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Communication Networks - Why do we bother
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Future Communication Networks
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BMBF 6G Research Hub 6G-life
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« Started August 15, 2021
« 70 Million € for 4 years
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BMBF 6G Research Hub 6G-life

Started August 15, 2021
70 Million € for 4 years
> 60 Principal Investigators - 153 researchers

6G: focus is on humans and their communication
and interaction with machines and the virtual world
- holistic research on innovative concepts for
scalable communication, novel methods, flexible
software concepts and adaptive hardware

Important fields of application: Industry 4.0 and
healthcare (extending with industry projects)

Four key performance indicators: Latency,
Resilience, Security and Sustainability

Digital Sovereignty and Digital Transfer
10 Million € for Start-ups
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Evolution of Cellular Communication Systems
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Evolution of Cellular Communication Systems
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Evolution of Cellular Communication Systems
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Evolution of Cellular Communication Systems
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5G Campus (BMBF)

Bundesministerium

TECHNISCHE Gef@fde'th“hDeutsche A | fiirBildung
@ lD'EIE\g%RESh:TAT DF Forschungsgemeinschaft und Farschung




Evolution of Cellular Communication Systems
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Evolution of Cellular Communication Systems
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High Altitude Platforms
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Evolution of Cellular Communication Systems
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Democratise access to skills and expertise

Convey skills to other humans
or machinesinreal and
virtual worlds
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Democratise access to skills and expertise
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Democratise access to skills and expertise
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Digital Transformation of the Human Body
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Intumve Human Machme Interactlon
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Post Shannon - Prelude

Shannon and Weaver wrote a book together in 1964 about conveying information between a sender and a
receiver,

Shannon, C.E., Weaver, W. A Mathematical Theory of Communication. Champaign, IL, US: University of Illinois Press. 1964

Level A
The technical problem: How accurately can the symbol of communication be transmitted?

Level B
The semantic problem: How precisely do the transmitted symbols convey the desired meaning?

Level C
The effectiveness problem: How effectively does the received meaning affect conduct in the desired way?
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Identification - a different problem of communication

| want to send message a. What message did Alice send?

//
— Noisy Channel

Transmission via Channels
| want to send message a. Did Alice send message b?

//
j‘ Noisy Channel

Identification via Channels

Figure 1: The difference between transmission and identification

Eswaran, K., 2005. Identification via channels and constant-weight codes.

The Medium is the Message

Dy of Ce

Frank H.P. Fitzek

ey, Aalborg University

Niels Jernes Vej 12, 9220 Aalborg (Ost, Denmark,
phone: +45 9635 8678, e-mail: ff@kom.aau.dk

Abstraci—In this paper we advocate exploiting channel de-
data

used to convey data. This novel access technique is suitable for
wired as well as for wireless networks. By the example of a
wireless spread spectrum system with

of channel descriptors is larger than the actual number of
simultancously usable resources.

1. MOTIVATION

In the "60s Marshall Mcluhan coined the phrase The
Medium is the Message claiming that the medium over which

f is 7 d is more than
the information itself. He was referring to the upcoming
importance of television, but still 40 years later this sentence
has some importance for the work we are describing in this
paper. As we introduce a novel access technology, we would
like 1o motivate our idea by a short example out of the GSM
world. At the beginning of the GSM deployment, there was
a phenomenon in ltaly called squillo. People, mostly young
people, would just ring cach other (hanging up before the
other side could pick up) wsing their mobile phones 0 say
hello or 1o convey some other predefined messages. This kind
of communication was very popular as it was not billed (still
in many countrics it is not). Inspired by this idea, we envision
a scheme where multiple phones could be used to convey
data over existing wircless networks using the signalling plane
without any additional costs for the user. In Figure | a possible
sctup and example is given. The bits gained are of course
paid for by the network provider and far fewer bits are
conveyed than the nctwork provider has 1o invest to make this
transmission possible. Therefore it may be referred o as a
trick. Leaving this example, we raise the questions whether it
is possible to convey data by exploiting the channel descriptor
(in our example phone numbers) used instead of transmitting
data (recall that we did not send any bits at all over the GSM
bearer). In the following we would like 0 gate this idea

noise sequences, where the number of descriptors (all available
spreading sequences) is larger than the number of resources
(number of actively used spreading with bk
bit error rates). In contrast to the GSM example, the spread
spectrum approach is not based on a frick.
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Fig 1. Data Transmission over the GSM signalling plane with two groups

of four mobile phones. Both groups have one master (M) each and three
slaves (§) communicating over Bluetooth amoag group members. One sending
phone, acting s a master, has the information 10 be conveyed 10 the master
of the receiving group. The four sending and receiving phones are identificd
by thewr phone aumbers and 10 cach entity a two bit sddress is assigned. This
assignment is known 10 both masters of the group. The sender master will read
the digital message and by using the first two bits one phone of the sender
group is chosen 1o call over GSM a phone of the recelver group, which is
identified by the second two bit tuple. In this example, finst the master itelf
(00) will call the second phone of the receiving group (1), The roceiving

ane. by using the it group communication, informs the master about the
received call (alxo which phone in the sending group made the call), which
the master in turn can demap into four bits of information (0100). The second
call from phone number fou of the sender group (1) 1o the third phose of
the recerver group (10) will be transformed into the information (1011). By
each call four bits of information is transeitted.

The remainder of the text is structured as follows: In Sec-
tion 11 a sophisti d survey on spread-spectrum technology

the inf ion 1o explain our novel approach is

in more detail. We will find out that the proposed approach
will not lead to any gain if the number of channel descriptors
is less or equal than the actual resources that can be used
simultancously. Therefore we are not looking into orthogonal
systems but at so called spread spectrum systems with pseudo-

given. The novel approach itself is explained in Section I11;
first for the ideal receiver, then for the non-ideal receiver
case. A first perfe [ of our approach is given
in Section IV. We discuss our approach in Section V and
conclude the work by Section VI
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Frank H. P. Fitzek The Medium Is The Message IEEE International Conference on Communication (ICC), 2006.
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Identification capacity

Discrete Memoryless Channel (DMC):
N  number of entities
; o N — onR ‘ n  number of bits
ransmission: = R  rate (0.0-1.0)

&

ID: N = 22"

- The number of identifiable entities grows double exponentially in block size,
at the cost of a new kind of error
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Quantum Communication Networks
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Quantum Communication Local Randomness
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Quantum Communication Networks: Entanglement
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Quantum Communication Networks: Teleportation
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