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Communications
N the 6G kra

For B5G Promotion Consortium White Paper Workshop

- B5G technology session -

APAC standardization
Nokia Bell Labs ‘
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Six key technologies tor 6G

Al/ML Air-Interface New Spectrum Technologies Network as a sensor

RAN—_CQre Convergence & Extreme Connectivity Security and Trust
Specialization
.
AN / @I:I D.&
o0
s Y

2 ©2021 Nokia NOKIA Bell Labs




Al/ML in 5G

B E ((-))) G S

B B M. (S

Slice orchestration Random Access detection Deployment optimization User localization
VM management Symbol demapping Load balancing
Anomaly detection MIMO detection Carrier Aggregation
Channel estimation Handover prediction
MIMO User Pairing Beam Prediction
Interference Management

Trajectory prediction

Complexity Algorithms not optimal Lack of accurate models

No component of 5G has been designed by ML
3 ©2021 Nokia NOKIA Bell Labs




Al optimized air-intertace: Benefits

Custom signaling and
access schemes

Bespoke waveforms, Optimally adapted to
constellations & pilots hardware limitations

Reduced standardization No heuristic
effort parameter settings

Faster development &
deployment time

4 ©2021 Nokia NOKIA Bell Labs




Al-Native Air Interface (Al-Al) for 6G

)

Data

Al-Al Hardware Environment Hardware Al-Al

ot

Application

[ ]
e
N
N
“~

CanfEs

Environment, hardware & application dependency feedback

“Post Shannon”: Not about reliably transmitting bits anymore, but rather serving an application with data in an optimal way

© 2021 Nokia
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Al Optimized Air-Interface

6

C = max](x y) = max I(s;y)
p(x

/\

Uniform

Probabilistic Geometric
Shaping Shaping

Jointly optimized shaping through learning

https://arxiv.org/abs/1906.07748

© 2021 Nokia

SNR: 0.00 dB




Real time ray tracing in digital twin worlds for wireless

optimization

7

© 2021 Nokia

Accurate signal propagation prediction

Knowledge of instantaneous traffic
distribution

Object level mobility prediction

Exploit reflective surfaces and include
in optimization

NOKIA Bell Labs




Expanding to new spectrum

Waveform design for 100s of Gbps

Higher output power

RFIC / Transceiver Design

Antenna array

D band: 140 GHz to 180 GHz Channel modeling

NOKIA Bell Labs




Cognitive spectrum management : e capable o 5 over wide

Inter-operator, Inter-technology, public and private
High resolution in time and space

n |
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Massive MIMO challenge

Low-cost/Low-power Radios/Arrays
Scale to very large arrays

Flexible Radios/Arrays
Multi-band, large bandwidth, waveform agnostic

Advanced Signal Processing Platforms &
Algorithms
Increase spatial multiplexing efficiency

Invisible Arrays
Integrate into infrastructure

NOKIA Bell Labs



Architecture mega trends

11

© 2021 Nokia

Cloud Platform

public/private/hybrid
premises/edge/metro
containerization/serverless

Programmability

micro-services
service based interfaces
cloud agnostic

Simplification

minimize functions
CDCI delivery model
automation

Robustness & Security

truly anywhere
multi-connected

Flexibility

function placement

peer-to-peer and sub-networks

slicing

Scale

global/local

> 100 Gbps / cell
< 0.5 ms latency

NOKIA Bell Labs




6G architecture themes
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End point is a network Cell free/Mesh

12 © 2021 Nokia

CU—CPE ESMF
CU—UPE (ngPF
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Deep slicing RAN-Core Convergence
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0G network creating a sixth sense

network . .
7 Simultaneous communication and
w:j\ Wide I’adal’
------- e - NP
I'f Bandwidths Waveform multiplexing

Resource allocation

Al & Signal

Beam sweeping
Processing

CSl based sensing

High precision localization in NLOS

% MIMO and
; Beamforming

-1

<

~elee=”
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Security in the 6G era of architecture

* software centricity, billions of devices, millions of automated operations and Al/ML enhanced
subnetworks SW creation

* mix of Public/Private Cloud infrastructure/NFs trusted execution environment and flexible
across different admin boundaries with varying anchors of trust to ensure system integrity;
levels of “mutual” trust and security HW accelerators for trust

+ mix of open source and multi-vendor quantum-safe and adaptive cryptography

* open interfaces and disaggregation of domains and enhanced data security and privacy
RAN, owned by different providers preserving technologies

create efficient authentication for scale
provide enhanced supply chain assurance

Application Security

Security across devices, subnetworks, het-cloud and
application from new dimensions of trustworthiness

NOKIA Bell Labs




6G to unify the experience across the physical, digital and biological world

Ubiquitous compute, Al Knowledge systems, Precision sensing and Multisensory
rendering enable the multi-verse and drive the need for new connectivity

Al optimized air-interface
Network as the 6t sense
Extreme networks
New spectrum technologies
RAN-Core convergence and Subnetworks
Trust, Privacy and Security paradigm
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