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Holistic 6G radio design framework in Hexa-X-II ‘I‘
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6G Use cases and requirements

Objective 1 - WP1 Requirements for the sustainable,
inclusive, and trustworthy network platform

6G system blueprint and network platform
Objective 2 -~ WP2 Design blueprint of the

sustainable, inclusive, and trustworthy network
platform, and system validation

6G technology readiness

Objective 3 - WP3,4,5 Enhanced connectivity for
6G service

Objective 4 — WP3, 4, 6 Network sensing, compute,
and Al novel digital services

Objective 5 - WP2, 3, 5, 6 Efficient network
realization, implementation, and management

6G harmonisation

Objective 6 — WP7 Impact creation towards a global
& holistic 6G era
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Holistic 6G radio designh team
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Radio design process

Environment

End-user devices

Connection density

Use cases

Mobility conditions

Service requirements

4
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Frequency

Power levels m

Environmental sustainability:
(e.g., energy efficiency, life
cycle management)

~~_— —

\( \ 7

Social sustainability, including
(trustworthiness, inclusivity)

\

Value
Considerations

Economical sustainability

“"Constraints "~

\

Energy sources’.

Radio design

To fulfil the

requirements,
using available

resources,

subject to the
constraints

Resources

~
~

~

Software components
Hardware components

\
r
\

1 Design description )

. Selegted technologies Validation

* Architecture . _

«  Signal flow . Slmulatlgn

« Interaction between * Prototyping
the components J

( Technical enablers ) \

New spectrum (e.g., sub-THz)

Technologies to improve the resource usage for
multiple functionalities (e.g., JCAS)

Efficient transmission techniques (e.g., D-MIMO)
Advanced computational tools (e.g., AI/ML)
Mechanisms for efficient spectrum sharing
Technologies to control the environment (e.g. RIS)
Solutions to enhance security
Simulation and modelling tools
Prototyping platforms

Energy efficient techniques

Novel material and HW components

/
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Use cases analysis and scenarios

, — Inputs from WP1 and WP2

Wide range of
use cases
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Service requirements

-

Communication
* Availability

* Reliability

e Latency

e Data rate

* Connection density

\/ Sensing/localization N
* Availability

Reliability

Accuracy

Refresh rate

Latency

/ ! Resolution j

Radio requirements

/ Communication \

* Coverage

* Link reliability

* Air interface latency
* Peak data rate

» Traffic capacity

» Sensing accuracy

» Sensing refresh rate

* Sensing measurement
latency

* Sensing resolution

v Connection density /

/s Sensing/Localization\

/ Hexa-X-II radio scenarios

\scenario

* Extreme data rate

* Extreme RLLC

* Extreme connection density
* Extreme coverage

Al and sensing are included 1n each

/

RLLC: reliable and low-latency communication

B g ——
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6G Radio performance metrics

» Performance requirements related to services

Data rate

Coverage

Air interface latency

Air interface reliability

Peak data rate, throughout, capacity, spectral efficacy, sum
rate, average rate, packet rate.

Range (spatial separation distance), beamwidth, signal-to-noise
ratio (SNR), coverage probability, outage probability.

The time needed to transmit and receive L2 packet successfully.

Bit error rate (BER), frame error rate (FER), block error rate
(BLER), symbol error rate (SER), normalized mean square error
(NMSE).

24

» General performance requirements

Implementation and .
. Performance metrics
operation

Energy efficiency

Complexity

Cost

Ratio of output power to the total consumed
power, energy consumption to achieve certain
performance goal (such as energy required to
transfer a bit).

Amount of hardware resources, computational
complexity of algorithms.

Cost of design, implementation, deployment,
and operation.

Radio ;

Location/sensing accuracy

Sensing latency

Orientation accuracy

Location coverage

Sensing resolution

Sensing detection probability

Error norm value (distance between true and estimated value)
corresponding to a certain percentile of the location error norm.

The time between initialization of sensing/localisation procedure
and acquiring localisation/sensing estimate.

The orientation error norm value corresponding to a certain
percentile (e.g., 90%, 99%) of the orientation error norm.

The area or volume or fraction of a space in which the localization
error is below a certain limit.

The smallest difference in a dimension (e.g., range, angle, Doppler)
between objects to have measurably different values.

The probability that a target is detected given that it is present .

Inclusiveness

Social
sustainability

Trustworthiness

Environmental
Sustainability

Coverage, global standard, proper number of
manageable interfaces, affordable devices.

Reliability, security, resilience, integrity.

Values and needs of the end-users, energy
consumption, life cycle assessment (LCA) of
material, electromagnetic field (EMF)
exposure.
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T
Radio scenarios KPIs ‘.A.‘

« Derived by analysing the service requirements of representative use cases and mapping to radio requirements

Peak data rate Link Air interface Connection Coverage Sensing
reliability latency density g capabilities

Ultra-wide
Fully connected world Low )
(Ubiquitous network) Extreme-wide
Ubiquitous connectivity Medium Variable Variable Variable s Variable
Physical awareness i Avallablohty
(Network-assisted mobility) <1 Gbit/s (99.99%-
99.999999%)
Artificial intelligence and . . Ultra-high Low
communication Immers.lve experience, Extreme-high Variable Variable Medium Local Variable
) o (Seamless immersive reality)
Immersive communication (10-100 Gbit/s) <104 device/km?
Digital twins Medium Ultra-high
Immersive communication (Realtime digital twins) High _hi
. Variable Variable BRI Variable Variable
Massive communication Trusted environment <10 Gbit/s (105108)
(Human-Centric Services) device/km?2
Hyper reliable and low- Ultra-high Ultra-low Ultra-high
latency communication Collaborative robots Low Extreme-high
. . Extreme-low Variable Local Positioning accuracy
Integrated sensing and (Cooperative mobile robots) < 10 Mbit/s (99.999%-
communication 99.99999%) (0.1-10) ms (0.1-1) cm
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-
Holistic radio design framework and enablers “w

Sustainability-related
radio solutions:
environmental
sustainability and social
sustainability, including

digital inclusion and
trustworthi S ! c
stworthiness £ |2 TX-DSP B TX DSP-frontend, RF-TX T(DbieaRnljfgﬁitznd Propagation
4 g § 2 i g - (DAC), (LP, Conversion), DA antennas% Type of
Upper-layers: g B %‘ functions) & .8 Bandwidth Frequency band Fre(’luency band environment
radio functions S E | e ; ?é Mobility
el proiaesls 2% & B RX DSP-frontend RF-RX KX REfronend Type of
9 8 3 o RX-DSP = ’ : (beamforming, deol ¢
o = S . . T (ADC), (Conversion, LP), LNA. ant cploymen
BRI A=Y  (Receiver functions) Bandwidth Frequency band , antennas),
Frequency band
4 _/
Flexible spectrum Signal processing and algorithms Radio link modelling Architecture and deployment

access solutions:
Sharing, coexistence,
low-latency access

Waveform, modulation, coding, radio Channel modelling, HW modelling, = Radio HW architecture, RIS,
resource allocation, AI/ML schemes link-level signal modelling D-MIMO, JCAS deployment

[ End-to-end radio optimization j
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WP4: Radio evolution and innovation topics

: . * Learning transmit signals frequency (FDM)
Al-driven air « CSl acquisition
interface * MIMO transmissions
Ay $ 0 PR Mult-RAT Radio e
: Waveforms , .
Link i Massive s
i « Dealing with practicalities for CSI
modeling modulations MIMO D-MIMO acquisition and synchronization Dynamic
iecl * Non-coherent joint transmissions 3D Sharing of Spectrum
transmissions

» Coherent joint transmissions

Resource Security RIS-assisted * Transmission schemes

optimization * Integration for coverage extension

transmiSSionS « Control procedure m m —— User plane

- Control plane

Deployment

. Handover management
scenarios concept

Learning transmit signal
(waveform, modulation and coding) g D R —"

Al-based CSI acquisition

(estimation, compression, feedback) ,
Secret key generation for D2D

communications
Al-based MIMO transmissions

(beamforming, scheduling, resource allocation)

Jamming analysis and jammer
localization

-
” Al-based hardware impairment compensation
w (PA digital post distortion compensation)

/

Security and privacy aspects of
JCAS systems
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o

Al-native air interface: to demonstrate higher throughput
with a partially learned air interface

Proof of Concepts

JCAS demonstrator: to show the possibility of using the
same hardware for both communication and sensing

Data transmission without pilots (real hardware

Bit
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Bits VF Y estimates
LDPC . LDPC
ﬂ[ encoder ]—{ OFDM transmitter J—»Y —Zz—» ‘V DeepRx decoder ,

DeepTx (learned

constellation)

End-to-end training (simulation) T

S
.
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SDR-based flexible transceiver: integration of multiband IF

Radio propagation measurements: to collect
transceiver with high frequency frontend

data for radio channel modelling
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More details

D4.2 - Radio design and spectrum access

requirements and key enablers for 6G evolution

2
HEXA-X-II

A holistic flagship towards the 6G network platform and system, to inspire digital
transformation, for the world to act together in meeting needs in society and ecosystems with
novel 6G services

Deliverable D4.2

Radio design and spectrum access
requirements and key enablers for 6G
evolution

the European Union
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D4.3 - Early results of 6G radio key enablers

o
HEXA-X-II
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