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HE BMALLERGASRTRAFPHREVMEGCREENTHE M, BE AL MHANERE©ERE
K, ATEATRELRALRZECRGEN, ST HERBESENEREE S, AXALEHE
HRAAREEE RGO, K — B AR TR, AR UG AR X LRI = T B A PH B8 A4 7~
B0, ETHEALAEL, BIRHNEEEARR UK RHERER. #t—F RET —MET
Sy AT ey JB R S A o 1A T VR R L Ak, DLIA B R B T R R AR R, KM A s R R E R
ZHEERRERT B RS  F AR, ARRERSE B E RN TR E R T F W
KA HENG, THARE BALE, FPERLEH, RS

f

1 3|5

BEE +L o AW R R AT E A, 6 63 X 4% L 28 i 9 B B2 ) AL o A A, A5 BoRHES) 1 &5 AL
WD, 5 HARFEEIEFE AR (5th generation mobile communication technology, 5G), PASEHL “Ji#)
HI O H AR, B s A e, SR g G AN AR 5 AR A, N AT AR TR ok T
DRI R] SR, B8 X 2458 RIS (1047 DR DR 28 15 U R 8 o, DX 869847 I 1) e 5 R S T o e s
. ARYECAH EUE B, B 56 ek (base station, BS) HIEA5 & & FITHFEA R T 4297 W, £ 5
A 4G HEUGIEAE RS TIFE (1100 W) 1 4 £i5. SCHR [3] F8H, A KRB E4ERr R B TAEMEE R %
DIFEL b Rl S DFEI 10%~30%, 3X 53 DIFE AT ZAN. REUs T FE R PRSI KA AR AP 7 A2
s, T H P E 2 75 BEEHR (information and communications technology, ICT) P2k £ HFRL
i L PEIRGE, BERMBEET A G2 T EANSIT RN 18%~32% 0. [, $2&5a@ (E M4 1)
REVEA FH 22, (Rt 57 BB, /Dt o3 X 4 (R B HFTRCRE, o 2 G 3 I 28 i W I B 22 H A,

SIAMEN: R, 28, N, & BT REHLILE 434 (1058 B TR 55 MABRHEBUL LI 7. W ERM: (5 B AL, 2024, 54: 788-802,
doi: 10.1360/SSI-2023-0291
LiJ C, Li K, Ai X M, et al. Carbon emission optimization in renewable powered cellular networks based on stochastic
geometric distribution (in Chinese). Sci Sin Inform, 2024, 54: 788-802, doi: 10.1360/SSI-2023-0291
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T SEBUR AR S Lm0 B AR, EFREAEPA (international telecommunication union, ITU) %5[H
BRe 2 S HAER ICT FoLAEAR K B R & o LLREARBRHE O B bR, f)7 M BRHE R 7. SCik (8] 48
HH, 2 T X 2% A B HE TR 2 oK B T A% G R A EE g AR P AR T I SR, BT REYR A K BRI BE
JREAN A= ot E A BRI i FiE D e 8 P 4 S it 1 T R RBde 33, RV B BE R e 8 R 4 ik . ST, 3X
FHTREVR AL REBOR IR VE 2 Pkl ABLREMISRE, WAL BEURI A 7= 55 R BIR SRR RE I, 380K
HLEAT A o TR BT AN AS ) F00 1 S ok 01 DAFEREMIRG, 168 53 D00 245 v Bkl ) R 5 SR ARSI AR
PR AROG, BARENLIE 10V, X SOk f e 45 n] AR BR IR K R HE B 5 i (R e RE AL 75 AN P4, 30T AR R
PR AR B, BRI, Anfr4 sl REVR A TH A0 RE 7, BRAIRIE &8 4 i HE IS, 2 — N SR 2% A )

N BT e U B 3R Sl e G () VLT B2, RE e o3 190 4% ) B FIE TS B, Ak ol ) 1) i s
5 ST LA Rz it ik w22 1) BV SR AN T 1 I . H AT C R H 1 LR Sk 1A] e Y3 = B 5
2 U hE el AT CATE R VR 78 AL Bl ISR REIR, JER AL R 45 /b REVR (1 5Lk, S RE UL RE &A%
By, B IR0 OT RAEL Gy 53— Pl GRS 1 7 v R T T R R R R R R, X — AT B
U REIR S SR BT k.

SR, B BORIT TE A M ARAE A I 48 S50 T S REVR 0 Bl 77 8. BRI, A SOy 17 BAR LA
TUHR:

(1) FEMRBC L i B IR VAR R AR ISR AE R, WTTT 1 AERR A Skl REARAE Y, I & Ll REAE 5
BEREZIRKR.

(2) B FER 2 JRBESL  SERRZM, HES AT SR R0 BB SIS AR ML=, LU SE e R B e
YR P A P AR

(3) $RHH —Fh e T AE-F 47 o 0 A% A 1 5 i QSR SR Ak bl 2 TR PR e B R A R R, DT S LR 1Y
2RISR AIS, $2 e BE YR A 0%

TR B TR, FRATT AT AT A b 2 AR R el B Y A () R, R AR VR R R, RGeS
o 5% R B FIETBCRR:, DAy 3 SE TP ORI T 4 58 P 435 DX 2% £ L DT iR

2 HHXFEARMTE

2.1 HRERRAREBRETHNA

&ﬁ%%ﬁﬁéﬁ?ﬁ*ﬁ’]ﬁﬁﬁﬁ@, K’/I\Eﬁﬁ'?%‘, 3 K AT AR R TR (renewable energy, RE) CIPNGEE
W2, L5 H D REVR B R TR Bl (5 Hkah (12181 i 7207 1) 32 BRI H e B SRR, ¥ B AR 1
KBARE RAESE RE FH oy Hae RIBE RAMEE. BT RE BIBENMEAA & P, (UK SRR T
LAORBEEAE IR S5 &, P LAC 7R SR L RE AP 78, TR AR RO A IZE 1 T RE MURUA, R4 RE
Xf T BRI AT F BB A AT IR K S .

HATX —77 m & AR ZMFH R TAE, STk [14] A8 IR, 723 & FH P T3 i 115
BUT, G0 I 5 ) B sl 25 F P 0~ 2 R SR D Z R AR A B B A6 FH . SRR [15) A FH 22 B 45 14 2%
RIS, 25 R8T S bR — R o e W B A S I [R) 3R 4k, ARt 2 () B RE B L =2, SOh et — FE 2R Y
PEARTEE, T LSS X REVRHEAT & 3. SCHR [16] 58 1 R A ai (5 2%, JHerb N EEnb i aoR s, 1M 2 2k
S RE LA SR AR V), VR I A P Nk 1 T SRk BI04 BE B A8 AR 1 B .

2.2 FENULMEREBHEFENNA
BENL) LA BV A2 0T T BB 20 A K J LTS B ARAR S I AR PR — 122k, AE A% I8 {5 FBT REVR 5
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FUAFE T I,

FERS SIS UK, BENL) L4 2 I TG 8 R 4% o 7 0 117 28 G AN/ [X 25 22 Tt S TR o 28 I 2% FO
7. Poisson-Voronoi tessellation (PVT) FJ LAKE#RLLIE s 73 A (1 AN s M B HC 7 76 Y 1 7)) STk (18]
1€ P9 25715 RIS )RR, ST T 56T ad-hoc 2% ) ITEE. 78 KIS (Femtocell) H1, SCiHR [19]
I s SO AR AR N A Femtocell F4MATBEAT BERE, BIFFE 1 EAT 8 6 10X 28 245 i RTAH OC
T HIE 38t e SHES.

FEBT REVH U, E T A AN € 1t w] AT BE ML) LA B BEAT AR, W1F TN B W] 142 RE IR A
2 [N TR FEALEHEAT TR AWETE. SR [20] A FIVARA ROEREX 3 HTE BEUR Y ad-hoc M 2% 32EAT A5,
SCHR [21] DDA P BT RE R D S Ay e g 3R AT R A, SR [22] 1518 T AEBEHL LA EER T RE R A S TR AR
KUk, L LR, BENL) LT EE W@ BN A A2 Sl (5 R 4 S Re iR R gede it 1 — Py 0 LR, AR
WEFE RS RGNS B B B R 5 S AR B ATH S TR AR, BEHL) LT
A B IX L AU AT 2 2 AR BN

2.3 BERHAZFEAREBIEREHNA

[t 5 R P IR PR e, A% Bl A ik v ] 1) BE YR L 2 IO FT R, SX B N RS Bl 15 i REAB IR AL AT K T
— LTI A O R

SCHR (23] WS T ORUZ TELR R G B IR S T i) L. sl my DA FH AR R R Rk R B BRI BEIRR &
FILRREIAN LR A RE, VR B AR R G RERBCRMFIN, i AP X P 2R TR, N
BEAEFE Bt 17— MR PR A 2 i B e AR T 17 A, SR 5 R 25 44 ) Dinkelbach 773 24 fif phe
R A B 1), SCAR B R S AT T O I T B B TR A A DA I L A P e A £ T SR
TP, SCHR [25] SR T —RloHT A IR AR, Sl A% B A i AT BN BAT > S RE R, AT BOR R
FRiRREE A RIS, HRM T RO SPINBBE 28 1 BrBUeBsh % im 2 ML EReE M HEE, HE 3
P IR S A BRI SR &, AR M 1 — AN RENLAL Rl BBOR SR 5 2 BirBeistit 17— s e i A
JUULECHEmE, A S IR E AN ILECH P AT REUR L =, MU AT P BUR S, S AL
P H 3 R B T 155 V00 RO ME R B (IR, SR [26] Hh B DI R VSR A 1 VB 5 B P ) 068 3 W EATBIE 9, it
TRRER - WEACTET R HTHESY, JFIEI AR R A I A BRI SRR, SR T kvt A (e EE 3L
EHEZE, DLR i W 4 RE B A IR, e BB S B 28 i i e KA. SR [27] DL/ MBI 83 Y
HU BERTHAE N B AR, R AESTRIE N4> NP- B 2R G BAARRMREF, XET RS, bt 1
—RAR I EN T 1%, DS B AR Ty AR B G 73 e TR R HL R B (), X R AR USRS R R
1, FFREPLH W SR A e X T A 2%, SCrp gt 7 —Fh =B BO AL T 58, FEub kS 3 28 i
A DASURR A A SR HA) A BR MR AR S BB DA S I PR 5 SIS RT AR R Ui/ REVSH #E.

3 HEES

3.1 RpEHE
BB 1 i) 2 H i R AR Lk HR A AT T REVS BEREAN R, ki A]3E i e HL KA
R, I AR T A TR RE R, AR BEVRAN AL I R LAASE Y Fi 1 A f AR 38 45
BRBLAE R —HEIXIH Z A, A M AR oA A TR O RE, P R R 7 Vi A 450 20 A,
HH P 2k #6808 B Rl (3 ol e DR AT i I X388 A5 i, vl MR ol (7 s Ve 75 & PVT, BV
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% Smart grid %
i

/ \ Batte
Battery | \lillery

Battery

7 \ S | \ N |
0 o o /‘P()\\‘cr]inc“\ 0 0 0

1 (MEBMRFE) HeEREEMN RS

Figure 1 (Color online) Renewable energy cellular network system

uh i M RTEE X,
Xi={yeZ:|ly—wll <lly—wyll,j #1}, (1)
Hoy NP ARER, v AFESE @ BOARER. JESEFI P B O, DA S 7 B S L R Ay 2.
TEAL SRR REIRIG 5 I, JE 3l 3l 3R 10 39T RV A0 SR AN A2 DA J 38815 o (0 B IR R, ) 75 2 e ]
BERE, G0 A FTREIREE I T SRS 0 K TR 2 R R R T LAMEF R & it (BRI R S AL
TR FE DL B s A7 1 72 Hh i (281

. . 1
Poss = gledk X Pha + <5bdt + 5bat> X Poa, (2)

Forpr gleak ARAEREHFE, 6P M ke 70 AR 78 L BUFE AR AR FE, Poa WARAFFE AT O FELRE.

FEFE ik [A) FE T FE X 2 5, AT DALE Rk [A) EAT FR AR AL A LA S B e R L =2, h3h R Uk o 2 ) B ol 4
BREVRAS L AR RE R, RIS TEEE 33 9 A5 AL HL R GE I N 28 4 Fh b i) (291 sl i) 1y e 42 U7 =
Kl 3.

AR PEFEG 1~18 Z A AR, RO ZRIBCA 4, 15 r40i4E Rk 1.
3.2 EuhgEFEIRE

1 palm &2 B0 PVT 58 X 2% o R T3 B —AMREE ISR AT 0 70, A OCZE 1R mT DA 2 A
Mg B AFRATT R 75 B — AN AU R w184 BSo, BT BERUBL AL A 437

bRt Sl A EA K, TUEEFEEE R R, BAART S, 77 LR H S A s DIFER i
B DIFE M4y, B

Pbs:f(R):Ptran+Pcp- (3)
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Figure 2
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(Color online) Base station and user distribution map based on PVT mobility model
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Figure 3 Topology map of base stations connected to power grid
S RIS IIAE Poan WM (Shannon) 2 F AT, M P B&ERGEE R AN, A

P
R = Blog, (1 + Ztrand
awgn
2
Ptran = @(2% -

b 02, MR DA, RS R0 AT BL R IE AT 73 2 HEBORTE R, Bl UK, A LR
W S BP0, P LAASCIA B (Gauss) HIEFS, IR N (0, 0awen), B N T8, g NERIEHURE,

RN

g = KR Pecoshadowt 2
0 SRR S S A B P 2 IR B AR 208, Sk

AP K NG REFIEA RN &, KR
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Table 1 Power transmission loss between base stations

Starting point End point Loss factor (%)
1 2 0.31
2 3 1.51
3 4 0.85
4 5 0.86
5 6 1.77
6 7 0.18
7 8 0.56
8 9 0.58
9 10 0.64
10 11 0.18
11 12 0.19
12 13 0.67
13 14 0.26
14 15 0
15 16 0
16 17 0
17 18 0

NESARARER T, R Y P R 2 R FE B ecosnadon ¥ TTEIL T 75 22N Oghadow MIXTEL — IEAS AR
BN, Ho o AR IESBNIA &, FE ¢ = In10/10; ¢ TR FI VR PR 5T, IRMISMEN 1 e
oA, A R BT s 2% AL LTS, SRR [31] thAt, 72 PVT M eh, BS, 5 HSCHA
FRY I 120 PO RBE 3 2 T2 PR B0 A2 -

fr(r) = 2\psire M7 (7)

Forpr A ARG HI A E L.

fEH AR Z TAErR, WERIhAE P, SAUVEH S, MREE S S BRI ABE N, Sl 24T 1 2
F R ALEE R ORI R 2%, R AL B ) F B DA th S A5 B R RO SR, JRATAT LUK BB ThAE 2
PRy, Herh— 80 HRETER, ATLAEAE—MEEAE, 5 — 00 5 AR B, 1

Pcp = Pload + Pnonload = Pﬁx + Pcod + P)lp + th + Pcooling- (8)

SR IRKNIBERE Pax BARIEHIE S BOKBERS . (FIEAG TS 2R S5 REFE.
TR R REFEIEI I HERE Peoa, ZRMEACTERERE Py, PIREBERRBERE Pon, LA T NIXT HLEE
AT E IR BERE Peooling %1, 35 N AKX A — IUHEAT VEAN AL,

Pcod = R-Pcod/bita (9)
HrA Pooajpie N bit 155 4D REFE,
B B
P, =P+ P! = A 0 10
Ip p T Hp Lo + WoT Lo ( )

793



R R A BT REAL LA 20 A1 RO RE TR 52 4 B HE IO AL AT 7

*2 HEgERKRISY

Table 2 Parameters of the base station energy consumption model

Parameter Corresponding value
K Pk
K2 Peoapis(1+ &p) + Pot
K3 (£2= % M x CPI X w x RY X 11 + ymgl—— x M x CPI x w X R7 X 12)(1 + 6p)

Horb B N FE, Lopy AERIEACBRIBER R, We, T, 2B SN ISR, A A0 Q 2050 9 FE
K ARl Sfeda SR 1009 65 SR I RE 2 7 R NP B SR, 37 mUs SRS R B B VIR R, BRI
JHEIN B4

F=MxCPIxwxR", (11)

Hir F ONRIE R bit FARE, BS 4/ R SF RIS H IR, M 2375 S (digital signal
processor, DSP) — /M8 i BA N7 s ia B SFI%0E, DSP 142548 2 P Y e i BAGR m 5%
A (R B R CPL, R B AR 3R da SR g A S5 I m s B a7 o, Ho 1+ 70 = 1,
JES)
A:FXTl,Q:FXTQ, (12)
Py = R X Py, (13)
Horr Py JyfE bit (5572 IR RS L AL BERE.

FEAS BRI Z I BEIRHESE T B0 (5 B Re Rtk #0R4A bit 5 RAE ZHFERE &, IXH5) e
BEUMEREA, EREN RGN, X80 HE T PLHCA Qonip, AT IR IX — &7 e, &
BN AT HIA, SO BREFEAN Peoa A1 Py, M4E 2218 /R (Landauer) &2, FATAT LAy ERLAL I [H]
W Qchip = Peod + Pip, VR FTHREIIBEFEIR Qenip HIKFRA

Pcod + Plp

Pcooling = W7 (14)
Hrh coP 2% REL
Xf B A AT A IR, A2 G AT, S RERE L T
0'2 R
Pis = %g“(zf — 1)+ K1 + K2R + K3R7, (15)

X ZHnk 2.
N T AORIEEAE IR 25 BT i, FEuh (U BEREAFAE T IR P, H TR a5 IR, Bl e #EA7AE LR
P, BIVEES 54 BEFE T35 L 410
Pmin < Pbs < Pmax~ (16)
3.3 HeiRiERIEE
FE— KT B, Fragline B iR AL B ERe E O, ReR O A LT ads Rt R, B
GG AT AL, RER ORI RER IR ., BEETN OB N A, P AR — A X KRR
SR S AT R R bl X ARG B9 HAZ rpe B AT &
g(X) :’Yef(|X_Xc|)7 (17)
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Table 3 Cloud cover distribution

CC 0 1 2 3 4 5 6 7 8 9 10

PBTY 0.397 0.113 0.051 0.039 0.033 0.030 0.031 0.035 0.044 0.084 0.143

667.3
700 7 6138

600 6315

643.9

Energy intensity (W)

100

50 80

2 60
)

40 D)
20 L

0 o0

E 4 (MERFE) FETERESRESHE

Figure 4 (Color online) Map of planar distribution of energy intensity from renewable sources

fd) = e (18)

IR gs T S R SRS E R 1 B AR RO S AR st (19) A1 (20):

T
Pl <o = (2) (19)
T Ve
E(g(X)) = T+ mon (20)
HE— 20 ] DA H A 2 55 i o B0 2
7TU>\e T TwAe—1

Ae i HH O M BE R R T DL
Ye = Ymax X CCF7 (22)

P Y JAER IR BRAR S B ORAH, 5GSBS | SRR T AR S W IR 3R A O, AR Sl B, wr A
HUE 649.4, CCF Nz R AR E, MRAESCHR [37], Kt AT

CCF = A(CC)* + B x CC +C, (23)

Hrh A, B, ¢ NEH, CC NeBERH, CC Atk Rn#E 3.
2z bRk, P e A i 4.
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3.4 el
KF IS B = by, bo,... by, SESHHRAEREN H = ho, ho,..., h, FREFRTERHGT A 2
(21). KRR LS BT B U5 — R E B 2 AR R 3, WL K
(24)

HxX=Y,
X Z—A noxn WAERE, AERAEIRECHELE], AT RIAERSA 1, Y MPA B R E R4 HER RS, WY,

NFES @ Kkl AR RER.

BN Skl B; SEPRIRTTFREE AN
REZ' = ZLOSSN X }/jia (25)
J
LOSS;; Mkl j B @ e, 255K 1.
BN AR LAy 0 3 R L% 18
(1) RE; < Pain: U 75 22 0 0D 78 B8 SR ORAIEE A 1815 755K, LA M a8
E; = Pyin — RE;. (26)
IERAER R 58N
Rz = fﬁl(Pmin)7 (27)
Horpr f=1 930 (7) BRI
(2) Puin < RE; < Prax: BEIANTEZ AL RE, THFE R B A 5K
E;,=0. (28)
BRI AR 15 5 20k
R; = fTH(RE). (29)

(3) RE; > Puax: BUIN 2 H BT BEVS W] UGt A7 21 F ri it b LUR AR, iR A0 45 R AR 1A

TP REE, R D AR A A
E; = —(RE; — Pax) X (1 — gloak — gbat 5,}at> , (30)

G5 ARR BRI BT DURF 22 4% F RE 1T 4 HEL R HL .

HEI AR5 5 8k

Ri - fﬁl(Pmax) (31)
I 211 B AR RO S MU R GE BRI, B

P mlnzi R (32)
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4 MRMUEE

AR b, 2547 @ A BS, AR B RERAL AP X N i x ¢ BOFERE, RRul 4 H B2
(5G Y5 Tl o HEul B AR ), R R R4 B2 2 AR w0 &, HAERE S « 178 AR BS, Frfiskis stk
(B T7 58, B3 0 /L 200K
ZXij =1, (33)
j

FEIXPRAT A SRR, FERE N A IR A FE ey 0 HASE R i i 1) A Rl PR TS R o0 A0 B B, Rl 4
HA G2 —NRENLAE &, DLACREAN Bl 4 3R R R VRt A2 5 ReVR % FE A X B B AL AR &, 1X KR hn
TSR I SR ABEAE 2

AL, ARSCET T R R T AL (unbalanced optimal transport, UOT) e RS,
T et UOT SR s 2 A A Rl S IS RE B RBT RE IR 7L U7 58, SRS A5 FH 500 B2 3R HH A 4k )
281 Re A I A LT &
4.1 UOT EZEKRBIESTH

IR AT ARAR H AR 972 RE B0 SRR AT RE /N BRI 0 i /2 B A JE il (1 B /N REFE R oK, AT DA
UOT BZRFHIAE 73 BOAERE, SCHR [38] T th—Fhit FZ A I s AR A HE SR, & H TP e DA% S Al
e e AL, IEAA

Qoo ZZX(empj) x c(eipg) + [i((X(x, Q)E) + f2((X(2, %)) P), (34)

Hrf X(e;,p;) 10 BS; Bl BS; WIBEEALIE TR, clei, py) [UFE BS; B BS; tLiffe BIBEE, fL 71 f
R LR IN MR ZR HRE BR AL, A SCIE P YL E 295 (range constraint, RG) BRL, 1E45 € HIE A
BEATREEAR I, AUE T B S R A BRI, R T
{0, av < u < Po,
RG, g(u,v) = (35)
oo, otherwise.

ALEE a=0, 8 =1, AFLHIEI LRI ER TRA 0, ERVE SMafaeE, XA PLARIIE
RN AR REE B AL B SRR AR B A . e ARA 1) R AT DR A SR AR AR T R X

X* = arg min E E X(ei,pj) x c(ei,pj) + RGo1(X1n, E) + RGoyl(XTlN,P), (36)
X — =
i

Hb X1y =3, X(ei,py) 10K BS; (RHFLEAENR, X 1y = 32, X(ei,p;) 18R BS; SRR
MWEAE AR, ATLAZ % sinkhorn 0% B 1 AR, FI I RS 1E NI4T Podlig 5, KAt 4
T RIE Ay

Xk = argminZZT{(ei,pj) X c(ei,pj) + RGO,l(XlN,E) + RGQJ(XTIN,P) + EH(X), (37)
X X -

ig

Hrp H(X) Sttt X K, e JvIE AL R 5, ARt no e R T

X = diag(p) Kdiag(v), (38)
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&% 1 Heuristic energy allocation algorithms

Input: BS density: Ang; step size: 6.
Output: Transfer matrixX.

1: Initialize the number of BSs according to Ayg;

2: Initialize captured new energy H, transfer matrix Xo, and parameters u, v, K;
: while p changes or not exceeds the maximum number of iterations do
while i # n? do

_ rang(p).
- Kv
_ rang(v),
- "K'u
end while

: end while

¢ X = diag(p) Kdiag(v);
10: while true do

11: while i # n? do

© P N>R w

12: Generate the transmission matrix X; in a specific gradient direction;
13: if P(X;) < P(X) or R(X;) > R(X) then

14: X < X;;

15: else

16: =144 1;

17: end if

18: end while

19: if X is optimized or maximum number of iterations reached then

20: Exit;

21: end if

22: end while

Hrh K =X/, p fl o RAGHIEARA XA

_ rang(v) %
Ky’
J rang() B RG BUHEGIA, BEFRIER N
sang () = min(3p, max(ap. ) (40)

Horb p FEH AR S AU S B 4 B R E R P
4.2 MM EERIH

HT UOT FERILi H AR e REEIL AR S A, Joikik 215K (32) MoK, JATIE 7 2t
BSOS, BT S TERERI AL, AR S, WA A PR IS DL AT AL

(1) HTREVEI 2 A Ful (¥ BN BEFE T oK U RO AL H AR S THREAN X 20% 1 ek £

(2) HraelE A 2 A Bl i B NRERE R K BRI B OLAL B AR A THEEA I 25 I BT8O0

BRI 1 PR,

Horh UOT Sk R AR FEHGE T sinkhorn 55.3% B9, 5 EuE B RERR-P T % &%, MR T LR L 300k
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Table 4 Simulation parameters

Parm Value Parm Value
Energy storage loss £leak 0.05 Charge and discharge loss §Pt 0.1
Bandwidths B 200 MHz Noise 02,4 —96 dBm
Antenna parameters K —31.54 dB Path loss 8 3.5
shadow effect oghadow 6 Fixed consumption of BSs Pgy 100 W
Coding consumption Pioq,bit 0.1 W/Mbit Linear processing consumption Ly 89 MFLOP/W
Coherent bandwidth W, 100 MHz Coherent time T, 35 us
Floating point average M 1.6 Clock period CPI 2
w 0.1 o7 0.64
energy of backhaul link P 0.25 W/Mbit Cooling factor COP 3
1 0.5 T2 0.5
Ae 5 A —0.0015
B 0.0095 C 1.0275

5 SKEME

5.1 SRIGRE
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—— Basic scheme Algorithms in [26] —«— UOT-based heuristic algorithm
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Figure 5 (Color online) Comparison of (a) carbon emission efficiency, (b) total power consumption, and (c) total
throughput under different base station densities
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Abstract With the increasing number of users and communication data in wireless communication systems,
the energy consumption of these systems is also growing rapidly. To achieve sustainability and meet the goals of
green communication, the integration of renewable energy with grid energy and the adoption of multi-source power
supply for cellular communication systems have become promising solutions. This paper aims to address the solar
energy production in real-world scenarios by leveraging stochastic geometric theory to establish an accurate model
for base station energy consumption and new energy harvesting. Furthermore, a heuristic inter-base station new
energy scheduling algorithm based on non-equilibrium optimal transportation is proposed to enhance new energy
utilization and reduce network carbon emissions. The algorithm effectively reduces the reliance of communication
systems on grid energy, providing valuable insights for energy-efficient and emission-reducing exploration in new
energy mobile communication stations.

Keywords cellular networks, renewable energy sources, stochastic processes, unbalanced optimal transport,
cooperative energy sharing
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