


Next- generatlon Communlcatlons and
Computing Systems

Al for PHY: Powerful or insatiable
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About the chair

Computing- and latency-constraint algorithms for wireless communications

HariS Gaéanin 6GEM Leadership in

6G German initiative
Full Professor, IEEE Fellow
RWTH Aachen University

= 14 scientific staff members JMOUse project

toadvance 6G
in Germany ancf¥:ope

= 4 non-scientific staff members

» Algorithms, SW/HW integration, Prototyping

-

DSP@ Scientific events

DSP@MWC2023 in Barcelona
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Research vision on ,,Communications and Computing“
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Concept of future interactive industry

Interactive applications
“immersive society”
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Technology enablers...

Hyperconnectivity
sub-ms latency with
reliability/rate dynamics
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Technology enablers...

Hyperconnectivity
sub-ms latency with
reliability/rate dynamics
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Efficient computing with
Integrated on-device
and edge learning
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Technology enablers...

Hyperconnectivity
sub-ms latency with
reliability/rate dynamics £
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Integrated spatio- Efficient computing with
temporal localization and Integrated on-device
ambient intelligence and edge learning
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Communications and computing challenges
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7G

Latency ,

1 ms

Era Sustainable, Resilient and

Trustworthy Systems for

- Fully interactive/emersive Communication and Computation

applications
XR/Slow ipteractive : -Symmetric throughput (in Tbps)
holographic commes. 10 ms B5G : -Ultra-low latency (almost 1 ms)
@ AR/ Fully interactive - ; -Reliability 7x9 (99.99999%)
VR _ BG | -Synchronization (103 communication
A\ Slow-interactive VR 4 | Slots) : :
i: | -Power consumption (for multiband
100 ms : : | up to 10 kW per site)
o0 105 Ti0o7 >
7500 103 I106/ Symmetric
10 A s - 1, thr.oughput
102 """""""""""""""""""""""""""" I I [In MbpS]
____________________________________________________________________________________ Iy
1/
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Time-space synchronization scale (in data frames) é°nos' | RWNTH



Communications and computing requirements

P
Online training operation in real-time with ultra-low energy

consumption
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Use case example: Cooperative carrying with mobile robots

Object detection I
identification ; L R ——— Plan synchronization

sensing

Task execution

Level of
cooperation

Trajectory and coordination

motion plan

Safe and damage-free
transport

Figure 1: UCT - Cooperative carrying with robots execution illustration
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Communications and computing for industrial robotics

High Computing Resource
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Communications and computing for industrial robotics

Requirement 1:
On-the-fly update of the
DNN parameters (weights &
biases) for inference of

different tasks. C*

Intermediate inference

Local-Al done
at Robot
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Communications and computing for industrial robotics

|

Requirement 2. '

An energy efficient and low |

operational latency on |

flexible hardware for the split | |
inference. | Intermediate inference

Requirement 1:
On-the-fly update of the
DNN parameters (weights &
biases) for inference of

Local-Al done

Object
detection/tracking ®
Collision 282
avoidance ¢

°. @
Anomaly s38ss
detection o %

different tasks. C

/:/

at Robot |

‘ I

> o !

\

A S |

V" 8 I

\‘// & |

---------------------- 3 ‘; |
£ ' Final inference

mN |

I

—

High Computing Resource

£
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Communications and computing for industrial robotics

Requirement 1:
On-the-fly update of the
DNN parameters (weights &
biases) for inference of

Requirement 2:

An energy efficient and low
operational latency on
flexible hardware for the split
inference.

Object
detection/tracking
Collision 282
avoidance ¢

®. @
Anomaly s38ss
detection o %

different tasks. C

Local-Al done
at Robot

AN

) 3
AN
oF

Requirement 3:
Optimal decision-making for
split point selection

I Low Computing Resource

B Limited Battery

=

Intermediate inference

Final inference

—

High Computing Resource

£

Edge Server

I
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Communications and computing for industrial robotics

|

Requirement 2: |

An energy efficient and low | |
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Communications and computing for industrial robotics
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Communications and computing for industrial robotics
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Communications and computing for industrial robotics

=

Communications between
multiple robots

acking ©2
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Communications and computing for industrial robotics

: Network KPIs:
Ultra reliable (higher than 0.999999)
: Low latency (less than 1 us)
|
Communications between | Intermediate inference

multiple robots I

iy

Comms between robots and
network (edge/BS)

High Computing Resource

Comms between robots and
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detection it 1 [—

Final inference

Communication within a
29 I robot
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Communications and computing for industrial robotics

: Network KPIs:
Ultra reliable (higher than 0.999999)
' Low latency (less than 1 us)
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Energy consumption of GPU-based computing

= At 60% annual utilization, an H100 GPU would consume

approximately 3,68 megawatt-hours (MWNh) of electricity
annually

= This is equivalent to the power consumption of the average
German household occupant (based on 2-3 people/household)

® o
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Energy consumption of GPU-based computing

= At 60% annual utilization, an H100 GPU would consume

approximately 3,68 megawatt-hours (MWNh) of electricity
annually

= This is equivalent to the power consumption of the average

German household occupant (based on 2-3 people/household)
12,880,000 MWh of electricity per year (ca. 3,456 BEUR)

— About city of Tokyo per year

— About the joint consumption of Berlin, Hamburg, Munich, Cologne, Frankfurt

— Equivalent to 3.5 million of German households
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LLM and computing challenges

= Consider an example:
— 100 million weekly users of chatGPT

— 10 queries per user per week

= 88,400 MWh per year for operating an LLM like GPT-3.5
— A European city-like energy consmption per year
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LLM and computing challenges

= Consider an example:
— 100 million weekly users of chatGPT

— 10 queries per user per week

= 88,400 MWh per year for operating an LLM like GPT-3.5
— A European city-like energy consmption per year

No preaching ,,Green Religion®, but please consider to innovate
environmental-friendly and energy sustainable technology

27 é°o
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Our projects and research directions

4 GEFORDERT VOM
* Bundesministerium
fiir Bildung
und Forschung

6G research hub open,
efficient and secure
mobile communications
systems

B

ANNA |

und Forschung

Holistic approaches
for 6" generation
mobile networks

.

6GEMcubator

6G technology
Incubator center

[TR

ITAR project
Integratingwirele %@lwrsnumg
ss and vision

GEFORDERT VOM

* Bundesministerium
fiir Bildung
und Forschung

GEFORDERT VOM

Bundesministerium

und Forschung
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Examples of research topics

= MIMO
* | earning

= Remote control systems
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Open research platforms = =5 .

Converters

Open and programmable - = B S — e =
mmWave testbed for industrial ,:1.0’m AE&%.;

Y "1 2m
automation ' - =

vision

= mmWave TDD and beam = - Mg
sweeping ?f':"iL ,¢ sl LN
= FPGA channel emulator sw: 2048 mkz | | (==F

— without Beam tracking

= MU-MIMO spatial multiplexing ~ el T A tacsrit

TDD Full chain signal processing development (mmWave PHY)

Header Bits Modulation

Mapper
Data Bits
Header Modulation N Mux OFDM Carrier

Gen. Mapper Allocator

Hybrid MIMO Beamforming

Input Bit-Stream

Command : Start/Stop Bit-Stream

Frequency

conve rter

to TX RF

D ]
Scheduler to RX RF
to Ant. Sw.
-+ L A - - e
T RFOI’J RF OFF RK RFON RFUFF T RFUI‘J RF OFF RKRFON
Channel

Estimation
Antenna

E 1 Bit-Stream Multi-user Meodulation Demux Synchronization

E 2 Bit-Stream Demux . Demapper . Exilization . (Pilot/Data) . s . (Schmidl&Cox)
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Energy efficient ML (on-device inference and training)

FPGA Accelerator design for
DNN & CNN models

Access Point (AP)

The focus DNN inference Critical information

s sta idanc reception at AP
of this (obstacle ﬂVG]dﬂnLCl\ 1
paper *.

\\< Below 1 ms> time
4. N

%/ DNN inference —

% Critical

. / = ~=- = — = . .

% o AN mfor’fna_tlon
Sereei w0 transmission to
AP
Demands for on-the-fly update =

for heterogeneous tasks

Object
detection

Anomaly
detection

Predictive *3ga8*

Immediate Obstacle avoidance
(within 0.1 ms)

Input layer
(I neurons)

Hidden layer 1
(N; neurons)

Hidden layer 2
(N, neurons)

Hidden layer L
(N, neurons)

Output layer
(0 neurons)

'w  All values are represented by FP-16

(can be also FP-32 in our design)

LS 6160 0 0 0 0 0 000000 0]
(13 bats)

Exponent (2 bits), Mantissa

Test results on MPSoC ZCU106
 Power consumption < 3W

* 57% lower latency compared to
GPU-RTX 4090

* 80% less power consumption
compared to Raspberry Pi

« 29 times faster and 30% more
power efficient than AMD Deep
Processing Unit (DPU)

Target use case:

* PHY signal processing (e.g.,
channel estimation & beamforming)

* loT/edge computing (e.g., object
detection & tracking)
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Dynamic system adaptation — DRL/LLM

DRL and LLM for wireless power allocation in OFDM systems
and for edge computing in [loT use cases

o ke Q(z?,ab) ;

b b b b
‘w’?t y Aty Vg 1y Zt+1)i
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|

|

|

|

LR " ®—  Linow El

| | . " *—  Fust b +
i - .

. | . n +— Shm

|

|

|

|

! Expl wr;‘ti' n !
| abroTane C‘ened DRL Agent .
v _functions PP . ;
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LLM for prediction problem

= LLM Architecture (Transformer Model)
— Input Embedding
— Positional Encoding
— Encoder/Decoder layers

Multi-head attention layer

Feed forward layer

Residual connection

Addition and normalization layer

= LM Exploitation Strategies
— Prompt Engineering
— RAG
— Fine Tuning

= Exploitation of LLM in Wireless Networks
— Dynamic Power Allocation

— Channel Estimation

Positional
Encoding

Qutput
Probabilities

-
Add & Norm
Feed
Forward
e ™ Add & Norm
_ .
A SN Multi-Head
Feed Attention
Forward D) Nx
—
Add & Norm
r—>| Add & Norm l Masked
Multi-Head Multi-Head
Attention Attention
1t At
1 J \ — )
D & Positiqnal
Encoding
Input Output
Embedding Embedding
INnputs Outputs

(shifted right)
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Dynamic beamtracking with Al and/or SP

mmWave beam tracking for mobile users with
enhanced accuracy and reduced tracking overhead

scatterer Nj+1

7?, ‘ SR —

v; + 6, - K]
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XR remote control systems for interactive industry

Testbed

© Saart Dweme.

ERICSSON 2 & |™m@n = Fraunhofer TLEZ74 cozay ™
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Our impact and partnerships

= 7 testfield demos [TtR @ GLOBECOM’ &

HANNOVER
IEEE MESSE

3 patents (1 startup grant) (M/CNC

= 4 conference demos
ROHDE &SCHWARZ

= 6 invited talks
» 16 conference and journals SmartCom 2024

GE-JP workshop organization (2 demo) 3 NICT
/

Beyond 5G R&D Promotion Unit

" 20+ posters )Plattform ﬁ“"
W/Z LR

~ Fraunhofer
IPT

\
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Thank you!

If interested in collaboration please contact us:

é°&3' R\WNTH

> D S Chair for Distributed
Signal Processing

Al's true nature mirrors the intentions and ambitions of those who create and guide it
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Personal dillema

= Powerful or insatiable
—Al's true nature mirrors the intentions and ambitions of those who create and

guide it

SO® RWTH
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