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THE NEAR TERM

= The Al Internet

H/S
0\



Wrreless Network to DeIrver Super Intellrgence | Hoawer

To Everyone and Anytime and Anywhere

Neuron Agent (10B) Neuron Edge (100B) Neuron Center (100T)
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AI Agent as ereless Internet “IP Packet” S

The Total lefu5|on of Al
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(Building Blocks)
Machine Learning to
Foundation Models

(Scale-up)
Simple Assistants &
Agents
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(Scale-out | internet-scale)
Ensemble (or Composition)
of Agentic Apps
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Agentlc AI and AIAgent e

From Executor to Thlnker

P

Planning |

) Agentic Al is a continuum

Level of Agent Capabilities

Action

Decicion Al Assistants with not full Full capabilities
capabilities of Agentic Al of Al Agents Verifier
= Reactive * Proactive
= Static = Evolving

= Continuously Learning



The SecurltyAI s el

Ensure Al and Networklng Trustworthmess )Y, Dlstrlbuted Multl Lateral Verlflcatlon

Agent—3

Verifier-1 Verifier-2 Verifier-m

Community ledger



Al Communications Securlty e

Protect Data Privacy and Data Soverelgnty

Token : Agent Level
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Action

Model Level

Information
Bottleneck

Decision

Privacy Computational Irreversibility to retrieve training data set or inferencing input Security



Al Token Commumcatlons & e

» Rellable |ow Latency St[eamlng and Always -on Connectivity for AI
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The User Centric Agent Trustworthmess S

Use Tools Memory and Self-Reasoning

Symbolic Step-by-Step Selected

Premises Plan Premises
Derived
Insights

Checked Symbolic < Conclusions
Premises

v

Verified Insights

v
Verified Answer == Input Token Communications




A| Internet BU”Iﬂg B|OCkS Z From MCP, A2A, AGNTCY to NANDA ~ Huawel
The Global Internet- Scale Prompting - | ! A

quleCtive

Knowledge Pricing
'Edge Al Integration
Economic Protocols
) Resource Markets
Coordinated

= Large Population Models (LPMs)
= Collaborative Learning
= Cross-Silo Coordination
= Distributed Al
Component
= Index Infrastructure: Cross-Platform and tools for easy agent deployment
= Interoperability: Standards for agents to work across different platforms
= Communication: Protocol bridges between A2A, MCP, HTTPS

Agent Onboarding: SDKs

Stage-1 Stage-2 Stage-3
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. Summary: Al Internet Concept ~ -°~ = - s

".De‘velop time « Run time. : R Deployment time
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. Research Agenda: . @ e e A

(1) Inten.'t' driven networks and networking workflow generation with Agentic-Al
@ Natural IangUage based network interface with Al services and applications
(3) A2A protocol as Al internet networking fabric and routing protocol

O Wireless access network optimization for Internet-wide:

= Token Transmission
= Model Transfer

= Distributed Inference
= Distributed Training

© Data and model discovery and publishing, with internet-wide prompting

@ Multi-lateral distributed trust and verification guardrail



)

HUAWEI

THE MID TERM

= The Scaling-Law for Mobile Communications
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The Scallng Law of Computmg Technology b S

- More /ntell/gence “for free” by. Sca//ng
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The Scalmg of Slllcon N S e

A Sustamablllty CI’ISlS

ASTE MQDEL'REQU."RES ZETA FLOPSTRAINING COMPUTING

~ Gemini20 S L S SRR ST B Model
The training computing. for | 4 - -~ The training computing for Gemini
- 10%°FLOS R S5 | e ' 2N 1032 FLOS

ik

Training Compute (FLOP) =
6xModel Size xToken Size

v
Model Size: 1.5TB P
Token: 30 Trillions




Landauer limit fordlgltal Computmg e -

. Landauer Limit: the minimum power consumptlon to alter one bit at room temperature HUAWEL,

1.E+22 @ 105)/bit @@1018)/bit € 10-21/bit
1.E420 |
1.E+18
o 1.E+16 X :
w 100,000 times gap
>
< 1.E+14 oY, .-
) o
E et
S 1E+12 o S
— &e .o
1.E+10
1.E+08

2000 2010 2020 2030 2040 2050



e *

. Brain-Inspired bynamics' Computing =~ - = e
_Al Circuits for Energy-Efficient Scaling approaching Human Brain (100TB) - Al

= Biological learning and decision making mechanism

= Multi-scale spatiotemporal processing with
heterogeny cell structure

= Dynamical heterogeneous efficiency mechanism

= Neuroethologies study with small, median and
large scale characteristics

= Human Brian-like new computing architecture, which is = Create new brain-inspired algorithms, circuits, network
efficient than the transformer = Create new learning and inferencing function
based LLM model and, and architecture
efficiency compared to the =  Memristor for Spike Neural Networks

world model
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Quantum Computmg for LLM Tramlng

Super Exponentlal fast Qubit Computmg to remove the dataset bottleneck

- @ Dataset Scaling

= Synthetic Dataset
» Dataset Wheel

@ For AGI

Enterprise Dataset

€ For SAI

= Larger Dataset and Larger Model

@ For Physical-Al

= Physical World Simulation Dataset

HPC Cluster

Super- Room
e Condcutor Temperature

Quantum Enterprise Business

Rules/Specifications

Enterprise Enterprise
Dataset State-Machine

GIVZAY S
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Power Scallng for Computmg g S o

~.,Moore S- Law Stops around 2035 the Scallng of Computmg requwes Power Scallng
oy ‘) aSH >

-Compute .. . . ' . S ) _. : ‘.. 6

" n+14.1 MeV © 4H+3.5 MeV

A

' ~Fusion Energy Driven Compute

Moore's-Law I;irhiting

Moore's-Law Period 2028 (Stargate) Time

Compute Cube Concept
(indoor)



Dyso 1 Sp here Power for Space DataCenter
To Resolve 3 Bottlenecks for Distributed Training: OPower ConsumptlonQCoollngg

BUSY SKIES

There are currently more than 20,000 objects in orbit around
Earth, according to catalogues that track operational satellites, dead
ones and other human-made debris, such as pieces from rockets.

TYPE OF DEBRIS
@ =10 x Payload related
4 =10 x Rocket related
© =10 x Unknown

LOW EARTH ORBIT (LEO):
altitudes up to 2,000 kilometres
Not all objects in this count are
confined to low Earth orbit. Some
pass through LEO and travel
farther from the planet

A visualization by
NASA depicts the
traffic of objects in
orbits around Earth.

I

MEDIUM EARTH

ORBIT (MEO)

altitudes between 2,000
and 35,000 km

OTHER ORBITS
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GEOSTATIONARY ORBIT (GEO)
jes around 35,000 km

Used for someé communicatic
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2,931 objects

nature

Image: NASA Goddard Space Flight Center/JSC

Solar array

Solar array

(outdoor, space)
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Communications

Antenna Array
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THE MID TERM

= The Scaling Law for Computing Technology



The Scallng Law for Moblle Communlcatlons e
“The Sustalnablllty Challenge ~
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cmWave Tera- I\/IIMO for 6G R e
_'Evolutlon ofMIMO TechnologyforBOYears . S Yee!

4G o B 6G

MIMO-1.0 e MIMO-2.0 | MIMO-3.0

400MHz / 2GHz ' 2.6GHz 5GHz 6GHz 15GHz
Classical MIMO Massive MIMO cmWave MIMO

« Single transmit antenna * Spatial division to further scale MIMO «  Rich Scattering and multi-bounce
«  Transmit diversity * SVD based MIMO pre-coding «  Rician channel hardening effect
«  Open loop spatial multiplexing with cyclic * More accurate UE MIMO modes feedback «  Environment object centric

delay diversity (CDD) * Uplink limited with # of UE streams «  New algorithm

* Closed loop spatial multiplexing 2

* Multi-user MIMO

» Closed loop spatial multiplexing using a
single transmission layer

+ Beamforming

* Dual-layer beamforming

* 8 layer transmission




)

-MIMO

Nl S
HUAWEI

Hz)

GHz~15G

(

assive

EM

cmWave UE

. .cmWave U



)

r

P

* Frequency: 10GHz

« Bandwidth: 0.4GHz
 Modulation 64QAM (R=5/6)

+* MIMO: 20 Streams |
* Throughput: 40Gbps/User.

1. MIMO Gain Dimensionality :
-« 25 Users X 40Gbps > 1Tbps/Sector

2. Array Gain Dimensionality

1024-500=524-> 20*log,,(525)=27.2dB
To overcome additional pathloss

CmWave MIMO"J'SySt.em (:7GH.z~-.15GH,z)

ps ;o data streams

955mm

. 4096 Antenna Elements
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11.

12.

13.
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Main Ban..d Antenna A Tx/Rx ,

o . CDIVIA/EVDO BCO/1TIR *

. GSM/GPRS/EDGE/850/2900 TX/RX
UMTS B2/4/5 Tx/Rx ‘
LTE BZ/4/512/,’I.3//14/25/66/TX/RX-

LTE B30 Tx/Rx 3
. LTE B29 Rx only . .
\YE] Band Antenna B Tx/Rx e Sy
. LTEB7/30/38/41/48 TxRx
Sub Antenna C Rx
. LTEB30 Rx Only DL 4X4MIMO
Sub Antenna D Rx ®
. LTEB2/44/66 Rx Only (4x4 DL MIMO)
Sub Antenna E Rx ‘
. CDMA/EVDO/ BCO Rx Only
. GSM/GPRS/EDGE 850 Rx Only
. UMTS B5 Rx Only
. LTE B1/12/13/14/26/29 Rx Only
Sub Antenna F Rx
. CDMA/EVDO/ BC1 Rx Only
. GSM/GPRS/EDGE 1900 Rx Only
. UMTS B2/4 Rx Only
. LTE B2/4/7/30/38/41/66 Rx Only (4x4 DL MIMO)
. GPS Rx Only
Sub Antenna G Rx
1. LTE B2/20/30/66 Rx Only (4x4 DL MIMO)
Sub Antenna H Rx
1. LTE B48 Rx Only
WiFi Antenna #1
. 2.4/5GHz WiFi Ant.-#1 TxRx
. LTE B46 Rx
. BT/Atenna + TX/Rx
WiFi Antenna #2
. WiFi Antenna 2 (2.4/5GHz) TxRx
. LTEB48 Rx
Antenna J
. NR n261
Antenna K
. NR n261
Antenna L

. NRn261

14cm

cmWave UE
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The Capacny Scallng Law for cmWave MI’IVIO
cmWave MIMO can, dellver speetrum efflc:lency for 2030 2040

Down L|nk CeII A\J\_, ag' Spectre
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The Capac:lty Scallng Law for Satellite Communlcatlons bt}
The I\/Iega LEOS CQnsteIIatlon can Deliver NEEN Capacity for 2030 2040

321600
297600

273600

= The satellite capacity for 250km-1000km LEQ is from

n
Q.
2
L
0 249600 b
E 225600 -5
several hundred thousands to § §
‘.6 176000 L:>
» To minimize the interference, the satellite capacity for g %
S-band 14 thousands, for Ka band e =R
£ .
2366 o
(&)
00000 M:B E
1500 3000 4500 5000 6500 8000 9500 11000 12600 14100 15600 17100 18600 20100 '2
Number of Satellite
TG Beamwidth Hight Satellite Throughput per Beam Beam Throughput Density Average Throughput Density
q y °) (km) (#) (Mbps) (Mbps/km?) (Mbps/km?2)
Ka 0.94 250-600 72794 404.50 6.43-37.01 1.29-7.47
Ku 1.04 250-600 59478 404.50 5.25-30.24 0.79-4.55
C 1.48 250-600 29368 80.90 0.52-2.99 0.09-0.52

S 2.08 250-600 14865 18.96 0.06-0.35 0.01-0.04



., Comparison of Terrestrial and Non-Territorial Access  w

Terrestrial Cellular Mobile - . -

: Gbps_ _____________________________________________________________________________
5G - L

g Satellite Direct to Mobile -

4G

- Mbps -

3G

2G ks




e Summarny. vt a0 S R
‘To-C Market -~ + | R .
cmWave - ot mmWave = mmWave
MIMO . . Terrestrial - - Satellite
: ¥ Massive Beams ~Massive Beams
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THE LONG TERM

= The Molecular Communications



I\/Ic)lecules as Carrlers Transmlt for Pomt A to Pomt B | Srpre
Blology Communlcatlons and Actuation with Al

Non EM communlcatlons |
Molecules properties
" Exchange molecules

Nano scale
.o
::. ° ®e .
o
°®
o
Transmitter Channel Receiver

= Health monitoring
= Targeted drag delivery




e Summary ; e v , ' o | A i L A HUAWE!

Q Capécity Scaling Law for Wireless Networks works for. 2050 (NTN as well)
@ Digital Computing Scaling becomes Power Scaling
€ Brian-Inspired Computing yet to develop

O in addition to 10T, The Molecular Communications is new area worth study
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