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Figure 1 (Color online) Network architecture that integrates the energy and information services
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Figure 2 (Color online) Intelligent control plane for low carbon heterogeneous network
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JIFNRE.
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&4, BN “HERE W HEZ” (infrastructural vehicle). BT Mk 4% & 4343 B I () A1 25 (o] 4L AR AR 40 TRk
28 TG 5 (7] N85 A2 e PR WA BV B 5 SR Sl A Y O B ZE ) W R 28, P PRI Ak AN 5 i 55 4
(R, TR M Ak dti ik B e (v @ 6 AT P AR R YR A At A e B TN, S8 AR A e
RE, FIORIE N 2% 78 d AR5 BE /0. A T A8 0 RAERE B R RE T RE IRk Ae 71, e x5 &, W i Re &
PIAZ WL ZEE ) E AT Re TN, H A2 pbIERl E W R AT B ZE 08 | Ao B RN 5l 2 A5 PR HIR SR
FEH MV 55 M 55 75 SR RIS, /N DR 2% AR REFEAN S B FE

2.3 BIEHE LR SUSE B 224
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2] 5, IXEORAS N M 4 B A A BARSE N U G RE VS I RE T 73— 7, MR RIS AT B AT A AR
e, @ HHL . B BRI 2R RIS AT R, T H Sk R M 45 RI8 4T K 2 MR
THRBEILRMNA, Pt VBT AR M P EENE. 28 ERNE, KRR ahl S 7 2iE
A PR AT BRI RERE, 75 S RF H ai 8 K A JC AR IR (5 5 AL BE SR 24k, 4 s R I RETHLRE T,
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ASCER XS RIS HLER 22 5T« oLl A5 iy b B AR B h it B SRR TR R SR PRiEAA
HEZFALR R, $2 15T RISC-V 845RY e iUt AL BE 25 5 2 W00 1 40 . AR R T, i
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RIRTH T B RER MR, AA T SCI R IR S M 281217, BARSR I BL R 5 HoAt R
ZERE RS e AN B 3 .

749



JELERAE: RERAS RIURFZRL & A 5l 0 48 280 B HAH R PR

Al

| 1/
. RU

| Digital front | W radio unit RLC\MAC

| IFFT | Channel Eq.

Distributed unit
FEC

o

D 4 ’Fronthaul

@‘ﬂ Range < 20
Centralized unit

F

I:l FFT
28a I:l PDCP
=== FEC FEC o
S e R 7 N vl
EEH Range < 80 km
Sync

2!
—~

|
I |
ml 1 [
EE | (HE e |
1 — I : |
ml . I -
mlw ] L l
I |
I |
GPPs: FPGAs: DSPs: I DSIC: 1
Low energy Time-consuming Limited 1 A domain-specific :
efficiency development parallelism L architecture 1

3 (MEMFE) BEHE—FUREERBRTEREN

Figure 3 (Color online) Domain specific hardware architecture for unified communication and computing
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ekt S B 5L SRS HLEE. B ROGERER . (R B ARG S L X L SR sl e RORE & OCHK, JF
FERCIER EARZOENE - THE - SEERINAE RIH M E . RARRELT 4 Mrm i n
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3.1 BHFUTHREFECMEZENIE

DX T DA DA R0 . A I S8 4R bR 25 75 SRS AL, AR/ VR SERS R4 5 HEWT . 2010 AL
256G B S BEMTEHEEZNE, W 4 o, ST RedF it 2R 56 5
HIRL & AZ BN, GEATNVSS SR G REFE . BRAFBIIRET 5 & . AENV S5 /R TT T, ZEHRM L I R v (L
AR ANEAE NS5, T BAELE N B b, 3 — P F RS B EEE | (5 BN R R R4S, HILTI NG Bk
(age of information). {5 & '5i8EF (urgency of information) M7 ZEPEGEFRFR. AR/ VR 53 216 20ll 5%,
B EALRRG L . HETEAS T 5 SEIT MR TR 4 . 56 T 20 A s L 88 22 SIAT 55, 55 R AE 2R PR ) S i)
PERE R UL Lo An SN ZRIRE L WSt 77 oK &, 36 T 45 & 25 S8 AL H S5 11 SR AR A B2 A F 2. [R)I
BREMY AL HE B Je S Ab RS (central processing unit, CPU). BEJEALEEES (graphics processing unit,
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Figure 4 (Color online) Illustration of the requirements and service flows of 6G intelligent traffic
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. 1& A, IR ST R S PEREAT T, JF 5 T OO AR 55 I HAT VAR AR 73 AT I R ARG, ok
AR S5 1T 78 R

751



I
Ry
48
:mL‘
B
of

SR FERLA IR 3 9 2 S S R AR Bk

= dop

Global model

aggregation """"""""""""" o

Gan, q ,GQ
o T . O O Data heterogeneity
aggregation @
o -

ofs K

O O training

E 5 (MEMEE) = -8 - EPERBFIRSR

Figure 5 (Color online) Cloud-edge-vehicle hierarchical federated learning system

3.2 RN ESRAYL 53R SSHLIE

P N 26 28k b B R sh M3 2 2 Bk B T LA R BT 1.

(1) EZEEMENL 2 PlaZm LhEd V2X Sidelink Sﬁ@i%@i%ﬁﬂ”ﬁiﬁﬁﬁ%, Ik g o
Uity U BAT 55 R 0 A L3 22 20 ML BT E R 4k, I R AR s e L 1R s e . th T
BN AT R BT B AE PR B . S R TE SR AR B BB AL 2, A RedTUE = i8S M A R L, T
[F I PR AL F Dh 28 AR Ny . 5 —TJ7 1, SRR Bk 1 L2 28 15 [ e Ao B ikl X% 3 ¢ i 1] (1) 32
FEI 8], (HAEARE FE BT TS 0L T, ZE4018] ) b S AR A8, R AT AR R4 () 40 A = 7
[E) TS, B2 Elk 55 R 25 = A RE L.

(2) PR IR R G £ AT 20 SRR 5 v, B8 o B LR [ A 55 I X BE AR . E 40 AT
&2, 32 BB WCER I [R] A7 B SR 2R 52, ZE A b B s A0 4 = B0 A T e AR, BVEAA s
SR (data heterogeneity), S2MIZRAE R 231, BEE R MERIRE N, BA AN [H 20 A AURAAE B0 2 91k
B A, REAS TR A5 4 F A 2 A B () ZE AR IS T A BB S, FH IR R b A A S o
£, bRy A 205 =) e Sadk 2, AT FRAR I SRAEAE. B ArAsr I A PR R S5 E BT 55wl ik 22 400 A 25
GGG FRE AR, Blan, 75 B 32 5k rh, A0 AR50 nT J8 e 3L D O AT P R, B A%
TR B ZE SRR (R ) . ERE BN 2R T, AR ZETE A T Re AR b1k B3 A5 ORI A, 425 H bR IR
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TERT AR M TAE (1624251 oh - A @ i BUE 7 BEAIP IR UE T R sl 2t Bk, 75 3CHR [24]
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BEBIRAS, Bt TIBEME . 1HEMGEE =L 0T 2 Bl 1 BN A 2 5] SR

1) https://www.lasse.ufpa. br/raymobtime/.
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Figure 6 (Color online) Number of training epochs to reach the target accuracy under different speeds
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THER BN SRk L, FRARBIE &N H AR I 20K FE I ZRA0 3. Fe i, 5 HARKE LN 75% I, 2R
IERS T 412 RN GRik BZHRE RS, EMEE N 1 m/s BFFRE 201 #0914k, BRIR T 51.2%; ZE50is 5N
30 m/s WY T 142 3YIZR, FHECHE ERFEC T 65.5%.

AR T I R 23 BT 48 s A S MR T R S5 M R S TR 4 T RE AR AR A 5, Sy A RS B
o IR BERR DT R AME B A B RS G 78, 20 AT s 57 I AR 55 v B0 S o B B A% B0 1 1 38 4 X
SRS IO AR AISERLRG 2 () 5. 2RI S RE 85 B EALEAHES &, T 240 W& IR 2 1R EOIRES
XoF T FEE SR AR 25 ST 1 R PR SRS M, S T PR WA s P P 5 e Rl 25

3.3 BfF - H - iERREEAE

FER BT T, W5 R PR B I 2, &R REARAE T A2 1 B Lo 2otk 55 ) P R i 3L 2 5
TR AL, FECEEER . F . ERAIRSE BRBUTH R MR, Zbi) — M ok
BRI R 28 AR L Sk, MBI AR (RS 2h B RER BRI AS AT AE L 3T, NI AL
A TSR GER I FEVR AR, SIS 0 R U AR T R 004, 7R BT E AR B4 rh JRATTE R 4 A ]
o3 AR S5 E A, T oAl I ) 2 B I AL (multi-armed bandit, MAB) Blig it J EIEEIE.
SE IR o i T AT 55 B A AN R R 5% 474 e R A S ARAE IR, 22 T AN [F) e 55 22749 o (R A I 1
RESSME B A L 51N SS 45719 sl BN 8] (22 6 S B T Bl A 2 a4, I8 R a7 ST IR SE I 7y
AT AL, BRI R L. S H S E B A BT 0 AT R o, FE45 R EIUEIN 708 0.5 s, 1155
ARG R A 0.2 I, EEATEEMTIA 99.6%. TELEAN b, Aok TAET 45 AH REm] | I 4k
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PEAEL 55 PERE TR AMBERE « BRHFEESRIR, BOTHEL S I B R B, FFEEXIRE SIS S4h41, 27
SFREIF B RHE B SO0, ARSI B P I Sk, HAE AR s TR

B, RS E R . ATEEE SRR S I R R M, IR S RIS 5 B RE B S R L AL E
S B AEN A %, A 3 SRR T HE S P2 5 Hdie o0 A e e R B A O, Mk LU I B e 4 2K
I, ik, B Uk TR L2 S G BN SAE S VERE R AL 7 ik, fE LAt b, i a i iufl . BEML
AR 57, WK B2 EEREME - 15 - RER M RIAZ S04, 720 2k 55 F R [, B
IR RERE. AERTIIAARIE AR 27 oh, T B 3 B B A EAME S5, FA TR 123 T IR 1L 2 8 I L
(restless MAB) BRI FELR S 3] 5%, X T 456 S A% Fandk = . LI AL A AN 308t ot B P K 45 Je R 2 2
BHTLELR 2 2] J T WL E 30 25 WA 4 DOLPHINS P81 (¥4 45 J IR, 1E45 @ SEIF Fh 0.1 s B
[ RN 225 LA B v I, P Sk D e R A I 2 3R e 10%, HARAS DA FE B2 v 3.1%.

3.4 ETHERFEEVNEEHNE EBEERE

BRI 2 2 FEHT U HAR S5 BT, 7 A S RIR AN SE. AL G055 8 R 1
V07 N SEORE R EONTRE, A HEH. S R BEE IR, SUEEIE TR 5SS
7 W) 2 YESD AR, IRZIR R RIRS S VR T i, S TR s AN SRR T, Bt s MR T
THRALSS ILRCIE RS S e e, AERTIIACRIE AR 29 oh, AT T SE SR U1 B, B4
55 EAR RS R BA AR GRS, S ERUNER I, )5, BATEREG 5 & T s sh A
WAETHERE Ty, B AT S MU R D BB

B2, W ERLR, XHE S5 I 2 BER RSB R TIT FEIB & LR, AE DRAE SO B8R 7 R (1R
i, xR H0 B AT 1 2 s, SETHIR B AR E M A R, B R R S5 S LB,
BE—BARTHE S5 5 MR RE I FRAIRRERE. 20, SR EuREURA A A e RS 78 R I T AL AL B, 3=
ENEEIT A AT 55 A8 SR 10 2 i sk vt LA S0 R o 75 SR A 22 9T 4R AR R RS E 90 SN B
S JRAIE Re e 0 T A BRIt Bl BEAT RE BN SR R T8, BRARTT AR REVE (It HL 10X 2% o ) RE B P T

4 PEEREMARTE

RERAS IR LR E M 28 ZA K SE B, IR 2 HhE. BATMBERERERY L AN AR 280 i
SRR R B AR 5 T, 4t S AR X 2% SR A ) R SR E T T 1.

(1) g5 Mg RGN SRERE . EE . HERIEKME SR B3 TS B & %4
REFBRAY 5570 HT 6G RIEHOR IR BESNE RO SR R G SR 3R, o) Fanli 2 e AR I O B
REFERCMS B, B SL A A RERE Rl A RN AR TARETY | $E 5 RGN REARRETY. [RIINS, 25 F& I 2% K 380ll 55 1Y
ZRENE, XD ST RUR BT TR 5 A 55 PR R SR IEAT R 23, Sl 55 75 SR 5 M 4% BEAE A 2 T R T4
FRIXE LG AR . AL 55 TSR, R LR 7 9 Bt A5 Ml 55 5 TS AR T 555 #2255 IR SE I 75 3K
R F R 73 e b 55 5 AR SRk 5% 38 I 2 ST R 2 AR B S5 U O B s AR R BT AN R] I 55 TR A 1 L
xFREE PN A AR, ML ARG fg, ol A RE R OER BAT A EVE, X 2% Ak 55 o B 7™
AEANRIRE R, S8 I T AR RE R B ML AR R AT BEATL IR AR, 20 W AN [R) R 55 14 i 55 o =3 77
PRI BE B REHLIE 0T B9 25 IR 55 Be AR R, 220 i S b 45 5 AR S b 25 2 8] IR S5 R e ok . % &
Wk 2 UGBS LS T AL BTN 55, 2087 #3015 BB T4 T AT BRI, ST B — Al 55
BT (1 55 e 110 5 BT ZR.
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(2) SR REVR IR RN KA G IR A BE AL N R FEDUAL. S S AN A iy T 5 S SR LB L IR A\ O fE
BRI LRI T U R 2 S IS IREAE « 2k T S O BE LI N B 2R 7 AL B BERE, DA LT 4%
N5 AEEREHRE. Fe T 1 — BB R SR FEAI AL B AEFE M OC 2R, D9 BT HIRIN 2 iy P 2 1) S SR A BE L 2
ANUHFRBEES AR, 28, @A MIMO HHRE 9 e e N B it R A7 A (5 R b 2% 1, (6
/L8 FR) SRS AU B S TS A RE R K FAEAIG, IR L AT A2t b 22 2) S 0 iR, BOHIRE
2R BER AR AL AT RN B0k 12 25 ek /D BR A AL PR REHE. 7E R ARBCE AN, SR I AR
ZNAS BRIy USSR A4 BEAE AN S iy AL BR REAE AU RE I, JF2E T IR T SR (L RPN 1 S BRI N TS
% BJa, BRI AR5, € AR 58T AR RURF I AT 25, 25 18 b W) HLBEE (5 A
ARG B AR GE i 28 0m — Bl (R, DLRRARRERE. £ om BLER AT [R5 48 SEub i A B L f2HaRE
FEUL R 28 0m FFE N RERE, J2 A3 5 N i RE SR AN T 3, W K AT S i AR 1 AT AT PR R

(3) FAT M55 5t B ORBE K B BEFE AL S0 M. KBS R W, SE ok BEAE 5 B R 45 g

(K1 80% VAE. JEHBERE, Bk 1 AT IACE B AL 2 IR REAESh, 62 th AL da REAR AN AL B BEAELL A, JL
AR RERE T AR A SRR A, th IR REAE B RCE e, 1AL B RERETR AT BRI TS RERE, th
ORISR RE. BB OO 2 S\ 2 R R EE B RO AT, sl e S RE FE AT AL B REFERE 2
I TR AR A DR AN AL BRI REAE R, MR S5 o0 B PRI A1 1 (% dan A AL B REAE 1)
PR, WHFLE T Al MIMO WHAZ I SEOR, #RW 2 sl i E B IR B 5 %, FIRL M REAHL S
5 S BOR BT LTS R AL 2] R ) T S S, SIEAE R G S REFE R T A B YRR 2 i i
ey LA MIMO F s B B AR A RO, 33 ek 55 5 OIS ] L 23 8] 3l 25 A2 A R g DA SRt F P 3
T R A BE TR, A R AT A% B 00 R ARV, SERLA A SR 2R S s (0 & PRV B2, ZEMRTT B I REFENS
DUT, RICT 12 1 2 B SR & P A .

(4) ZREBEP N AL L R IR BC RO AE FIALER. 25 i8] f A RIS SR IO BE LIE AN
ENE, OISt L 7 55 R A RER K B R BHE rE AR K, BETH AR B AR KA i e A ST SR ISR
FHRE TR, RUTHE R, fEERSRBT N A = (o) 5188 (i) mik. 8k milss
o B S AEUNL T e o R AR BB 5 A B, T T e R MACR R 10 2 ) S B AT () 2K ) A A, S5
W 2 S K EUR MG B 45 5, AR PN 2% SERBR IR | BOAS . TR SR SELY SR, & BRIk PR Al st pe YR it il
5 L R g R A RS, BETHIR LI S BRI 8 T . AR e IS T, BB A
(R T R, )£ 38 ) A e B S 3R, SEBILRE RSSO 2, SR T AR REIRA T R 5577 e IR
AR BTYEAR DU IE 3B 18 A EN AR, G A v SRR I 5 ) 3RS M (R e 6, IRAL R G WA S5 HhAT T
T PRI G5 M 55 s i FEL ) R 7 RE IR A B 2 ik 55 s o SRR A, W T RE s A B DU A
il 55 S JOt B VR PR R R A ) R R v, B, AR S5 VR, AR R Al R AR 55N R R R R
DUEAT 5 18 1 R 280 ) RE B A 2 DLSCHAR 35 3T, il 7 BEEATAE S5 . SR, W RAE 5519 i
REREANGG, 2 5L 7 224 W7 75 S R LU A A T e SN B H M. 725 FRAT S5 I AR SR I, A s B
R ACEAT 55 R K REERSAE N R BBk AR 22—, PATE 735 B RE 156 DL T 850 S foe DL PR B 3w A 5575
R A 55 HEBA RS Dl 2 X6 AT 55 S B AT I S8 7 AR RS, DRt 244 35 BA A 2 I, it &
B RSB, A2 1 B e B AR Y AT E B B DA P B 2 s U S5 R A
RIS, T ERESSHEREAT 204, ML EN B R SR, WIF 7 e A7 it 5 Bt R A7 1215 B UL 3R IR
JE R KO SAER S5 HERR FE RO, JCH R AR B A A2 S P B R 2 b, e 5T BE RO HE K
A 7 R SR B A UL R T v, A B, WRER S EEE N B ILECRE N T, 8 LR 557 ik
2 e 77 AR P IR SR R i v e A 0.
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RE, PASIEAE TF R — Ak i U80E I BE AR SR . A SR 1 — A SEB DA 1 dn e M P RS 3 8 RESR T2
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Abstract The large-scale deployment of 5G is accompanied by an exponential increase in network energy
consumption. At the same time, the country has put forward the “dual-carbon” strategic requirements of “carbon
peak” and “carbon neutrality”, so it is urgent to achieve energy-saving and emission reduction in mobile networks.
However, on the one hand, with the development of technologies such as artificial intelligence, computation-
intensive services are expected to see significant growth in future 6G networks. On the other hand, achieving
green and low-carbon goals requires improving the utilization of renewable energy, but the instability of green
energy supply makes it difficult to guarantee service quality. To address these challenges, this paper proposes a
low-carbon network architecture that deeply integrates energy and information services. By building an intelligent
control plane that coordinates heterogeneous resources, it fully utilizes and schedules the ubiquitous computing,
communication, and energy storage in mobile networks. The goal is to greatly reduce network energy consumption
and carbon emissions while ensuring the quality of personalized services in 6G. This paper also discusses the design
of scheduling mechanisms under this architecture and possible future research directions.

Keywords 6G, low carbon, energy saving, communications and computing integration, green energy
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