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Why do we need 6G?

IMT 2020 vision was very ambitious.

5G-NR was a bit conservative.

" waveform

" Frame structure based on LTE

" Slicing considering only three main use cases

= Conventional spectrum allocation based on licensed spectrum

R equirements from other verticals were not fully taken into
consideration.

Maturity comes in the even generations. m



6G Networks — Beyond Communications

* Integration new feati

e Communication

* Sensing s
* Imaging

* Positioning v\ /
* High throughput and low latencwultaneously addressed in

several applications. - s
 Multiple Radio Access Technologies must work in harmony through a

Inatel

huge range of frequencies.




6G Networks — Potential solution for integration

 The 6G Network can have the features to integrate the

" Physical world: constantly-acquiring information from the real

world.

" Digital world: virtual and augmented reality connected to large

scale digital twin models.

" Biologic world: sensors collecting biomedical data and behaviors
can be used to monitor health conditions and to Interact with the

NN Inatel
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Bidirection8l touch -

transfer and holo
representation

Throughput 10~1.000.000 M

Latency <1 ms 2% \

Speed < 100 km/h N =

New encoders for touch capture
pro

New devices for touch(\f




Enabling Technologies - subTHz Communications

* Bandwidth above 100 GHz to provide breakthrough data rates.

* Massive MIMO — improving communication and integrating:
" Sensing
" Positioning
" Tmaging

* Several technological challenges for the RF chain must be overcame.
" Amplifiers

" Antennas
»  (Oscillators

Inatel



Enabling Technologies — Al for Communications

* Al beyond applications over mobile networks:
¢ “Machine Learning can reduce PHY complexity,and improve
performance.

" Signal processing for data detection — nonorthogonal MIMO
= _New modulation schemes designed by Al

" Virtualized functions deployment and orchestration

=~ Channel and parameter estimation imprevement:

Inatel



Enabling Technologies — Metamaterials and RIS

* Reflective Intelligent Surfaces = reconfigurable antenna array to
improve the link quality at higher frequencies.

e 'Considered to be a key technology for subTHz communications.
* Can improve the NLOS links and also indoor penetration.
* Effective low-cost production of metamaterials 1S very challenging.

* Metamaterial printing in flexible surfaces is highly important.




Enabling Technologies — Analog Radio over Fiber

~

1ce.

* Band base processing performed at the central o
* Low deployment and maintenance costs.
* Fiber optic infrastructure can be shared with other services

* Digital pre-distortion is mandatory to compensate the RF
1impairments.

Inatel



Enabling Technologies — TVWS unlicensed 6G
* Old idea, but badly executed using [EEE §802.22.

* Simple low-cost RF technology — linearization is a must.

~

* New waveforms, better Al and efficient spectrum sensing.

* High capacity with nonorthogonal waveforms and multiple access.

*  Seamless integration with the 6G standard.

Inatel






TVWS main idea

Inatel

TVD

We cannot use RF filter: spectrum mobility.
The waveform must have very low out-of-band emission.

AyrunyzoddO

SAAL

TVD

>

Frequency

Fragmented spectrum allocation is necessary to improve etticiency.
R obustness against interference from TVD transmitters leakage.



TVWS Exploitation Inatel

Spectrum Flexibility: low OOBE waveforms without RF filter
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The ability to control the pulse-shape allows
the co-existence with other technologies.




TVWS Exploitation Inatel

Several waveforms have been proposed in the last 10 years:

- UFDM, FBMC, GFDM, B-OFDM and F-OFDM
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TVWS Exploitation
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= Does it work?

CH Freq: 695.142 857 MHz (CH Num: 51)
Trig: Free Run AvgHold:>10110
#Atten: 10 dB
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TVWS Exploitation Inatel

Spectrum Sensing is a must: geolocation data base is not enough!

IAnritsu 03/30/2023 01:56:13 pm
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TVWS Exploitation Inatel

Spectrum Sensing can be integrated with data base for best evaluation spectrum.

- —— spectrum sensing channel
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TVWS Exploitation Inate

® Propose Radio Access Network

o Powerful coding scheme Network Layer
o MIMO for diversity and multiplexing

RRC Layer API RRC Layer APl RRC Layer AP Geolocation
. . N PHY Control  MAC Control  RLC Control Database
o Narrow subcarriers — robustness against multipath RRC Layer 4
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TVWS Exploitation Inatel

® Flexible frame structure & Numerology Frequency
o Idea |
- ; 56 || || 5G
Use low OOB waveform to allow coexistence in >G-RANGE MY Szl RANGE \ RANGE
TVWS bands. ?
B A A\ — - Synchonization
Use different numerology address conflicting e N O s
requirements. Resources
v blocks not
o Approach g scheduled to
= transmission
TVWS primary user protection implemented using
blank resources on the grid. | sensing period
scheduled

Silence period to allow spectrum sensing.
subcarriers

Resource grid designed to allow multiple numerology to g
coexist in different subframes. 0 ©
S Resource =
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TVWS Exploitation
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= Does it work?
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TVWS Exploitation Inatel

= Proposed architecture:

Multiple frequencies, same PHY!!
Integrated R AN

Single Core

m Seamless connection for the user

Supercell



Al applied to Analog RoF for Remote Area Inatel

Expensive equipment in remote areas must be avoided.

All band-base processing can be performed at the Central Office

Only a simple Remote Radio Head unit is necessary at the deployment site.

Digital Radio over Fiber uses CPRII and eCPRII with expensive DACs and ADCs

@ Pownlink

Long- reach
Fronthaul J




Al applied in Reflective Intelligent Surfaces Inatel

RIS 1s considered an enabling technology for future high-frequency networks.

Adjusting each antenna element in the RIS can introduce severe overhead.

AT can reduce the impact in the spectrum efficiency by reducing the number of

updated for each antenna element.
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Al applied for improving channel estimation

Inatel

Channel estimation is key for mobile networks.

AT can improve the quality of classic estimators.

Improvement can make new NOMA feasible.
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Al applied for improving SNR estimation

Inatel

SNR estimation is essential for defining proper MCS selection.

Conventional estimators provide erroneous SNRs, leading poor BER or poor SE.

Al can improve better estimation and correct MCS selection.
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Field Tests Inatel

= Setup for the Base Station
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Field Tests Inatel

« Setup for the mobile unit assembled in a car used for field measurements.




Filed Tests Inatel

TVWS signal can be up to 28.8 dB stronger than TV signal in adjacent channels without causing interference.
Coverage with 1 W peak power per channel - 15 km with throughput of 24 Mbps @ 6 MHz / 96 Mbps (@ 24 MHz=.
Coverage with 1 W peak power per channel - 38 km with throughput of 4 Mbps @ 6 MHz / 16 Mbps (@ 24 MHz.
Coverage with 2 W peak power per channel - 38 km with throughput of 7 Mbps @ 6 MHz / 28 Mbps (@ 24 MHz.
Coverage with 8 W peak power per channel - 38 km with throughput of 13 Mbps @ 6 MHz / 52 Mbps @ 24 MHz=.

No interference observed in DTV signals caused by TVIWS signals with transmitting power up to 10 W peak power.
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Conclusions

6G 1s much more than e
communications.
v | Integration of several networks — a
oy b AT Y network of networks
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