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6G is for Enhanced Communications 
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6G is for Beyond Communications 
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eMBB

mMTC URLLC

Sensing AI and ML 

Massive 

Connectivity 

Extreme 

Communications  

Immersive 

Digital World 

6G: the Converged Vision
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Feasibility and Practicality Validation 
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Driving toward a global standard  
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100GHz15GHz10GHz2GHz 6GHz

Classical MIMO Massive MIMO Hybrid Beamforming

Strong Rician MIMO

1 2 3
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• Channel propagation characteristics research

• Rician channel hardening effect  

• Keyhole effect or artificial keyhole creation 

• Spatial division to further scale MIMO   

• SVD based MIMO pre-coding 

• More accurate UE MIMO modes feedback 

• Uplink limited with # of UE streams 

• Not based on fast fading    

• Beamforming for the link budget 

• Simple pencil-beam model   

• Beam alignment for gNB and UE

• Large chuck spectrum available

• Cannot work for NLOS 

1. Single transmit antenna 

2. Transmit diversity 

3. Open loop spatial multiplexing with cyclic delay diversity (CDD) 

4. Closed loop spatial multiplexing 2

5. Multi-user MIMO 

6. Closed loop spatial multiplexing using a single transmission layer

7. Beamforming 

8. Dual-layer beamforming

9. 8 layer transmission 

10. 8 layer transmission

4G 5G 6G 5G 6G
220GHz

MIMO Revolution and Evolution  
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Bidirectional Sensing 

Unidirectional Sensing 

Data Link 

Bidirectional 

Integrated Sensing and Communications 
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cmWave/mmWave ISAC   
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NLOS joint sensing with gNB and UE 

Bidirectional Sensing 

Unidirectional Sensing 

Data Link 

Bidirection

al 

Network Wide ISAC   
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6G ISAC Enabled Industry IoT

THz Camera (Sensing) 

6G-ISAC-THz
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6G ISAC Enabled Industry IoT

THz Camera (Sensing) 

6G-ISAC-THz

THz Communications 

URLLC+
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6G ISAC Enabled Industry IoT

THz Camera (Sensing) 

6G-ISAC-THz

THz Communications 

Optical Position

Optical Communications 

6G-ISAC-OW

URLLC+

mMTC+
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6G ISAC for 2B Devices 
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Human 6G
(URLLC)

+→



AI Brain
(Cloud)

→



6G
(ISAC)

+

Robot Butler 
(URLLC)

6G ISAC for 2C Consumers
The Make of General Purpose Robot  
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AI Communications Architecture
New Communications Model Based on Machine Learning 

Trained System-1 Models

Noise 

Source

Channel 

Encode

Channel 

Decode

Trained System-1 Models

Physical World 

Cyber World 

System-1

Communications 

System-1

Communications 

System-2

Communications 

System-1 

Source Encoding  

System-1 

Source Encoding  

GPT GPT
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M2M Communications

URLLC+

1,000X ↓

GPT

URLLC

eMBB

GPT

5G

6G
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MachineGPT and Effectiveness Communications

Embedding
Positioning 

Encoding
Attention

2B

2B

500B

reward

state action

Policy model

Reward model

Large Model
1022 flops

eMBB

URLLC
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Person

Dog

Car

Traffic Light

Sign

DL  Inferencing

Processing
Semantic 

Extraction

Semantic 

Filtering 

Semantic 

Post Processing  

G: goal and semantic

Class-level Atomic “Sentence” Instance-level Atomic “Sentence”

Embedding

6G Effectiveness Communications
UE front-end processing  
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6G Networked Learning Architecture
Crowed Sourcing to Train AI Model 

Neuron Center Neuron EdgeDevice

Universal Model

Common Model

Private Model

Privacy Zone

A B C D

B A C D

RLHF

RLHF

RLHF
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6G Native-AI Networks Merits
Comparison of Inference Service KPI ( Distributed vs. Centralized) 

Service Response Latency (ms)
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ViT-G/14(528,0.2)

VGG-16-2(16.2, 0.57), 
UE: 2 L, Net: 14 L  

VGG-16-3(13.8, 1.05), 
UE:4L, Net: 12 L  

VGG-16-4(17.2, 0.99)
UE:7L, Net: 6 L  

VGG-16-5(22.1, 2.45)，
UE: 10 L, Net: 6 L  

VGG-16-6(22.3, 5.16)，
UE: 13 L, Net: 3 L  

VGG-16-7(22.1, 7.23)，
UE: 16 L, Net: 0 L  

GTP-3(38s,8.56)Centralized 

Distributed  

Data Rate: ~2Gbps 

VGG-16 (49,2.2) ,
UE: 0 L, Network: 16 L ，

Data Rate：~100 Mbps   

L： 13 Conv Layers + 3 full connection Layers for VGG 16

TB：24 transformer blocks in total for Swin-L Model
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6G Native-AI Networks Merits
Comparison of Inference Service KPI ( Distributed vs. Centralized) 

Service Response Latency (ms)
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ViT-G/14(528,0.2)

VGG-16-2(16.2, 0.57), 
UE: 2 L, Net: 14 L  

VGG-16-3(13.8, 1.05), 
UE:4L, Net: 12 L  

VGG-16-4(17.2, 0.99)
UE:7L, Net: 6 L  

VGG-16-5(22.1, 2.45)，
UE: 10 L, Net: 6 L  

VGG-16-6(22.3, 5.16)，
UE: 13 L, Net: 3 L  

VGG-16-7(22.1, 7.23)，
UE: 16 L, Net: 0 L  

GTP-3(38s,8.56)

Data Rate: ~2Gbps 

VGG-16 (49,2.2) ,
UE: 0 L, Network: 16 L ，

Data Rate：~100 Mbps   

L： 13 Conv Layers + 3 full connection Layers for VGG 16

TB：24 transformer blocks in total for Swin-L Model

Centralized 

Distributed  

Swin-L-2 (44,0.62)
UE: 1 TB, Net: 23 TB  

Swin-L(152,1.6), 
UE: 0 TB, Net: 24 TB  

Data Rate： ~100 Mbps

Swin-L-3 (37,1.05)
UE: 2 TB, Net: 22 TB  

Swin-L-4 (43,1.05),
UE: 3 TB, Net: 21 TB  

Swin-L-5 (42,1.59)
UE: 4 TB, Net: 20 TB  

Swin-L-6 (47,1.59), 
UE：5 TB ，Net：19 TB

Swin-L-7 (148.2.05)；
UE: 22 TB ，NET：2 TB

Swin-L-8 (148, 3.19)；
UE：24 TB ，Net：0 TB

Data Rate:  ~2Gbps 



23

6G Native-AI Networks Merits
Comparison of Training Service KPI ( Distributed vs. Centralized) 

Computing CO2eq
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Centralize

d 
Distribute

d  

ViT-G/14 (15.04 x 107 kg,152.02 kg) 

Dataset Size: ~ 300TB

VGG-16(99.5 kg, 5.6 kg)
Model Size: ~552 MB 

VGG-16(558.5 kg, 0.08 kg)
Dataset Size: ~150 GB 

1 2 3 4 5 6 7 Log10() kg

1

2

3

Log10() kg

Swin-L (1.48 x 104 kg, 16.04 kg)

Model Size: ~ 792 MB

Swin-L (5.1 x 104 kg, 0.67 kg)

Dataset Size: ~ 1.31TB

8

ViT-G/14 ( 3.96 x 107 kg, 75.02 kg ) 

Model Size: ~ 7327 MB

5.6X↓

3.4X↓

3.7X↓
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6G Investment Timeline 
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