 search and rescue exercise @ Baltic sea Mobile wireless lab with dedicated, private network (SDR-based)

Example results

Gathering data in large scale experiments
Private network

allows for much
lower latency

Two networks are better than one:
Multi-link strategy improves availability

Long-range up to 30 km

J. Guldenring, P. Gorczak, F. Eckermann, M. Patchou, J. Tiemann, F. Kurtz, C. Wietfeld, "Reliable Long-Range Multi-Link Communication for Unmanned Search and Rescue Aircraft Systems in Beyond Visual Line of Sight
Operation", In Drones, MDPI, vol. 4, no. 2, May 2020.

Christian Wietfeld

Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 5
May 10, 2023


https://dx.doi.org/10.3390/drones4020016
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Transfer highlight: The Free Online Campus Network Planer
Lowering entry barrier by supporting the licensing process for private 5G networks

25000
=== Besucher (alle)
=== Besucher (einzigartig)

20000

15000

10000

Anzahl Besucher (kumuliert)

5000

2020/1 2020/2 2020/3 2020/4 2021/1 2021/2 2021/3 2021/4 2022/1 2022/2
Quartal

Overall visits 24606

8140

:> Currently being evolved towards Al-enabled network

agPlan & P|ay
planning tool for temporary 5G networks “ ‘

REREE
SN 7uverlassige ad-hoc 5G-Campusnetz
far den temporaren Einsatz

Christian Wietfeld
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The mobile communications community is moving towards 6G
... and since 2021 at the latest, Germany has been a hotspot for 6G development

6G research hubs

August 2021, ~ 250 million euros, =,
160 research groups @ 21 Universitie

Thistry of
Science and

January 2021 December 2020

KIT
June 2021
plus another ~500 million
industry-driven ~.
Collaborative research projects
Christian Wietfeld Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 7
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BMBF 6G Research Hub 6GEM in a nutshell

Five research areas

Six test fields

39 Pls

SPOMSORED BY THE

% Federal Ministry
of Education
and Research

Christian Wietfeld
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An agile 6G innovation cycle: Validation in testfields at an early stage

Technology Validation Interaction with Standard &
development in 6GEM test fields Industry Markets
Platform
[ ] =6 Germany

Algorithms 6G Standards

* Bundesministerium
it Bil dung.
und Farschung,

Control

Pool of 6G Infrastructure

6G

Systems

research
ideas

6G Devices

Networks

: 6G-enabled services
Security

Iterative refinement of key 6G characteristics

Christian Wietfeld
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Realistic validation of ,running code” in specialized test fields
6GEM test fields

Safer Road Traffic Large-Scale Port Logistics Smart Hospital
Automotive Testing Center Harbour University Hospital
Aldenhoven Duisburg Dusseldorf/Essen

Dynamic Intralogistics Rescue Robotics
Logistics Lab German Rescue Robotics Centre
Dortmund Dortmund

Production
5G Industry Campus

Christian Wietfeld
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Example 6G Validation in test fields — Interacting with future users

Implementing 6G technologies for Rescue Robotics
Reliable 6G support and

Unique IIVIng lab for rescue robotics immersive situation awareness
Flexible
Outdoor Indoor Absorber Walls gii\/lsrparg;/\éave/THz
Disaster scenario Modular test hall

Mobile
\ ! o
/ 6GEM mmWave/ J

—= Internationally renowned High-resolution THz Plattform PVOV'SIOH
AR q Immersiv
competition environment exploration rﬁixederZaliF}y
Visualization 6GEM Digital
x Network Twin
l ‘ I
Collapse scenarios Tunnels Container Virtual Realistic

Lab Tour

Building/Room Replicas

Missing victim

Involvement of first responders

o April 25/26 2023 in Dortmund with 10 international teams
« New communications challenge introduced by TU Dortmund
» Transfer to international Robocup 2023, July 2023, Bordeaux, France

M. Patchou, J. Tiemann, C. Arendt, S. Bocker, C. Wietfeld, "Realtime Wireless Network Emulation for Evaluation of Teleoperated Mobile
Robots", In 2022 IEEE International Conference on Safety, Security, and Rescue Robotics (SSRR), Sevilla, Spain, November 2022.

Christian Wietfeld
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Example Test Field: Rescue Robotics

First experiments with networked agile robots producing several HD/360° video streams for immersive situational awareness
—> serves to enable detailed definition of 6GEM validation scenarios

[m]yt=4[=] Youtube-Video:
iﬁ%," d Insights into

?&% Rescue Robotics
O Test Field

Christian Wietfeld Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 12
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https://www.youtube.com/watch?v=2hpmmo1_tVo
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Managing multiple dimensions of future 6G Networks

6G New Radio will be one element in a Multi-Radio-Access-Technology environment

Radio 1
(e.g. Wifi 6)

Radio 2
(e_g,a6é;oNR) E2 Interface

Radio 3 (e.g. 5G)

Christian Wietfeld
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Managing multiple dimensions of future 6G Networks

Proposed Framework
for the Orchestration of
Multi-RAT environments

cf. Evolved 6G-RIC
(RAN Intelligent Controller)

Radio 1
(e.g. Wifi €

Radio 2
(e.g. 6G NR)

Open
6G
Platform

E2 Protocol
Configuration
Parameters

E2 Interface

Radio 3 (e.g. 5G)

Remote Radiohead (RRH) /
Active Antenna Unit (AAU)

Christian Wietfeld
May 10, 2023
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Managing multiple dimensions of future 6G Networks

Network Innovations via
MICro services

Network Functions as (non-) Realtime Microservices

il sAMUS | ‘ggRAGON Beam-
mgmt.

STING

} 1 } }

Open
Virtual 6G
Platform

Radio 1
(e.g. Wifi €

E2 Protocol
Configuration
Parameters

(e_gégg sR) E2 Interface
((‘ Radio 3 (e.g. 5G)

Remote Radiohead (RRH) /
Active Antenna Unit (AAU)

Christian Wietfeld
May 10, 2023
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Managing multiple dimensions of future 6G Networks

Insights in ,,ground truth®
network performance by
continous measurements

Network
KPI Data

Network Functions as (non-) Realtime Microservices

lsamus | ‘SERAGON Beam-
i mgmt.

STING

} 1 } }

Open
Virtual 6G
Platform

E2 Protocol
Configuration
Parameters

Radio 1
(e.g. Wifi €

Radio 2
(e.g. 6G NR)

((( Radio 3 (e.g. 5G)

E2 Interface

Remote Radiohead (RRH) /
menelig G Measurement UE Active Antenna Unit (AAU)

Christian Wietfeld
May 10, 2023
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Data-driven Management of multiple dimensions of future 6G Networks

Al Models

e.g. for
prediction

Network
KPI Data

Network Functions as (non-) Realtime Microservices

' ' ' }
STING | Bl SAMUS | ‘EERAGON Beam-

¢ ¢ ¢ ¢

Open
Virtual 6G
Platform

E2 Protocol
Configuration
Parameters

Radio 1
(e.g. Wifi €

Radio 2
(e.g. 6G NR)

((( Radio 3 (e.g. 5G)

Remote Radiohead (RRH) /

E2 Interface

menelig G Measurement UE Active Antenna Unit (AAU)

Christian Wietfeld
May 10, 2023
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Selected research approaches
for data-driven, multi-dimensional networks

High
reliability

Specific Methods

Low
Latencies

6G-evolved RIC

Resource-efficiency

Proposed solution
approaches

Data-driven
Accurate Channel
Prediction

Al-enabled resource
awareness and
scheduling

Programmable
mmWave Radio
Environments

Christian Wietfeld
May 10, 2023
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@

Selected research approaches
for data-driven, multi-dimensional networks

High
reliability

Low
Latencies

Specific Methods

6G-evolved RIC

Resource-efficiency

Proposed solution
approaches

Data-driven
Accurate Channel
Prediction

Al-enabled resource
awareness and
scheduling

Programmable
mmWave Radio
Environments

Christian Wietfeld
May 10, 2023
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Ground Truth KPI monitoring and control
—> Scale the system to the max in an early stage

. o . o Starting point: few real-life users
Spatially Distributed Traffic and

: ; « Many numbers of users emulated by STING
Interference Generation Units Real-lif . .
eal-lite  Real-life environments
(STING) robot
mmWave E_‘] \ production
v
Sub6GHz ,
IS = 55
£ 8|z
= &
= |
Central Management & Continuous Aggregation
of Network Performance KPIs (Reference Parameters, Active/Passive Application Data) logistics

C. Arendt, S. Bocker, C. Bektas, C. Wietfeld, Better Safe Than Sorry: Distributed Testbed for Performance Evaluation of Private Networks, In IEEE FNWF, Montreal, Canada, October 2022.

Klﬂr;r}i/s;ignz\évziztfeld Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 20
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Ground Truth KPI monitoring & prediction:
- Gathering data in the field

H. Schippers, S. Bbcker, C. Wietfeld, "Data-Driven Digital Mobile Network Twin Enabling Mission-Critical Vehicular Applications",
In 2023 IEEE 97th Vehicular Technology Conference (VTC-Spring), Florence, Italy, June 2023.

Christian Wietfeld
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Selected research approaches

for data-driven, multi-dimensional networks
Proposed solution

approaches
High Low

Specific Methods reliability Latencies Data-driven

Accurate Channel

Prediction

DraGon

Al-enabled resource
awareness and
scheduling

Programmable

6G-evolved RIC )
. mmWave Radio
Resource-efficiency .
Environments

Christian Wietfeld
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Data-driven Accurate Channel Prediction
Limitations of Classic Radio Propagation Modeling

Empirical Models Raytracing Models

= Computationally = Not able to mimic » Models physical » Computationally
simple complex real world effects expensive
= Fast characteristics = Accurate prediction = Time consuming

= Satisfactory » Geographical data
accuracy exhaustive
L 4 U

Inaccurate ] High effort

[
»

s
DRaGon:

Deep Radio Channel Modeling
from Geoinformation

Machine Learning based

New approach _ _
Propagation Modeling

N\

J. Thrane, et. al.: ,Model-Aided Deep Learning Method for Path Loss Prediciton in Mobile Communication Systems at 2.6 GHz" in IEEE Access, 2020

K:Aggsfgnz\évziztfeld Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 23
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DRaGon: Data-driven Accurate Channel Prediction
Leveraging channel measurements and open geo models

SSMDat% LIMoSim
re -
¥ (1] 1 - -
‘ iah Deep Radio Channel Modeling
MHelg. & —_— Environment Model from Geoinformation
apping

Building Heights Dataset

s
o — Deep Learning

i with PyTorch 2

Scenario
Bounding Box

EU-DEM 1
[ | ’ — RSRP
/\/\ [ Direct Path M|y
Raytracing
Measurements I z’ .-“
Offset b
[ Y ((")) Fitting Position Input "? b

OSM — Open Street Map
() DEM - Digital Elevation Map

I‘\ <(( ))) i eNB - evolved node B i
| |
| |
| |

N—~

. —)
eNB Information Position [P LIMoSim — Lightweight ICT-centric Vehicle
() Oy — ; — Mobility Simulation
A m;d Correction RSRP — Reference Signal Received Power
[_1]_htTp§:/;and.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-vl.1/view
[2] https://pytorch.org/

<
o

Christian Wietfeld
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DRaGon: Data-driven Accurate Channel Prediction
Feature Extraction from 3D geo data & wireless network system parameters

Dataset Samples

T o ¥
EE .I [ A ".
- F 2

Christian Wietfeld
May 10, 2023

Side view

Top view .
P SR (f);ﬁ

100 m 200 m 300 m
Position Direct path
features features

Distance

# building intersections
Indoor distance

# terrain intersections
Terrain distance

N
B
=
L
N—
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400 m

| I captures
shadowing

e
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Bandwidth
Frequency
€

PL
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DRaGon: Data-driven Accurate Channel Prediction
DraGon outperforms empirical models

1.0

\ |
DRaGon
0.8 \
Winner Il
C2 NLOS Two-Ray
0.6 \
&
O Uma B NLOS Friis
Q
b
0.4
Obstacle
Model
0.2
Nakagami-2
0.0
0 10 20 30 40 50 60

Absolute Error [dB]

Christian Wietfeld
May 10, 2023
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RMSE
Model
[dB]
DRaGon 2.70
Uma B NLOS 9.33
Winner Il C2
NLOS 9.61
Obstacle Model 29.49
Nakagami-2 33.52
Two-Ray 34.17
Friis 34.49

l RMSE — Root Mean Square Error
| eCDF — empirical Cummulative Distribution Function

|
b o e J

Slide 26
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DRaGon: Data-driven Accurate Channel Prediction
Reducing complexity by alternative ML methods and further feature extraction

, Deep Neural Network
Side _
View !
c . \
o . > \
| AL XA
. - OG0 OKHO
o Top Rt - .Zi&’ ?i’iéi?. O ?}o“' — Ppy
a | View Wl ROGASOFIBO ?;;:ﬁo
_:'-f: F’_J A ‘\\T\ A 2///"’& O
Feature
Vector ZE -
. Random Forest
Side
c View o
&
© Featu re
(a'd Extraction
(] Top
é AL G — Prx
-

Feature
4 i

Vector

Christian Wietfeld
May 10, 2023
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Complex Deep
Learning Pipeline
due Image Inputs

Elimination of Image
Inputs results in
Reduced Model
Complexity
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DRaGon: Data-driven Accurate Channel Prediction
Deep learning is not always the best choice

1.0

0.9 -
0.8 -
0.7-
0.6 -
0.5-

ECDF

0.4 -
0.3-
0.2-
0.1-
0.0

Friis

Obstacle
Shadowjng

Nakagami-2

0 5 10 15 20 25 30 35 40 45 50 55 60

Absolute Path Loss Prediction Error [dB]

ECDF

Best P aper

e
-——
-
-
-
-
.-
-

Random

Forest et
DRaGon |
M5
LT~ 36PP
UMa B
2004

DRaGon TinyDRaGon

1234567 8 9101112131415
Absolute Path Loss Prediction Error [dB]

Christian Wietfeld
May 10, 2023
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DRaGon: Data-driven Accurate Channel Prediction
Derivation of Radio Environmental maps based on available geo models

2D REM 3D Height-dependent REM .
Height
100 m
)
i
50 m
15m

B> b=15m

m Bundesministerium
22> | fiir Bildung
und Forschung

Christian Wietfeld
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Selected research approaches

for data-driven, multi-dimensional networks
Proposed solution

approaches
High Low
Specific Methods reliability Latencies Data-driven
Accurate Channel
Prediction

Al-enabled resource
awareness and

scheduling

Programmable

6G-evolved RIC )
. mmWave Radio
Resource-efficiency .
Environments

Christian Wietfeld
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Al-enabled resource awareness and scheduling on Client-side:

technische universitat
dortmund

CAT: Channel-Aware Transmission

ML-enabled opportunistic scheduling decisions

-

w
(&)

MBit/s]
w
o

ate [

Measured Data
)

o

R
= NN
o o

Datarate predicition
with passive indicators

using Random Forests

=i
B Bhe
=] ui]
o @ n O
=
o
e & =
[m]
+
% -3
i
+
0 5 10 15 20 25 30 35

Predicted Data Rate [MBit/s]

Data Rate [MBit/s]
N
o
T

—_
o
T

Learning the complex behaviour of mobile networks

Opportunistic choice of
application-level scheduling

using Reinforcement Learning
40 T T

Connectivity Hot Spots

O © .

w
o
T

0 100 200 300

N

Chair for Communication Networks
Faculty for Electrical Engineering & Information Technology

SFB 876

325 E
Flexible sc_heduling 2 %0 E |
leads to higher data 2 %} T /\
rates s 0

g +171%

=

2 [

=

21.5 + I
Additionally lower 2 =
battery conspumption / 5 1 il

8 ] H

g 0-° [

=

o

Q% NGRS

B. Sliwa, C. Wietfeld, "A Reinforcement Learning Approach for Efficient Opportunistic Vehicle-to-Cloud
Data Transfer", In 2020 IEEE Wireless Communications and Networking Conference (WCNC).

Christian Wietfeld
May 10, 2023
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Usable not only for Smart
Phones, but also tiny 10T
devices

B. Sliwa, N. Piatkowski, C. Wietfeld, "LIMITS: Lightweight Machine Learning for loT Systems with
Resource Limitations", In 2020 IEEE International Conference on Communications (ICC),
(Best Paper Award).
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Al-enabled resource awareness and scheduling on Network-side
SAMUS: Slice-Aware Machine Learning-based Ultra-Reliable Scheduling

Scheduling
. . .y .. Latency
Dynamic Mixed-Critical Network Slicing 3 ' ' ,
2 gl -97% | iwithout Slicing: |
Slice 1 = , Latency requirement |
2 g 27 - :
0 )’n\@,\ﬁ@? 5 violated i
ks ﬂ@ 215 '
n £
_*g Slice 2 _ % 1 H e |
E _ Time £ s | With static i
ko Al* enables tailored ol : slicing: :
3 Network slicing for ) =— < 10 | Latency requirement |
S URLLC slices 8 8 5 % Capacity | fulliilled, yet inefficient
n 0 @ 2 U N5 N 4 . A [ B e e e
q) 3
= *ARIMA: Auto-Regressive y Space .
% Slice 4 \ Integrated Moving Average i
N >4 2
Dk S
o Spectrum 8
5G Service Dimensions: o
URLLC - Ultra-Reliable Low Latency Communications £
eMTC — evolved Machine-Type Communication .%
eMBB - enhanced Mobile Broadband e
2
C. Bektas, D. Overbeck, C. Wietfeld, SAMUS: Slice-Aware Machine Learning-based Ultra-Reliable Scheduling, \$&(\
IEEE International Communications Conference ICC 2021.
Christian Wietfeld Towards 6G: Opportunities and Challenges of future Multi-Dimensional Networking Solutions Slide 32

May 10, 2023



technische universitat Chair for Communication Networks
dortmund Faculty for Electrical Engineering & Information Technology

Al-enabled resource awareness and scheduling on the network side:
openSAMUS: Realization as microservice on top of open platform

(IT) SAMUS Microservice
L
(Gl %3 eNB | na !
SAMUS Prediction
UE 1 SAMUS -
URLLC SDR <_LIJ SAMUS E2SM E2SM Controller U)* LSTM
- SDR Predictive 1B Model

UBEE2 SDR + Sereellisr -4- Nt OSC-RIC Platform

R. Wiebusch, N. A. Wagner, D. Overbeck, F. Kurtz, C. Wietfeld, "Towards Open 6G: Experimental O-RAN Framework for Predictive Uplink Slicing,"
In 2023 IEEE International Conference on Communications (ICC), Rome, Italy, May 2023.
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Selected research approaches
for data-driven, multi-dimensional networks

- High Low
Specific Methods reliability Latencies

6G-evolved RIC
Resource-efficiency

Proposed solution
approaches

Data-driven
Accurate Channel
Prediction

Al-enabled resource
awareness and
scheduling

Programmable
mmWave Radio

Environments
HELIOS

Christian Wietfeld
May 10, 2023
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Programmable mmWave Radio Environments
Introducing intelligent surfaces as new network components

_ _ Different approaches to solutions under discussion
Problem: Controllable antennas for high frequencies

(mmwaves) allow tracking, but require line-of-sight Additional base station(s)

@

tu

Reconfigurable
Intelligent Surfaces
(RIS)

Shading zone through buildings

[ i } } : : = Time
t_3 t_z t—l tO tl tz (S)

*S. Hager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023. [Online via IEEE Xplore].
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Programmable mmWave Radio Environments
Analysing the potential of RIS in a simulation study

Static RISs

Dynamic RIS (UAV)
1)

P

iy

K. Heimann, B. Sliwa, M. Patchou, C. Wietfeld, "Modeling and simulation of reconfigurable intelligent surfaces for hybrid aerial and ground-based vehicular communications”, In Proceedings of the 24th
International ACM Conference on Modeling, Analysis and Simulation of Wireless and Mobile Systems, Association for Computing Machinery, Alicante, Spain (Virtual Event), pp. 67—74, November 2021.
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Programmable mmWave Radio Environments
Analysing the potential of RIS in a simulation study

1 _/
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5 0.8 - significantly
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Deployment of static RISs and RIS on UAV mitigate path loss
- Trade-off between kind and number of RISs and required path loss

U2
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K. Heimann, B. Sliwa, M. Patchou, C. Wietfeld, "Modeling and simulation of reconfigurable intelligent surfaces for hybrid aerial and ground-based vehicular communications”, In Proceedings of the 24th
International ACM Conference on Modeling, Analysis and Simulation of Wireless and Mobile Systems, Association for Computing Machinery, Alicante, Spain (Virtual Event), pp. 67—74, November 2021.
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Adding a new category of intelligent reflecting surfaces: HELIOS

Additional base station(s)

N tul@
NEW: Passive
_ reflectors from
Re(_:onflgurable additive
Intel“gent Surfaces manufacturing
(RIS)
Shading zone through buildings
- : - HELIOS
I t : : t ? = Time
t_3 t_z t_l tO tl tz (S)
*S. Hager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023. [Online via IEEE Xplore].
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Programmable mmWave Radio Environments
Adding a new category of intelligent reflecting surfaces: HELIOS

S. Héager, K. Heimann, S. Bdcker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive
Tailorable Reflecting Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.
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Programmable mmWave Radio Environments
Adding a new category of intelligent reflecting surfaces: HELIOS

Tailored design and low cost production process

S. Hager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive
Tailorable Reflecting Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.
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Programmable mmWave Radio Environments
Adding a new category of intelligent reflecting surfaces: HELIOS

Feasibility of HELIOS reflectors confirmed in lab experiments

S. Hager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting
Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.

Christian Wietfeld
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Programmable mmWave Radio Environments
Adding a new category of intelligent reflecting surfaces: HELIOS

Case study: illuminating a NLOS area

S. Héager, K. Heimann, S. Bécker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting
Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.
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Programmable mmWave Radio Environments
Adding a new category of intelligent reflecting surfaces: HELIOS

Case study:
Illuminating a NLOS area

S. Hager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting
Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.
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Programmable mmWave Radio Environments
Much more research is needed to find the , right* solutions

to solve the NLOS problem of mmWave and even THz

S. Héager, K. Heimann, S. Bocker, C. Wietfeld, "Holistic Enlightening of Blackspots with Passive Tailorable Reflecting
Surfaces for Efficient Urban mmWave Networks," In IEEE Access, April 2023.
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Programmable mmWave Radio Environments
Much more research is needed to find the , right* solutions
to solve the NLOS problem of mmWave and even THz

More base stations RIS Passive HELIOS reflectors

Controllable features for flexible radio
field extension
Less effort in terms of installation and

Full range of functions

: Cheaper manufacturing (additive)
Largest capacity

Self-sufficient (passive)
Potential additional benefit

= Complex installation operation
(regulatory, technical) _ _ == [orm factor: the more flexibility,
= Comparatively high energy == Electronic system with power and the more modules are needed
demand communication needs

Christian Wietfeld
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Summary
 The solution space of wireless networking solutions gets ever more complex and
multi-dimensional.

« Data-driven solution supported by machine-learning delivers deep insights in the
performance of different solution and helps to make the proper choices.

« Today's 6G-related networking research can go beyond mathematical modelling and
simulation: validation of selected networking concepts in the target environment is
enabled by software-defined solutions and open interfaces

o Selected networking solution approaches show their potential for resource-efficient
support of highly reliable wireless communications: STING, SAMUS, DraGon & HELIOS

Thank you very much for your attention!

Website
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