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ӠјAI ᴿ

eMBB

IMT -

2020

mMTC
uRLLC

Ḥ

ᵞ

Ḥ

Ḥ ѿ
ᵣ

Ӡ
јAI
ᴿ

2023ẉ ITU 6GԐᶚẔּזᶋ῟

Â ח ╪ ָ῀ 6Gצ

Âҙṩ῀ ⱳởẩAIᾩҥָצ

Å ט ◗ χᾭḔק-> ΰ<-ק ק

Å ӡљAI ᵀῗ6G ￼ԐᶚẔּזᶋ῟

Å 6Gԋ ᴪ χAI

Å 2022ẉ11ῴιChatGPTἾẦᾺῊҦᶽẆ

Å ҽ AIχӘ ҈ ֱᵙ │ιἚ ⸗ḧүח

Å ἄẪAIχוּ ӘὯḙѽֹ￼₩Ẫֳ ׁἍ῾ῶ￼ԓḳ

ᾰּוᾰ ᾰּוᶃ ᾰּו
2025ẉ8ῴ IMT-2030ε6Gζὸ ἄ

6G AI◕
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ⱳởẩAIᾩҥ

2020

6 

DDPM

DALLE-2

2022

4 

2022

5-8 

Imagen

Midjourney

SD

2023

7 

SDXL

2023

11 

SD-V

2024

2 

Sora

2024

6 

SD 3.0

2025

2

LLaDA

2025

4 

Dream-7B

2025 

5 

Google Diffusion

LLaDA-V

ᶂӴ Ᵽ јⱳở ᾑ῞Ᵽ јⱳở

prompt̔ ̆

ᵬ ̆ ̆
Һӈ̆
̆ ̆
′̆ѿ
̆ ԅ
′̆ ̆
̆ ᶃ ̆
̆қ

ÂỴᾌ⁴ᶙαDMβ
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Å ᴜⱣχḙѽּ҈יᵹᶲẬ ￼ӡỤ ֟ιⱡᵅӔּזḙѽֹ￼₩Ẫ‎ּוἄᶃӵ

Å ᵆỴᾌ׀ σᾭὯ ℓℓז  ᵹᶲ

Å ᴥᵆ ‒ σҡῶᶽ  ᵹᶲѧּוἄᶃⱭ

V ● ● ꜗ ὼȟὸ „◑ȟ◑Ḑὔπȟ╘

Ỵᾌ⁴ᶙᶡ῞ᴜⱣ

[1] J. Ho, A. Jain, and P. Abbeel, ñDenoising diffusion probabilistic models,ò Proc. Adv. Neural Inf. Process. Syst., vol. 33, pp. 6840ï6851, 2020

ÂỴᾌ⁴ᶙ

V ● ‌● ρ ‌ꜗꜗͯὔπȟ╘

V● Б ‌● ρ Б ‌ꜗꜗͯὔπȟ╘ ▄ẙ₩ᶚἍ ╜￼ᵹᶲεּ҈זᴞᵹ)
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Ỵᾌ⁴ᶙ ᵊӓ Ӡψ
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Å Ἓᾫ₩ᶚ ᵹז ι ℓᴞᵹּוἄԓḳ ᵹᶲԇẪχ●◄ ‌● ρ ‌ꜗ

Å ῂ ҽ ιӕḅAWGNӡ ιὶᾠӡᴺѭ:◐ ● ▪ι ҡyѧỠᶶx

‰Ҽ -1σӠ ᴝᵸỴᾌ⁴ᶙαCDDMβ

ÂỴᾌ⁴ᶙ vs ᾢ Ҽ

◐ ● ▪

ὼ

Ḥ ⱴ

Ù

ᵊ DMᴝᵸᾛẩᴝ Ӡ ᵸᶱε ӈӠ ᵸᶱẼᵟεὝ׳
Ҽ ψ

Denoising

Ἓᾫ₩ᶚᴞᵹ

Denoising

Ἓᾫ₩ᶚᴞᵹ

Denoising

Ἓᾫ₩ᶚᴞᵹ
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‰Ҽ -1σӠ ᴝᵸỴᾌ⁴ᶙαCDDMβ

[1] T. Wu, Z. Chen, D. He, L. Qian, Y. Xu, M. Tao, and W. Zhang, ñCDDM: Channel Denoising Diffusion Models for Wireless Semantic Communications,ò  

IEEE Trans. Wireless Commu. Sept. 2024. (Best readings, ҥֿ̔בhttps://github.com/Wireless3C-SJTU/CDDM-channel-denoising-diffusion-model-for-semantic-communication)

ÂὝ֦҂CDDMσṃDM ᾚ ᶇᾢ ὓᾁ
Å ᶡ῞ χ⁞Ὧӡ ⸗♇ ׁᵇἛᾫιὸṀ Ẕᴦᵇ ‾ℓ љ ‾ │ιḫאҡὶᾠ

ӡᴺѧ ℓᴞ ᵹᶲ



10

‰Ҽ -1σ CDDM⁴ᶙ

Å ὶᾠӡᴺ‍ҭ₦ꞌ₩ᶚχז  Ᾱ֫ṵ

ὴ◐►●ȟ▐ Ḑὔ ◐►Ƞ
ρ

ρ „
╦▼●ȟ

„

ρ „
╦▪

Å CDDMׁᵇἛᾫ χᵃ  ￼ Ᾱ֫ṵ

● ╦▼●, ● ‌● ρ ‌╦▪ꜗ

Ὀ ή● ȿ●ȟ▐ȿȿὴ◐►●ȟ▐ π

Å ׁᵇ љὶᴩӡᴺԋ χᶈ mℓі

● ●Χ
ήὼȿὼ ȟὬ

●Χ●◄

ὴ ● ȿ● ȟ▐►

●Χ ● ●

◐►
Gap

ᵆ׀

ӏ
ⱴ

ṃӠ ᵸו εⱣ Ѭ ᵸεו₉

Ҡ ᶇᴥᵆ ‒ Ѧ ₉ᴝᵸ

Å ֫ṵὉᵀιὸṀѭᵹᶲ ╜χ

ӏⱴ

ὒέίίὉ ȟȟ ꜗ ꜗ ●◄ȟ▐►ȟὸ

ⱴ ḪӠטᴟᾎ֪ṴεἨᴿּײַ ᵄײַ ֪Ṵ

Å ⁞Ὧӡ ᵹᶲι Ὅ ‾ℓ ά: ● ◐►

‒

ӏⱴ ḽὓᴨӠᴹᴝᵸεḪ♪ Ồ︢֜ײַ ‒

● ● ρ ‌ ╦▪ꜗ ὼȟὸȾρ ‌ Ⱦ‌

Å ⁞Ὧᵅ ₦ꞌ֫ṵ Ẫᴞᵹ ‾χ
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‰Ҽ -1σῪҬ ֞Ᵽ ᾭ

‭ȟẗ π ᴆҊ̆ ȿȿ‭ ‭ȟẗȿȿ † ̆

‭ȟẗ
ρ ‌ ‍‎

‎ ‍‎

‍ ‍‎

‎ ‍‎
† Ὢὸ

Ὄὼ ȟὼȟὬ ὌὼȟὼȟὬ

ᾟ№ ᴆ ̔

ό ὸȟ▐ Ὄὼ ȟὼȟὬ

ѿҩ҉

ü ֧ ᶎӪ‍ҭἄ

ü ‍ҭ Ӊḕᶈ Ѧt ᶀ

ü јᵃtḾ ֟ṇẄẙјᵃ

ü ⁞ὯKL Ὅm Ὅḕᶈі

ü јᵃSNR￼ᶭ ј ᵃ

בּ
ὓ

ᾭ

ἷ
ḿ
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‰Ҽ -1σMSEḪ Ὼ

Å ḫ ‍ҭχ

ü DIV2K ▐ᾭὯ

ü ӡ љ Ᾱӡ

ü ᵸᴙ ꞌχ0.0234

Å ḫ Ḿ χ

ü ώљὼ￼MSEεwithout CDDM ζιᶈјᵃ

￼ӡᵹ⅝ᵙӡ ӂ Ṯ‍ҭїιḾ⅝ώљὼ

￼MSE (with CDDM)

Å ḫ ‛χ

ü ᶈἍῶSNRιἍῶӡ ӂ Ṯ‍ҭїι

ӡ љ Ᾱӡ ￼MSEḾ⅝ ῶᶭ

( 0.9dB@SNR=15 dB fading)
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‰Ҽ -1σPSNRḪ Ὼ

ü DIV2K ▐ᾭὯ

ü ᶈἍῶSNRι ӡ љ Ᾱӡ ￼PSNRớ ῶᶭ ε0.53 dB@SNR=10dBιFadingζ
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‰Ҽ -2σẆἀ┌ Ỵᾌ⁴ᶙαICDMβ

ÂӠ ᵸᶱvs ӠᴹẆἀ

ӠᴹẆἀ

◕Ề ᾢ Ӡ ᾴᵌῑו ᵸᶱ Ӡᴹⱶ҇ԍᶽ▒ַײẌί◕ ḲᾮᴨָẆἀ

ᾛ← ṃỴᾌ⁴ᶙ CDDMΎᴝᵸײַ

⁴ᶙ ώ Ὤὼ ὲ ώ Ὤὼ Ὤᾀ ὲ

Ӡ ᵸᶱ

ᵊ DMΎᴝ Ẇἀψ

Ὀ ή● ȿ●ȟ▐ȿȿὴ◐●ȟ▐ π

ṯּ׀רᵆ

Ὀ ή● ȿ●ȟ▐●ȿȿὴ◐●ȟ▐

Ίּרᾢ← ᵆ׀ Ύר

[1] T. Wu, Z. Chen, D. He, F. Yang, M. Tao, X. Xu, W. Zhang, and P. Zhang ñICDM: Interference 

Cancellation Diffusion Models for Wireless Semantic Communications,ò submitted to IEEE 

JSAC,  https://arxiv.org/pdf/2505.19983,May. 2025. 
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‰Ҽ -2σẆἀ┌ Ỵᾌ⁴ᶙαICDMβ

Ấ⁴

Å ת ῎χ∂ ᴵệҤҪ￼ ֝ӂ

Å ⸗ề֫‘χ

Å ấ₩χḾӡᴺᵙẇἣ￼ ᵀMAPӂ

ώ Ὤὼ Ὤᾀ ὲ
Ίּ̔רὴ◐●ȟ▐

ṯּ̔רὴ◐●ȟ◑ȟ▐
ᾐӋ̔◑

ᴿּזỂ

Å ᶢ ộ χΌѳєדטḙ Ҧ

Å Ҧ ‛χwhen ʏO πȟὝᴼЊ,

Å Ḕᶇ χḾᾭ֫ṵ₃ẙ῾ ι Ҧ₭ᾭᶺ

₱ ᾛ←

○ ᴼÁÒÇÍÁØ
○
ÌÏÇὴ○ȿ◐ȟ▐●○ȿ◐ȟ▐●

Ᵽ ᾭᾁᾊ
҇ ײַ

Ӂ

○ɳὰέὫὴ○ȿ◐ȟ▐●○ ȿ◐ȟ▐● ○ɳὰέὫὴ○○

○ɳὰέὫὴ○ȿ◐ȟ▐●◐ȿ○ ȟ▐●

ӠᴹẆἀӽ ‫ẘ Ӡ ⁭♆‫ẘ
Ӕּז Ᾱ֫ṵớ ὸṀχ

○ɳὰέὫὴ○ȿ◐ȟ▐●◐ȿ○ ȟ▐● Ẫ

Ồ ᾎө ҥᾛ←
ᾯᵀ ỉ֫Ά ᾭӪồ ∂

MAP 
Ӕּז Tweedie ԇẪ ῎χ

ѣѦ꜠ DMḙѽ ○ɳὰέὫὴ○○

֗
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‰Ҽ -2σẆἀ┌ Ỵᾌ⁴ᶙαICDMβ

Å ‗ấ●ȟ◑χ

ӠᴹẆἀӽ ‫ẘ

●◄ ‌● ρ ‌ ●ꜗ, ◑◄ ‌◑ ρ ‌ ◑ꜗ

Å ὸṀΆ│χ Ᾱ ֫ṵ+ ᴹᾹ

Ӡ ⁭♆‫ẘ

Å ԄχׁὴѦ‾ 

Ồ ҥ ←

Å ᵹᶲљḾᾭ₃ẙԋ χTweedie ԇẪ
ᵸᶱ
ʽ ‫ẘ

Å DMsӂ ᵹᶲιᴵҨ ệ₃ẙӂ

ṯּר

ᾙ
ӫ

ṯּר
Å ῳ Ẫχ ᵀ

2. ‾₩ᶒ ╜Ẹׁ‾ χӔּזὼ ȟᾀ , ׁὴѦ₃ẙι ᵀ

ӂ ⃰Ά│ ╜‾ 

Å χ

1. JCG₩ᶒ ₃ẙχӔּזṫӚὸṀ ὴѦ‾ ḾẔ￼ ᵀ₃ẙ

DM ֦-ὕ
ḿַײ ẩ
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‰Ҽ -2σḪ Ὼ

ü CelebAҚ

ü BIRDS

ü Kodak ḫќּף

Â ICDM ֪ῷ
Å ᾭὯ χ

ü Ῐ ᾡᵱ ấᾦ‛

ü ᶽẄώ״ỵ

LPIPS ε2.47dBζ

@SINR=0 dB, Rayleigh

üᶽẄ ‾ℓᾭ 40ℓ

Å ᾦ‛χ

ᴜᶂ Ẇἀ ᴝẆἀ ᴜᶂ Ẇἀ ᴝẆἀ
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‰Ҽ -3σỴṜ

Â ⱴ҇ӠᴹӁ Ԋᶊᾼגּ

Å ӕḅӠ Ӂ χhҦῲі xιַּזDM

ᴞӂ Ṯ

Ӷὼ ὼ ɝὼ

RISᶋ῟їӡ ӂ

[1] Y. Wang, Y. Xu, C. Zhang, Z. Chen, etc. ñChannel Estimation for RIS-Assisted mmWave Systems via Diffusion Models,ò submitted to IEEE 

Communications Letters, https://arxiv.org/abs/2506.07770,July 2025. 
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ԒḲⱳở-1σ═ᴿ ѱҼ αMoSβ

Ỵᾌ⁴ᶙַײᴨὔⱳở

ᶹ‒ַײῪҬὔֹ
Ἓᾫ₩ᶚᴵҨ⁞Ὧᶺ ẻẪ
ᵙ₩ỗ￼‍ҭּוἄԓḳ

ᶹ‒ ј
ἄԓḳᶺ‾ιҝוּ ᶼӠ

Ѳ ớ

∟Ḧֹצ Ӡ
ӡҽ ￼Ḿ ᴪệ♄╗ᶺ
‾ιԓḳᴵѦớḧֺ

Ҽ ԒḲ
ҽ ԓḳ￼ Ѳ ớᵙԋ

Ḿ ￼ӵ ớ

ⱳở Ӡᾚᾛ←

Stable Diffusion 

ᴱ
Ҳ ᶈ

Ḅӌ ψ

ᴇ‖╖
і

ḽ ᾂᴩΪ

ѱ

═ᴿ ѱҼ ε

Ҡїᵂ ẘὔֹԒ

ḲַײḦֹצⱳở
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ԒḲⱳở-1σ═ᴿ ѱҼ αMoSβ
Â MoSҼ ꜝ

1.ӔּזSAM₩ᶚ֮֫ԓḳ

2. Ḿ҈ỵԌ εROIζתᶟ

JSCC  ὶזּ ᶃӵҽ

3. Ḿ҈јỵԌ εRONIζת

ᶟ BLIPזּ ὭѭᾰḔᵅ

ҽ

4. ὶᾠ ӔּזἛᾫ₩ᶚṄ█ᵀ

₩ỗӡỤӐѭ‍ҭּוἄԓḳ

ü ROIתᶟ ᶃӵҽזּ ӠỵԌ ￼Ḿ ֝
ҽ

ü RONIתᶟ ᾰḔҽזּ ҨᶽẄ Ӊ ӡ ι
ẊӠὙ Ѳ ớᵙ♄╗ớ

[1] J. Ni, T. Wu, Z. Chen, Y. Xu, M. Tao, and W. Zhang, ñMixture of Semantics Transmission for Generative AI-Enabled Semantic 

Communication Systems,ò submitted to IEEE Communications  Letters. May 2025 (minor revision).
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ԒḲⱳở-1σḪ Ὼ

ÂḪ

Å ᾭὯ χRefCOCO

Å Baselineχᴅ ₩ỗҽ

Å ӡ χAWGN љ Rayleigh fading

Å Ὕ‰χROI￼ӵ εPSNRζ

RONI￼ᶃᾰ εCLIPζ

ᴜᶂ ᴄ ⁴ Ҽ ═ᴿ⁴ Ҽ

Â ֪ῷ

Å ᶽẄώ ROIתᶟ￼ ấ

εPSNR 2-3 dBζ

Å ᴺ֫ ⅝ӕẽᵠᶽ
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ԒḲⱳở-2σ ḘѼѦᾎὊⱳở

Â ᴀנּרḘѼ

ḙѽѧјᵃּזἋ￼ᾭὯ Ẃῗ

ῶṮầι ꜠ ᵃ֫ṵ￼

♀ ᵂ֪Ṵ

Ἃזּ ҨḾ ῶᾭὯἔ‰ ι ἄ

ᴵᴠ ￼ῶ‰ ᾭὯ Ṉ

ṇ ῑ 

ᶊᾼ

ῶ‰ ᾭὯ Ṉι ệֹ￼֫

₩ᶚớ ᴩ

ṇ‒῞ ᴨ

 ᶊᾭὯҠѭNon -IIDιṀ  ᶊ
₩ᶚљԅṕ₩ᶚḕᶈӭṮιẽᵠᴠ
ᾭ ᵀᵅ￼ԅṕ₩ᶚớ

ᾎὊ֪ṴṭẦ

Ԋ ἹỢ

ҧ
ַѬ
ῪҬ
ⱳở
ᾎὊ

Ỵᾌ⁴ᶙ

Ỵᾌ⁴ᶙṽΎַײᾚᾛ←σּבὓ—Ὂ ַⱳởṽῑ  ԄṔ‒῞Ϊײַ
[1] Z. Wang, T. Wu, Z. Chen, Q. Liang, Y. Xu, and M. Tao, ñFederated Semi-Supervised Learning with Diffusion Model-Based Data Synthesis,ò  China 

Communications, vol. 22, no. 7, July, 2025.
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ԒḲⱳở-2σỴᾌ⁴ᶙ ײַ ᴀנּר

ÂỴᾌ⁴ᶙ ײַ ᴀנּרḘѼ

ü DM ἄԅṕᾭὯιוּ ṇ ᶊ₩ᶚљԅṕ₩ᶚṮầ

üDM⁞Ὧ ‰ἄԓḳιӔệԓḳљוָּ ⸗ề῭

1. Ṉ

‰

֫ ᵸ

2. Ӕּזԅṕ֫

ᵸἔӀ‰

3. ⁞Ὧ█╫ ι

ᾭὯι

Ἓᾫ₩ᶚ

4. ԅṕἛᾫ

₩ᶚᵀἄԅṕ

֫ṵᾭὯ

5. Ὰ

֫ ᵸ
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ԒḲⱳở-2σḪ Ὼ

ÂḪ ῺσCIFAR10ι Fashion MNISTι SVHN ᾭὯ

ü Ῐ ώ״ᴿ ָ￼ᴳᵻꞌ

ü Ḿ҈fedavgї ꞌ ￼ ָιᴳᵻꞌώ״῭ᶺ

ü Ὅ ӡẙ‰ ᾭὯᴵҨῘ ώ״ớ

22.4%

35.5%

ü Ἅώ֧ │ᴵҨῘ ώ״Ẉᶎ֫ ֝ ꞌ

ε22.4%@ IIDᶋ῟ and 35.5% @ DIRᶋ῟ζ
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ҷצ₱ σҷצ Ѧ ⱳởײַ

Ỵᾌ⁴ᶙַײ ⱳở

֪ṴἨᴿ
Ἓᾫ₩ᶚ⁞ὯҸק ‍
ҭּוἄ ￼֫ṵιḾ҈
￼ᶺṤ֫ṵὉᵀᾦ‛Ḅ

ῡὒ

Ἓᾫ₩ᶚᶢ҈₦ꞌḸẙ₃
ẙ‎ּוἄ ιᶭזẶק
ḙѽή ￼  ớ

ӟ

Ѣ ᴿε
₱ ᶵῢ ֤ҷצ

Ỵᾌ⁴ᶙ

ⱳởᶹָא  ᴿҷצ

ṹײַ ự׀⅜

ẵצḘѼỈ
№
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Â MO -CMPOⱳở ꜝ

GNNσᶂ ◕ỀὝᴧ

CMσ ⁴ᶙנּרḘѼ

CMӏѬṇ ὕⱣ₉ᾎַײỴᾌ

⁴ᶙεᶡ҇ᶂ ῶῪҬⱳở

₤ѥᴄָא ѕַײ

ҷצ₱ σᶹָא  ᴿҷצ ײַ ⱳở

⁴ᶙר

ḘѼנּ

ᶹָא 

ẵצḘѼ

ꜝҷצ

ḽ҇ᴩ ᾌַײ ᴿҷצ ε

ⱴᶂ ײַ ᵘ

ԄṔӠ εὝᴧ ◕Ề

MO -RLσᶹָא RL ꜝҷצ
‒Ӭḃΰ ε ᴿᶹѥָא 

ײַ ꜝ֪Ṵεὒ ṹ ự׀⅜
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Ḫ ᾼј Ὼ
Â Ḫ ᾼσ֫ṵẪMECѧι⁞ὯVRּז
Ἃᶈ Ὁ ѧ￼Ҋט ∂ιḾⱶת
ѧ￼ ◊

Â Ḫ ῺσMANѧNRᶢ ᾭὯ ◊҈
OpenCellid

ü Ἅώ │ệֹ῭Ḅ￼Ṻ Ἐׁ⌐ ü ᶽẄ Ӊᶺ ‰ ᵀҸק ￼∂ Ὴả
[1] C. Xu, Z. Chen, M. Tao, L. Song, and W. Zhang,ñSpatial Computing Communications for Multi-User Virtual Reality in Distributed Mobile Edge 

Computing Network,ò submitted to IEEE TWC, Aug. 2025. 
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1 כֿ ᾼјחῡ

3 ᾚᾛ←ѲԒḲⱳở

5 ṩӏ јṜῗ

4 ᾚᾛ←Ѳҷצ₱
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ᴨὔ

јṜῗ
ÂⱳởẩAIӓ ᾢ Ҽ

ⱳởẩAI₇ᶇ ᾢ Ҽ ᴾѥ♩ ---->ᴴὔⱳởẩ Ӡψ

‰Ҽ

ớᵹᶲχώז Ὤὼ ὲ

ớẇἣχώז Ὤὼ Ὅ ὲ

ớז ṮχὬ Ὤ ɝὬ

ᶇᶼ ᶊᾼіḽἍו טּ᷁

ԒḲⱳở ҷצ₱

ᾰּוᶃ

ᾰḔ+ ֫ᶃӵּוᶃ

ָίֺᾭὯּוἄ

ᴾ ῪҬὔֹіַײԒḲⱳở

ᴅ ‰Ҹק

ᶺ ‰Ҹק

ᵀҸק

ј אָ ῨῪҬі ⱳở

јᴜḉָא ὓ ⱳở ѱ ῏ҷ

[1] W. Zhang, G. Lu, Z. Chen, G. Y. Li, ñGenerative Video Communications: Concepts, Key Technologies, and Future Research Trends,ò Engineering, June 

2025. 
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