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6G? An Ordinary Perspective
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Architecture

Architecture is the art and technique of designing and building, as distinguished from the skills associated with construction.
|t is both the process and the product of sketching, conceiving, planning, designing, and constructing buildings or structures.
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Computing over Networks (Connected Computing) is the Inevitable Future

Mobile/Wearable/Implantable Devices need ExoComputing Capability for Next-Generation Services

J. L. Hennessy and D. A. Patterson, A New Golden Age for Computer Architecture, CACM 2019
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Realtime Connected Gomputlng is the Key to Human Augmentation
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How Can we Enable Realtime ExoComputing (Connected Computing) over Wireless Networks?
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Realistic Metaverse is an Example of Realtime ExoComputing

MTP (motion to photon) Latency <'20ms

On-Device
Rendering is
Impossible!

- —

The Metaverse and How We'll Build It Together - Connect 2021 (Meta)



Offloaded Al Analytics is another Example of Realtime ExoGomputing

ETP (event to photon) Latency < 20ms




Can Cloud Computing over 5G Networks Enable Realtime ExoComputing?
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Would Deploying 6G Enable Realtime ExoComputing?
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What is Wrong with 6G Cellular Network System?

10

E2E Latency

6G with MEC will surpass RI.

New applications that we envision are mostly time-sensitive
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Current Internet services are prepared
and running only in this area.

Up to 5G, services were ready to be adopted,
but NOT Anymore.
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Low-level Evolution = Perceivable Performance Improvement

Full potential of low-level evolutions can only be delivered to users via sophisticated software.
|t’s time to think about developing Cellular APIs for Realtime ExoComputing Services like Realistic Metaverse.




Realtime ExoGomputing needs Cellular Network 2.0, not 6G )

Cellular APIs can make the Network Application Performance Indistinguishable from
the Performance of Applications Running on Device.

Cellular APIs =

Cellular Network 2.0
Hyper-Connectivity

Hyper-Connectivity:

New Gonnectivity that provides consistent application
performance over the network even when the wireless
channel therein fluctuates from device mobility.

N ;{.3’
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A Reference ExoComputing Service Model with Cellular Network 2.0
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Networked Computing can Pipeline and Hide most of these Delay Components!
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Enabling Cellular API (Hyper-Connectivity) = ADU Completion Guarantee

Any Application  Application Data Units (ADU) Radio channel Radio Access Network Core Network Edge/Cloud
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From the Gonventional Bottom-Up Philosophy to a New Top-Down Philosophy
- o Resource Block
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Cellular Network should be No More a Blackbox to Applications! ;

Towards Enabling Performance-Guaranteed
Networking in Next-Generation Cellular Networks
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Cellular Network should be able to Interact with Applications!
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______________ (e.g., CQL, retransmission % ] >
feedback) g i —<
= RN { o
777777777777777777777777777777777777777777 3 { & 2
b= = =3
S , Y ] S Object .
| £ 5 | Packetization » 1T |UserPlane|[— | | ® = e = Object Latency |
=T and info. insertion B > T (@ :
L Feedback [ | Protocol O a =< I “ [ IS—— |
Bz Controller Stacks T -
8! ransport, IP, 1 &9
tpi DBMAGHY T i e MAC, PHY g3
Server ‘ ‘ ML-Enabled Cellular Network ‘ ‘ User
L\L(_ll )ﬁb
\0}"‘\'4
Y @x” Junseon Kim, Byonghyo Shim, and Kyunghan Lee*, "Towards Enabling Performance-Guaranteed Networking in Next-Generation Cellular Networks," IEEE Communications Magazine, vol. 61, no. 1, pp.32-37, Jan. 2023 N x C I.AB
7SN




Active Networking Gan Make Gellular Network a Whitebox to Applications! |

Any Application Application data units
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True Benefits of Cellular Network 2.0 for Realtime ExoComputing

Infinite Computing Capability to Network Devices SJJ ! LL:
Services running over CN2.0 Guaranteed Network application programming
becomes indistinguishable ADU CT becomes straight-forward.
from services running on device. (socket programming was a disaster.)

frame = capture( sensor ); Pricing/incentive model for Cellular_API()
display( Cellular_API( frame, destination, service deadline ) ); * Difficulty-based

W29
\(}A‘"% 1) CTUL < Tbudget 2) CTDL < Tbudget 3) GTRoundTrip STbudget
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Is Hyper-Connectivity a Matter of Choice?

Near Real-time
AI/ML Analytics/Computing
Services (e.g., GPT-4)

Higher Performance € Higher Power

= = Performance-per-Watt improvement is not easy.
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Is Hyper-Connectivity Achievable with Limited Power Consumption? )
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Unlike On-device Computing, We have Multiple Options to Limit the Gommunication Power!
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ExoComputing with Hyper-Connectivity vs. On-device Computing

Not a pre-rendered video. PS5 Unreal Engine 5 (at 1440p, 30fps, 10TFlops from 150W)



ExoComputing with Hyper-Connectivity vs. On-device Computing
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1440p Rendering on Device (3.5 MP)

30 fps - 33 ms (budget that a frame is rendered)
150 W (10 TFlops, about 16 billion triangles)

Retina  Socket :
ire

Light sensor

Human Eyes Spec

~2x63 MP
RD: x(6x6x6)
X(6x6)
32 KW
14 MB (BMP, 2560x1440x32 bits)
v
<1.4 MB (JPEG, BPG, Weh-P)
9.3 ms (1.4 MB / 1.2 Gbps) @ 25ms
(1.2 Gbps) (50 MB / 16 Gbps)
8000
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ExoComputing with Hyper-Connectivity vs. On-device Computing
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Levels of
Driving
Automation

Levels of
Performance
Guarantee

(per-Region
Certification)

A Roadmap of Enabling Hyper-Connectivity (6G & Beyond)

NO
AUTOMATION

Manual control. The
human performs all
driving tasks (steering
acceleration, braking,
etc.)

DRIVER
ASSISTANCE

The vehicle features a
single automated
system (e.g. it monitors
speed through cruise
control)

PARTIAL
AUTOMATION

ADAS. The vehicle can
perform steering and
acceleration. The
human still menitors all
tasks and can take
control at any time

CONDITIONAL
AUTOMATION

Environmental detection
capabilities, The vehicle
can perform most
driving tasks, but
human override is still
required

HIGH
AUTOMATION

The vehicle performs all
driving tasks under
specific circumstances
Geofencing is required
Human override is still
an option

FULL
AUTOMATION

The vehicle performs all
driving tasks under all
conditions. Zero human
attention or interaction
IS required

THE HUMAN MONITORS THE DRIVING ENVIRONMENT

o T I

THE AUTOMATED SYSTEM MONITORS THE DRIVING ENVIRONMENT

Best effort

(Zero Guarantee)

Performance
Assistance

Bandwidth
guarantee

Partial
Performance
Guarantee

ADU CT
guarantee at
static env.

Conditional
Performance
Guarantee

ADU CT
guarantee at
low mobility

High
Performance
Guarantee

ADU CT
guarantee at
high mobility

Full
Performance
Guarantee

ADU CT
guarantee at
3D mobility

oG
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Emergence of a New Networked Computing Service Operator

5‘3}33 META: Evenstar Project (from 2020)
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