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Figure 1 (Color online) Nonlinear mapping of power amplifier

1.1 REBINBEMENESHEE

ARARFE B EAE P 2K AN R e 9% 22 AL R PR RE AR R, 7258 TLAARE BhiE 5 M 4% (5th generation
wireless communication networks, 5G) =Mk 5537 5%, RIS @ E ML 55 5 T SR ek 55 PA
N Fe 5 v ol 45 n il b, EFRFE 0@ S (International Mobile Telecommunications, IMT) it 20
P SFE BN 5 M4 (6th generation wireless communication networks, 6G) 7N 5 5, &
FEVUR AT E RS B ARIBEEE R S5« ARSI S5« Weim PSRRI SE b 55 3 A5 I —
RAEME S5 LS N T8 6 (artificial intelligence, AI) — 315 — &ML 45 1. KRG E I PERER LA
A NFAK T ICBRITTRE, SRTIAE “AI P4 e BRGSO THI i A PR X 5 Bk k. 4 v [
T, £ 2020~2030 £F, [ iz E AR B R ag 1 9.6 £, REFE SIRHAIUE K 8 5 AL, Rk
HE 5.9 120, X5 <RIHFRSER R WELRTS AT, A T 7E AR RSLIURRKIE ) B AR, 552 sl (E 1 45
AR 2 5 H AT R — B, F 2, ARG N & EAA IR GERELRT, 1=
PO E RO E, AT SEILRE R R 10~100 fEHIRTT. B 1 iimmvERe . mfabs xRS, KA D)
0 A5 X 2% 3k T W 2 e R i L 95 B e A G A R A, Rl o P SRl 557 55t
T, P BT AR R M 5% A 2 A] e g I RS A R AR BELAR A, 52 B 0 2 R AR 2 M R ) S, AN
A3 G T BRI MRE BE S AR A Fer TRkl SR BUSOK &8 B4 N DhFE 5 it AR 2 18] 2k
PEBRS G s R S s R A EE R —, i 1 s, Bt PIEBRHEI . B4 A& B RE A
MV 5573 A 22 18] 2R 28 RIS 1 e, 2 AR SR A% 51y 308135 I 2% T T W 1) 2 R 22 ) R 2 —. A% 1) il 1
2T, [ A SMIF IR R 4R T 2 (LB (5 HOR BT 7.
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Table 1 Current research on “carbon-peaking and carbon-neutrality” target in Chinese communications industry

B e E /WL CEECEVEE S TR S S TR
TR TRTEERE: ST FERE I L 2= RS I P A T B A S B
£ 2Rt 2030 2 P28 AR D FELTR A D't PR Bl &R i R AE X 4%

5 5 b T R IR 2 A
“§3+2” %&ﬂ]?gﬁiﬁ }EE“EIW%@ 5%&02
N : \ WG4 25 4 I 20 STl s RRE, 53— 7 7 24 4
e BRE G ML IR P o i 1 P 5 65 0 35 oK O |-
B 5k WA 1 i H b7
— W T BORRTES, B, e TR
5 2) IR AGERRT TR St et <ab G, G,
SRR REE . S - S IR AR L.

o I S T R (052 77 1, HEHEAL S A 352, kA ¢
{7 4 M3 ERE
“Toas BT AT, T A AT
ol S BARTA CLO  RRRE T AT, B AIERE FRR AR,
SRR TR AT 90 ) TR T
— oG BREE SRR AR g, ) FEHaR. TEa T
IMT-2030(0G) HEAA (T BLRILII R, SIS R,

e e BT B LRI R AR I ERTE R, KR
s ki 60 TR R s i i e EA,
¢ R fi e A

1.2 ZFEBEERANERMIRIRS L L

O T RS N B 2K <X H B RS, 3 A B IS E R 48 B AE RGHIANE R T R
T AR RIS R R e 5 R, AR 1281 RS | i A A b E OGS R AT T % J T <X
B HAREE BT TR, I 91 R e DA P 2B A5 0 44 5 308 15 it 7 21715 2 L ) A1 B AR B HE A
R, R0y A AE B W ARG ZER AR 2, S 17 T 1] 0 REFE A BT 2 DR 2 2K, I 78 70 )
F AT AERESOAR, FEARAZ O R SHEANIIIFERE. 22 AR R 2 T $2 th 2 (il A5 SR A R T ), 13
MY AHIRHIFE RS, a0 IMT-2030 HEBEZL$R T — AR S (5 W 2% 1 BE B 33 A BIILAE ) 10~100 1.
kR, EAMEAR TR Tk St il E H R R FOE DI, WAk 2014, LE B ET IRk T &R
BXP (The Alliance for Telecommunications Industry Solutions, ATIS) AKX HGEARHENN2 (European
Telecommunications Standards Institute, ETSI) &g (o 0] #74L K @ AE A T — I AE N 2 258 H
PRz —. WK 6G HEARIH Heta-x AN “PIHFEEARIE” 22 6G M = KIEAZ —, EPRAFER
3 (International Telecommunication Union, ITU) £ “IMT towards 2030 and beyond” H ¥l T £k il
(ELNIVAEET5 8

ERAWTEE R B, PRSNGSR RAS B I A W 2% 0 H 2, 0 S B AE R BRI AL
ALFENEAE T — AL B I01E M 28 TRt 3000 e N Seamia L AR R & 3. A Gl i, 3
TSNS RGETREIHRRIRE 11 5t RIORRAS Bl (5 W 45 B 15 72 ORI 7 22 A i 55 o & 75 >R A
I, K BEFEFEAK 50%, BrHERRAR 50% B SCEFEEEN AL T, 5 2 WTHR T Hm <Xk Hirsk
CEASHOR ARBRIEEE T [0, ELAE W 2% S5 A SR AL . AR S R TS T4k o D028 BRI 22 FE A LA SOE A5 RE TR
—ARAG. 5 3 T AHMBOR | AR BRI R IR EEHOR 3 A LR 7 BUA #8235 b 45 Hh i S 8
EEOR, TSR R Y], IUA 2 Gl B EOR T LUK BEREREAIR 50% DL _b, (ERRTCIEAERSE . AR AEE
LR, B 50%. 25 4 HAERShIE(E M2 BOFEAE L, 5INREVERY, T8 (E W 5 BE YR M BRSh T Y
RBIHEBCAR T FRBI AL, J8Id JLFPAS [R] 2246 BRORE L, GIE SE T U Rl A0 T BRHEFR AR 50% (AT AT 1.
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Table 2 Current research on the “sustainable development” target in foreign communications industry
18 /W /T SN BRI s TREIRHEL R 5 T R
T —fRMZ Green G, GEEE3ER S (sustainability) =
Green G: the path toward HISKBERZ —: MIRA OB 30 F—1R

ATIS sustainable 6G AT SEUR 2 07 58, R R AS R
PR IR 5 T A .
Designing the 6G networks of ﬂﬁ_ﬁﬁ% 6G Ej{%iizg, § H *ﬁjﬂfjﬂjﬁ&?%ﬁtﬂ
Hexa-X '8 the 66 et i, SR HERE, SO D S IR, T
N A R R T R e e R (Y
%Giz f? ZI)S; %ugmmm 4%%{ fﬂ%{& %:rﬁé"éi %%E %ﬁﬁ%i ?JZL‘?%F
SR 2 BB BT AR AT T BB
ITU IMT towards 2030 and beyond [11] Tl B e S . 3 e AR
Bl G PTREEEIESE o s
T 2R 0 T AR D D PR IE 15 17 D A 5
The fifth generation fixed (D, P25 A B (1) REJR I FE N L TT Re 15 2157 HL AN
ETSI network: bringing fibre to M. B AR PG BR, RIS R AEIE T
everywhere and everything "2 ORI AL F5G RAIEMLS, A H AR
(RERES
B AL ERE 5G &8, TRA AL G771, 5G
Qualcomm The future Al is hybrid (23] RAtEoERE. HEAIN AL 200, B &5 =i
BHUR  REFE LASE AT e 40 .
BRI 10T 17V AR ER R, [RIRT B KR
Ericsson 6G spectrum:enabling the future LR M HTFI AR KA B 24 FIFUIRAE B . ANREIR

mobile life beyond ('] WESIRIER o2 Z RV Gk E R I AL E s
ol D P58 A TR A v BRSO R 2%

955 TR AR ITAE S P, 55 6 RS

2 MHoREMEIRERTE

FER BB LS W28 AT BRI, D9 TR AT REsAR THIN 2845 5 M 55 3, 188 R IGER & 78 5 TR
AENTAIG R R Dy 20 B uh (R M, JE R A N 5 P38 50 (1 (R Fag e 5 I 2% it o A% sl 38 15 X 2% 1 gk —
AT, P B G 5 vt K PSP BRI D 4 e AP L S I 2 B S ZE AL TR SR, R R
T B ANE, Y T — R R TR 28 I 55 RE T HIAT AT B E J 3 OR T tE—2D SEEL R 4 TR R T
128 T R B A B I i 1) U7 SR T A B R B8 0, AL T AR P PR il B 5 R 2 B, AR 3R T
W28 R 55 BE T BRI, ok 1 R 5 REAR RO A ARG . TR 0B H b, R Bl AE 2% Ik 1 (R RE
Mo T RERONMIRERHE R 77 TR0t , RARIUON AT 4 ANJ7
2% SR BETEAL, 28 S SR R AR T S8 R R N R LR AR —, AR M s R A
BRI EBE IR T, — U5 I, s SR % T 0 53 1) (K R 2% T-IUR G AL I PR BE, 3 — T T 2k
LRI 2 D R G . AR, BUE | o s 0 AR IRAERER A 227 5, BRI 4% h
MV 55 AT A BEALIE, 3 2H 9 A B R AR AR, HEAT X 2% 5 55 b 55 A KA ELUL IS, SEBLAL RS
B i — M B AR AR HE R 72 7507 .

fefm P TCRE fRIAL, BEE UEARML 55 FSG K, AL A P  2 0mE 4e  5 b 55 By, kot S A
BRSO S R ERBAE N, AR GEI SR b, 1B R 2 N Z Mt (multiple-in and multiple-out,
MIMO) HIZER, FREE 2 R R R 51 R 2 e mT o o TS 0o A1 (0 AR 2 1k 25, 7B R R R 25
W 2 3 B0 RE RS vy RERE A (1 T, 1% o B TC MG i A2 B e R (T R 42, AR 55 8T,
AL R /AFS B T AR 5 SR W, mT AR OR35 RE 0t 55 5E 77 (1 [ I IR Zh A

1y
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28 B35 22 BEAL, 2 06 3 il 5 frfudee o Rk i ZH R O S K DR 2 v 2 ] 407 LA 20 1 1
2RI RE R AR, WIS BIR AT M RS 1, RIS R TR, ST AR RERK, O BB (S 4 IR
BRI E T 100 22— AERBBEE R R, B 78 A5 98 455 AT B R S5 To 28 B, H T
JOREERE R BTN, I ELHE P2 IO . HE AL DD RE S AR SE M B BT, DA% et REAOLAL T RE S A4 2H R )
VIR BRI, 0 FIRGEIRHEAT A H . SR, SEIL 2 SRR 5L A UL ES, T DA R0 ) 2% FE
fE, FEIRHHE.

A BEUR— 1AL, i AR REE BB A5 W £8 $2 T 10~100 5 RERK A 75 5K I (7] iy S - A0 H AR,
R EAEA PRI BR HE B RE B 20 R T ORE T A 55 o . R RS S5 I 2% 55 St RE I I il 15 PN SIEBL
ER HARIIATAT IS %, SR REIEIN PSR R FHAE « XURE « 1% RESHIRE IR, SEgtMA [F 2 A e T
RN A 2 e, BIEE BRI A EAR TAL SR R . DR RS B (5 M 45 15 2 (L RE YA
00 22 il £ A K SO SEBLIRRR HIR S 22 R HE H A (0 0 SRIL %,

LR LR, WA X H b, Bslim s Rg— 5 e IR RERE K 7 e, @I AR R
PR GIRAE T BORFEAR P AFERE; 53— 77 6 A5 00 55 RE IR I i 5 10 7 TR0 s ik, o e TR U
FHE R R IS5 I e, 2T, ARSI B i A5 0 28 HH IR REAE R (58 3 °17) 1%
I P45 5 REUR It & A T IR BRHFEOR (5 4 739) JT MR

3  EEMRRAEMEEEA

TENRER AR, sl D72 2 5 A5 FEBE A2 PR AIRBRHE L $2TH IR RERUIR BRI T B A4 &
MBI A5 X 28 AR B k7 17, 2 ZE AR | AR A B IR R R 3 AT T #2 28 f5 R 2%
HK T BE BT FEE .

3.1 AMFEAR

2% G R E B I I i e 70, NG S . A EE m DIBE IR R & | o, Y
ST R AR KA B IE A 2% 4Bk . TCAR o, W E8 G5 M N R R B ARy by, DA 4P T A e e AR v =
YEST AR R, MNEIST . MW NI B 45k, ¥R N5 e MR A28, T <X H
br, 2B P28 45 BB AHE . AT RFEE . WmRERN . Sk S A UL BE 5 R A . AN TR el

Jiil 4G KIHEZE (long term evolution, LTE) 1 5G #1211 (new radio, NR) H LA 51 G821 X 2% 78 5
S50, FEEETREN LT RUA, Sk 3 15~23,

3.1.1 &EHFX RAN £ty

Eh/«m” TLENM (centralized /cloud-radio access network, C-RAN) & 3C#k [15] F & H 1)
— R ZER, W 2 P, C-RAN 458 AT BLIT (baseband unit, BBU) 15 R & 73R A7 4 (1) 5
BIELTT (remote radio head, RRH) Zop%. HH, —@E &N BBU #i4EHHE, JER BBU ith. /£ C-RAN
H, REAME BBU ] DA B b B B IR AT 48— BB A iC, B ResSIE N 3R S0 55 IR R T Bt
PRI e, a8 By b BB T 2 TA) R AR ELUME, SRARAL I Z8 PERE | FEARIE & oA (10,

HHEET 4G C-RAN, 5G C-RAN TERELE T ARk WMEML . 20 RSk 655 3 BURHIE I [RIRY, 7E 4G C-
RAN (3Rt E7=A4 7 — SR . 5G C-RAN I AL FL T ENAEH H1JT (central unit,
CU) M3 A H.78 (distributed unit, DU), J-5E 128 ENREP RIS, 5 —RED T 5 AW F 2
R (coordinated multiple points transmission, CoMP)+ 734 X2 i Afii th (distributed multiple-in and
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Table 3 Comparison of access network structures

F: ERHIE

L/ B R R X

C-RAN [15~17]

(1) Z5 5 A0 PR ST A AT A T K B 4 Bl A L
175 5, SR A B TR AR R E E BBU Jth
PN, I 3t 2 T P P RS A 4 v YR A
WA, (2) 5G C-RAN KL AL B BT /0 2y
CU Ml DU HANThRESLIR, FERH NFV Al
NGFI 584, S2Pl R G E8E ThEg f e,
RERHEE R,

NGFI S5 RS 78 e S b AL 8, 1132
Frr A DU #E. Ho, St
8B M LU Ik A WSO N IA 5 P B A
55, F AT RE DA 5 5 TR ST KB

M Aia DU & 7 A 11 8 A BOR.

e 2 [18,19]

(1) IR AN 58 FRE R |, SE
PIENEE L ; (2) B BEE A #E VLG,
(3) FETAFE AL BV S5 R 7 75 5K, 34T
FE R E RS

RIVASE i RE AR VE A o« SR PES N DL S0&
JERR S5 (I LAY 2t RATSMSE RS, BEAR
ﬁ%ﬁhﬁﬁﬂﬁ¥@fﬁéﬁﬁ‘é%ﬁﬂﬂ%ﬁﬁﬁﬁi%*

Cell-Free 78 75 45 [20~22]

(1) " TER B2 MR S ARTIEA
RFEIRSS. IR SEIE N A, T 1 o
25 (2) A RGBS 70T RS H P, A7
NS (3) BATHERS AN FATHEHR ]
SEHOP A I UL B, 32T T RSt
At B (4) SRATBCR / /N DR PR RIS,
PRAUE DY B 78 i Y L AR (AR ) DRI 55

KRR IR B e, AL T/ g s R 5,
T 5 KRB MIMO £ 4t 75 2 5 2 1) [HI 72,

BUDIX 23]

(1) T8 i P Re R i ;w7 il
55 A (25 BT R AR R, RS o7 A o 2%
il (2) 578 25 L5 HIVT L ) W 6o W7 80
SR /INDX P N 25 T R DR 2% A 34T
CU/DU Mt kW 5¥0E; (3) WHF A
L BB AR IR S AR AL cu Mot AEA
PN R A BE T P 0 AE RS B, (R B R A
bR AT AS [ U S ORI, J8E S AR 40
DX T [ R AT

B/ DX ot S5 A R AT B G ) 00 R
IR LASEEUE 5 500 55 B RS HEDL T,
LR LA A5 IR A A 224,
HLBEIRGAHE AT 6 217 R 8 2.

multiple-out, D-MIMO) ZFHEAR, DASETHINX A GAE HEE AN X )Pt &, ik T 4G C-RAN H
AN TR B 5 2 T8 ) B sl AN e e R A SOR il FE I PR IR SS, Tk A S ToIRSS KL [
i, K N —fRET&# 0 (next generation forward interface, NGFI) 5 M4 It (network functions
virtualization, NFV) &8, G KR LS BN R 3L, JFBEAT DU RE ARG A0S, ROl 55 b5
I TS AAAG IR . BRI TL A bl | SLEPMERRR R, 5G C-RAN J8/b 1 X 4L
B B, BEAR T AL )55 2 BORSUA AN BEAA K DG, /b 1 BHERCR:, SEL 7 SRt BERGE S . ILAb, Ik
R C-RAN 2545 AT SESS &, I8 IL 55 7040 5 BHIR0 A A UL BC kst — 2B R, SOk [17] it it
— AT HI/RA R (Markov) THEBAR C-RAN 4544, #ilE 7314 RRU & 1%~ 1) BBU 53] /I
MR A F4 7 58, SRBL T AESh A 35 O T BT Rg; SCRR [24] 3R T 2R 5 &3 #) BBU-RRH 1]
07 R, SG/NXEE AL, FFESA B IE R T S50 BBU #8 T LA il 26% A 47% 1T
TIEASSEIL T 55704 5 7 wa S5 M RO AH & RS, AT RURAIR T RGTRERE.

Bl EE S5

N TSN DB o S IE D 55 S5, AR ST IR S5 4L R SR A, SEBLSREE o, TR AT AR 45 4
D5 Kl Th RE RS A e 3 0 2% 4ty 081 ] 3 .

I B3 — AP BT S R DAL IO R 2% ZEH), S5 4% G0l 55 515 & W A IR e 13 W 2% AN TR, o 70
SR T ICHR [19). 86 g 19X 2% S5 A4 1) 2 BRF A2 SR P 2 ) 7 22 ANl 5578 238 B 2 B 1 7 3K, AR AR fa
FIfEOLS, R > B R R R AE R bl B o, 100k 55 72 m PR SEBn ik 55 7 SR 38 70 lie, AT s Bl
T 10, BT, G BT AR SE PR 5 SROT R sROC pAI JE ly, BE R SRR AR HIR B A, ke T

3.1.2
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X ) (cloudification)
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> (REMFE) C-RAN B
Figure 2 (Color online) C-RAN coverage structure. (a) 4G C-RAN; (b) 5G C-RAN
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Figure 3 (Color online) Hyper-cellular coverage structure Figure 4 (Color online) Cell-free coverage structure

A Geide 3 X 265 [R] 51N S sl ORI 7 242 ) 5 478 s TR A i A 1000, L ol BB DDA I 55 2kl AR
FOAREE Sy B, M 8 75 R 5 AT T4 50% ROMIZR BERE U181, SO [25] BIF ST T B IE E  2% rh SR
55 BUTRARRL (Rl 55 bl PRI 10 8, 5 43 A7 7 M 55 okl PR BTt o MLz 5% B P K (R 520, E SE I 24
AN it 7R RS ARIRTT 5, FFTE 35 18 Tk 55 R NEXT RGTRERIFEN, DI R G %
RIDIFE. Rl 5535 BURAL i R UL T, SEBLIRREFE R SR (I 5. LAk, STk [18] B2 A8 i g
W28 B, SR AE S SO e 5 ZRA) 05 T 0 2, D R UM A ) SR A BTt AN A 2 SCAR AR 55, T I i
REANKE b AR, £ TS0 25 5 A A% BRAS RIS R AT, D9 TP I3l 250 55 e it 2 sk Al 55

3.1.3 kEEEBEELEN

TG 5 [P 28 S5 40 5 5 4 S (0 LA 5 R R D 2% 45 ) (261 RIS AT A e i 3 25 R 1) /N X G 5 43
oA TowgE, WK 4 Fros. ZZERCLH P OAH G, REFEA R (access point, AP) FlI A S b 5
JG (centralized processing unit, CPU) ZHAK. Jo#g &5 W25 o i AN P 2 AN e N s A4 N
MRS 21221 N U 29 XL (fime division duplexing, TDD) Ha7E A [F] AR 58 U5 B A
B g5 R R N R B P ARG, BR AR, I DARERS A5 A2 H1 7 JE 5 R F R AT IR T
ARSI IBCR S Th 3R, IR T R GERERL. SR, T g 19 2% 45 ¥4 g B BT AT RE 2 A7 AE B IR AR T B0
BLR. B anfEAR & IR, dn SR IJC 8 5 2% P K i A SN s R ORFFITIRIRAS, B R T 50k 55
AR EAULE, 27 A RERIR IR,
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Figure 5 (Color online) Resource cell coverage structure

N TR LR OIEE R4S, FEARR, Tolg 5 R MIMO W28 il B REALHI T AR, 5 A THE
RESLIEMS &, BB 5 THRER. DIl Bk, TR [27) $2H8 7 —FiR 4 W 25 T im R 8 5 1
HOEAVAL B B A HTT /R R 7 e N U SR, S 1147 T F I RS (8 B AR RC B (I3 R
AN RIS REIEENE ) G ), LIl 7 RIS LSS ULAC. SR, SCHR (28] BT T
I AR EE A BT BN B AP FBEARTTREMLA, K AP FFORU R EmE L — A Ty /R ) R gk S 72, ddid
R IRAL 2 ST RPOR BN B AP JT O , BLIE R ik 55 /5 5K &, Sedl s RERGE S

3.1.4 HENXBELEWN

T A I 2% 35 ) i S P 3 A I 2 R 25 (18 25 I AT [ B i A v AR 5 B ML 55 3 5 T I T
B TR, SCER [23) SR BTIEANIX B Sm A5, TR/ XAE 5G C-RAN Z5 LA s di 45 21, 7
H'T 5G NR ££HHIG. A H IS5 AP RKL I (activated antenna unit, AAU) =7 BRI, K
FH AR THD -5 42 1) THD A48 PO THD 17 AR 55 PO B2 44 (service based architecture, SBA), SCHF#APEA N5 % fith
VEAEH . e NP i FL RV E A R HH 0 (virtual operation and maintenance center, vOMC) FJ HE 4 &%
PN AR AORSE B, a0, (SERES 5570 A1 o R0 /IRIRIRAS 55, A2 B 28 3 41, 5 P 4
HERI 28 2540, [ RN X 70 K CU-DU B3R, 18 778 w45 M TR, SH0hIl 55 (0 sh 2840 SE L E = 1)
G H SR EMNIRTRE S, ILEE A5 55, WA 5 R, BIE/ANX T RENLEA a0 R = AL

(1) IRReRE e R A il SR EEGEAAR, jEEE G2 EA RN EERE L REAL T,
B 0o s B X 2 Y S5 AR AR ) <A IR, BEUE/INDK B 43 A b 55 A 0 7 I VAR R, T U A O
BRI, B SR A5, BN, ER% Bh Al 55 B 7R SR OK I X8, W2 DU P g, A5 E A
RAETRIAH BN fUEAL, TR IR X, NI RO A P e AL S5 o, s 9 H P s H
T, MR HAG TR, fER 3N 2o b 55 B 75 K/ 2 8 1) IX 88, BRI DR IUAN [F] )2 42 1)
PRHR, EILFEPILE L sl s g TGN ), DRBIR I S ER BE U /N X P B2 R B e AT, SR B o IR
2 JRTa N N 485 5 1 o 48 7E s, DUE T HI1E 5 1 .

(2) 578 55 S5 M VT HC 0 W o o W /05 SRS : 4328 T 5G NR AAU-DU-CU 73 BS 4544, 1E T 85I /)N
X &, /NX N S ATAR S M 25 #h $hidb 4T CU/DU WGl SiaE. H, — AN REANX H s —
MEN R CU Mg, FRBN S AB0E DU MIcIF R # CU MITThre k. Buir CU Mt ot
BRIE/NX A L) CU DRk, it i est g 5 DU (5 B B, BHE/NX — 5 @it K&
KN B CU MIGSEHLTRE, 79— A TGS CU Mot al AEHR APAT RIR/NX N AAU K D%
(R4 ) HEPRAT T 2R BEUR IR 23T, AT S 30 R 2 1) v 280R) .

(3) DL et AR IR S AL 76 3GPP 2 I 5G NR &M AR, #HA L
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Z¥iH (massive multiple-in and multiple-out, Massive-MIMO) FE A SZRFP R E MR ST, H S A H
J 53 TC I AS FR BB R, I 97 w6 0. AE BRI/ Hh, Oy T ORSRAR A R A B ) IE A, 8 AR
SRR AR TR, CU WG AR N S8 20 e T FH ) I A 2, ()T J B b ik A7 A 5] 28 i ()38
TG 5 RHR, 8 G A &R /N DX A] R R AR 4. ZE 1%L, B X 2/ Be g BRI A9 50% )RS3,

N o R A N A D R ARG T BN = RE AR S R I R, BRI X SRR R 3 Ah T Ae
FR:

(1) FRPEH PRI BT 2 FEA L 25 75 5K, BT/ DX T 38 5 55 20 0 50 25 1 R 78 a5 4. 0 T8
EHE I E Y s, 2 NXBEG IR, R N S R R M E S, DU R R Re ), [N FRfkds
AN I RERE. 3T RIS E R 5, S/ NX AR 7y, JFLLRE R s B O P SR I 55

(2) BHASPRIREA: Dy T el Feank 23 PR 31 8] A A4 M RERE, BEUE /N DX SRR %Al 0 PRI, X TR
T T SRRV B 2 5 1 X3, BRI/ N X SRR O Ve G 3l s AR/ N X AR IR, i 3k = Bl A 78
2, S E AR e A

(3) PA HLEIFTHOR: SEATRTCHRERE £ T W B L, B RS BS FEIEMR. B,
FEIE L SR AH AR il BN X2 5, RIS N R N R R b 5 P AR OGIEG. i i PR 45 S A0
FAIC TARAEGANEIX, AT DR AIC I B L, AT 2 35 PRI A R .

3.2 ETXENZITRRHRA

Pageit, 22 65% [IRERE 1 S AR ST AE OR AR AS 5 (L AR A 7= A2, i 51 A S0 B s REAE I
WA JF R TR Bas A (K AR LR . TRk, SRR (AT IR A v, PR SR AF TARE 2RI X, 2 F AR s
PRI A ROz, S IRBERIRAN R, A fa] A R B TH R D BIRD R 4 J 0 IRIRARIR, 3L uhifg
SRR A 55 1AL, PR AR A (5 5, T DAORFRrE BRI 22 RUBE b R o (1 [R] I PR L AR R
FLARL AR (I (RS« RIS (55 S ) A<, (BB R MT) 3 Tt

3.2.1 F[EIHIEIT - K& <l

5 4G FRubAH L, 5G BuiiEiER H W 2, R B 55 AR ULECH) B K, AL % 7R SR A
TEIOL T % 18 2 REMIEIE T, IMRDBRAR. 1A ReR. S5 CWAHEL, 1838 S WA IRk Ik 553 2t
P BT BB 1290, SRR G W2 F R I WA RN X A BE BRI (physical resource block, PRB)
R LR FIRIEH (radio resource control, RRC) FEHEH F 4. 18 H P B8 AR A, B8R EIT /2%
T TE R4 BEAE, IR AEIIIGOL T, SRVFSCPIA/INX ES 73 REGEE. v 1 PRIEIEIE 5 W 5 45
FIETE B AN ANZ RN RIS AN AR, B X I8 T DG T J R S D 2R R R 238 28 T et 11 )
AT R G 0 R A5 8 B R Dh W k. ERIEIA POl 5 75 R E, FEK S R 1 E
BONGEIE R SPIRES . REHIRWHRAIE 5V 55 RAHULE, A7 RS 1 b 55 FE I 7] _E2x A AN <
AR
3.2.2  BJENEIRIT — 5 KU

PRI AG LTE RGN, v 15 6 VTP, X0 Fsh e A, 7 DLAE T 2 it A
R T, T EEREFE AT AR R 2R 40 50 B0 IR 25 25 T AT HORE Bl — e BE TS, HERERER
FERIINT P TR BURES (power amplifier, PA). JUI, 7] PLSCHIHRA NX S (55 (cell reference signal,
CRS). [FI?#{&5 (synchronization signal, SS) B/ 35 B INFF 5. K475 W 5\ 55 i AT UL, 7]
R b 55 P ST AR 55 Kt = F00I, A2 oA 815 S AR S K 755 IS [R] 5K P PA T, Bk b & (i
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JRCH R LB e T LA IR B e AR A, D% PR SR O P 3000 A i PO I B A DA, S A B K AR I [] ¥
PR DASRAG AT 5 KB ) 1 el e, ARRIR AR SERERE. 1775 KI5 RERYAS B2 PRI DB B S T AE. 2R
KT X AFFT, WZHTEACR eI A DIFE Rl s> X /14 1290,

3.2.3 SR — U KU

BPORWTR G E PATIRAR EA AU AR DL, ¢ Pl e sk Uk R & e, 3 T
2 BB WA 28 37 5. B R W BLARTT L2y it A BB R (LTE il Ay sl NR 1A A 5
[N RWT (4G/5G PhREB R, KHAF—RENERR, B BRIEAERE. /X AR
DUT, RErEEE, REERR 2. 7 MAEREINZ R LS AR /X, R A IEE A
B BN F 2R 1 10%.

3.3 REEEHEAR

FERBEAE N, Bk 1 IE L R 28 G54 5010 55 o0 A6 DL RS ) T B REAE, il RIEE 80K, i
AN IR FEE P I 2 B3 5 55 A AR EL UG IE, 72 B MIRRR HE A RO 925, 36 EEL I 1 2% B i TR T
U, %0 W Th B SEAR ANl s B T S 28 B, S0 AT R ST S BHIR LU R AA Al B

3.3.1 B{E&AR

I T) I 5G RAUE MV IR I 82 FH 37557 T R SR B RO (30T R AR AN ) M 55 288 B0 1) 2% Jfil
Bt BEIREAT V)R, BT X055 I /R SR AZ R 1R A R 2 BRI, o, v BT L GBS BRI e A7 R UL T <X
e HAw, KRR 2R O 28 U] SR RRRIE AT, A SCHE HH — M IR I 2 ) 2844, il 6 Fvos, 28 48L
TR WX 25 1) B0 A2 2R A4 R AL X 48 JE Al (network function virtualization infrastructure,
NFVI). &A% M 45U F N 28] 78 PR HER (management and orchestration, MANO).

R UM [ % R 5t P AT AR D) 20 ZEA) 1) 45 SR BE A B S RE ML AR 3, AR5 JEAE L AR AR N
EThRe. ML DR ML BEREAE 48 V) B IN R & . 2 8E. AT R, Il W 4% o &SR BHR R AL, 1T
AT W 2% SR A4 SR BEAN TR A RE AR 2% Th e, RE UL 48 D BE 2 T A L&, T2 — A 5e B 55 T g
i, % I SR AEE SR ST

FEARHR N 2% B2 v, 5 LI Dh R AL FE B F N & . RIS A2 55 e sk en B 55 2 ARDRE L ) ) .45
BocHEI & Fr o RRVRER B AR BB R BRI &y FH T O 4 o B ) ST Bl A, AT IBHE S XA
PURBRHE RS A, R R Gk, B4 B RE B L IR IR A S BEUR I RE P Dl e RE VR EH v
FT BRI B2 55 e, D9 52 % FA RE VA i o 208 K1) e (o ) RE VR 7 PO B 4, S o 4% SR M 47 RE VA P
THOUE T REAT BER A% 75 70 IS, ALHEAR s o e FELAR S5 A8 1 DR U A RE SO Th RE; Ae i@ v I 1]
A REVR AW AN IR S AR, Dy RET i i Th RESR (I8 23, L Bt e B A & AL A, &
A AL RS L E R B R A RO A% S B R A RE ML Th RE.

P 2 ) 8 PR AR 17 D0 SRR SO I 2 D g 1820, — D5 TR L 45 F SRAE V) ehids . I Bk 5
HHT A C R SR % D e, I — 7 T AT DA ME A AU 28 D RE RDIRES, 2EAT W25 U It Re LAk, SAARER
W 2% e 1) i LR P ER AR AR N 28 I 55, Ak, 1 2 SRt mT AR SR IR Y 2% 2R A I ) e D,
Gt SRR B MANO HI THI R &3 AL, 4872 NFV JafEsing, W LERAEY) v WEE,
MRS IR AT RE ). AHEL T A b aUTh B8, S St B b X 4 SRRt VA0t R P 7 24 i SE WG A0, PT DA A%
T8 BRI A, A5 IS S AR M 55 PR FH e HE 0 T e SRR
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Figure 6 (Color online) Low-carbon network slicing architecture

3.3.2 IHEXRE

T RGNS LR RRER ., muE. HEELS, N T EZMMEMEERTTH, FARR
O 7 RER TIERBTHE T, IR E RERe. FRESEReAE. BT, N LR RERC&u R
KA E AR AR AL AR 19334 AR G B R SRR AIRAT AL #8522 (machine learning, ML) J5
%, IBRIRSE R, AR RS, AETH RS 20710, 9 BRI 0T 78 AR h e TH AR 5%
S TR RIS B

FIHTHE SR E 1 HAR R I IC R G REFE I HAR R I IR 2] 5K (deep reinforcement
learning, DRL) #% 3% FH 7EFE B4 115 (mobile edge computing, MEC) H, B 11 54T 55 E1 4 # MEC
JIR 55 . 30 O D AR AR A RS D AR, A E TR B LR S R RERL, SCHR [36) 4R
T RE BV A AR AL, R ATV RE 84S D) 2 S m) B A5 I ELAMERAE, P AT SRR
P EN T B RE BTN AE, NTIRTT RGRERG 5 NFITIRS: ) L 7 EORE B A28 AL Sl as 5 S 5
EAR], T8 ) IR REAE O AR AR R A g AT Sk B R IR0 o Eidf 4k &2, AN a] BAgakzb>
THEEFER T T BN GREE. SCHR [37) BRAR TSR BIR8Y, @ik iT A% % o1 ik — D4R S T RE AR, W LA
P80 BT 75 BN SREm AR TH B B8, R 2 i B, Ny e AUk B ; BXH 4% 2] (federated learning,
FL) ARSI ASA RAT 3, P2 R A ot S5 BOR 1 2 Ik 55 35 T £ AN i Ok B 1 25
Bt AT vh e i SR R AR, SCER [38] I A1 I &7 S Ok, 2GR B TH 5, o
LR EEUD, IR B R AR S E B R A A G R S5 b, IR TR BR (X BRI SR
ARG AT SR 77) (T4, SR IR H PRI R S e

ERERCIR I R IR SR AT BAEAO T BRI S AE BRI A G R, TR
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5, NI BT E T4, $2 T RARERL, LIS EIEE.
3.3.3 TFHEHRR

N TE AR 55 eI B Bt A S8 L Bt s P AR L I IUEIR LG, S AL AR BRI 0 Lk
SRR R RN A, T AR 281 AR IR BOR. FE Rk G A7 v, I SR IR 20l T A7
FE 32 AR IRSS 4R P e 22 T B 1 28 4 s v 89400 S Mot £ P 20 SR BTk 2 R4 ey i 42 A7, JF
FHT1E Wiy B TP SR AR 55 BT SRR s, 7 0 B0 1 B A7 i B ook B ARBIA T 7 9 /5 5K 14,
IXFEAEE G T B A, D T PRI SER I BE AR R G R R R R R 4 e A 142 AR,
i Y R R A BT R R R EE AR AU e . TR, FEOR IR PR IG R AT T I RE R REFER SR T
IR EAFBOR B2 RUE. SCHR [43,44] HRAJE W2 008 7 SRR REIL B BARMMER AT W Rk 22 A7
T, SCHR [45] SR T AT B G A S SR AT HE 1T A REVEE ROR AL, FLRAR R 2
RERTC LI, FERE AL LA GAF I P R BRI AR, BOR L2 A7 10 B SE AT HEIE 25 1 - i, XA R
e R b R A L HT FEREIR Bt REA 7o 0 R 0L T, I AR BE G IR i AR LN 2, 320
RIS, X — BRI AR B T LABE <SRl (R, BLIERCL 95 7E I 18] _E AAN S 50 20 A 161 AL gzl 1 %
FL R BEJE R HE, 3R RIS T R R, SR DL 4k (il 5.

4 HEERRIBEMNS RN SRS ETRA

55 3 T MIZMFERE R L A, BRI T An el Sl it e/ 8 A5 A RE PR AR AR HE, AR g == it 2l
(I, Wi 2eid RE U ER AP0l 5 RS, A2 ahi@ 5 ML fadR Ik RE &, RN BF FEAE 38 15 P 45
SRR R A SR, T SEELEE BEIR . RER TR 5 ML 55 20 A A XA L AC.

4.1 BIEMSEERMWFE %M

BEN 5G IAUG, BEAE R A5 5 B /5 R H a4, 1858 48 1 R RSB Aok 1 BRI BE s0H
FE, TEIEME RATFF A 20 ACMi7E A i ce BT, Forb 70% ROBRHESKR B TR U8 SN T ARk
B HE I 2 G ), SR eI (WORPHAE . KRR WA RE . HBFAGESE) RS SR T 2 BkVEH
W2 0. SRR/ E N — MRS AR B REUR, A BN 0, MBS BN RGEN T
BIE . AR, BT SO RRIR IR B Uk s M S BEALYE, i eT v R R B 4% 8 BRI A7 E A TR HE AN
k.

BT GaeIr I, REEM BB SR G52 L, LN R TORENTT T, BARIR
RIS TR . BEE BEUR 5L %5 AT IR UL, {4 BEVA I 1R B2 U5 45 BOR D TR H 1 FEAib 1t 5 01
BUPERITTRR. SCHR [49] WFFT 1 — M 5e e HORURT P A BE U5 AR 08 B3 e NI 2%, &5 5 R il ) RE FE S TR R R
T Aok T SRl B RERE T oK, JREEXS B> e AL B, AR KPR S DA ALl i) H RE 7K,
TE AR PHBECRMHI RS, FE R T 2 L e 8 28 ) 77 FUSEIE. SCIR [50] AHBCT SOk [49) #E— 2R
M AERERIA, (EUSCEE B K BH BE A4 VR 2, 8 TEAH 43 B K BH RE G ARAR AN it B Fit O B S8, R
T LTE ZALulifaeds B e MR IR, STk 49, 50] AT it 73 8, FF AT BedsR] H ik
Titk, FIRESEUL EECE, SEAM AT e B, A RS P IRSSTE (quality of service,
QoS) HERAFELJH, ABATIEN] T 51 AL € REVE 1) REVE X 72 FEARRRARCH) W] S2 B 5 BRIV ). SCRR [51]
WHIC T A5 8 Fl R SRR VR 2 & (I LI 2 SR Sh RS BI85 R4, $ i T — FhAE SR RS, TR ZR
AT PR R Y P AN R ARl ) R Y 0 B SR, PRAISIEAS R GBI, SCHR [49~51) BIEA T Zrpe s
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* 4 BEMSEEREMNES MR

Table 4 Research on communication network and energy network integrated architecture

N HE 2L R
[53] RE-CRAN HEZE W DR o B8 A T I S B T T AT RS Ti
[54] Z 2 A FHELE Z)EME, W) BT 248 4K T R 25 75 SR 0 s 2.

[55] FRPEBHRAIAER  WE B S Eh PN, B TR, S5 AR R SR A R .
(56] R ATABRE EAESE L BRI IO RERILE 3 PR ALK

[57] - FEIE(E TR S RERRIRATRT IR T, WHFCEE R RB 70 HC-5 2370 e SR FRAIRREAE.
[58~60] - el 5 TR S SRR IR AL 4R HEAT PR, DA IEAS BER 20 BE LA AR B RE VR A
[61,62] - 455 RE B AT AT IS A ST P ORISR (R FE, PR MIRAREAE.

e L 40 WL X 45 5 10 77 2O I 2% SR AR FL, 09 Wl 35 L BRI 17 D9 2% REFE S5 I, T DL 5t 4 6 R R
FEREIR M i 2R E AR . STk [52) A T RO BE B BEUR 20 A B BEA LR, A B T ok ST i
TF RGNk, MiRekul B 35 S RE R YR M AR R R0 AR, &0 7R RAEREE 2 HE1T T MK
W28 BIRHFTEOR S IWT 9T, 1A 475 25 RS IEAE BRI 0 AT 55 A1 0. i, LB Rt R RIS
TS BEYRIDE O g 5 R R O B

FELREREIRIITINT, BTN S 0AE W 5 BEVE M Rl 5 7 —S8RIE 5T, R T — A5G
R HESE, Gk 4 53~62 Fios. SCHR (53] ¥4 AT BARRBRAIAN T C-RAN, $&H 7 —Fh B ml B A= RRIF DK )
1) RE-CRAN 4544, iZ85 KPRl s | v 5 Re B IEEET 1 e, 5 oz~ i . Bdi-F i S
REVRTIH, SEPL 7 il SR AN Ae B VR A e & B E S A Ak, e B0 1 1 e R B ER R B L R
7 QoS HEK 5 £ it B AH G BEAURFAE, Reds~F1i (H 2040 xUrT B A REVR B3 DER. 70 A1 2URE VR AT
fifi & DESD MIREUEEE s R 58 R RERIUSCER « 7% TN DA S AL Gt A R 4, 428t~ 1H 42 /)
EHM R RIR S REE BT, TR b4] R T M RSSO R MSHER, )2 b BA U
AR MR AL o 75 5K B9 RU4LRR, SO sUR T AR B L P [A) JC 2k R R S A8 R 28 15 e, i HE 2R 5K
L RE B R SIS BRI S B, B PR S A T 2 P 4 T BB R L B R AR A P iR
S, (B TROHESR 2 B R, ARZHA I EAR, ESN, 7 TR 2RI
5, BB SR AN EI AR, SCHk [55] LA SDN HAR O, - T — Pl ik BT R] FHHEZE, HoA
O R TN F P A i AT HEAT BE B SRR AR B, DR b R BV RV AR, FAEZR 00 B S sl
ANRBRAAT, 7T TN F P A B 55 RIS, IFHERT N RS (virtual base station, VBS) fif
— 3 (BIRM) B ayE R N FR; 534 BB (virtual machine, VM) A 55, 578 0 52 U8
I 285 S R L 2 18] A7-AE AN DL C I ik A R IC BROR BC 8 . VBS BORUE . RRH %5 FEAUA G Th 2]
NAHAR, PLBhAA Rt E N P 25 & 7 R IEsh. STk [56] 2t 7 — R T i S i o )=
A AR BNE Y, X HESLIE IS 3 Fh SRS 4 & S TG 28 B TR YR 2 O SR TP P R SR RN R R 3 =
SR, 3 b I K I R 2 ST SN W B, L [R] R E A SRR 20 C DA K e R A B g
fi k. SCHR [53~56] $2 1 JUAMAS R EAS — BElE— Atk dmAE by, JRARHE % B SR i 450, k4T
BRI VLEC 5 T HIAAL, ) SEAE A I 5 BEVSR I il 280 T ORI IR 0K, DLAGE(E 5T, REE
P55V 55 3 A 2 (A VL RO B 1 LA,

FEIEAE M 5 RIS MR IR I T 5T, — L0 T RN 2 RedE . DTS RIS Ae & 2RIk
G BT FARGETTRE. SCHR [57) BRSNS AR FERLAY, SR th T — PR SR AR, LR A H R
WAE RIS RE RN RER, BEAAE H-CRAN i/ MU REE AR S RB J3 B FIAH S ) T 28 5 T SRS
SCHR [58] H& ) 1 — 7l f AN [F) S8 w] P A= R B A e JR il (1) A NTh 20 e R0, SR T 8 o il
W 22 ) A e R 7 10 RIS R ARSI B SR RER AL B (R U, TS B AR I Th AR

\3

N 4o
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SYHE, CABCORRERE MR 2 ek IR, SCHR [59] W 7E 7 WDk e & A« JL 2 53845 B VR 2 B A
iy, DA ORIR g D ER o Re S RO, PR AR, Kr RRH-BBU SCHRAIEESR (O RV S ME N H
PR TERA AL ) e SRR G BE AR P RIRI ). STk [60] W 3845 B i ey R L D) E A
BTG, FEM 28 T it B (0 2001 N i/ MU 28 BEAE, JLrboh T4 R sk el (58 A A i 25 kR
$i (Dijkstra) SR EAREE, N T VLG AR & BUR 518 45 SR, B 5005 RIBUE E SO R D FERI SR
RER IR, SEB 7 BF IRUR. SCRik [61]) 7520 B 20 (device to device, D2D) 8 BE 19 57 44 X 25 i
s, BREEE T BEHAER (gERAE D2D ) AR, A fRUEEE - AT D2D A
1) QoS ZK, #E T — N By /R Al R S R ) @, 38 i 5 >0 1 07 2N KA i F P R RE R 2805
FETLEENM R G, S e & 5HE 5 E BRI E TR B, VB H P & B £ 5 HIR 25 (1 RRH
(BPF R OCHR) 2719 BRIscHE R — IOCHE M R, SCHR [62] B RERIRE 00, $2H 1 3 Bl - OCERSERE, J&
THOE P ORER . Bkt RRE A SGICAN 25k RRE F 2 OGHK.

AN Z AR B TG TR BE R R 5L 0 A =3 A B ULHT, =3 8] A UL E 2 i N7 AR
5P 5 BEUE R RS HESE N B BRI A . P SORAEEAS B 5 re B BRI & I BE A RTIR N, 20 g
X fie i B IR -5 2% 43 A (1 LG AT IE A B3R -5 Mk 5 2 A 1) DL O T F& v 40 O B

4.1.1 gEERESIEHHEITE

A S5 A A BAR KRB M shib i R 122 57, Fehil (E I & B A N 8] s 28R 8] 2043 1k,
i B BRI T F P AR SIAEE L MR B L INFIR) A0 AT . 2 PR A S R LUR S AR 2R AR, A
17175 B il ) RE U 5 oK 2 B I ()i 8. SR, RE A Mk 55 70 Al BA AL R k. SRt RERAE
N—Fh oA AU AR RE YR, s BERR T MO B AL B L RS I RIS AR, DRt B A I TR Sl s 1k A
BEHLIE.

AR X SRt B Hdfs A, C2A AT AL (63641 bl 55V B AN B B 200 I GE T HRFEREAT 07,
UE] VEATR AT, A2 WS R IR WK B RE AT XURE 1, B e L B BE ALV AR LE - XU AE
BN, HANME S S EBONIRIE, DR K BH RE A H B T2 A . ARSCER T SAM (solar
advisor model) #fF, i TN PG % BT RHE KA B R B 24 LA I G0, IFBE B DK EH
REYCIRMR S, Bt T AL E ALK FHAE A AR, T3 1 2023 4 1~12 4y B9 H P KB B8R HL &,
LISV

FECL R B — 280 e, ange 5 65~71 PR, Mo DT AC A B B S50k 95 70 A B9 07 30, BRAIR T REVR K
TRP%, Wb T AL B REIRIAE, RIS CREE T 2% REEM R E .

SCHR [72, 73] 73 BT R T 53 AR A UL P SR IR SR AN b 55 IR I Bl A8 P SR 5 3%, #4018
PRV 55 B 5 SRS B B, AR SReR A AL, (EONRE R A 5k 55 70 A i UL G 5
Pt sR it v BB, SR [65] SR TR EAT TR R UE AR, — Ty Tk SR E £ 24 TR B
T Z2DRIE ARKIRE T 2/ R8IE, IR LR F 43 BOAE AN I R B SR e IR, 53— 5 T
RG] T 2 BA R Skt REVEA R Akt T VLSV 55 70 A1 1 75 U KA A T 2 (L REE, PRI
RABRHERL. SCER [66] SIAIEHISE, f2 BRIl R S AL B RERE, R R BE R, DLIRIE
00 2 75 e BV AE et AT (0L 95 S BB O S AN R B A . SCR [67] L0 TS ul AR A P AN 5E 1 2%
PETR I B & R B, R SRk Lk 55 S R R RE DA L b AR EEEE S R E R S A
LR BT 5 R, SR T R0 2 A S RE AU R ) R RS AR, RE £ B U B S e A
SE B R AT T/ BERE. SR [68] B A HL I A XU e R ah, EE 2R g 0 4% i T RE B oA R R i
JR AR 2] RER BN M REIR T oK, AL T RER 70 AT AR R SIReIE, 7T SE 1 Dy e 5 190 2% o RO I 2 AR AL
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Figure 7 (Color online) Monthly average predicted solar power generation for 2023 at Invengo Gymnasium of Xidian
University

LI AN, 7R FRACREFE M RIS, I8/ T REE A, STHR [69] 75 8 2 B T 7T FE A Re VR T B 1 I
FEUh PR I RE S O & AN IE B B O, S VAR 2 MRS T SRR IR &, JRER 7 — R
T Lyapunov AL B G8 B AN DR /B EVE, REEAEAN T EARMEERE . WE LN RS
BT, KERE SR MM L. XA T 8R0S 55 0 A AHILRC ) 38, (R =
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W SO AR QoS SR, AT TR FRI AN 52 1% B B k. 18 F R S R ] AL P e k4T
T, AR 1] RS A S D RS 2l P 105 2 G B

Pk, &R ahiifER RS s R I ) R s S e SRENLIE, T sk el i RS PE DL K A 5l
W 2 REVEH FE A S A X T B AL A 2t REVRBK BN O AL B X 2% 28 R L L. ANl LA, R A RE
R, BEARBR TR [R5 2% R A5 SRR & B BE . T B QoS 7 R4&E, PRI, dnfer i RE IR I 55 3
{5 MR, KBS TR kS A S RER A =& ZIRIREATULES, SEOLRE R BT — A5 BHIR A — 14k
G, AETEBE XU H AR K — TS H 1 i) AL

4.2 8Bf5 - B - EEMANREEREMEENY

ERTAR R BT 7 I8 M5 R R A 28R, R0 A 550l 55 20 (1 5 e UL i B 45 Bl 50k
S5 o3 AT R UL RS, ok Z 50 T RER TR k5570 A1 5185 IR = F M UL ECRORT 7T, e, RER BRUR
5V 55 3 A ARV BC R M RO AE T 2 e AL, A1 0RT A BRI B 5 B RE A AN AT T 2 3 2R
B DR URR AN M A 2 18 TTE A BV 5 A R 0 A1 A G C 0 M AE Tl 95 20 A R 25 I AL P K- 3
HAE W% AN, 7 A T R L D S, AR RE R IR ARG HEBOS AR G I AE. 1B] 8 4R 1R ST BE L
FNEIIZEAE T, ASF DL 55 SR SR E 22 5 H N m 3 O B I 28 B FERE 11 20 L. oy, faald
BbREZE 2 155 RIA K B, T DA IR 55 R BERLE 55 5 A

o= [T g mde— [ [ gl (1)
[ as J ]

Horb, qo FHSRAIR TP W5 SR R 55 MR 5 & 2NV 55 SRR e ik, 1X Oy AR @, FmEA s
BRECN fo (). BB 8 WL, RN VB L —E I, M55 TR B sh S, W2 7 L I AA RE B 2 ; T
FEM 55 TR B S bR HEZE —RE I, FEN U LR, 512 A B MERE R BEJDBUIN. TR, 246 4R
M — v i bl 55 SR Eh T 51K i REAR IR AT T B SR, B AAMERE 11 73 Ll 50%
A IX I ST PR 28 BEAR AR 50% HOTTAT DX, 7EIZ XA B LA I 8 P BE T Bl 55 R BE ALY, 7T

737



ARG WA R HARERR S O R SEFE AR

computation plane

Regional
computation
Edge
computation

Mobile

f—
Traffic flows Sense plane

Computation
Tesource
Ener;
Fronthaul smrai}e,
o Carbon
‘ \__2NB functional splits option6 J U emission )

N Energy plane interface ~~ ~-----

Solar//rl

) s N “de I Energy ( )
o i N P | Bnergycollet  Energymamagoment Energy router
Sensor h % Islx d plane

Encrsy ranstering Fnersy soraze )\ Prewyswply By consumption  Energy sioage

Bl 9 (MLKERFE) BIF. REAMEEEMEHRE R EMERE

Figure 9 (Color online) Green-native network architecture: integration of communications, sensing, and energy

e ACIAE dii

1E FIR 2 BEREARAL nTAT IR T 5 T, AR SCMNTH B g 5 29 A0 5 MV 55 23 A B AL 5 AN w42k %) £
B, PR Rl . BN RE LA I R SRR A0, W 9 s, AHEL TR G RE TR X 5 8 5
RGP 284, AR R T IR E, B IR (S A R RN T RE 5l & B T g, Mk &5 I Th
BEATE 15 I BB FR 0 280t FH P (04T R 55 SR AE B TR 25 (8] _E R38R, (T W25 75 R 2375 (il & 7
D, FRHE WX 2847 AT PR AT A EL B RS 2 R0 Th RS 3 I8 A5 W S SR I AR TR U ARAS . 7t
REGHEFRIRE, 456055 AN Thaef3 BN DI 5570 A0, X BeVR WX EAT )it 7= 28 5 W 7y 4gs AH UL E 1
AL RERIE. SN B R AEAS T 7k 55 0 oA, YR T REE A I BEALIE, (EReE TR b
4543 A7 55l AE BEIR I A BLUTEC BN AT g,

S 3 Y 25 AT e TR A AL A RE IR RN LE SR 55 0 A S50 R B BHIULHL, TR A 43 (I 45 224
W CFFTE CRNRE R AT AE T, I 6Pk % BT, SCBLE R =20 AR I RS ULHEL. 3 VTHECHT &
RAET AT AR BRI A WL S Re AR E 5 AT &8, Hap sz 2R, Ak, 6L Rk TSNS
4 AL I VNt == 1 1 o 7BV IS T oA 5273 o B 7 VA = o FI e L LS
SEBRI T RE T B, 55 BT I AR i B AR T X 2 AR B A AR A, BhAS TR L R g5 R A, A
BB S5 AE— R i [ARUEE Bt ARe e s, ELRTT DUIA R, TERE R BRI 1, Kl 54 e
55, T AE e g B B s, Rl 55 4 AL B R BT G A7 AR T RE TR ZE AL 55 b S5 BT B Tk 5%
AR IBEA L, ATt — D R R IR LS5 A S IEAE IR TR RS

IRFETiZ R A S N 48 B0 A4, 1 BB T RE i R S5 Mk 55 0 A AH UL AT« 3845 BEUR 50 M0 55 2 A AH T
B DA S =35 2 IR DG RL 3 Ao B IBRHEACE. 77 535508 100 m x 100 m [ 4P, #HE 3 4
JEul BS1, BS2 A1 BS3, AN AT A FC AR 5 S, KRR ThER 2 W. R TARINE SRS 5)
SIARINRRE, 76 BS1 M VG W AZAE 5 AN, 16 BS2 B RGH NAZAE 3 N, 16 BS3 &
FGHENAETE 2 NP, RN E . B B WE AT QoS % RIIN 5 Mbps,

738



HEB FERE B4l 4

3.0

%3
[=3
(=]

(a) The matching between traffic distribution ;N (b)
. and communication resource a
g 25 T f
he matc] 4
-~ 2 150 i ' i "
S = } [ I i e
§ 20 g mh "IHX L \ [l i
Q 4 it o A b o Mol i | ".‘(‘!“ ' i
£ < r\%«%’»}:m;n\}qv"‘w\W‘M‘}h’\kﬂ{{?,Jaﬂ)¢!M¢'f\;4fM‘cﬁw*‘é;M,WW\y&‘\”vﬁsk\$ﬂ8«¥°{ys{\tk1WHWWI,“Q M‘,‘W”ﬁ
o o ey o I \ .
£ 15t £ Jooh : : ]
a £ _ __ The matching between traffic distribution
g 2 and communication resource
g 1.0 g _ __ The matching among traffic distribution,
: g 50 - communication; and energy resource
13} B
z L ~
L2 05 _E
bty h z
e athgpe vt o Mgt o
0 i i A 0 i i i i
0 100 200 300 400 500 0 100 200 300 400 500
Time slot ¢ Time slot ¢
1.0 T T T
(©) I BS1
[ BS2
0sl [ BS3 |
=
2 o6f 1
=
.2
5 04f ]
=
9]
b=t
S
0-27 H H |
0 H
Baseline One-way matching Two-way matching

B 10 (MEEhRFE) Bim/NERERLE THRBERSZEENR
Figure 10 (Color online) Performance of network with one-sided or dual-sided resource matching. (a) Power consumption
of network versus time slots; (b) downlink transmission rate of network versus time slots; (c) algorithm comparison

AR Be R IR AR SS, B RE A — 8, 7847 500 Ik (RRHXRENLA RAEIE) DhEit
A, GEtt Joxt L B e VG S 75 925 X0 VR RS 75 9% 28 1R RE.

PiE SR 10 P, S5 3R8300, RS8R BR800 il 5 h A P2 A6 BT DAGRIEAE B P84 T 4T
HRAARRI AT, BAREEMIDFE 58% LA L, HZ, MZEMITIFEREAR 50% A RRE RGIRARE S %
& 50%, HBHBCERTIRAE TR KT JRRFE T RGN 2% M BEFET €, IEH R T RE I
PO T £ 81 ) 4 € R U 5 A 450 P IO s 10 R T BE AR, T SO X 1) DL TR 77 92 W) AR AR & (s B YA 2 ) 5
IS 1) L i) o A A AE BERLPE S AR, T Bl 55 78 25 18] 55 I 18] B 2038 I 9N, AT RE 5 7 Ik 2%
MIBEFERI RIS, £ — ERERE L PR R SRk, UESE T AR 25 €0 o 48 M [F) 20 AR R G REAE S R A AT
ATIE.

5 ARKHVEMES

MRS ERER A B2, T R AR BN LS, AR 258 O — MR AEROR. BLA B SER
BT 5G RS, KbF&iEE RGUNBCE i, HOCBEHT (W, FPUBCRE) IR, RERCEMR, |z
MR 5 N L IR S EOR I REAE SRR, BRI, s aR (Ul AE, TR EMAEAEATRE, N, IREEREHT
MBI L ARBERE PA/REGEAAF LT KT AR ICUR S S T S5 B AR U ek 7t

739



ARG WA R HARERR S O R SEFE AR

IRERATLE T AERDIEIRR 183), AN[F) 2 ZR PRI A P 2% 5 20 e, BRI HR Y B B L A AU T B,
FIREAEARRALE] T, Btk AT IR EE AT 5% /Wi AT 0, X Skl R 75 i 7 AR 2. DR bk — 075 T e BEAR Al
oA 2 7 AT I FE i S oA A B R AR P 0, AT IS P e P AR SRS, i/ TS F) 5 452, 73— D T o 22
X R 268 T )M 55 AT RE Y, R JE i ) R A5 PRSI AE — S BREE Y, R A3 i A S50 o 22 A .

W Eh & T EIGAIBEAR. (1) A6 RATREIR I Rl & 2 i R BOR PR AL AN e 2 PR B, B4 A
PRI e S kg, LR & A & AR AR O 48— 015, (2) RE IS IR 2 SR
BB R, n, P RIREIR . B BRI HIE O R, ol KA OR3P NI 25 22 4 Bl 47 BA B8 25 3
AR PRI B A 9 5 BE I X 7 25 R EURA A5 J2 3 T s o PR E AT A

6 B&5

ASCHFA X Hbw, AR TR @5 W4 R BRR RSt HE N RS, MTELA Sl E AR
FEREVRIE. — 5 TH M X 2% B2 5 M0 55 20 A7 AHUCEC I A B, AT T IRRERE R B R . A&far B RN IR
B, g5 H 3 0 B — 1 PR X 25 I BEFE 1 7 V2 T0 V2 78 43 DA Bl HE; 55— 7 THI A\ fg B R R S50k 2543
A UG HC B AR BE, X845 5 B M Rl 2240 R B AR AR EAT WA, &5 SRR B, me i SR 5k 55 5 A A
VCHC ) ME S AE T30 0 A0 1 25 I B AT L 3 EOEAE W2 ANy, = A TR aotE o ) fiag, 8 e = B
(PR L3 75 75 PR . AFE T304 N S RE VR I B A R e, ASCHEH —Fhilfs — B - ReE— b iR
A 2R B I 28 BENG  Z% BE AR T s TN 5573 A S TH PR Ae AR BN, 75 CRBER 25 IS5 B ST I [RIE, [%
KT RGHES R FE, AR T RHE M 48 324 7 47 /0 LK.

Sk

1 Zhang Z Q, Xiao Y, Ma Z, et al. 6G wireless networks: vision, requirements, architecture, and key technologies. IEEE
Veh Technol Mag, 2019, 14: 28-41

2 Huawei. Green development 2030 white paper. 2022 [2£A). £ K& 2030 1M 15, 2022] https://www-file.huawei.
com/-/media/corp2020/pdf/giv/industry-reports/green_development_2030_cn_0427.pdf

3 ZTE. The green 5G core network white paper. 2023 [FF3%. G0 5G 1.0 M 115, 2023] https://www.zte.com.cn/
content/dam/zte-site/res-www-zte-com-cn/white_paper/ZTE_Green_5G_Core_White_Paper CN1.pdf

4 China Mobile. China Mobile peak carbon dioxide emissions carbon neutralization action plan white paper. 2022 [EP
E R, E R st W R AT sh iR A B2 . 2022] https: //www.digitalelite.cn/h-nd-4478.html

5 China Unicom. China Unicom 5G intelligent energy saving technology white paper. 2022 [’:P [ e, b EBOE 56 &
RETTREFAR B 215, 2022) https: //www.digitalelite.cn/h-nd-4632.html

6 China Telecom. China Telecom groupcarbon peakingcation white paper. 2022 [‘:F' HAE. PEEEEEITEA R
5. 2022] https://www.digitalelite.cn/h-nd-5730.html

7 IMT-2030(6G) Promotion Group. IMT-6G overall vision and potential key technologies white paper. 2021
[IMT-2030(6G) HEHEAL. 6G BRIE 5t 5 A B AR A B2 5. 2021] http://www.caict.ac.cn/english/news/202106/
£20210608-378637.html

8 5G Evolution Academic Exchange Forum. Key technology vision of energy saving and emission reduction for 5G-A/6G
wireless communication system. 2022 [5G HIFFEARA IR, HH 5G-A/6G JLLRIBIE R 50T REIHE G AR 5
[ 215, 2022] https:/ /wirelessbigdata.ustc.edu.cn/home/#/whd2022/whitepaper

9 ATIS. Green G white paper: the path toward sustainable 6G. 2022. https://nextgalliance.org/white_papers/
green-g-the-path-towards-sustainable-6g/

10 Hexa-X. Designing the 6G networks of the future white paper. 2020. https://hexa-x.eu/press-releases/
11 ITU. IMT towards 2030 and beyond white paper. 2023. https://www.itu.int/en/ITU-R/study-groups/rsgb/rwp5d/

imt-2030/Pages/default.aspx

740



HEB FERE B4l 4

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

ETSI. The fifth generation fixed network white paper: bringing fibre to everywhere and everything. 2020. https://
www.etsi.org/images/files/ETSIWhitePapers/etsi_wp-41_FSG_ed1.pdf

Qualcomm. The future of Al is hybrid white paper. 2023. https://www.qualcomm.com/content/dam/qcomm-mar-
tech/dm-assets/documents/Whitepaper-The-future-of-Al-is-hybrid-Part-1-Unlocking-the-generative- Al-future-with-on
-device-and-hybrid-Alpdf

Ericsson. 6G spectrum white paper: enabling the future mobile life beyond. 2023. https://www.apt.int/sites/default/
files/2023/05/6g-spectrum.pdf

Lin Y, Shao L, Zhu Z, et al. Wireless network cloud: architecture and system requirements. IBM J Res Dev, 2010,
54: 1-12

China Mobile Communication Research Institute. C-RAN white paper: towards 5G C-RAN: requirements, architecture
and challenges. 2016 [ E#FIBEF TP, C-RAN HEF: iEM 5G C-RAN: FR. M EPEK. 2016] https://
max.book118.com/html/2018/1122/6000022043001232.shtm

Zhu M, Gu J, Zeng X, et al. Delay-aware energy-saving strategies for BBU pool in C-RAN: modeling and optimization.
IEEE Access, 2021, 9: 63257-63266

Zhou S, Zhao T, Niu Z S, et al. Software-defined hyper-cellular architecture for green and elastic wireless access. IEEE
Commun Mag, 2016, 54: 12-19

Niu Z S, Zhou S, Zhou S D, et al. Energy efficiency and resource optimized hyper-cellular mobile communication
system architecture and its technical challenges. Sci Sin Inform, 2012, 42: 1191-1203 [L'F?_fsﬂ‘, S, B AR, . RE
5 TR ARG 3 A 20l 5 RGUHT 20 R EARBRER.  EER: 5 BRI, 2012, 42: 1191-1203]

Ngo H Q, Ashikhmin A, Yang H, et al. Cell-free massive MIMO versus small cells. IEEE Trans Wireless Commun,
2017, 16: 1834-1850

Wang D M, Zhang C, Du Y, et al. Implementation of a cloud-based cell-free distributed massive MIMO system. I[EEE
Commun Mag, 2020, 58: 61-67

Xia X J, Zhu P C, Li J M, et al. Joint user selection and transceiver design for cell-free with network-assisted full
duplexing. IEEE Trans Wireless Commun, 2021, 20: 7856—7870

Zhang X Y, Li J D, Liu J Y, et al. Resource cell—wireless coverage structure for next-generation ultra-dense networks.
Chin J Int Things, 2023, 7: 1-17 [{KE W, R, XMRF, 5. BHE/NX —— M T —REHEMERITLE S
SER. WIEN 2R, 2023, 7: 1-17)

Namba S, Warabino T, Kaneko S, et al. BBU-RRH switching schemes for centralized RAN. In: Proceedings of the
7th International Conference on Communications and Networking in China, 2012. 762-766

Guo X Y, Leng B J, Wu J, et al. Energy-delay tradeoff and optimal base station sleeping control in hyper-cellular
networks. Sci Sin Inform, 2017, 47: 771-788 [B8E %, UK, Sefd, 45, IG5 4% B RGE R BRIE 56 R Kt it Sk
PRERAES]. b ERE S ERE, 2017, 47: 771-788)

You X H, Wang D M, Wang J Z, et al. Distributed MIMO and Cell-Free Mobile Communication. Beijing: Science
Press, 2019 [JoH &, EARM, FILFF, & 2468 MIMO S5 S & ahE M. bRl Bl ist, 2019)

Femenias G, Lassoued N, Riera-Palou F. Access point switch ON/OFF strategies for green cell-free massive MIMO
networking. IEEE Access, 2020, 8: 21788-21803

He Y, Shen M, Wang R, et al. Energy-efficient sleep-mode based on deep reinforcement learning for cell-free mmWave
massive MIMO systems. Acta Electron Sin, 2023, 51: 2831-2843 Hﬁjf, qﬂﬁﬁ, _:E:'Z:, 2o s 2 KU KA MIMO
ROEET IR B R ST I REREAR RIS, FET-223), 2023, 51: 2831-2843]

Guan L, Ding Y, Li R J, et al. Network energy saving technologies for green 5G. Telecommun Sci, 2022, 38: 167-174
(B#&, T B84, & W W 156G METRERAR. SR, 2022, 38: 167-174]

Foukas X, Patounas G, Elmokashfi A, et al. Network slicing in 5G: survey and challenges. IEEE Commun Mag, 2017,
55: 94-100

Wu Y L, Dai H N, Wang H Z, et al. A survey of intelligent network slicing management for industrial IoT: integrated
approaches for smart transportation, smart energy, and smart factory. IEEE Commun Surv Tutorials, 2022, 24:
1175-1211

Afolabi I, Taleb T, Samdanis K, et al. Network slicing and softwarization: a survey on principles, enabling technologies,
and solutions. IEEE Commun Surv Tutorials, 2018, 20: 2429-2453

Chang D L, Ding Y F, Xie J Y, et al. The devil is in the channels: mutual-channel loss for fine-grained image

741



ARG WA R HARERR S O R SEFE AR

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

742

classification. IEEE Trans Image Process, 2020, 29: 4683-4695

Mao B, Tang F, Fadlullah Z M, et al. An intelligent route computation approach based on real-time deep learning
strategy for software defined communication systems. IEEE Trans Emerg Top Comput, 2021, 9: 1554-1565

Mao B, Tang F, Kawamoto Y, et al. AI models for green communications towards 6G. IEEE Commun Surv Tutorials,
2021, 24: 210-247

Gong S, Xie Y, Xu J, et al. Deep reinforcement learning for backscatter-aided data offloading in mobile edge computing.
IEEE Network, 2020, 34: 106-113

Sharma S, Darak S J, Srivastava A, et al. Transfer reinforcement learning based framework for energy savings in cellular
base station network. In: Proceedings of URSI Asia-Pacific Radio Science Conference (AP-RASC), New Delhi, 2019.
1-4

Xiao H Z, Zhao J, Pei Q Q, et al. Vehicle selection and resource optimization for federated learning in vehicular edge
computing. IEEE Trans Intell Transp Syst, 2021, 23: 11073-11087

Fang C, Yu F, Huang T, et al. A survey of energy-efficient caching in information-centric networking. IEEE Commun
Mag, 2014, 52: 122-129

Bastug E, Bennis M, Zeydan E, et al. Big data meets telcos: a proactive caching perspective. J Commun Netw, 2015,
17: 549-557

Zahed M T A, Ahmad I, Habibi D, et al. A review on green caching strategies for next generation communication
networks. IEEE Access, 2020, 8: 212709212737

Li L, Zhao G, Blum R S. A survey of caching techniques in cellular networks: research issues and challenges in content
placement and delivery strategies. IEEE Commun Surv Tutorials, 2018, 20: 1710-1732

Liu D, Yang C. Energy efficiency of downlink networks with caching at base stations. IEEE J Sel Areas Commun,
2016, 34: 907-922

Xie R, Li Z, Huang T, et al. Energy-efficient joint content caching and small base station activation mechanism design
in heterogeneous cellular networks. China Commun, 2017, 14: 70-83

Zhou S, Gong J, Zhou Z Y, et al. GreenDelivery: proactive content caching and push with energy-harvesting-based
small cells. IEEE Commun Mag, 2015, 53: 142-149

Niu Z S, Zhou S, Sun Y X, et al. Green communication and networking for carbon-peaking and carbon-neutrality:
challenges and solutions. J Commun, 2022, 43: 1-14 [thT'jﬂ', }%J’%, T, ZE. T XU ERmg St im s 5™
2% PR S X IR, A 5], 2022, 43: 1-14)

Rao J B, Fapojuwo A O. A survey of energy efficient resource management techniques for multicell cellular networks.
IEEE Commun Surv Tutorials, 2014, 16: 154-180

Wang K, Yu J, Yu Y, et al. A survey on energy internet: architecture, approach, and emerging technologies. IEEE
Syst J, 2018, 12: 24032416

Marsan M A, Bucalo G, Caro A D, et al. Towards zero grid electricity networking: powering BSs with renewable
energy sources. In: Proceedings of IEEE Wireless Communications and Networking Conference Workshops, 2013.
596-601

Jahid A, Hossain S. Dimensioning of zero grid electricity cellular networking with solar powered off-grid BS.
In: Proceedings of International Conference on Electrical and Electronic Engineering, 2017. 1-4

Li D, Saad W, Guvenc I, et al. Decentralized energy allocation for wireless networks with renewable energy powered
base stations. IEEE Trans Commun, 2015, 63: 21262142

Miozzo M, Giupponi L, Rossi M, et al. Switch-on/off policies for energy harvesting small cells through distributed
Q-Learning. In: Proceedings of IEEE Wireless Communications and Networking Conference Workshops, 2017. 1-6
Zeng D Z, Zhang J, Guo S, et al. Take renewable energy into CRAN toward green wireless access networks. IEEE
Network, 2017, 31: 62—68

Hu R Q, Qian Y. An energy efficient and spectrum efficient wireless heterogeneous network framework for 5G systems.
IEEE Commun Mag, 2014, 52: 94-101

Pompili D, Hajisami A, Tran T X. Elastic resource utilization framework for high capacity and energy efficiency in
cloud RAN. IEEE Commun Mag, 2016, 54: 26—32

Lee H S, Kim D Y, Lee J W. Radio and energy resource management in renewable energy-powered wireless networks
with deep reinforcement learning. IEEE Trans Wireless Commun, 2022, 21: 5435-5449



HEB FERE B4l 4

57

58

59

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

75

76

"

78

79

80

Zhang Y, Wang Y. A framework for energy efficient control in heterogeneous cloud radio access networks.
In: Proceedings of IEEE International Conference on Communications in China, 2016. 1-5

Jeon S H, Lee J, Choi J K. A distributed power allocation scheme for base stations powered by retailers with
heterogeneous renewable energy sources. ETRI J, 2016, 38: 746-756

Guo S, Zeng D Z, Gu L, et al. When green energy meets cloud radio access network: joint optimization towards brown
energy minimization. Mobile Netw Appl, 2019, 24: 962-970

Gkatzikis L, Tosifidis G, Koutsopoulos I, et al. Collaborative placement and sharing of storage resources in the smart
grid. In: Proceedings of IEEE International Conference on Smart Grid Communications (SmartGridComm), Venice,
2014. 103-108

Zhang T, Zhu K, Wang J H. Energy-efficient mode selection and resource allocation for D2D-enabled heterogeneous
networks: a deep reinforcement learning approach. IEEE Trans Wireless Commun, 2021, 20: 1175-1187

Zuo J, Zhang J, Yuen C, et al. Energy efficient user association for cloud radio access networks. IEEE Access, 2016,
4: 2429-2438

Willkomm D, Machiraju S, Bolot J, et al. Primary user behavior in cellular networks and implications for dynamic
spectrum access. IEEE Commun Mag, 2009, 47: 88-95

Fletscher L A, Suédrez L A, Grace D, et al. Energy-aware resource management in heterogeneous cellular networks
with hybrid energy sources. IEEE Trans Netw Serv Manage, 2019, 16: 279-293

Han T, Ansari N. Powering mobile networks with green energy. IEEE Wireless Commun, 2014, 21: 90-96

Farbod A, Todd T D. Resource allocation and outage control for solar-powered WLAN mesh networks. IEEE Trans
Mobile Comput, 2007, 6: 960-970

Niyato D, Lu X, Wang P. Adaptive power management for wireless base stations in a smart grid environment. IEEE
Wireless Commun, 2012, 19: 44-51

Xu J, Duan L, Zhang R. Cost-aware green cellular networks with energy and communication cooperation. IEEE
Commun Mag, 2015, 53: 257-263

XuBY, Chen Y, Carrién J R, et al. Energy-aware power control in energy cooperation aided millimeter wave cellular
networks with renewable energy resources. IEEE Access, 2017, 5: 432-442

Li Y, Zhao X H, Liang H. Throughput maximization by deep reinforcement learning with energy cooperation for
renewable ultradense IoT networks. IEEE Internet Things J, 2020, 7: 9091-9102

Han T, Huang X Q, Ansari N. Energy agile packet scheduling to leverage green energy for next generation cellular
networks. In: Proceedings of IEEE International Conference on Communications (ICC), 2013. 3650-3654

Kim H, de Veciana G, Yang X, et al. Distributed a-optimal user association and cell load balancing in wireless
networks. IEEE ACM Trans Networking, 2012, 20: 177-190

Wang Y B, Chen S Z, Ji H, et al. Load-aware dynamic biasing cell association in small cell networks. In: Proceedings
of IEEE International Conference on Communications (ICC), Sydney, 2014. 2684-2689

Feng J, Yin X, Meng X, et al. Energy-aware resource allocation with energy harvesting in heterogeneous wireless
network. In: Proceedings of International Symposium on Wireless Communications Systems (ISWCS), Barcelona,
2014. 766-770

Ke H C, Wang J, Wang H, et al. Joint optimization of data offloading and resource allocation with renewable energy
aware for IoT devices: a deep reinforcement learning approach. IEEE Access, 2019, 7: 179349-179363

Li Y Z, Sheng M, Sun Y H, et al. Joint optimization of BS operation, user association, subcarrier assignment, and
power allocation for energy-efficient HetNets. IEEE J Sel Areas Commun, 2016, 34: 3339-3353

Gong J, Thompson J S, Zhou S, et al. Base station sleeping and resource allocation in renewable energy powered
cellular networks. IEEE Trans Commun, 2014, 62: 3801-3813

AlQerm I, Shihada B. Enhanced machine learning scheme for energy efficient resource allocation in 5G heterogeneous
cloud radio access networks. In: Proceedings of IEEE 28th Annual International Symposium on Personal, Indoor, and
Mobile Radio Communications (PIMRC), Montreal, 2017. 1-7

Lee W, Lee K. Deep learning-based energy efficient resource allocation for underlay cognitive MISO interference
channels. IEEE Trans Cogn Commun Netw, 2023, 9: 695-707

Li J, Zhang X, Zhang J X, et al. Deep reinforcement learning-based mobility-aware robust proactive resource allocation
in heterogeneous networks. IEEE Trans Cogn Commun Netw, 2020, 6: 408-421

743



ARG WA R HARERR S O R SEFE AR

81 Khan M W, Li G J, Wang K Y, et al. Optimal control and communication strategies in multi-energy generation grid.
IEEE Commun Surv Tutorials, 2023, 25: 2599-2653

82 Joung J, Ho C K, Adachi K, et al. A survey on power-amplifier-centric techniques for spectrum- and energy-efficient
wireless communications. IEEE Commun Surv Tutorials, 2015, 17: 315-333

83 Lopez-Perez D, Domenico A D, Piovesan N, et al. A survey on 5G radio access network energy efficiency: massive

MIMO, lean carrier design, sleep modes, and machine learning. IEEE Commun Surv Tutorials, 2022, 24: 653-697

Overview of future green mobile communication technologies
oriented to the “carbon peaking” and “carbon neutrality” target

Jiandong LI'3, Xiayu ZHANG!", Junyu LIUY, Chenxi ZHAO', Min SHENG! & Jiang ZHU?

1. State Key Laboratory of Integrated Services Networks, Xidian University, Xi’an 710071, China;
2. Huawei Technologies Co., Ltd., Shanghai 201206, China;

3. Peng Cheng Laboratory, Shenzhen 518055, China

* Corresponding author. E-mail: 22011110207@stu.xidian.edu.cn, junyuliu@xidian.edu.cn

Abstract The “carbon peaking” and “carbon neutrality” target is a crucial strategic layout for China’s 14th
Five-Year Plan. It not only represents the fundamental strategic objective towards the green and sustainable
development of mobile communication network in the future, but also will establish the Chinese leadership in
international carbon asset pricing and the global carbon trading platform. However, the key challenge in achieving
green communication lies in reducing energy consumption and carbon emissions of network while maintaining
traffic flows growth. On the one hand, this article surveys green communication technologies from the perspective
of energy saving and carbon emissions reducing. On the other hand, green communication technologies under the
integration architecture of communication network and multi-energy network are investigated. The research
results show that the key of realizing green communication depends on mutually matching among network
resources, energy distribution, and traffic distribution. But existing technologies can only realize one-way matching
between network resources and network distribution, or one-way matching between energy distribution and service
distribution. In light of this, this article proposes an intrinsic green-native network architecture characterized by
the integration of communication, sensing, and energy, which enables energy sensing and traffic sensing, supporting
dual-way matching among network resources, energy distribution, and traffic distribution. Through mitigating
the randomness and bursts of traffic and energy distribution, this architecture achieves the continuous increasing
of traffic flows while significantly reducing energy consumption and carbon emissions of mobile communication
network.

Keywords “carbon peaking” and “carbon neutrality”, green communication, integration of communication
network and energy network, green network architecture, energy saving and emission reducing
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