
ChatGPT meets Wireless:

What will ChatGPT bring to wireless communications?
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A primer on ChatGPT
What is ChatGPT? What can it do?
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Terminology: What are LLM, GPT,  AIGC, ChatGPT?

• LLM (Large Language Model)
• Trained by large-scale data on the Internet (10~100TB)
• A huge number of parameters (billion level)

• GPT (Generative Pre-trained Transformer)
• 0.1 B (GPT-1) to ~200 B parameters (GPT-3)
• In-context learning without fine-tuning

• AIGC (AI Generated Content)
• Image (Stable Diffusion, DALL-E 2, etc.)
• Text (ChatGPT)

• ChatGPT
• A combination of cutting-edge NLP techniques:

• Code pre-training + Instruction tuning + Reinforcement 
learning from human feedback (RLHF)
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ChatGPT Examples

• Assist writing and editing.

5Jun ZHANG - HKUST



ChatGPT Examples

• Maintain the context of the on-going conversation.
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ChatGPT Examples

• Aware of its own capability.
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Training ChatGPT – InstructGPT
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Step 1: supervised fine-tuning Step 2: reward modeling Step 3: reinforcement learning

https://openai.com/blog/chatgpt Jun ZHANG - HKUST

https://openai.com/blog/chatgpt


Key enablers of ChatGPT

• Super computing resource
• Microsoft Azure

• Emergent ability of large language model breaks the scaling law
• Automatically capture different kinds of context information in a forward pass
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Emergent abilities of LLMs

As the scale of the model increases, the performance improves across tasks while also unlocking new capabilities.
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https://ai.googleblog.com/2022/04/pathways-language-model-
palm-scaling-to.html?ref=news-tutorials-ai-research

https://ai.googleblog.com/2022/04/pathways-language-model-palm-scaling-to.html?ref=news-tutorials-ai-research
https://ai.googleblog.com/2022/04/pathways-language-model-palm-scaling-to.html?ref=news-tutorials-ai-research


What 
ChatGPT 
can do?
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• Generate responses that match the user’s intent with 
multiple turns. 

Generalization

• Strong performance in creative writing tasks, and can 
even polish its writing step by step. 

Creativity

• Can actively admit its own mistakes.

Correction

• Good at rejecting unsafe questions or generating safe 
responses with the consideration of ethical and 
political factors.

Safety



What 
ChatGPT 
cannot do?
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•Limit to text generation.

Modality

•Cannot effectively deal with accurate logic problems (e.g., simple 
math).

Logic reasoning

•May generate factually incorrect or biased responses.

Reliability

•Cannot search from the website in real time to learn new 
knowledge and up-to-date information.

Knowledge learning

•Vulnerable to attacks, including instruction attack (making the 
model follow a wrong instruction to do something illegal or 
unethical) and prompt injection. 

Robustness



ChatGPT is revolutionizing different application areas

• Question answerer

• Language translator

• Help search engine

• Polish writing

• Hints for brainstorming and creativity

• Education (as a human mentor)

• Entertainment (e.g., story generation)

• …
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ChatGPT for Wireless Communication
ChatGPT-enabled techniques
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What does ChatGPT say?
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Prompts



How can ChatGPT/AIGC help wireless?
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Communication simulations

Semantic Communications

Data Generation

Data Analysis
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ChatGPT (AIGC)



Use case: Data analysis

Data analysis
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Mobile big data ChatGPT/AIGC

Performance evaluation

Network optimization

Predictive maintenance

User behavior analysis
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Use case: Data generation

Use ChatGPT to generate various data for communication simulations

Channel generation

Simulated channels, e.g.,
underwater acoustic channel,
indoor/outdoor channel

Experience generation Image/video generation Scenario generation

Interactive dataset for
multi-agent reinforcement
learning and bandit
learning

Image and video dataset
for edge AI, e.g., FL,
unsupervised learning

Real-world environments
for system and protocol
design

https://arxiv.org/abs/2211.13350

https://arxiv.org/abs/2211.13350
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Example: Code generation for simulations (QPSK evaluation)

• Result is reasonablePrompts

Task explanation

Generated M-code

AWGN channel

This result is obtained by directly running the above
M-code in Matlab without any modification.

 Use ChatGPT to generate the Matlab code for performance evaluation of QPSK modulation
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Example: Code generation for simulations (BPSK vs. QPSK)

Compare it with BPSK

• Prompt is based on the previous one.

• Result is reasonable

 Use ChatGPT to generate the Matlab code to compare the performance of QPSK and BPSK modulations

Prompts

Generated M-code

Task explanation

The challenge is how to efficiently
design the prompts for ChatGPT.



Example: data generation for multi-agent systems
• Use ChatGPT to generate a complex scene for multi-agent reinforcement learning
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Can you write a Python code to
generate complex scene for multi agent
reinforcement learning?

• Prompts

• Result

This result requires modifying the
generated codes accordingly and
manual fine-tuning 21



Example: data generation for cooperative perception

• Use ChatGPT to generate a 3D scene for cooperative perception
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https://arxiv.org/abs/2209.12836

Can you write a Python code to
generate such a scene for cooperative
perception in safety-critical scenarios:
the red car is before the blue car, and
the white car is after the blue car but
does not know the position of the red
car. The white car and the red car may
collide due to occlusion ….

• Prompts

• Result

This result requires modifying the
generated codes accordingly and
manual fine-tuning

The remaining part is a bit informal

https://arxiv.org/abs/2209.12836


Use case: Semantic communication

• Use ChatPGT as a knowledge base in semantic communication.
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Use case: Semantic communication

• Semantic coding & decoding by using ChatGPT (and large language 
models). 
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Semantic 
encoder

Semantic 
decoderTrump birthday

(2 tokens)

June 14, 1946
 (4 tokens)

50% token-wise 
compression

June 14, 1946
 (4 tokens)
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Use case: Semantic communication
Ask ChatGPT to extract the prompt
or meaningful information from a
context

A context copy from Wikipedia about
the definition of reinforcement
learning (RL)

Extracted meaningful information or
prompt of the above context

Feed this prompt to the ChatGPT

Transmitter

Generated content about RL

Receiver

Encoder

Decoder

The challenge is how to quantify the
transmission error rate.



Wireless Communication for ChatGPT
How to support ChatGPT-enabled mobile applications?

26Jun ZHANG - HKUST



What does ChatGPT say?
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Communication simulations

Huge Energy Cost

Enormous Content

Intensive Computation

Giant Model Size

Summary

New challenges brought by ChatGPT-enabled applications?



Implications to wireless communications

• Challenge 1: Giant model size

• Challenge 2: Intensive computation

• Challenge 3: Huge energy cost

• Challenge 4: Enormous content
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• Model transmission is not possible
• May transmit part of/distilled model

• Cloud-edge based solutions
• Limited on-device fine-tuning

• More efficient training
• Energy-efficient fine tuning

• Higher network capacity
• New distortion metric of AIGC
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Case study: Semantic measures for AIGC
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UGC AIGC

Creator Individuals Computers

Control Fully controlled by 

users

Algorithms or model 

parameters

Purpose A range of reasons Specific, task-oriented purpose

Legitimacy and 

Authenticity

more authentic and 

trustworthy

more skepticism, error 

content generated randomly

Quality and 

Consistency

Informal, vary widely in 

quality, style, and tone

Consistent in quality and style, 

fewer variations in tone

 What is the difference between UGC and AIGC?
 What types of distortion metrics are more

suitable for source coding?

 What types of errors are more detrimental in
channel coding?

UGC

Hypothesis: The AIGC typical set may be much smaller than the 
UGC typical set due to quality and consistency considerations

• Mean Square Error (MSE) 
• Peak Signal-to-Noise Ratio (PSNR)
• Structural Similarity Index (SSI)
• Wasserstein Distance Metric?

Typical set
AIGC

• Burst Error:  two or more consecutive bits 
are corrupted during transmission

• Random error:  single bit is corrupted 
randomly during transmission

• Other types of errors?



Case study: Privacy-preserving on-device fine tuning

• One solution
• The model owner shares a lossy compressed

emulator and an adapter
• The data owner trains the adapter
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https://arxiv.org/abs/2302.04870

Giant Model Size

https://arxiv.org/abs/2302.04870


Takeaways
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Takeaways

• AI becomes real!
• It is bringing a revolution

• New opportunities for wireless
• AIGC-enabled techniques

• New challenges for wireless
• Giant model size, intensive computation, huge energy cost, 

enormous content

• Everyone needs to learn prompting engineering!
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• For more details
https://eejzhang.people.ust.hk/

Thank you!
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https://eejzhang.people.ust.hk/
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