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*1 6G =0 AI MABKANATR.

Table 1 Typical technical application scenarios of 6G air interface Al

Category Application scenario Target Example

Channel estimation based on

) To enhance channel estimation accuracy [3]
convolutional neural network
Beam prediction based on lon
P 8 To enhance beam selection accuracy [4]
short-term memory network
Performance enhancement of Channel prediction based on -
To enhance channel prediction accuracy [5]
single functional module Transformer network
Al-based channel compression
To enhance channel accuracy [6]
and feedback
Al-based non-linearity compensation
) Y P To enhance spectrum efficiency 7
of devices
Single neural network based uplink
channel estimation, prediction, To reduce inference complexity and delay [8]
Joint innovative design of .
X . and MIMO precoding
multi-functional modules
Al-based end-to-end communication L .
) i To enhance communication efficiency [9]
transceiver design
Al-based MIMO precoding to
o P & To reduce inference complexity [10]
Low-complexity solutions for maximize sum rate
Al-based precoding and power control
complex problems P & P To reduce inference complexity [11]

to maximize spectrum efficiency

B

% 2 R L RIS AR BT, SR REUI TR AT BB G I E 2 e
REAL BT, B 78 RAAL S HAL BT K R BRE, FEZh 2 DAL 4 AUk s LAOUE 1R R BOR BT, i, Jdad
AT BiRSEHL TDD KRG FATEEAN T T MIMO TAmAGEES @i, FAT AU TH MIMO &
WOR s AR R MEAME SRR G i, AR SHEICBERR L T AT RUBR & BEiE. BRI AAMURTT T &
GURLAAVERE, IE N ACKIBTE R B BTHR AL 1 TR0 K

55 3 RN IR AT 2 DAL 4 h R 2R B R AR R BEOR AR, 1K 583757 20 2 D& frid e
P AR R ARSI R B I, BORAE GUUTVERENS SR, (EAE A T I R R R O Bk
RGN AT BOR, M S HEBLRE 71, W AR PREL 20T SEBUE AL I SRE TR RE, AT A 2RI
TR, JETT RGUBEARRE. a0, A 22 N 28 3 A0A s 4R PSR I IE 5, BRAIR MIMO Al 553
M SR 2R BESRHIE TN R A8 A5 ) S TRRAL R, AR A 1l AT IRl 7 .

£ 3 KNS, AT KEMTF TR, & 1 X5 T — S8 URE TAE.

2.1 Al Bih B IThRERRAY M RELESE

AT B 77 I RERRBR (1 PR RERG 5 7 T, MV SRR 7T 1 IS RS AT LB, G048 AT IRRE 2 B85 . I
R BB ZhE. MIMO (SIEAG T /T /548 [t MIMO Figfis /A 25 . BeAUVE B 58 7 1G5
FRIEAZ S AR F AR BARRHE R AMEE S, A R GUIE MR IRTH A BERAE, KR MIMO [{53E 3k
IR A SRS R AR 2 PR A 2 A R 5 B A BRS¢, N DR 3 s 7

(1) RHUE MIMO BARVEA 6G A5 RS SEIL Mg ReR 5 fe B RACR I BHOR B2, HLIEREND
T e S5 25 PR, 7E RGP, b ATR G TE (S B BB A KB SRR, R = AE
B ML (frequency division duplex, FDD) FR 4t £ 3 S BHd R 2 i KRB MR BT J50T 4. AR
FEIN 0 A B SRTHEE A TR L DAL M AT BRI REIF a8 H B 5 S i i &, (HIX

B 2 E 2 PRI B IURN, UL T i E RS A AR, TR AT A A
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PR E R Ay — YRR, 78 2 I AU S I e . 7 OSERG R W, %07 REUE S
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mean square error, MMSE) flitt#%. #8337 5 T R R B AR, SCHR [4] Beit 7 — MR T KA
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PR RE W 3 AT I % B2 0 o 22 [0 % S A 4 2 ST WA B s ) AR B AR, R AE F S0 S DR B M2,
NI S 35 AR S AL (sl AOSEILER 2% B2 . SeIG 45 SRR B, FEAR A IR ZZ R B MR SE (error vector
magnitude, EVM) #8858 T, T AT BARGAEAMEHOR SO 5 i i sl B 8, AT ZERTHE(S R4
FRATERE 2% R I A5 BE R A BB WL A R AR BRAT 57F, AT SRS AR RMEAME BOR E N IR T R Gt
SERRAE BRI O T B, N 6G G RGMTEREILALIR B TR I HOR T F).

ST BRI, AT EORFE KA MIMO {518 3RS S AF AR 2tk A2 7 T e I i 2 & A0 %%, ik
BB 7GR AT BOR, BN 6G RGIRTHE R IIZ O HEOR T B 2R, BUA R T AT 5
R e ARATY TR W 1 22 0 R A W (0 FF SO . (1) 7E AT AR J7 1T, el 7 4RI 22 4k FE K15 T
FETRIRANRR. EEIEMN T TN 48 S 5a5 N 3 srh, (BB R) s, I A 5% 1 DA
Jo BT ATAR TE R o3 SOIEAE S S8 PT A R, DS BB (S SR RE . B TR AR R R T
M E S AT AT BT, B ANTEAS T8 487 5t 8 W 0 T 2 AU T 4715 38 0 o SRR ALE [+
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ZEAE SIS, —E LIRS — 1 AT BORZEH? 4, KB MIMO RS H 5 E it
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2.2 AT B DiREHEER S IhREIRIRAVEX & BIFR T

2 AR SEAE RGP, YR E RBEEOR, B EE A WH) . BB MIMO B
K IEASH 5 (orthogonal frequency division multiplexing, OFDM) [12] 25 £ F a2, SR, B 18
5 RGN & T REAR Pl R ML B A i 77 20, B T ANE R RBCR B bR, SECRGAFAE R R
TR ZEAN > BUR FRRSCRAR T 55 o) el T 2 BB & DA (R 2807 o) e DA AR AN SR R, A 8 7V HE DA sk
MA Rt

AT FRPIBIAN N RIX — [ S AL 73 i LS. AR 43 XU L (time division duplex, TDD) R4 N
i, @it AT HART D EATEE ST FE B MIMO Tigmhidss 2 AME K Th R e ) — 4t
— IR N L5 RE S (8] 4 55 2% (1) 22 RS R AT A 1) L2 A Dy v 20 P A 0L 45 B [ WA i R, BT A5
FEIr 4 JRp e R A R J7 5. 3 s 381 0 P 50 U1 SR F 008 B U SE IS T A8 o1« F0000 5 P i 0 1 TG 55 A
b, A2 FRAR T HEBR R ) 3B /b T AR EER ZE. BhAh, AT WREE R EOR S RER BT ) LR
HEWE A, HE DI T RO 15 DR R ) L ) BE L2 AR AEAL IR 1, HESDIEAE R 48 m) 8 fe
77 I PREGE AR, XL BE BT BB OIS RGRATTRE TR BORER AR, TG E AT BRI 5K
IUAMERE R AIAT VARG, MDA BISRBIRI R, AT BRI SI AT T RGMERE, AR KIEE RS
R etk REBE5E 1 B EEAE A

RN BFH, Wi E g DL AR (S BES i 2 B 2 R Dhe B AT 1%, (HARK
WEFAT A FADE R R B, K& T 3O [n) AR g e, A5 40, 0304 B B v, W e B i 5 B &5 ¥ 11 DA
S AL RE? MRS B S S ST Y XA RSB TR AT BOREAT I 5R? IbAh, I 3 i
TAE FERS IR REAL BT R AR T AR HOAR K R 7 1) 7 33K 6 i) J1 1y AR A5 380 78 70T 78 A1 A A 25 2.

2.3 Al B EZCIREAR S 2B K i

1E 6G BE RS, Z/NXZH P55 TR E . W%t . Dhsedsibl SE0n b n) i A
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HEE e R FEAT SR, (HIRX KT AR SR B s . By B N R A s DO AR 1) I L. Rl 2 A
PRI S E IS, 1 TEEIRSE B R P 2, AR AR SRR T K, SBT3 e e i)
I RMEAE LORAIE. BEAE, 6G RGE A RIUB R GRS L S AI0E E DL R AT MR AL S S R vk, (1546 4t
SIEAG TR MIMO RS o8 K i 4R MRS 5 (R SRl 7 S8 70 A 55) 1R B3 A2 2% B RIS
() T SR, e DA 2 SEFR RGERISEVER K. BAZ TP MIMO 22 4t Hh f s 2 d AN T g A 1L
N, % R A i b A A IR 8, 38 SR A R N R T VR 2 (weighted minimum mean-square
error, WMMSE) HEKAE. 4811, WMMSE 5575 25 2 JORARSEUE M, Hat B E RS R4
ST M PP T I, B T R AL TR AL MO T A 2 8 (5 1E R A, B TR EEE R
AR T A O AL (F TE AR T T ) G ARG A2, 1K — N T S 55 23T PR sl o 103

AT BRI R Pk R A 78 i B S At KB s Y AR B (1 7 2, AT RERS ELH S )
NG B ST LEMR R TT 58 2 TR RS 5C 21, AT PRodE 25t i @3t F) 30T (DA BORG ff e. IAT BE ST 3R W, 24K
RBRMZ ML (CNN) 27 S HE R i KA 2 H 7 MIMO Tigmsmt, 2R N N 8~256. I 4L
K 9 4~120 (35T, HAERE 2408 WMMSE H3%# 1/2~1/100 101, gbah, HIF MIMO Fid
HE PR A 20 D) 8% 25 1 3 W DAgE— S A A DABRAIR S A 2. To 2l A 403 b A7 4 K e R AR 45
T H B E R SR TR LAFIESECC A )G R AR, BOREE 2 1T 7T 58 A T B R 5 1R IR 52 4
22t T, ForoC FEAR IR A FHRR R 0] 8L 10 g DA b 5 ) B {B BR0 10 i 2 R ARRE 2, AR g kb it
SRS R R v BOME DA 8 IR B 4 g b 22 IR 28 B 1, A 2% ST A0 208 23R o R A PR T s i AF0 D 23 42 |
SFEHEIT, WL I IR FE R WMMSE 5002, ) FH i 28 10X 28 B AR B SR Bk A7 1) S5 B K g oh B 1L
DRI, AT 452 ARAE B 20% 0] SR A o 1) S AN R 8 1 35 PR AT B R B, IR RE AR R IR 4e kAT U7
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Capability

(Spectrum efficiency, energy efficiency, capacity)

Balanced
optimization

Costs Quality

(Computing power, complexity, (Inference accuracy, latency,
time and frequency resources) generalizability)

1 (MEhRFE) =0 AL 881 - RE - KN=ZARHERITTHERE.

Figure 1 (Color online) Evaluation model for balanced design of air interface Al capability-quality-cost triangle.
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JIBE R TR, FLR, AT TRAEZS D BRI T AT T AH AN th L2555 18, B A fy . !
MR/ FRNGR BB R 5B SEAE S IR - 7). B4R 25 LIR BT IR S5 4040
3.1 EIHIEEEN

N T E AT AL R RE S DR RS, FRARHE 10 AT B8 - FiE — U = A A TS
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AT R ) RS ER AR T L HERERS SE . RFS R R R A4,

R R AT AR BR IS RCR SRR SR, SR, HEREMERG A2 AL RE S B4R TR TR
T UIZRERE . BE I SRS R A R DL BB 2 2 T Bt YT 4, X 2 S 8RN I i 35 1
B BeAh, 2310 AT (R HE R I R 5 AN 2 11 08 YR8 P RS A A Int P2, B A S o0 200 97 1) 7 308 ) 44
(G0 1 ms) 2 . HEBRI SE Al R B B S B B TH AR, R 2R IEN T, FRACHE
PR SE S Y T B AL AT AR (EIX ] B DU SRR ME R A2 AL AR S oA, R, AEAS T AT R
Ak, HEERHERG B /2 A SR 2E 2 (RAAAEE A 7 )G
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AL BETHRIR Z AMAFLET i, GIAnAE R SRE R G, T2l & Z RIS TT)
BESMBEES, RENESIFEANE, FITEMCR SRERMCR MR RN E S, S0
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PRIk, 20 AT 70 E S IR G AL — R R I BRI R L Dy 1 e i A,
AT FBEAT T A B PRME. 5%, AT BB RO HEBRAERS B B T8 1 AT REJD (B, BT AT A
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FAT BEAJROEER. LUK, BN G2 — AMEVELIA, BTy rTLL i AT B 00 2503505 A2 I SE 25K, IXA]
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B E X IE RS, AL FUE T AR Oy R B R bR, 2 AV A BRI AE R WA LR
B, EHE T CUEN W2 (T B HER S OSE Z I 257 ) M7 2 (BRI 2Rl o 32 e
BB ) SRVPAL. FEAR ST, AR E—2% 1 AT B AE A [5]356 28 3 55 b (0 P e A 22 B 22
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SFEAL FUE (MERLAERA LA AE) « AU BLA A TRE I AL, ANl ik, 88 3 St i 2 iR
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RO a2 St Ge /1 SN ISR G EUE (M) SRSEBL. in, 2250 AT RESN
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1 wlSEz
M=— 1
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H N B8 SE; 258 o Mastth AL BORAHE MCRAHLIE AT ORISR MG (540,
w; AEHFWIIIRL, ¢; B2 i NHFP AL HEARNLGERN (BEHT). 4%, SO5ESE) 5k AT
FARGEEARM A, LR AN I ST A AN 7 2, 5 LA AR (THE 2 P AR XS B (1) s B AR )
PLJ Z PR BOIABRI S, 6G AR5 (Bl 4 50@(E . @REsCIE . 284 . Bzl
% RREACEAR) RN RE BB G A R A T SRR AR A AN R . BN [R] R F  , RATTHEAT
DL (1) SRAIM AL fE2 /MBS 5 (B EN . 40, w8k, REESE) HREMIERAE. M
B RGBT NS 28 1 AT S, B S E b oh . Foil. MIMO Tiigwts . MIMO il &5
ZAEN [FREIE T —A AT AR SEIL 2 AN SR AT B DI RE A1 L, 910 TDD R4 it HATEIEM T E
T . MIMO Filgmbs 5 DhRe. a2 H AL H 2687 B bR, Hoan B A 2 XA Be & 20 B xR,
T BB — AN A TR AR bR, B E ORI RE R AR 2 . T RGN RE R RCR AU 5%
PEANIE], Teyk BRI, BT DAt R 28 (R5%0) #HATHI R 5 =X, Wi R prs:
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1 . ) )
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Abstract To overcome major 6G challenges such as limited capacity, low spectral efficiency, and high energy
efficiency, the introduction of artificial intelligence (AI) technology into air interface transmission has become
a significant technological breakthrough. However, current industry research on Al-enabled 6G air interfaces
primarily focuses on designing high-precision AI models to enhance communication capabilities, often overlooking
the AT costs associated with computational power and complexity and air interface resources required in practical
engineering applications. There is also a lack of systematic consideration of critical Al quality metrics, such as
model generalizability and inference latency. This research paradigm, which excessively relies on computational
resources to facilitate communication performance improvements, is unsustainable for the development of
intelligent networks. This paper systematically analyzes the typical application scenarios and key technical
challenges of Al in 6G air interface transmission, covering important areas such as the performance enhancement
of single functional modules, joint optimization of multifunctional modules, and low-complexity solutions to
complex mathematical problems. Innovatively, a three-dimensional balanced optimization criterion is proposed,
which comprehensively considers Al capability, quality, and cost. By maximizing the ratio of multi-scenario
communication capability to comprehensive cost, a triangular equilibrium is achieved, effectively addressing the
lack of consideration of AI quality and cost dimensions in existing design criteria. The effectiveness of the
proposed method is validated through multiple design examples, and technical pathways and challenges for the
standardization of an Al-driven air interface are discussed. This paper provides references for the theoretical
research, standardization, and engineering practice of 6G Al-driven air interface technologies.

Keywords 6G air interface, artificial intelligence, balanced design, spectrum efficiency, energy efficiency, Al

quality, Al costs



