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AT, HZR6G RANZERG R, 50 T UTHE
J it =3 B [E AR AL 55 77 1) B AIF 5 AR 20 2t i .
3GPPfERelease 18/ B LI [15G-Advanced (5G-
A ) A BE P 2% M (G0 L k) B REFEVEAG T K. TR
32,972 [T JREGIM S BE AU RB R 9T, T
B 2 X 2 ) 55 2% 40 48 PR e AR R T, L 8 L

S5GIM A RERVF AT TR AR L 4 2 W0 2% REFE I P HE SR,
LT L REFERE RIS AR, R 3

Ui 5 %00 S5 W 25 & B REFE I AL BT . TR
28.885 11— A T ] 3 T 37 2% F1 A 42 B X A5 (New
Radio Vehicle-to-Everything, NR-V2X)37 5 T J&
CDIFEIBE R FT, B AORTE RN IR T B4k
BEHE B REAEIRAL I, A FEARTAE AL AL DL & 4
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AL HEFRTHERERE, = 0l E R A R R
—HREFEEE SR T . fERelease 1901 B,
TR 28.913M3 — 15 JT e i 14 19 2% B 2038 9 B ¢
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B G .
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BT I Bk, IF AR REE T 1A
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RAN WS AR AR ], TE 5 % %O AT E
6G RANIH 1 5 4% ] [ 5270 (Control Plane, CP).
F P .76 (User Plane, UP). 434 576 (Dis-
tributed Unit, DU)5 it % 4 51 #E 76 (Remote Ra-
dio Unit, RRU), SEHAZ LM T T RE I A Hh Ak
WEEBOHE . Hrb, 8595 M CPE N B
BRANK 2 6 AiX, 78 O) B A% 4 06 2 B U5 PR
(Radio Resource Management, RRM). JoZk %I
il (Radio Resource Control, RRC) I g it J: A
b BT HE RS E T, )[R R
RANUHEAE 8BRS 5B )78, A6
R 25 4Rk 4 R BE IR B e SR, AR A B VR P R SR
9% J5 B UP S 57 Jo 2l A5 H T 80 1 e g Ak 2
ik, FEFER T H RS T SR EPAT RS, W]
FRIE IR A HAZ O W BAT I ATHERR B0, Sea Atk
k%% % . DU —BFEYHZ (Physical layer,
PHY)HE R ANATREGE ). ARG /S, H
il /R 2% 2% (Multiple-Input Multiple-
Output, MIMO){5 & 3K I 55 T4 i 55 4% Gt 45 I
PR A ATHERR LT, IF SR 2 U S IR 5
HERE, SRl T ERE SR RN ARG . BRiE
GO IRISUR 5 R BB DI RESL, RRUME— AR
BREJIUHE S B PATHE SR, W EHH 5K
PHYWr BB IR . 2 AVRFAE SR A0S B gk AT
PR AL EE, S ] AR S5 SRR R A g 0t 5 2
BHER, HNRANN IR ATHER 5 S 2 68 IR 5%
PRGN & S ¥

bR R AR ANR] B — 2 SRR g B[R] ) 2
RS MEL, ZMH 7 %% (User Equipment,
UE) % /1 SRR 2, (ST,

UEN ¢

AUES 5EAHUERAT, —HTHSEUESR 1A R
M CA SR R R AT S, A — T RFEE R
I T FRUED R SR BT, 4655 20t
. MIE6GHMAMA LM T, KITHEHEHICP,
UP, DUREEEH] . iHEh] . Hods ) S
EHLRE T, IHM(BIRAN) A SCELATAE 55 I3 A D 3%
LRI EE, AT 5 o R B ARUETH 5 1 3
SRR o, W95 1 CPAE N H X,
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o, BRETENERILG 5HEME. B,
TR RS, IR EUEA AT DLYR
AR X TR AR BRI SR B R BT R SR 1)
HEHATSS, ]84 B 58 A AR S RANMHATE,

Uity —320 B[R] PR SED AR 45 AR W2 s o IR
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RAN A AL AT 451 3K I 52 S NS, [F2P E
WHSH N BRERE. (L5E R E5LEE
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UEMPREAS . S2RHEEN C 415 18 i i 5 RANM &
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HBAT” « CTEAEIE” 8L AN EIER” AL SR
W& . K5, CP¥EMS N K ZEUESRANMHAT H
TG A RBEHE SE A EE, UBKAT S & MR ih
BAEa A FE B RANM . 5 HIELKE
RANM G, UPBDUMKFEN B 11T 5 5 G 5 BB
R SR . THESERE, RANMPKS kb2 25 R
TATEME R UE. #7RIE AL SEARMMAT, UE
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W E Bk 3 5 BT EHAT B 25 SR E B
E, UBJGAEA M 58 dh & fr ’E S5 &, B
Ja K A R e 25 R EAL ERANM, HUPEDU
A JE ST H R -

7 J& B 2 i B HE A2 52 UE AR 25 51 =2 AR50 11 9%
BERZ, 2 i e A6 T8 0 AV RS S —122 Bl [] 280 28
K HZ 0 Bbr. HEERAMIFERRS FT&m
REFEPR I A A s, HAS[RIEN A T (1) BEFE 79 AT A7
EREER. HnElEn, UEBKHAFHAH
EHEIE ), AomBeFEN Tt ne e, RIUE
M RANM b A% AF 55 £4f s &L i F 47 1% H R
BN I 2 i REFE KT R BHGR T LA G E &=
SR s RN AR AT, AinEe
RARMATHBERE, HUEMAL E KA |mAR S =
g, HEEREKFERESUERE . (E5ERE
MO MAER > U, 2 e B I A2 A< 3
MRS EMEEFEN SN, UERHAEA ITH
REFESE A H BRI TAE &, [RIRS 75 TH #E AL
REFE LRSS R . BT B & BEFE/K
PR B CP il sE AT 55 4 5 bL gl el % S i =
S AT AR B L R E .

2.2 ITHEREIDIRE

7 [ 3 A Hb v 5 BE AR A 2 i BEFE B A% O G
HR/NEIZLYGE T AMPAT 555 EP s 0T &
Ui REFEIK T, B AR M TT S R AR B ARAY
KB AL #E 48 (Graphics Processing Unit, GPU)4b#
RS B REFE E 20 B A PR HFE . I RERE. 1/

O(Input/Output)fEFE. FHAREFE4EL 7>, TR N
Ecomp = Liprocess + Emem + EI/() + Estatic (1)

HA, Epocess NI BEFE s Eupen N AT fifi BEFE
Eyo %I/Oﬁ%ﬁ, FEatic NFFASHE

(1)AbFRREFE . IR L% ) AT 5 & IK4E
GPUHAT REH FERL. BRI HEE MEH,
A FRREFE TR T GPURI SR EE, RN

(2)
HA, Npops 8T 55 V7 5038 BB (¥4
Flops), enops 3¢ 78 IR IF 118 5 A6 #E (07 -
J/Flop)o Npops PR T AT 45 BT R F A 22 X 25 1) 1
HEREE, R1GH 78 WAE MK HEE R
BHo eqops IR TGPURE AL E , 7 i #GsE i3
#(Thermal Design Power, TDP) 5 UEHF ST 5
P e [E] Y LA I ALt 1. 514, NVIDIA GeForce
RTX 3090 GPU K HKE FE ¥ AU E P REH35.58
TFLOPS, TDP#350 W, I H eq., BB UEAE
9.84 pJ/Flop!™s X FHEREEMRAKINVIDIA RTX

Eprocess = Nﬂops X €flops

A6000 GPU M HLKE V7 m U fE P BE W ) 9 38.7
TFLOPS, TDP#~300 W, I H en., BB UEAH
7.75 pJ/Flop!”. Wik GP UK AEFEZ 7 Al N2 P
R 45 AR BB 1 Y S i 2%

(2)fEfi RERE . A7l REFE 1 2 HGPUTEHATAE
F RS Z YA R G B ERGE,
& i 4b iy %6 47 i (High Bandwidth Memory,
HBM) 5 i B AF(—HEAF (L) A7 (L2))
247 i#% (Shared Memory, SMEM) 1 [l GEFE. F
HRHBM T A1 5 3 e K EHIR 0, R A7FERE
MIEESRIE, H B RS E G R i BEFERI,
FOPH FERUR T A2 B, (BRI N

(3)
Horpr,  NHBM 2R oR U7 A HBM P & R4/ B RR 2 (e
A K /bit), enpm FN IR VTHBM I REFE(HAL:
J/IXEp /bit), Nche F2omy M A7 KB ecacne
TR BRVT BV ZAFHIBEFE o enpy 5 ecacne 18 F]
BEAE )1 B b s SO SEES SEIAR I, enpum
WUE XA 21825 pJ /bits  ecane 21790.1-0.3 pJ /bit.
NIBM 5 yeache Hy pfe T T SR F A 28 0 4% 1) 1 53 52 2
FZ, HhE M, ER LA ERETH
RSB (ERRE. SR B, #
TEAE) LR R E . N IRAFAF G REAE IO HAR T IR IE
oL, FIEBRARA R B T SR % = (B 1) RN 2
BT, BRI ZEA7 i h 2 ] 2 H 2 ES 5 7T
B, T8 R A A U 1) A A SRR A A A e
Feo BEi, XE)THEN
L
Enem ~ Z ((1 — h)enpy + h(g)ecache) MO (4
=1
Hrr, MOZOREZINAAT AL Bz R
NS BCESH g oS SR IR E, 5
W28 S5 S B S TRV DI R . R1GH T
AR I 2% B B N AE VT IR . (O N GAT i
HR, BUEDEFTE0.8, 0.9] X[l TESChapiATidfE s,
AP LA th i B . AU arrh g,
T Vi HBM: 4 KAEGAF AR A, N AHBM
iR, I RER S M gEAE, T AR AT
FRAF i REFEIT 4
(3)I/Ofe#E. I/OREAEE SAFMEL/OREFE. £
5 RAFRMIZRERE . WAFL/OREFE. RGN
1/ ORERE T ZRUF T Hicdhs IS NGB AF it B £ ([t 25 A
B SR EC I I #k Z2 p Je Ab B2 (Central Processing
Unit, CPU) EFHTRE, Zd B HCPURIE
L/O¥E K, Jf A7 Ak 72 1) 2 55 o8 iR iz . &2
175 B A7 [0 )13 BEAE 2 1 CPU 5 GPUZ Al i Hi 4

HBM cache
Erem = N, access X EHBM T N, access X Ecache
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R1 BHRERENTERESY

WANMSRE  BLIS XS R il e SRS 55

(Fuly Comecred PERERBRALNB, L o, ) iy P

Network, FCN)
RN -
ER A SN PNAN

BHWCin + KZCilloout+ 1%%%\ EH:ZR

(Convolutional HIE K x K. s O(K X K x Ciy X Cout X W x H) BH'W'C Kol . WA AE
Neural Network, i o FREX
ONN Ciy~ Hirth B s
) Cout ~ 5@5)\;(%\]

o NI L/ S [ ) 2BHW Cin + K?Cint Sl R
ONN-WRIEAT B TRIEERAEA W x 17, ks OUK X K X Cu x W x M)+ 370 * % o R B
71(MobileNet) B O(Cin x Cout X W x H) + BH'W'C tm ™ Al )

o7 ] RANURE AT
ONNAIER  pmpves gy 0 (I Cnx Con X WoCH) DG, + KCuConlart 4 g
(ResNeXt) g BH'W!Cout s
FRIESRHL
TP Y 2% FRKET. BE : Ji 7 5 SCAR Ak
(Recurrent Neural —dBIAMEMEIRVE 4R H . BNAERE Bl O(T x H x (H + X)) Xf[’;ﬂ QBB,IY:II{{ . R ESHE
Network, RNN) X. fthhp AE: 02X T x Hx (H+X)) : T
Pl i 22 Y 24 A A R L. EhiarE AL 5 AT
(Graph Neural 20 by BB A5 ARSI O(L x E x d) 2Nd + Ed WBESE, AR
Network, GNN) d BT HERE
KA A2 M 2% RFFEHT . AR KA ATy
(Long Short-Term £ [1#5EFERIE /N BRRZERAD O(T x (I x H+ H x H)) BTH M i B i
Memory, LSTM) H. #tX/NB WL 5 E R
T oo S IR 2 AL,
Transformer-frifE g%ﬁjﬂg‘ JL‘F;Z‘J%%/@EA O(L X T X (T X dw + dm X dgt)) BT? + BTdy K- BBl 4
RIS dn s U2 4E 5 Wi ZHEAms
dip~ HK/NB s PR
= BEABAERT)E .
Transformer-528 .- 1 e mb oo 4 ey EER. HE
(MobileBERT /Tran ‘SIA/ZIEIER BULy» JPIIKILT 6 (72 » 4, 4 7 x d2)) BT? 4 BTd, WAL, %A
. JI+TTm L% A YERE d ey
sformer-Tiny) YN F. TR
7 LR IR
Vision B H4 HE BR8N, O(Netip X L X T' x (T X dw 2 A ZEPRLEE LS UL
Transformer(ViT) & JJ+ 715 M 4% Hok/hB v +dm X dg)) BNeipT= + BN Tdis ZI %;ﬂ;%%
fRfmBEFE. BAFI/ORMERIE RIS #E. Horb, e RN BRI/ O V) Il 1 5EHE R K (AL

I/OREFER R A
Eyj0 = Estore + Ecpu-gpu + Erjw + Eprep

FH, Byone RN A7 13025 B A7 0 508 I 25 Ag

FHAT 45 $0d K /N(FAAL: bit) 5 47 il 1S B F B 7 4
PERERE(FAAL: pJ/bit) FITRAIIRAT o A7 i L BT H
A BUHE BeFE VT |1 & D & 85 2 2 A AR FR A Al Tt
Ecpu.cpu N EM S BAF AWM REFE. X EAF 2 BAF
PIEIEAL TR Veas , BAT B EA7 R R 2=
Voo W Ecpu.cpu ~ ecacVesa +ecacVaace HHY  ecaq
5 eqoc 70 R FA7 B B AT UL BAT B 47 B A %
FReRE, HEUE R ERGRT TR SR 2
71/ OREREE, )\, R ERARGPUTHH HIC 5 HBMIAI)
R fEimaese. X2R U, s EE
A FRAFEREL, AFEAERATL/OReRE; MG A
iy, BolE T EHBMIN R #2247, thid 4
SAJORERE. TR, Bojy = e 3 (1—hO)MO,

(5)

pJ/bit), %A TR R A EGE A SRS .

(4) R BERE. T EORIE T R AR 55 AT ]
(] L 5 2R HIE AT DO RE, L LEIE R AR T 5 Re
M, EAER AT S B HERY SN R AT 2
WIS, RN

Estatic = Rdle X Texec + Ecooling (6)

Hr, PaRnGPUZWRETIRE, hiifE) ri
A B I SEI AT o Tovee R 7 AF 55 BUAT I 1]
Eeooling 27N WU« K& SFBCATIAE, 8 H 52 N )
FEMI5-15%, HRORTHUAE /KB 2584 o
2.3 fRIREREIRILIRE

A i (0] v SR AT 55 4 S A B G ) 28 1
L JE A A A BEAE A L B TH I BERE DL A EE 2
gy, AT TEEEMAEAEEIEA . &im
A7 A BEAE AT LI L S B 5038 ot A BRI
MR BRI DIRET IR, o
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(7)
Forf, N AR A, Eo e
LR A BRI AR CEAL: ), SUEP
7N A B OB B (N X TR L) AT R
ThE, HEEVERRE LS, A

Ecomm = {Vpacket X Ecomm,packet

E comm,packet =

C/Cpacket
o, N, RN 28Ry 2 8 IR B AT B BR AN
Ny 287 80 AN B BT 9 48 Dy 2 i ) B2 1Y) 5 IR B
(Resource Block, RB)/N4, i={1,2,-, Ngot}
T RN AE G (8] 8] f% (Transmission Time Interval,
TTI), 53R FERBEEEA K, CRKRLrfE
B KN (BRAL: MB)s  Cpacker 278 N ALK/
(7. MB); P RanEi M. i MRB R
Uiy () W ) RS Th 23 (B2 : dBm), P < Prax s
i={1,2,, Naot} » 7 ={1,2,+, Nepi} » Prax &7
L KRS INZ . XM, g K2 P, ;2
i MIRB &K, XEH TUEL T/ H )
ANEALE, DX A FRBAE, T
i FIUE 2 [8] (45 M b (Signal-to-Interference
plus Noise Ratio, SINR) 2> F I FRAIRBAE L, HEik
SARYESINRAE A HEAT EAT D44, PLRIE /N X
N UE A% S 1 22 A ] FE %

A BT AL A () ¢ i v L REFE ALY S AR A RE FE A
A, T 6GHE iR A RANSER T 13 —121 Pip (7] ATHE R
Wise, HAWHMERTER S —r@bikit. £

PRI, 2R RE F T DR 5 S BN Lo v
HOMES s, UREEG SR, SHELH

SN FEBLIERE B O PRUERRL S AT T AT
Y5 —8ulk, ASCEEBEREPSIAT —RIGH
. BARIME, LGB ERE NN RS
T8, JFAERASE S R RS P RO HERE S SR
K ARG T, W AN RE R 53 1 31 i <5
Wesm o0 EAT DIFES B ZORIR T w0
LS, Rt — Dzl s 2. AR AR
W AR E SR AR R R . [, E£GPU
PAT AR, BOAZEAF Ay b R 5 T S8 oA Y
Kb TR R E I A X 1] o

BT RRae A A ULt — D kL, s A
Al 375 T BB REAE T2 22 BN B AL . o4k
fEIEIRZS BRI SR S5 DU e e S A A A
RMSLFER . o, B S A FE IR
S HEHLYMUEN AL Ry S 5 &0 D3, Wi gk
SE TS RERE/K T B SRR HE P 53 % R 0

LW A T H S REAE S RANMI TS 40 T AEAL
P BB RS SRE B S S, A HER
SIURRHIE R it — PN R G R REAE
Bb, JE SR REAR AL BOR I Bl G LIk K
UEIESENES e

3  Im-iARERMALEAR

TE6GU— A RIS RS AESE T, REWKAT
ZHIRERANM AT ZRUER L F1, HELSIA
() H A% B T S R AN 1 55 5% 4 [R) R £ %o g
PEREFFAE B . Kk, B 0EMNESE. (£5%.
L5 HE AL 55 22 A 2 TR 2R i — 12 Bl [ 1) R
ALHA .

3.1 $HERESiFiE

EEGIBESIHEAET, UBEH 724
SER R AR, WG WAEL AR S AL A A
W, HEESKEINAN. TEXK. 545ES%
TREMEE . & HBH R AR ZRANM,
2 1E RUEAE R REFEM TURTHAE . FRAEFRIN 5 07 ik
B ARAE N1 REREAR AL B AT B PUALFE F B, 0
B R AEUEM 58 sRAFIESR IS TUR I 38, (UK
T 55 b HRAH O B REAE B0 AR fir ZRANM, YR Sk
T E A

XTI E EURRS B R B8 U miL a4,
ZYniL s WA ERURCSE J. RREFE R -2
W, Udci R R A M2, B E 445w
iz HIEIMUE A & M HEEFE. JiaE AP T
— M ETREH MM DeLighT K15 X g g Hl
fil. SLIGEREN, S£EFRRE T Transformerf
Tr R, DeLighTTE{RFFE /D SHMBARIZ 4TI
RS, RIS . YuE AP — 2542
RN EG RS S EEMNALICRnet, KA T
LR3I NANIE Ny waLilh i B f Y=
FTHRFE 5 4 5 e JE T SURFIE (1 s OB Y, 78 50 35 1%
I 5053 44 BE 11 [ B OR 5 PG KR AIE T 4 5 B i 1k
AE . LiuZg AU 5] N EniR s B A, i oA
A GRiE OB R (% 0 F1 R B E iR B S D 2%,
TERMEHIRE R SH S T E R ER, RO
B SURESRERE 1. T LR B B HIE W miDas,
U BN ] % K 4 30 ) Ji 46 2008 (n 4% 125 1 £
BIG . 1B WA AT IR B RRAE B L, 5 4
L TURE SRR GEAE, BHONRLERE . miE X
BT (FRFAE [ B o

bR TR R EE UL A, UBM A 454 4
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AR 6GIRAEREME THA R & REFE AL R &3k 7

B2 OB SERHE, AR L= X TURFFIE S
THAE R, &AM R G MRS SRR e
RAN, HRANMHATH —FPHHEHRZE, £
UEFRHIEfl & 802 etk A0 B . SCHR[11,12)38 tH—
PR S5 IR (18 SCBEHTEA, 2GS MGG
B PR 5 AR S TR SR AEE L EA R TR, DA
DA BERE B AL . Caiff NPIE— Dt 7 —
P2 B AN AT 55 IR @ E AL . o, 18
Fh 2% FH 290 AE A B R AR AR A, AT 0 il AR
BT 55 75 SRADEOHE 15 SCRFAE, VPG 38 s X
FHRME. %, AR RERIE T, Kikmisk
AR R MR m O . Wang® NMHEH 7 —Ff
BT HEEMERE SOBETT 5, %07 R WA
T SURFIEAE WSO B s E A ) B, v E
B BVE SUFFAE /3 O B8 2 (17417 %2 . Strinati®E A
NG EELE SCEENHINER, BB T —MA
IE NARFAE 46 (Adaptive Semantic Compression,
ASC)4ahs 77 % . ASCH] LUK 24 7 9 2% ] H 1)y
ki e) = BCY AL kYRS T R 7 PN S Gk = h= e VSR A
P PR FLPE 2 1) S BT 18E

TESLFRAE T, BREHIE L2852 &
Th IEURIERER R E, FTS5REMMESEESY
e RIREEER!Y, #iRAeFERAL R 555 PR
(0 [E P47 o X T G A B SRAT 55 3 55 (n BB
Al BRI s d)), G s DUR R
RNE, IRELBZEPELE X, 5 mEHH
OB R Z R AR PR A, AR Je 1R BUENR (1 4L
L, BRRERSEAL OB SURFAE . XTI P 2T 45 (i
B AR RS EER T AR ), BdE R
BIESE . B PR, TURE B Z NEE R,
MRS o 15 Ui as 75 5l N B AL PRI SR
SERE, I B AE 75 AU P e BV S B R A
T PR o B O 5 AR R BN T A S, S Y
HEFR R o T 2 B B [RIAE 55 (T 1 S Rl
M, BUAREE T, WK 2SR ER
W3, a3 AR R R OE S, gk,
SEE PSRN TE SCULHC R € BIME, Bk BAE I 248
AFHIEREWS SCHER AN B fl-A P sk, [F) I e Kk
P AL

gE bR, RRAERRELS TR E AR AR LR T
Uiy W (B A ) B B R A AL, AR AR
FRAERUEAT 5538 SCA RPEMATHE T, IR Sk sk
TURHAR L . 2R H A FICUEM A%
PR IBAE RERE, FONE LM EIEE. P FHE
FREENLFITROHMIR TR . B UEE R mA, 2
SEE B ity —320 B ) REAE A A ) B BRI EA T

3.2 SEIENE

TE v~ 120 iy 7] B P 28 B 5 HEZE b, ARG fr) “ R
HAT” A “ BN AR S B AR R
Moo WK AR A PAT B, UEMA RE
JIMECAARBIRJZ IR = 2 e R T R A
SEAEN AL, PR RN S SRR e AR R
RANMHAAT, HIZiBfE kR =R, Hdathim
TR A A K R AR AT e T BN I AE e
Fe, HEMABEAER KT A EPITHRA. Mz
T, B E O B A B SR ) R IE R AIE N, e
A SRR bR R ol i A2 2 ) R A, g i
RN R L — o B EI S ARAE 7 E 2,
B AL QS IT 2, HAZ O AR AR HE AR R
J5E 2 SRR (1) X % 5 M R PR AT E TR 07 K g
3 Ja R 4y W 2% 2 (G R v R R BRI . £
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E)EBEALUVEM, TkF R 2= EE R,
Hsa OORIRE R 48 R 2 ) HRANU b 2

TR, [ A A2 38 0 o3 1) ) B 1 e Ak
JEt T KRBT, oA o BIBLRL ) 2 8] 5 75 SR
BHAEECALE AT V2 B T # s 1) 7R J2 (]
P o3 Mg T, JeongSE N UOVKE X % B 1 28 ) 2%
(Deep Neural Network, DNN) 43 FIH N — A&
] R, R DX 2 2 TA) A O¢ R B LN A I T BE
(Directed Acyclic Graph, DAG), fid s a5
ESEBL B SRR S A . Mohammed %%
NPURH T —F iR EDNN 2 B3 77k . %7
ERZ DT R IE BT NG Z R, % E
TDNNHHHMZZE(WEHE. SERESE) A
PRI YE, BFEARBERIT R RE Bdii
iy BB RS, TR E R . L%
ANPUE S Transformer )73 #| 7 3Kk, RHZ 7MW
BRI T 2 AN A SR A, ST X
Transformer 4R E 7% . LiuZE NP2 & 33447
5y 4y X R G, & IR G 5 EI5RE, a0
TELER IR 45 A P 28 J2 0] I B O O &R, W e B0 ik
W TPRSEPAT R FEAT S, ATHEET I AR 2R AN
AT, X A7 7 5 IO A 1 DX 2% 2 0 SR P DI 73
X, SERFHTE S TG R IRPAT . i XA
1T 50T 456 iR G #0730, — Pl b —ik

TEBNASIERCIT T, TR 2] X 45 (1) J2 ) 43 381
FEAERE AL, Foh&ER @GR 24
o B AMEEE X B S A S E R U R I T
FHRWEA, 11T 2R A B0ER T % . Liu AP
P — B T oAb 5 o) TR R IR RIS, REfg S



8 G

o

=]

2 %

48 %

Wi S G 2 8 15 PR 58 5 ¥ o BRI ) sh a4, il &
RAL ) S B A B G N R . B R R ) S
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EHEERRE AR E . BB IEME S . TR
AR5, &R PTTI0RE 0B i % S 2 19 75
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HEMAEFHIRGESEER, SIS HES R SAAES
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L PR ASE TR o ) RS B2 B (N 32 R ) R AL
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Kk LS BUETE L s BCOR FERUE A
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TERIR S RFEIA T, T BN B R (AW
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e 3t — DR & S S UERIHH R 71 5 &
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TE v — 3 P [F) R Re A 3 3 5o b, A\ B0d
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B, EREEEITHE SRR, BE1Einge
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A X IO IR B, AN BE R 2 AT R SR,
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THEE, BONBhA s R K R REFE R CBEROR

B O EE AR RRIERE . R
BT 3N AZ O PR 5E il AR R 0501 AR SN FA
8 VR B AR R ) 2 S DR o R T
THRE 5 o ARSI 0 R SE PR H s, B
FFER A 2O S RS S R A e . 2
TIX—Het, AR BN IR ] ST PR RO 1 3hAs
AT RE, XS b AT NS 5 0 s S
MVRFAE 22 7, R P B0 R R e X 33, IR LR AIE
KA T R EAR A, 3 HERR TC AR A X I B
S o Rk 20 BT AR ARSI 1) 4 T 2 5 SIS o) S8 3
&, SEBREE AR R 2 RS R AR, 5 AT
1B 1181 5 v SO ARSI 7 VBT I TR B I B SRS S
RN A EE St MBS, Bl B & N VRS AS
36 B B A0 AR A A I SR 130400 oK R A 3 AR
B IX IR, R ST IR K B S Dy s e B AR
WA R R T AE B . A E ST LA R, e
TEEHITER. b, 2EEERE R I H
1Eo fEum-A P FZEH T, ReiE 5 7R &
) F U5 4 A . RANM ] 22 47 4% J=) 5 8 v A 5
fiE, UEALFE 5 H AH SRR AR SR AR R 3 AR A0 58 49
REJRL /D T UEMTFR R J7, SCBRAR 1 i dd 2 18] R
fiEfeima, H—PMARGRFE. FN, RNHRE
FHAFAE A 80, 75 @ ST RFE A7 SE L 2, &5
GBI SHEIEREE TR, DB EITRE
TF~ BEHA SURFIE, bk G DRURR AR Ik i 5 BCHE RS P
SR X T R AE B E AR IX I, R R PR T
AT JR AT AR T, 58 e 45 SR I A5
o fEum-— A FEg s, JREBEHARA “om i
Jay SR B AR P RS, UE A 53

AN AR A DO P HERL SR, RANM 578 &
SN IINE RS SEPIR ST E E Y 582 277 Y i'd
Ko UEAh, JRER SRR IR W L5 SR R R B AL
A, R E AP AT R AL, BB R
THEfE

ZR L, EEHERBORTE 0 F R P 8l R
Btk 5 R S, AR B 5 B SR B
BE R BRI A S TR . AR L) R R
T EORAENE A RO IE S A 553 5 (1 BERE B
3, FEARESER R TP BT A, 0 T AU
R ZRIRI R L B A R A SIS B R 55 BAT LY
I E

4  HEEFSTEIAER T REIILALE]

4.1 PBTLIMETHREFRESFIE

AL, 2k ne e B A R Z 5
IRZDRHAIE, O RN TC 2R I8 AE R FERIT 71 4380 1Y) B 22
ey i 128 X —HEAE H T 2R 5 E I AR PR L 4% AR
BB 5 SR AR LR 8, X e
FER AR TR Bk . AR, £ XS
BTCLEIFET T B S B FEM 12X 22 2 T g1 70 e 57 fox) 24
Y s MR B, R FH AR 2 ph 2Rl S5 i
R (G S H i (File Transmission Protocol-
Type3, FTP-3)BiAY), Jfidid 2 78 25
R/ BBt 2350t il 4562.31%
R R FERL Y, AT T A ERREREN A
PRSI ARBEAET N, 21X s T,
R XIS 10NUE, i e A% &
UERZh . k55 im S8 AR H SCAE i i F T P-
S HRHE E AL N BIAZ A AR, AR A
R HHE N\ 3 5% (case) I T B A% Hir Be FE D
Ko Hr, case 1(FAMIUK): st K/ A4 MB,
FIIEFNN0.004; case 2(KAMK): B KD
440 MB, A50.001. 7 EILRFLE1000MTTI, H
A SO W2,

K3 T WM T SINR A SxT v B AL
MRk SRR M. B, case 1)
SINRAHXfcase 2§ . X2 H Tcase 2 KHKALH
REEA, UER N &S MR m, M
K, MR UERFHPE ™ E, Kk
case 2[FJSINRAHXS BEAK . BhAlh, AL REFER
SINR ik 2 EFF#a#s. —Jiii, SINR FRE&(E
UETR 2 & H 3 2 TTL5E R AL, RIER K
wWhn, MW LeERE. B, #x/hXd
ZUERMKSINRAIRA, WZCK @ 147 Th A 4a il 4
HUERS %, #— P FH LM . &



10 7 5 F B % MR A8 %
%2 MmN ESHEE
J@ 18
Rk 7 GHz
g 20 MHz
T 8] b 30 kHz
TTI 0.5 ms
TDDMIZ5 1 DDDSU(3DL:1GP:1UL)
fFER UMa in TR 38.901
UES KRS D% 23 dBm
WL F R ETP 3 Case 1: File size = 4 MB, arrival rate A = 0.004
Case 2: File size = 40 MB, arrival rate A = 0.001
% 3 FMCasext R AISINR 5 R B AR ELE R (BE D)
eS| 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Case 1  SINR(dB)  45.40 41.27 39.59 38.29 37.08 35.72 33.97 31.80 28.69 24.91
(4MB)  gE#E(mJ)  1.2x10°  4.1x10° 1.1x10*  25x10*  5.6x10' 1.Ix10° 2.5x10° 4.4x10° 4.5x10°  2.1x10°
Case 2 SINR(dB)  44.70 40.90 38.67 37.56 36.13 34.50 32.21 30.01 27.31 21.74
(40MB)  fig#E(m))  1.5x10*  4.8x10*  1.0x10°  2.3x10° 7.7x10°  1.7x10°  4.2x10° 4.4x10° 51x10°  2.2x107
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TR G ERLEE NS ZNER, KRG B EAF
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TUARRFAE AL B o E A5 T8 J50 5 50 22 5 9 246 A7 B0y
I, AZALA BE NS A R PR AR A AN I B P 75 % ) oo
BH&uniEE, IWNRZER ET i ReRe s l,
A AR i 5T DR B B i 7 A F) REAR A
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T SINRE SN 5 Mk 55 53R A AL T 51 ) e K8 Rl 238
21, A6GI AR I ) 8 Bl 55 1 2 (0 A5 S it 1 oK
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TR ffa, FETRMGER, REESART
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BNy, oz sl . Horb, A S M
R I ORI o A7 AT 55 18 T IR B
Z MR (IVideoMAEM?°% ) SlowFast!®!]
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Abstract:
Significance

Constrained by size, power consumption, and cost, emerging intelligent terminals often face

excessive energy consumption and limited battery life. These limitations have become major bottlenecks to

large-scale deployment. Compared with Fifth-Generation (5G) wireless networks, Sixth-Generation (6G)

wireless networks are expected to enhance the Radio Access Network (RAN) architecture and move computing

capability toward the RAN side. High-energy and compute-intensive Artificial Intelligence (Al) tasks that are

originally executed by end devices can therefore be processed by the network. Through End-Edge

Collaboration, emerging intelligent terminals can be upgraded toward lightweight design, low cost, and long
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battery life, thereby supporting the large-scale deployment of ubiquitous intelligence in 6G networks.

Progress Current progress in Terminal Energy Consumption Optimization through 6G End-Edge
Collaboration is reviewed, with emphasis on local execution, full offloading, and partial offloading. In local
execution, User Equipment (UE) processes all tasks locally, which leads to high computing energy consumption.
In full offloading, all tasks are transferred to the RAN. This reduces terminal-side computing energy
consumption but can increase transmission energy consumption, especially under poor channel conditions.
Partial offloading combines the benefits of both modes and optimizes energy consumption according to real-
time network conditions. For partial offloading, four representative optimization techniques are summarized. (1)
Feature Extraction and Filtering. Semantic encoding and information extraction are performed at the UE, and
only task-relevant data are transmitted to the RAN. This reduces redundant data transmission and lowers
transmission energy consumption. (2) Split Offloading. A large Deep Neural Network (DNN) is divided into
layers according to its structure. Simpler shallow layers are processed at the UE, whereas more complex deep
layers are offloaded to the RAN. This method balances terminal-side and RAN-side computational loads
through End-Edge Collaborative Inference. (3) Model Lightweighting. Model complexity is reduced through
pruning, quantization, and knowledge distillation, which lowers computational overhead while maintaining task
performance. (4) Incremental Inference. Only changed data or updated features are processed, while historical
computations are reused. This reduces redundant computation. Together, these techniques improve terminal
performance and energy efficiency within the 6G End-Edge Collaboration framework.

Conclusions This paper systematically reviews Terminal Energy Consumption Optimization for 6G End-Edge
Collaboration. It summarizes the functional evolution of enhanced RAN, constructs an End-Edge Collaborative
service framework for Communication-Computing Integration, and establishes a theoretical model of terminal
computing energy consumption and transmission energy consumption. The composition and influencing factors
of energy consumption under different offloading modes are clarified. Key energy optimization technologies,
including Feature Extraction and Filtering, Split Offloading, Model Lightweighting, and Incremental Inference,
are then discussed. To address energy consumption fluctuations caused by dynamic wireless channels, the paper
proposes energy optimization mechanisms based on Adaptive Semantic Compression, Dynamic Split Offloading,
Adaptive Model Pruning, and Incremental Inference. These mechanisms maintain a dynamic balance between
energy optimization and task performance. Using embodied intelligent robot video understanding as a typical
application scenario, a test platform is developed to verify the effectiveness of the proposed mechanisms.
Current challenges and future research directions are also analyzed.

Prospects  Although End-Edge Collaborative energy-saving technologies have achieved initial progress,
practical deployment still faces challenges in real network environments, dynamic wireless channels, and large-
scale user access. Future research should examine the trade-off between optimization overhead and system
robustness. It should also study dynamic communication-computing resource substitution modeling in
stochastic resource environments, multi-user collaboration strategies, and global energy-efficiency optimization.
As the technology matures, standardization and engineering implementation of End-Edge Collaborative energy-
saving frameworks will become critical to the large-scale adoption of 6G applications. Future studies should
further integrate algorithm design with network architecture, enabling practical deployment of low-power and
high-efficiency intelligent communication systems.

Key words: 6G; Radio Access Network (RAN); Communication-Computing Integration; End-Edge

Collaboration; Terminal Energy Consumption Optimization



	1 引言
	2 通算融合的6G端–边协同能耗理论模型
	2.1 6G端–边协同的网络服务框架
	2.2 计算能耗理论模型
	2.3 传输能耗理论模型

	3 端–边能耗优化技术
	3.1 特征提取与筛选
	3.2 分割卸载
	3.3 模型轻量化
	3.4 增量推理

	4 面向动态无线环境的节能优化机制
	4.1 动态无线环境下的能耗特性
	4.2 端–边协同的节能优化机制
	4.3 典型场景节能效果验证

	5 未来研究方向与挑战
	6 结束语
	参考文献

