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1.1 6Gỗᾼјẓⱴᶊᾼ

ᾺỶ῟

6G ₱ ἆῠ ᾼ

Å ᶁ א₀ַ ᵀẦṝ6G-XCEL ιῈᶈṧԄҚאָ

Ṫΰ ҨᶭẶ6G ו￼

Å₀ַאᵏט ֯Horizon -Europe -AIטιὸאָ

native RAN ‟‗ιḫא ᾦ ᶺᶋ῟6G

Å3GPPὙ ὸ R20 ᶭẶ ιᵏט 6G AIᴜⱳ

῾ῶ AI῀ Ӌ ᶞAIᴂᵂ

Al -related
capabilities

Integrated Al and 
Communication
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1.2 ᶡẙ⁴ᶙ 6G Ӡ

[1] Ziheng Liu, Jiayi Zhang, Yiyang Zhu, Enyu Shi, Bokai Xu, Dusit Niyato, Shi Jin, and Bo Ai, ñMaLAM4Com: Multi-Agent Cooperative 

Large AI Models for Wireless Communications,ò IEEE JSAC, vol. 44, pp. 2889-2903, 2026.

῀ Ӌσ Ỗּר ֗ צ

◕ Ҽ ᾢ ᶡẙ⁴ᶙ

⁴ᶙ ⁴ ᴠᾭ Ḿ Ṇ ᴠᾭ Ṭᶼ

ἆῠ῾ῶ ᶢ҈ ֱ ₩―ἆ╚Ṗ Ѯ ᶢ҈Transformer ‟‗

ᾎὊ ‰├￼Ṇ ⁴ᾭὯ ─ ᶹ‒צ ᾢ ↕￼ᾰ ᵙᾭὯ

ḘѼ ẩ ָ +Ỉ

ᶳⱣ ג ᴄ Үז ᶹҮזιẶᶽ￼┌ק ᵙד ớזּ
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1.3 ᾇᴴӠַײᾢ ᶡẙ⁴ᶙ

♪◦ј ₱

ü ֘ љ ╟ ü◑ ӡӈấ ∂

üӠ ᾭὯḟԄљᴿü‗ấᴴ ￼ΰ

ҷםσ

ü₩ ᵟẓ ẘ

üᾎὊ῞ᶉ ӟἑ

üѥ צ ג

ἹỢσ

ü ╟ ֹ

ü ᶴᶹ‒
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1.3 ᾇᴴӠַײᾢ ᶡẙ⁴ᶙ

ᾇᴴӠַײᾢ ᶡẙ⁴ᶙ

ῂ ᶢẚ₩ᶚ ҃ҽ ◕ḦҮז₩ᶚ￼ṕ ớι
ἄוּ ⱴ￼ӡ ềι ᶼᶈᴾ ♩ᶪᵙі╙Үזѧḫאῂ Ẕιᾢ ᾚ

ᾎὊ/⁴ᶙ ᶳⱣ
ᾢ Ṑẘ Ễ

Ҡ ⁴ỴṜָ ╪ג

ᾇᴴӠὒ
ᾇ⁴ᶙ῾ῶ: ᶹ Ềָ ὕⱣ

ᴴӠ῀ Ềσ◓Ᵽӽ ֗צ↑ָ

–ịӠ Ề ֦
ᾇ і╙

ᶹҮז ᶹᶊᾼ ₱
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2.1 ᶼ ⁴ᶙַײᶡ︠Ᵽ

ᶼ ⁴ᶙ῾ῶ –ị σᶈ╤ ᾑ῞ᾎὊі ￼Transformer

‟‗ιέᾁ ￼זּ ת ὸתᵙԓḳּוἄ

ḕᶈ₩ỗ ιῂ│ ὶᶴת ӡ ᶟ￼ᾭӪᾭὯ

Ẕֹּזᾢ Ӡ ᶞ

üԀῸ₩ỗ ι‗ấ Ѧ ὶᶴת ӡ ᶟᾭὯ

￼њּז₩ᶚ

üῂ ἄֹ Ѧ ֹ ᵇⱶתṖүח￼‟‗ѧ

Ѧẩᶼ ⁴ᶙ
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2.2 ╟јᾇ♆ַײἹỢɇ ṐẘḦỄ

ü ⱡ ѧẪᶽ ₩ᶚו ẶᶽιӇԎớ ẙӘ ⁴ᶙᶼṆᵙᾎὊ ѕᶽ ẙ

ü Ỵα β￼ ҺṀ ꞌӉιזַּ◊ ẬԄScaling Law Ḫ♪ ᾇ

⁴ᶙᶼṆ

ᾎὊ ⁴

ҥї ʞҷצїӻ֪
ׅʞԝӍ┌

‒῞ Ѷʞ ↑צᴨ
Ӡ ԝӍʞ ֞

Ḳ ї ʞ Ἠᴿ
ᴟᾎԝӍʞ Ἠᴿ

[2] J. Kaplan, S. McCandlish, T. Henighan, T. B. Brown, B. Chess, R. Child, S. Gray, A. Radford, J. Wu, and D. Amodei, ñScaling laws for neural 

language models,ò arXiv:2001.08361, 2020.
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2.3 ᾢ ᶞַײ◕ₔ σҼ ṐẘḦỄѬӌ᷁ᾇψ

ü Ӡ Ầῶ ҃ҽ Scaling Law￼ᵂ ӫ ιῂ│ּזᴅ Ẃᾭ‎נּ־ᶶ עᶫї￼↑צ Ễ

ü ᾌצ ẘ ὶ֘ḧ҃ Ԅӡ ￼Ӡ ӟּטẘι ԋ ◓Ᵽ◕ ᶈҽ Scaling LawἍổּצ

ᾢ←ṃҼ LLM ᶞַײScaling Law ὓẓⱴ҇ᾢבּ Ӡ

ᾢ Ӡ ◕Ᵽ◓ײַ ᶏ҂Ҽאל Scaling Law ỄԆẩַײΆ
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2.4 ᾢ ṐẘḦỄַײ ởσӠ Ầῶ ј ᾌצ ẘ

[3] ZihengLiu, Jiayi Zhang, et.al, ñScaling Law for Large Wireless Models,ò Proc. AAAI, 2026.

Ӡ Ầῶ ᾌצ ẘ

ᾢ ṐẘḦỄ, Wireless Scaling Law σ
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2.5 ᾢ ṐẘḦỄַײҰּ֪טῷ

Wireless Scaling Law јҼ Scaling Law ײַ ḽ₦

Ίּרᶊᾼ
צ↑

ṯּרᶊᾼ
ῑᾇ
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2.5 ᾢ ṐẘḦỄַײҰּ֪טῷ

Wireless Scaling Law јҼ Scaling Law ײַ ḽ₦

₦גּ ԏḦỄε
ᶇ ≡ ẘᾛ
Ὕ ҂32.32%

ᴄᵻ₦גּ ḦỄε
ᶇ ≡ ẘᾛ
Ὕ ҂28.83%
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2.6 ᾢ ṐẘḦỄַײᵎᴦσḄӌ ᾇ ᾢ ᶡẙ⁴ᶙψ

Ѭ ה ẵᶼњ ╟ ᾇַײᾢ ᶡẙ⁴ᶙ ֦֭ Ὺ╒᾽ᴴ ײַ ᶂ

ü Ӿι ╟￼῏ҷỴṜ ꜝẊ יּ ѦᶀḦַײɎ⁴ᶙ-ᾎὊɏ₦Ӕ‎֘ḧι ῗ Ѧ ᾭ

ὯẦῶ ᵙ ẘח ᴪק￼֩ᾭ Ỵᵖ їḔᶇ ѦΆ Ɏײַ ₦Ӕɏ

ü Ԏ₭ι Ә ԋ ḾᾭὯ￼Ɏ ẘɏṎԎᾧỵιҝҝ ώא״ῶᾭὯ￼ ֪ ♆ιṏ

‖ᶽᶊ ᾣ₩ᶚớ ι ῂ ᶹᶭזᾭὯ

₩
ᶚ
ᴠ
ᾭ
љ

ᾭ
Ὧ
⅝

LoSNLoS
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3.1 ᾇ⁴ᶙ῾ῶַײỌ

ấ :ṭᶽ￼₩ᶚᴠᾭᵙ ι ῌ ￼
҉ וιғּד љᾭὯҽ Ầ

ӈấ χῂ ◊ ẙ ӡ ӂ └​ ẻ
үח ᶈ← ԓḢἄ֘

>100 ms
<1 ms

Ąᶢ Ą⁄Ọ Ą҉ ᾭὯѧỌĄ Ą ᵻ

Ҽ ᶡẙ⁴ᶙַײᵾᶪ ᾢ Ӡַײ ֽ ₱

₩♪σḪ אָ ᴜⱳὕⱣ

17
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3.1 ᾇ⁴ᶙ῾ῶַײỌ

ᾇᴴӠַײᾢ ᶡẙ⁴ᶙ

ῂ ᶢẚ₩ᶚ⃰ὸטῂ ΰ ҡҮזљⱴ ᵇ ⱴ ι ᾦ‟‗ῗḫאᶽ ₩ љẔּז￼ԋ
ᵼ℅ι ҡ⁴ᶙ ԃ ῾ῶᵙ⁴ᶙ ֦ѕѦṖ ᴃᵃ ᾦ₩ᶚ‟‗

I. ⁴ᶙ ԃ ᾇ
ᶹṐẘ ῶẤ⁴

αӇ בֿ + Ầῶ↕ổגβ

II. ῾ῶ ᾇ
Ώ׆⁴ᶙײἷḿַטּ᷁♆
α ὕⱣβ

III. ֦ ᾇ
Ԋ ѱ Ề

α ᶹҮז ᶹᶊᾼβ

ӻ֪Ấ⁴їᵂṐẘ◕
ẘ Ềᶬẵ ẘ
ẘ Ề ӈấ

јὕⱣᾇ♆
ᴝ ᴟᾎԝӍ

ӟꜜԊ ῶ

Ԋ ѱ Ềᾀ Үזᶵⱴ
֞ṇ ֦ԝӍ
Ḫ♪ ᾇі╙ὕⱣ



3.2 ⁴ᶙ ᾇ ԃσ ῶỖּײַרԄ Ӈ ῡֹבֿ

19

–ị ḄӌḪ♪ ӟּט ấ ӈј ֪ ♆ḽ ײַ ψ

Ԅ Ӈ בֿ ᶹṐẘ ᾇ῾ῶεᾀἵᶡẙ⁴ᶙ צ

Ḫ♪ӈᶵῢẘі

ẘẤ⁴ ג



3.2 ⁴ᶙ ᾇ ԃσ ῶỖּײַרԄ Ӈ ῡֹבֿ

20

–ị Ḅӌᶇ ӈ ԃᶵῢẘַײᵂᾩεӟἵᶹṐẘ ῶӠ ψ

Ḫ♪ ẘ-ᶵῢẘ

῏ҷẇ

[4] ZihengLiu, Jiayi Zhang, Bokai Xu, Chen Zhang, et.al, ñBeyond Isometry: Holographic RoPE for Resolution-Agnostic Large Wireless 

Models,ò under review, 2026.

ῶỖּרӇ ᶬẵᶹṐẘבֿ ԃ ε
Ḫ♪ ᾇẤ⁴ј ὕⱣ
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⁴ᶙ׆Ώᴎᾴḽ⁴ᶙΰ ῑὄᴘ

üӠ╟σᴝḊ￼ ῾ ׇ“￼₩ᶚ  X

üֿב♆σׇ“ᵅ₩ᶚὢ￼ῑᾇᴟᾎ ι ꞌ

Ӊι ￼Ầ ӉιὕⱣ ẘ ồ

üּ᷁טσׇ“ᵅ₩ᶚớ ￼Ὣ᷂D

₭ι ᶺ₭
ҡ ￼ ╙ѧ ℓ ֧јᵃӠ ẙ￼ⱱ 

ṄᴝḊ₩ᶚᴙ ֹ Ѧ ‰ᶽṇ

ᴙ ᵅ￼⁴ᶙљᴜḉΰ ѳ ￼ṭẦֽꜙχ

ᾎ[1]ḧѲχ֨טּ᷁♆

ῑὄӠ╟ בֿ ⁸ בֿ

Ήו ᾇ

ӈᶵῢẘ

◕Ḧּ᷁ט₯ẇі⁴ᶙᴘ Ᵽ ῴ◕Ḧּ᷁ט₯ẇі⁴ᶙᴘ Ᵽ ῴ

3.3 ῾ῶ ᾇσ♆ּ᷁טⱣ
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3.3 ῾ῶ ᾇσԝӍỖּ⁴ײַרᶙ׆Ώῡֹ

üⱣ ἷḿσӨ Ᵽטּ᷁♆ ׇ“

ü–ị : ᶈᴵὶᴩ￼᷂ ᶀԓιἧֹ῏ӈַבֿײ♆

üԊ ἹỢσṄꞌ᷂ ת ẬԄׇ“ιấ ᾎḘ‘῾ ӂ

üѭ σׇὲᵤѦ ₩ᶒι ὄ᷁῏ṆιӇḾ₩ᶚᶽ

ṇᵙ ẙ￼Ὕ׳ῳᶽό

Ҡ ӹᵘ ὓַײ ẘΎּז Ҡΰ ᵘὖֿײַב ẘΎּז

ᾩ׆Ώ vs ᵄ׆Ώ

Ḫᾜ ᵄ׆Ώεᴴҧ׆ΏҮӌ♪ῑ

⁴ᶙε ᾢ ᶬו ᶵῢײַ εỡ

ᾚ ⁴ᶙ

їᵂ׆Ώᾛ←ַײ₦
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ᾎḘֽꜙσײַ

ü Ҽ Ώσҡ׆ ѦḢᾯ￼ᶢẚ₩ᶚẦḊιׇ“ὲј ￼ ֫

ü ỨὝᾛ’σᴩ♆ּ᷁טⱣ ᵏᴧι₩ᶚҡ῏ Ɏײַ꜠ ῾ɏ⁴ᶙι

ℓỠᶶἄᶈ ‰ᴙ ꞌї ῏ҷ￼ ⁴ᶙ

ῶẤ ᵷᵘבֿ ᵷבֿ

ΰצ₇ְ ⁭♆ḷẘ֨ᾎ

ἝΆἝᾙ֪Ṵḽΰ Ӆ

⁴ᶙ ֦ѕꜛσ ⁞Ὧӡ◊  ἝΆἝᾙ֪Ṵᵙּ᷁טẘ εệֹ
ᾎ֨טּ᷁♆

3.3 ῾ῶ ᾇσ⁴ᶙ׆ΏַײᾎḘ⁴ᶙ
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⁴ᶙ׆Ώ ←῾ῶᶂ

3.3 ῾ῶ ᾇσ⁴ᶙ׆Ώַײ ←

[5] Bokai Xu, Jiayi Zhang, Ziheng Liu, Chen Zhang, Derrick Wing Kwan Ng, and Bo Ai, ñTowards Device-Side ISAC Model: A Secure and 

Lightweight Paradigm,òsubmitted to IEEE TCOM, 2026.
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3.3 ῾ῶ ᾇσ⁴ᶙ׆ΏַײҰּט Ὼј֪ῷ

ỨὝỖּרᾛ’јҼ ӠᴹᶳⱣᾛ’ḽ₦

ỨὝ֦ᾛ’ҷ҇Ҽ ӠᴹᶳⱣᾛ’αẮ ֪ εMUSIC ←β



ỨὝַ֦׆ײΏᾛ’ ᶻӟἵỖּר їᴩַײ ֘іε
ӈ⁴ᶙᶵῢẘ96%

26

3.3 ῾ῶ ᾇσ⁴ᶙ׆ΏַײҰּט Ὼј֪ῷ

Ỗּר ẘ צΏ♆ᴩ׆

Ỗּר ꜠ ᵘ ẘ

Ỗ
רּ

ẘ

⁴
ᶙ

꜠
ẘ
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3.4 ⁴ᶙ ֦ ᾇσ ᾇ⁴ᶙ῾ῶַײⱣ Ɑ

ὕⱣḪᾩ σטỗ ᾯᶾ └​ ֫ ◊ι Ҏ

֘ ọ ᶈ← ԓḢἄιᵋֱ ӡ ҺỚׅї

ᾇὕⱣַאָײ σᶈῶ ԓḕ
ד ו їιḫאῳӓớ ιẊ
Ӊ ἄ 

ü ₩ᶚᶶ 
ü ◊Ѥ ᴩ
üAuto -regression decoding  ֺ

ᶡẙ⁴ᶙὕⱣ Ớַײᴜᵻ

ü₩ᶚᴙ
üᾡᴪTransformer ‟‗
üẕṖ ḒҸק
ü֪ṴẩὕⱣ῾ῶ

ᶼ⁴ᶙ ᾇὕⱣⱭ

ә

ᶡẙ⁴ᶙὕⱣ ֗ᾛ’
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3.4 ⁴ᶙ ֦ ᾇσԊ ѱ Ềᾀ Үזᶵⱴ

ü▄ẙת љ┌ק

ü ᾦ

ü♄╗ὸת

üʌ ₩ỗ

ü Ṅᶢẚ₩ᶚ￼Ӊ ề ὶּ҈ז

ї▫үחιᴵ ӉẦ 96.88%

ü ӡỤ￼זּ ᶺιᶢẚ₩ᶚὸ

Ầת Ӊ ṇ

Ề ẘᵘὕⱣấ ở₇₦

ü Ề ẘ p=2D/s

ü ῏ӈὕⱣấ = 1/p

Dχӡ ỞԊ￼Ӻ
pχӺ token ֮֫ᾭ
sχ ⅛Ѧtoken ￼ ẙ

Ұּט Ὼ֪ῷ

֜
︢
♆

[1] Ziheng Liu, Jiayi Zhang, Yiyang Zhu, Enyu Shi, Bokai Xu, Dusit Niyato, Shi Jin, and Bo Ai, ñMaLAM4Com: Multi-Agent Cooperative 

Large AI Models for Wireless Communications,ò IEEE JSAC, vol. 44, pp. 2889-2903, 2026.
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4.1 ᴴӠ⁴ᶙ῾ῶַײỌ

ᾇᴴӠַײᾢ ᶡẙ⁴ᶙ

ῂ ᶢẚ₩ᶚ⃰ҡ ᴴⱴ ᵇᴴӠᴴⱴι ֗ת ♩ᶪἀחј ֺ Ԏ ק₩

ᵼ℅ι ҡ Ềᴴ ῡⱣᴴ ᵙ֗ ᴴ ѕѦṖ ᴃᵃ ᴵӡ₩ᶚ‟‗

I. Ềᴴ
Ӡ Ɑ ј♆ּ᷁ט
αӈ ῶצ Ềβ

II. ῡⱣᴴ
┼ẘṜấј⁭♆ὕⱣ
αִתיὕⱣ ềβ

III. ֗ ᴴ
‰ḟԄј ӟἑ
α Ḧ↑֗צ β

ᴘ ԝӍ ὝᴧҮזїᴩ
ῶẤ Ԓ ֟ ᴴ֪
Ѭ⁴ᶙ֗ ὝӖּב

ї︢Ḧצ јḟԄ
Ἐ ᾃ֧ẉӟἑᾎὊ
ח ♩ᶪіӟἵ Ḧ↑צ

Ṧԃ◓Ᵽӽ ј ← ῶ
ὕⱣ ề╒᾽ᴴ
ῡⱣᴴ֪ῷ ᴴ

ᴴ ɓ Ề
ԃ

X

Z

Ӡ Ɑ

ῶצ Ề

῏Ṇӻ֪ɓ ֠ӌᴴ֪

ᴴ ɓῡⱣ

ҥҷצ ←

ҥ 1

ҥ 2

ҥ K

┼ẘṜấ

תיִ ῶ

Od|hu 4 ɖ N
◓Ᵽӽ ʞ  ὕⱣ ềᴴ

ᴴ ɓ֗

ḽἍἀח

⅝

♩ᶪ

ᾛ

ᴴӠ֗

ᾛ ḟԄ

ᾛ

ᾛ Ḧ

ᴴ ɓ Ѭᴴצ
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אל ⁴ᶙɎ ɏת

ᾇ ᴴצ↑

ᴴ AI (ִ⁴תיᶙ) ַײҷם

ü Ѷᴴ σḙѽ ј ῎ιҸת ק

ü ᶵῢẘ σ₩ᶚὸתẦ ᶽιḫῊўח ◑

ü↑צ ῑג σӡ ᶫע ẔṮι ₈ớ Ӡ

üᴴ σ

ᾂ ԓ Ҹת קι֘ ▐ῠᴵ

Ԅ ӡⱶתӾ ιטỗעᶫớ ₈

ü ᾇ σ

Ẉ ớ Ầ ιḫῊўח ∂ᴵ◑

4.1 ᴴӠ⁴ᶙ῾ῶַײỌ

[6] Jiayao Yang,Jiayi Zhang, Bokai Xu, Jiakang Zheng, Zhilong Liu, Ziheng Liu, Dusit Niyato, Mérouane Debbah, Zhu Han, and Bo Ai, 

ñWhite-Box AI for Wireless Communications: Principles, Architectures, and Applications,ò IEEE Network, 2026.

Ҽ AI ( ⁴ᶙ) ַײṔ
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4.2 Ềᴴ σӠ Ɑ ј♆ּ᷁ט

ԓ ẙ ᵀι ▐ῠᴵ֫ ḿἧᾭὯ￼ῳ ֠ᵙ ￼ק‗ ẻẪ

üҡӡỤ Ṗ Ӊᶢẚ₩ᶚ￼ ᶶ ẙљḕӴẦ

üώ״₩ᶚ҈῾ ק┌￼ᶫїע љד ₈ớ

üѭ₩ᶚ֘ ώӗ ￼֡Ӎᴵ ớ

üῳṇקӡỤ ֑ӎ

üώᴨүחԓᶈјᴪớ

ü‗ấ֡Ӎᴵ֫⸗ề

ᾭὯ Ӊ ề

Ᵽטּ᷁♆

ᾇ♆

צ↑

ᴴӠ

Ӡ ỀⱣ
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4.2 Ềᴴ σӠ Ɑ ј♆ּ᷁ט

ü ᾦớ : ḙѽῳṇק ềιᴙ ₩ᶚẦ

ü ₈ớ : ḙѽӼ֫ớ ềιᶭẶἰẇἣ ד

Å ώӗ ᾭḙ⁭‟‎Ҹק Z

Å I(Z;Y)χZ ѧץᵍԋ҈ ‰Y ￼ӡỤ

Å I(X;Z)χZ Ӡּפԋ҈ ԄX ￼ӡỤ

Åᴠᾭƚ   ε ᴙ vs דζ

Ӡ Ɑ Ᵽ

Z Z

Ӡ ẇ ᶂ

‰χת ᴵ ῳҸӡỤּג ףּ

₩ᶚᶶ ẙ- ╜ ד

ḧ ᶊẙ ᵙ Ѧ₩ᶚ￼┌ק љד ‗ᾦꞌ



ü ᶂⱭ (VGIB) Ṕ σ

ӡ ὂἓᴙ ֹɒּזἋɓ ♇

ἄӡ ‗ӡỤὫ᷂
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4.2 Ềᴴ σᶡ҇ ᶂӠ Ɑ ᴴӠײַ ỀḘѼ
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ềḙѽ: ᶂӠ Ɑ (GIB) ᴝת

ḽ҇ᶂ ῶᾎὊ

қѰᾴɎḃɏַײ ψ

ỨὝᾛ’Ᵽ ἷḿ

ü ᶂӠ Ɑ (EGIB)σ

Ӡּפӡ ￼ὂἓ ‗

֘҃VGIB￼ӡỤὫ᷂

⁴ᶙ῾ῶ


