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Al-enabled 5G energy-saving technology
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Abstract: With the development of 5G commercialization, the number of 5G wireless base station sites has increased
sharply, 5G core networks need to be deployed in regions/provinces/cities data centers, as well as the data centers
were developing on a larger scale, the problem of energy consumption was becoming increasingly prominent. Based
on the main proportion of energy consumption in the whole network, the energy efficiency evaluation methods of 5G
access network, core network and data center was investigated. The Al-enabled energy-saving technology of base sta-
tions and pilot application scheme, 5G core network energy-saving methods by using Al, as well as the Al-enabled
energy-saving technology of data centers and pilot application scheme were introduced, and the challenges and future
research directions of energy-saving technology were finally discussed. The summary and prospect on the ener-
gy-saving technology of the overall communication system, will help to improve the understanding of energy effi-
ciency and green network development.

Key words: 5G, Al, energy efficiency, access network, core network, data center

Wi BHA: 2021-04-10; f&[EIBHA: 2021-05-10
BEWA: HEKEAIARIEETBIH (No.2019YFB1802501, No.2019YFB1802504)
Foundation Items: The National Key Research and Development Program of China (No.2019YFB1802501, No.2019YFB1802504)



« 33

mIER%¥ 2021 F£5% 54

jilll3

1 3l

5G AR 212K K by i 1% B At 0 245 ik
55 LA 2 AR (R e St s s AR ila oK o iR
P (5G ARIEE B S e aE ek ik B Mg
T, 2] 2025 4, 5G W45 4 £ Bk 2
17.75 7B, 5G WM& ETIRE LT U THL
5G MZE AR K, BRI 5G 280 T, M2
T A TR, RSN T KRR
WNZHiH (massive multiple input multiple out-
put, massive MIMO) $iR, ffif3 5G M 4% 1] fE
Kigsg B, Ak 5G 4t k2 5, Wit
2030 4, T [ 5G Heuh AR A F] 1500 7 AN,
1M BpAS SG HE 1 DO FESE 4G FEubi 1y 3~4 51,
Koyl ok BRI RS Y o K EEILAT 9 2% 3 =X
HAA ZR &5 0 oK S B H bR AN AT 50 b 3 B fe
PR, FEARME AT AT )8 . Y
X A BR e U5 R M B8 OR 4 D I R Pk, 5G &R
G 1) BE ORG24 1 R FERTE S RS
0,

IR, FARACAETTRE T —RIIE, M
g EIRER 5G M EIEAE IR e JE SOMA R o
ALGE 1) I 265715 e 32 S50 I A BRI P9 28 JURIAN 22 123
S PRSI, A (1 9 208 100 e A 3 3o R 4%
RIFIACAL, el ol SO B R, DA 2% 5
AR EESR, PemE R, A ] Lhgb
TR R G TR SR 5G ML I 2 A2 A 1AL 4t
WAl N TR Is 4 T Bz 2 W REd oK, Ak
RKIMAE: B, BRITTRARG . AT RS
(RIS, B AE AN DI 2 A o 2% v i
— SR, MRARAT S RN, XA RETGRE S
Prom AR AHDE G s 28—, RO T AR AT
FREER . — HIM SR BER R AR Al (5 dn/INX 2
SR BG e b AR N X 0GR IR AR A B )
AL, JEHTIT BRSNS T RE S e T =
VAR R TT G E N IR 7, 7 KR I I Bl

FESCRE N DL Bl N T4 B Cartificial intelligence,
AD HARMEDRE, 5T AR REATRE T &
R AR BT (B AR ST, i T A 28 T
MR R LA & S KPT WA, JET AT %
VHA R HUAR P T %6, 1A H AN 4% Pk e 2 T
R R TN

I, 3878 1 B M A 5G Y figth e T 17—
FARISEERIR D, FIH] AT AT 9945 177 s Bt ik
17242, Rl A IR, (w5 | NS Hcds A
W8 IEAS TR, SN 453 S5 RO RS ME T,
HEMAE AT REE T AT e st i, A i
BRETIN . 1 RE SRS IR REHERE, BT AR flUR
(R R, A E R E T RE MR,

B 5G MK, k3 2025 45, TogEAN
W BEHE 7 MY 4% BEFE ) 50.6% , U Dy
23.3%, HGAZLKE 2.2%" Kk, {E 5G
BTG CUNFESE . ARG Bl LR )
O FF R REH AR AL AT, ARSI 5G i

2.1 EAMBEES

TEAZE GBI G OL T, BRIE AL T LA
oot

E=;%%- D

Horr, i FORE i AN,V ROR S RERD IR A7
B (byte), E; R b FE 7 51 BT REM RE = (D,
o, JUi B O A

MR (U, BRI T AT Ly S AN J5 T -
B, FHBESEMANE R H2MRE. T
(R B B S R i s 5, BRIRAL B A
AT AE R e i
2.2 FibMEHER

SRR 12] P 3R — R 5G %0 M 45
AERL KPI, WK



' 3 —
BVl L. EES AlGS

34«

DVSGC
ECSGC

Hr, DV £oR8 5G Bt MLl e 5=, EC
TR M RENIRE R . DV Tl = FE 5G %0
P4 28 ASCFH P T, i P TR R R T
A (2D, BERIWETH W LA AN 7 1
B, MR AL AT R R G SR
B AR AL BEAT R B I I FE IR e
2.3 HEHLEER
TR D b, K 0 YR A R
(PUE) 1A fieti R bal:

JSYiELiER
TS i (3

Horp, B OHE 1T FEaeRe. WA RSEMRE
Moo AR O 5 18] (R ST < F o B I R R AE RS
M AR B A A BERACE . B L AR
ARG Z AR, AR 4EIR 25 1)
FEa, Nl s ie ik e 3t — 2D BRIk g

2K BRAREHE O B RS, T LIS )2 47
BT SS 2R AR, DU R /K YA ML
e RN AR KR AR REFE IR T LA IR 55 25

REFE.
3 AlfEBERITIRER A

3.1 EuhTige
5G BLulid 5G Mz, RILELE
HEINRE, I RIE A W45 5 Lk A 2 ARG
AT SAL . FRuhWAEH . TR EESEM 5G M4
W . T ARG, (5 SRR R ) 2
ALK, 5 4G MEEAHLE, 5G 48 5 20w )
B B BN R, B R VO A B AN A
SN, FEuG DA S B A g LU,
P A ik 80%. KIt, 5G HLub 1 Agit 78 JE I .

el Re WA T Lhoe SO
{nga+4@mwﬁ<l<1

P NN Py 2 =0

EE Gcov= 2

PUE=

)

b, Ne 2 AT BB, Noe F7RBEAN 3l 550 1) Jd
XA, A, R HUFEIIRERRR, ¢ Wtk
PHEICER (RED MR 5 8 RE (WEGR 2, BA
Heulife /Nt Tha, P A AR RN B L
(Rrds KH DA, P, J Rl IR AR T ) 24
MO ATLAEH, = 0 R Frkstfgkes N,

£ LTE Mg, BLufi s REEOR MY FH 3 2l i
N TBGE M PR AR R E & il ZIT . XMk
ZRBCEIRSY, WRERCRA IR, HITH S H#
e ARG — WY, IR 2RI T
(ESIPON RIS S A S Bay s

1 5G MIZg T, RIS A5 5 R v RL 1)
AR AT I ke sk RIS IS (55,
FEANTT EEFEBE A IR G, A AR a7 K
TR N AL T ¢ =0 PRAS, ANTIBEAIS T BEAE E;o
Biltn,  FEwh K2 BEAAAEEAME TN, AT RAE
IR P FL R 2 AL A 1) i 1 > Al g N TEEHIRAR X
JEHAE/NX 22 278 5 N, 38 = P00 R P Tl
SR BEIRR A, IR AT A 3 2 ks, S
FEHARIE S HFE, (EORBE DI QoS (1 A I F £k
A BE IR A AR U

(1) AL{EREM 5G JLuh T REHA

N TR REBCAR AT RLA Lt 35 e B AR TE A fig
W, SEIAMIBATROR AR L5 T RERCR R
HRVE -3 SR ZRANS i PR €/a I e P
AL [FFEBGHTRERT LAZR A BAR 3 AT 1) .

o JLTHFRIMINTRE: LS EFI P AT AT LA
I P LA BRI, 3 2R AR
#°F¥) (autoregressive integrated moving av-
erage, ARIMA) FilY, KAHd1Z (long
short-term memory, LSTM) A/ Facebook [1]
Prophet [+ /i) 3= 41 TN 1), T B e g i
() e g — IS E, i AT AR
FEACHS IS 1A] L 48 DIFE

o BT EIMHMTRE: I RRC M
JURT PRB (RS AR G, AN 7] 1 ik A o (L



«35.

mIER%¥ 2021 F£5% 54

HIFARAEE. KM 53T 15 min
L P ST 38 B AT A, SO A R
1L 90%, XM BEAN HLICI HEE AT 5

YU AT = AT BT
o JLT KPI[F17RE: SERFUEEEM4 KPT (4
UULEAIUEE VAT Y B SN ES 3 SN 3/ 5
Mgt PR DFER PR LA
SR, AE AT A8 FL AP SRS S [l P,
AT {8 0 35715 58 7 5 5 BER AR T 2k iy £
B AN B S, A AT H AN 553 5,
WEDEX . FRRIX ., mkd s . 5Tl s
G AT B DI R PSS, 0 oK el 45 = 48 K
I, JE OGP LT RE T B, e T K T RE
DX I 6 IR B A 122 /INIX ) 7 i A5 I HL AR X
A0 e B e B ST R i A 2N X AT RER . kg
it R TRUUASE 28 = AR [T /N X A5 R LA R R A
FRERAE, R A 2 I % 4k 110 SR A0F {2 R A 3
(RN SCZR, ff e BT MR RO P S A, 36 1
5t — e ) 25 i S TN AR Y o AR AR TN 4 kAT
TRE SO I E B . SRR A BRI,
SEAT 25 AN B EL VR L TR, R s KPT A
e H AR, 22 L3 T [R5 A6 10 7 7 R AR A
S T D73 S AR RN L PR R A T B A 2R g T
T, A S S ERE R Rt R] LA 3h i

|

B DX AT AR L S5 AR A . 2 I IR A SR
ANTTREB,  SEIL RRBUR .

(2) AT AEREMIHE ST BERR Y A

FAK X3 5G i AURH AL REROR, 4G
HHATHE (LR OMC %d . DPI il . MR/ 1.2,
TR AE) SRAE, SRR ER AT R A A PR A
Ve (LM, TR O SRHE. FERZ. RN
/N PR g S BB A kG M B 2 > 3 M 5 R
B, A2 AN AEAR R A (TN AR
HO/W2 121NN | iR T & S (T B B % YA N iDL
ORI R % o TRl RN 1) 9 45 7 A
NS5 FR bR I TR 25 R, g5 G s L
AT EL, ARG AU T RE I (L
PR AT R B REDIRE (AR, 2
PORWT TG MHER) , SRJERCE OMC
FAe e, It E 3D 70 AT SR St I 1R 19 2
e WREN LT, M9 >) (Q-learning)
SRR B 45 RAF I R B (FE )
et Z %

5G FEufi N ] AL 15 RE SR 1 [F] I IR DA 0] fd 2%
NG5 IR, SRR R A LS IR 2 R AR 4=/ i
Tl o T AT (R TIUALE REt 1 BE AR SIS RIS BT
FEAERE, AETRENS,  [RINORERE A
3.2 5G LML TIRE

ZEE Wi/ B WD AN X, B BRI, BRI, ST B,
F1 WERETNRE

L 44 7R REALEF R A 2 ik

B LSTM 5 2 AN TR I I 2 T 1 25 OB, S0k LSTM (K 4544 B LHR[26]

BT BT BETH RIS T AR, T LA RO S 2 (R A R S HR127]

TR TV IR 2 RO ¥R 2 > A Y B ) AAS e LSTM i3k, TS pkagire vl A ah it A ddde, H T S 30HR(28)
AR [ 405 3l (1 77 SE R0 A R DA TR G () 2 o) 0K o 4 N T

T T4 06 3o P 25 T 3 1) PR A o 42 9 48 KAl SR 5 S R ZHHR[29]

BT A5 9 4% ) T ABE Y T o AR ) K 85 ) 2 AR HEOC R, ISR AR T — i As  S% S0HR[30]
PRGN, 414 T LSTM #1 CNN Jo#

ST M2 M4 (graph neural network, U H] EIZERAS PI 4 I it ) D ARUHEAT S ¥ BRI LA R o B S5 SCIR(3)

GNN) (s 1 B Sr ] 2 e i 2 I D DAVAR B i BN D D DA 60 oA
HEA (Rl g 28 e X R ()RS Bl O T 55




' 3 —
BVl L. EES AlGS

« 30

X EE AT b BN B P AT o pH TR A AR T Y
FHRE P AN B, 38 4 380 ELIGC IR (1) 160 46 0 AN Tk
B, HIXRMRECSBREIE K. ELt.
INEEAFE S (IR, SR SR A0 A%
LMREFETF R T — RAIHIE, Hbr AR
REVR A% .

Bl A K AF e LN 4% (software defined net-
work, SDN) F1¥ 2% Lljfig gL K (network functions
virtualization, NFV) [FIHIL, A%.0 M J6 1) D) fg sk
AT LAl SDN BEAT5E 3, kM M 4% 2 i)
REFL N 2% I BE (virtualized network functions,
VNE) K. FEFMG T E sk — R RS A7 HI
FARRE VRS FE M 77k, BRAE S M R IE AT 2 AN
FIREFP IR AR B, A5 44 BN 2 IR A ok
AP AR . 22 SCBR[33IHEH T AE B2 AN W 42 A1
2o M2 TR AT AU T 1 AH EL TR 2R Y
JCH RPT R DIREM Sy, AU oA B RE
Yoty CAnBeds oy Bo R0 AN st 24
AL O TIRE) o MG TCAEA TAERAR
MG, R A S 23 B o YR 8 BT IR L 1)

fE 3GPP HE4L R, 3GPP SAS IEFEEHX 5G
0 W AR IR I e KPL AT bR AL I 9T,
FIH 3GPP R17 [ BIR 45 HE B8 7T BE SE I A
FHE BT 25565 W9 e () e R KPT kAT Fn AL 0
FI 4R,

5G ORI AT HOR, T LR I 199 2% 3
HIRAAESR, P RN TR S AL, AR
ANFEME W 28 SR IR 45 OC B M REFR AR I AT ER T, B
ICRE VAL, femPIL I ReE A, ik 25y
REFRT H 1)

B S0 A oo O 42 1 R FH P T P B A FH AN
AN EB IR, T EER AN CE
BFEEAR T &M@l s &, & KRS
R 3 mestdichs . SR &ds . NF ek neill
A 2% 2 KPT Hidi 45

BE T RS Py S, R R 2

A EEFAREAT T o P99 50 S4B B PR RS R T ]
DA WO HES) 5 B8 (1) I 28 PR 3fE, SR ) 2% UL A N
(AN 0] BAT A A P AR — R IAS [A] I
ZIFAS [ R M7 A AN F] R QoS 3R UK P %
B S5 ASE D9 28 gt 1 TOUMU T Pk, P DARSE R AR
it AR At 00 S Ah AN SR IS A

BT W 4 U R SOOI s, RT DA i b 1
VNF 580570 B, il ankid 4 VINE S b i) 4 24t
TH SIS, A BEUE A F A VNE 824 E i)
BT BIRF 2 /DB L FH VNF SE4) b, A ™
AT 2 (7S 5B VNF S, XX EE VNF sS4
dT BRI EAT E A (BRSO, SR AL M
R BE R KPLe 25 SCHR[34158 P T2
BN 2 R BRI T KT, 22 SCHR[35 144
EREESE > S NFV A B8 5 T

DA REN HIK, [R5 B H P ) QoS (QoE)
oK, R H P AR I3 N, BRI VNF 58
W S AT AE 1 B8 R 19 28 5 SR 2 T 20 3 1ty o
225 CHR[36 1 H T Facebook #ids A0 BL5L A=
WA, ECEELNEER ) BSIR, IRk
WG o AL X ) SR SR S 2l ) g S A
Wt EREAT T BSOS, AR LAEBAA T il it
HEANFEIM R Z (A4S VNF 820 aT k%S
PN B AR N TR A RGN E UL
M EMNAEARZSED , R TR KR
55 A0 NN |], B AERE T Bh A B 4R T L
(dynamic auto scaling algorithm, DASA) , Niz
B A B L b R DG A 5 M 2 TR] TR A
(L OpIRrRS
3.3 #EdOTEE

B 5G INAR IR Bk, £ S HH 1 75 5k ¢
el o KRR R I )@ B 512 T2 1
KVE

SEM s OO REAE B 3 N, g
Al T B B Rt RS, Hr, IT
s A R GURERE o B PO BV REFEI 80% L



e 37

mIER%¥ 2021 F£5% 54

b, RIS IT BEA M R Ge R AT B2 )
J5 AT A Bt b0 RE AT LR 3

(1) ATAEREMIAE LT REROAR

I 55 i 2 EEREAT R A AR e h A, g%
BT W 2> PO Ha 1) e K A B i A2 Hik
AET, (AR R B, g5 i it
P AEIUAR, JF HARH S5 I8 1] w15k
BRIFAE R AL, A U0 R 5% 2 25 T 2 K
EREMfE

RN TRBEROR, TR T I s dls
WIGRes 2943 2l 55 15 AL A AR 55 s 0 g
(RISE MR, S AR 55 S 3G A T T A QR
B 2GBTS TR, KR )
JR 55 4 BIRIRRAS .« BBk, TN 45 17 2
F BN, ) DOCRE 5 ZE K 10 IR 55 45 i R -
BEATME 5 K 51 S A BC o 3L 70 A Kol O
ANFDNV ST (AL, T REWE T, SEBL A
IRARAING R, BILEE1T RE I CRET,

Hep rhoLoatl W R IR R AN R 1%, RHILEE
BERE A AR I 5 AR DR 55 s AR g i A7 A H L
B, X S ERON I RESIR B . AL 4N
U PS8 7 5 V2 A 5 I SR S P A A D ) A
P, FATIRKIINAE o (7] 3l e v S 3R 1 52
AN B e il LU 27K

AL AT IIHLE3 7 RE SRS ] LLLABL GG % 21 R
G MER G, BATHL AR BoR G
HERAE I BE (R TR AR5 rr 2

Ha R THUGHLE AR, S ERREAR
TIT SidFeri i RIS FEr . XL
ML BCE S KPS I FE R (A KV £
P gD Ao

BEF AT (R BE 2 IE e R U R 5 >
ANHERE, IR A VRR g, s 2
SRR AR G W A2 P ER R, Xk A
R AR 1) S A AR S M G AT P 22 ) 4 A2
W AL 28 P I REA B AR (B BERA Se

A u S y i AR ZRME R R y=g(w), FEHIII1EH]
HUE A E SIS, T AR Gk A 21 1Y) 2
{E. 2% SCHR[391RI ] BP Sk Ak b il g 142
Sl L R s 25 SCRRTAOTRE A i Ao 20 I 208 A1 I
M PID &y, IEBIEHI=NEREN H 1 3%
SCHR[ALTRFATL s UL SE AR AN BE 25 S B A\ A p) 25,
ot AR )T REPE I S K, AR S YR A IE
HL

Hgarh A AT BRI WL il BT
R DA S v ) P 2 5608 1) SR AN A -
SR T S ARG 11 ) 2,

27 SCHR[43] 52 ) — Pt T 5l 2% ) 5L
Heps OB FERIUE, SRBCERTIN ZK B 345
FPRZS R CEAEHLG A8 AN IE AR Ik s D
BT TG N 5 1 A 27 2] B R A 38 224 iy I 20 1R 47
FISH P LA L RS T e A 1 T
TEIRZS, EREE P OPLG IR ERGE, B2
REMIH

B TR AR LS Bl v i, KR b
ORI BLAL (Y BERAZE I T2 . 275 SCRR[44]
I FH #2923 A0 32 7. PUE TRONASE AR, St o4
Rz Hvor, T PUE fabr. @I AR
i) PUE 285, 7KV LA AT AR 2 il )
A TENSAT B2 PRIV 2R /K BE R T4
VR KL St 5 DL RE AP A6

(2) ATAEREMI I B 7 fE i

R O R IKE W BOR, Bl AT
F AT A SUI A Y R A BL I DK, 0% B i A A
UKL AR, AR R e e DR A A TRV R A
AR ZE TN R B 3K 1 0 B Rl S AN [ 1 T80
B4R

FEAZR KA h L I R S AL 8 AT HLR 4
T/ AR Bl SRAR TT B M i B 4% e FE IR Y
REHI& . JERLREE 4 DTN i, REMH
NN T 4%, BlE AN . KRS iiis
(e (O IV ERI R SN Nl B SN 0 WP/ 2 SN



' 3 —
BVl L. EES AlGS

+ 38«

EHIBITSHAE, GG IR, ke
B NS H B AR SRS HRE (R
7. AR R ES) UL ENSHRE (&
PUSATHE . RIRBOE . VR LB
T 1) 7 12 K R o A T 1)1 B T A 5
W IFSENE . Sl N T AT BEREBL A TR,
BEAR T3 LGS (v BERE -

4 REKAME

AR AL AFREM T RE BRI AR A SR T T
eI TIS I CEVREN |/ 127 St ) VAR S E - B i A /T T}
TERGPIERL. L5A e ROl &5 5 TATI A7 AE — 4%
Pelik, FETbEE DU R AR IR T 1) .
41 BETHFTEMRFER

B AP A 2 AU B S TS K B A0
B, AR, nISEIYE RS
FERMBEAL 5, BAT o] WbE . TR AR or B
SCRERI 2 2R 40 H R IR RAAE o

SRR ota e T £ YN E I T RICN i 2 Y Ry
RS W EE I 245 TR PR R R, T RSB0 R 4t
R RN RS, A RE . o,
CA KA TR e DAL I IR Y., 5 R A2l &%
(i) 38 8 6 53 BT R SRR AN [R) PR S 2 B 119 1
RE 7o, BEREWEHE G R RER AN M H
(X

AR A B L, 2 RS
T RS A BB AT IRV AR T S o AR R
R, ATRLRLIT 9135 AN BERE DL S
TR {1 55 S B I e AT 7 P () FAR 3554k
A R AT DAIRA R I E TANE, A
WA BOE (e, BERRWE N7 A I H1ve 753K
N AL PUE 4545

AL N TR Re &S & N AE RS RE
I, B R BRSNS AR A LA KT e SRS AT
X RGN REM , A 8RB 7 I 75 e SR g I J8E 4
R ERE

42 ARBEREERRIT

SRAOIEAE IWF IO AR 18, X
TIBAEAESRGEMITTITHIM, LT NRG M
FE% B RERUMR R IT . H o, BT RGATHB B
PrEAER e Ah, Tl G B A B e &
FEAT AR B8 2R U7 ZE I VFAl o AR 2 A 3 B AR
o ATAT T e 28002t 1R T 4 2R 25 A RN v 25 11 5 |
DN % B8 R 20 A i JE 1 PR TS RE 1 e,
IbAh, RGR— AU AR ARAL TT e 5 B LA A
ARG IR, 75 23 FH i 3] 3 PR PR 9 A VP AL D99 8% e U
MR Rl R,

R REBOAR AT B8 A A RS fe
THFE, (FUZIEA RGN REDEFEREAL . Re TR R
(A6 A R G R BE R T I Bh ik . RGEHBER
WA H bR 2 5 A RGNS IR RERL, AN
521 QoS
43 ETF Al NAHEIELRE

A MBI 2E 2] (ML) kAU K s
M TR, A 7 N R P R ORI
H RN A A 2

T AT BRI AR RS RN, BT K=
Hlls . e oo, Bl A B
SRR, B R A B 5 (V) Bt oI ) AT
B AT e /e SLABL G 58 AN B4 i 8 4 1F, A
IRZ B O AR O R IR T 18 &SR
SMSHEES . BN AT BT ZIEAR )
NGREARAE, AER0 T T A 9 s o0,
& IE R ARV B8 MRk -

TR AL S Es B IR B A A S
R, 5 BTN GBS 4 s 7 10k AT R 56 42
ESIIE
44 FEANTER

LRGP & AWK T ERE DI 0 ML iR
RGP T A, AR AN T4 v B K B P
(T E S8 PR = AR (R B YR REAN T 24 R 43
AL TR RSO R I e R 7 IR ML KRR



«30.

mIER%¥ 2021 F£5% 54

A RIFIT ], WA I, AT AR G
ZrP 1 ML VRIS BB R ). IBAh, 244k
BB AR R TT FEI, AT DU 5 1) %
I ek E BN ZRd B, bl 2% ML Y
JIT 5 1A 32 A R YCHORIAR O 11 it e i #E D

ML ) %5 t0 3 ] 3 T ZEAE P A SETA 1 e vt
B BOP AT SN BESIE AR, BIAEVEAS ML BERY
i Er T HERTERIOL AL SR b o, IR A 205 R B
BORFREPRIEAE o AE T IX L8R hx, W DL iH 15
3] e S L T2 B R R v S DR SR BERE S D 1Y
ML A

5 #HRiIE

X 5G BN W4 AZ 0 I 28RBS O R RE U5
BRIV T TR, TR RS R R X
PERREs, T AUVEREMZEE T REHOR, A
T M 2R . Rl b S5 R T
T RE SIS L Rl P R e i AR N H
HIEAHT ALNHT 5G ZOMmAae A,
Ao PO 2 T T R P P T P Bl R B . 4 it i
TRMILA & VNF 18001 IR T AL 1B
A ES A b A B BRFE I BRI SN H s 5
JE P T REBOR AR RUR 7 1), Fefit
T o v AL RERCR A5, “RERUE R, S
RIE” Je A KM L R H bR, o2 Al 2 Gefl
R T BN N Re 08 28 RS B R I ReRE IR ), JF
PTIBLERCR, WAL AV T T 2] B T RS K
BE, SEELETE . #has . ARG Z WA .

Sk

[1] HEHBARAWRAT. 5G WACZE FEHFAFMELH 5 5 TR].
2020.

Huawei Technologies Co., Ltd. White paper on operater data
and storage architecture in 5G era [R]. 2020.

[2] GEORGAKOPOULOS A, MARGARIS A, TSAGKARIS K, et
al. Resource sharing in 5G contexts: achieving sustainability
with energy and resource efficiency[J]. IEEE Vehicular Tech-
nology Magazine, 2016, 11(1): 40-49.

[3] GAOHY, SUY M, ZHANG S B, et al. Antenna selection and
power allocation design for 5G massive MIMO uplink net-
works[J]. China Communications, 2019, 16(4): 1-15.

[4] FEEN. 5G =Mk (20200 [R]. 2020.

CCID Consulting. 5G industry development white paper (2020)[R].
2020.

[5]1 A, 5G Heufi vy il R SGET7 R[], {7 R fE, 2019,
32(12):210-213.

CEN Q. 5G base station municipal power construction and
transformation plan[J]. Information & Communications, 2019,
32(12): 210-213.

[6] WUQ Q, LIGY, CHEN W, et al. An overview of sustainable
green 5G networks[J]. IEEE Wireless Communications, 2017,
24(4): 72-80.

[71 OH E, KRISHNAMACHARI B, LIU X, et al. Toward dynamic
energy-efficient operation of cellular network infrastructure[J].
IEEE Communications Magazine, 2011, 49(6): 56-61.

[8] MEMON M L, MAHESHWARI M K, SAXENA N, et al. Ar-
tificial intelligence-based discontinuous reception for energy
saving in 5G networks[J]. Electronics, 2019, 8(7): 778.

[91 LOPEZ-PEREZ D, DE DOMENICO A, PIOVESAN N, et al. A

survey on 5G energy efficiency: massive MIMO, lean carrier

design, sleep modes, and machine learning[J]. arXiv preprint

arXiv: 2101.11246, 2021.

LORINCZ J, CAPONE A, WU J S. Greener, energy-efficient

and sustainable networks: state-of-the-art and new trends[J].

Sensors (Basel, Switzerland), 2019, 19(22): E4864.

[117] LIY N R, CHEN M Z, XU J, et al. Power saving techniques for
5G and beyond[J]. IEEE Access, 2020(8): 108675-108690.

[12] 3GPP. Study on new aspects of energy efficiency (EE) for 5G:
TR 28.813 V0.5.0[S]. 2021.

[13] ITU-T. Total network infrastructure energy efficiency metrics:
L.1332[S]. 2018.

[14] CHAO L, QOUNEH A, TAO L. iSwitch: coordinating and
optimizing renewable energy powered server clusters[J]. ACM
Sigarch Computer Architecture News, 2012, 40(3): 512-523.

[15] DEBAILLIE B, DESSET C, LOUAGIE F. A flexible and fu-

ture-proof power model for cellular base stations[C]// Proceed-

ings of 2015 IEEE 81st Vehicular Technology Conference (VTC

Spring). Piscataway: IEEE Press, 2015: 1-7.

DONEVSKI I, VALLERO G, MARSAN M A. Neural networks

for cellular base station switching[C]//Proceedings of IEEE

INFOCOM 2019 - IEEE Conference on Computer Communica-

tions Workshops (INFOCOM WKSHPS). Piscataway: IEEE

Press, 2019: 738-743.

[17] 3K, VRGBT, RTH, 55 26T ALK SG 2 1 REBADE
F[I]. HTHARNA, 2019, 45(10): 1-4.

ZHANG Z R, XU X H, ZHU X T, et al. Research on energy
saving technology of 5G base station based on AI[J]. Applica-
tion of Electronic Technique, 2019, 45(10): 1-4.

[10

[}

[16

=



BN 3. EES AlGS

<40«

[18] LIR P, ZHAO Z F, ZHOU X, et al. Intelligent 5G: when cellu-
lar networks meet artificial intelligence[J]. IEEE Wireless
Communications, 2017, 24(5): 175-183.

[19] GAO Y, CHEN ] J, LIU Z, et al. Machine learning based energy
saving scheme in wireless access networks[C]//Proceedings of
2020 International Wireless Communications and Mobile
Computing (IWCMC). Piscataway: IEEE Press, 2020:
1573-1578.

[20] SOLIMAN S S, SONG B. Fifth generation (5G)cellular and the
network for tomorrow: cognitive and cooperative approach for
energy savings[J]. Journal of Network and Computer Applica-
tions, 2017, 85: 84-93.

[21] SDN/NFV/AT FRAES P \bAREREZ G 2. B Re bRl 1T BERITIEIR].
2020.

SDN/NFV/AI Standards and Industry Promotion Committee.
Research on energy saving of intelligent base station [R]. 2020.

[22] 3KTF. HET AL (7 5G HEuliT5 aE3 SR BERII[CL/5G M54
B2y (2019) w308, B3)1E,2019(Z2): 123-127.
ZHANG Q. Intelligent identification of energy saving scenario
of 5G base station based on Al [C]/ Symposium on 5G Net-
work Innovation (2019). Mobile Communication, 2019(Z2):
123-127.

[23] AT M. e THlads o >0 (K0 R T A kst PRI U7 VAW 5 [D].
K& &R, 2020.

REN J P. Research on machine learning based traffic prediction and
base station sleep mode[D]. Changchun: Jilin University, 2020.

[24] Z4RE, T, @, 555G MY FRBE oS B
FERFST[I]. THEHL2AHR, 2017, 40(7): 1491-1516.

LIJR,LIX Y, GAO Y Q, et al. Energy saving research on mo-
bile cloud computing in 5G[J]. Chinese Journal of Computers,
2017, 40(7): 1491-1516.

[25]1 52, VT, RA, 55 NLTRRETE 5G Jogk Mg if b
5N BERRD]. F BIE B 5B, 202009): 23-30.
CHIH-LIN I, SUN QI, WU JIE, et al. Al in 5G networks—usage
scenario and standardization progress[J]. Information and
Communications Technology and Policy, 2020(9): 23-30.

[26] ZHANG X, YOU J L. A gated dilated causal convolution based
encoder-decoder for network traffic forecasting[J]. IEEE Access,
2020(8): 6087-6097.

[27] HOSSAIN M S, MUHAMMAD G. A deep-tree-model-based
radio resource distribution for 5G networks[J]. IEEE Wireless
Communications, 2020, 27(1): 62-67.

[28] WANG J, TANG J, XU Z Y, et al. Spatiotemporal modeling and
prediction in cellular networks: a big data enabled deep learning
approach[C]//Proceedings of IEEE INFOCOM 2017 - IEEE
Conference on Computer Communications. Piscataway: IEEE
Press, 2017: 1-9

[29] ZHANG C, ZHANG H, YUAN D, et al. Citywide cellular traf-
fic prediction based on densely connected convolutional neural
networks[J]. IEEE Communications Letters, 2018, 22(8):

1656-1659.
[30] ZHANG C Y, PATRAS P. Long-term mobile traffic forecasting
using deep spatio-temporal neural networks[C]//Proceedings of
the Eighteenth ACM International Symposium on Mobile Ad
Hoc Networking and Computing. New York: ACM Press, 2018:
231-240.
WANG X, ZHOU Z M, XIAO F, et al. Spatio-temporal analysis
and prediction of cellular traffic in metropolis[J]. IEEE Trans-
actions on Mobile Computing, 2019, 18(9): 2190-2202.
[32] AL-QUZWEENI AN, LAWEY A Q, ELGORASHITE H, et al.
Optimized energy aware 5G network function virtualization[J].
IEEE Access, 2019(7): 44939-44958.
AL-QUZWEENI A, EL-GORASHI T E H, NONDE L, et al.

Energy efficient network function virtualization in 5G net-

[31

—

(33

—

works[C]//Proceedings of 2015 17th International Conference
on Transparent Optical Networks (ICTON). Piscataway: IEEE
Press, 2015: 1-4.
KIM H G, LEE D Y, JEONG S 'Y, et al. Machine learning-based
method for prediction of virtual network function resource de-
mands[C]//Proceedings of 2019 IEEE Conference on Network
Softwarization (NetSoft). Piscataway: IEEE Press, 2019:
405-413.
[35] XU J, WANG J Y, QI Q, et al. IARA: an intelligent applica-
tion-aware VNF for network resource allocation with deep
learning[C]//Proceedings of 2018 15th Annual IEEE Interna-
tional Conference on Sensing, Communication, and Networking
(SECON). Piscataway: IEEE Press, 2018: 1-3.
REN Y, PHUNG-DUC T, CHEN J C, et al. Dynamic auto scal-
ing algorithm (DASA) for 5G mobile networks[C]//Proceedings
of 2016 IEEE Global Communications Conference (GLOBE-
COM). Piscataway: IEEE Press, 2016: 1-6.
[37] #FF, FilET. AL 5G RS b HAEE i, 2019,
31(3): 46-54.
XU D, WANG H N. AI helps 5G development research[J].
China Telecommunications Construction, 2019, 31(3): 46-54.
[38] SRAT. H L HLE TRETVERTSED]. SN IRHARHCR
%,2019.
WU Y Q. Research on energy saving method of data center

[34

[y

[36

=

computer room[D]. Suzhou: Suzhou University of Science and
Technology, 2019.
[39] 4. IDC MU AL B it WE 9T [D]. iy B TREEAR
K2:,2016.
ZOU Y. The reserch on the control of IDC room temperature[D].
Shanghai: Shanghai University of Engineering Science, 2016.
[40] B, TBE, MU, 5. R E I L4 R G R A0 2R I 2%
PID #EHil[1]. RN LFEA=HK, 2011, 27(2): 307-311.
QU Y, NING D, LAI Z C, et al. Neural networks based on PID
control for greenhouse temperature[J]. Transactions of the Chi-
nese Society of Agricultural Engineering, 2011, 27(2): 307-311.
[41] RN, FHRKR, WRER. JET N TR BRIGHLLS M=y ik



41 .

mIER%¥ 2021 F£5% 54

BE L R Y5 CN110285532A[P]. 2019-09-27.

ZHANG Z P, GONG H Q, CHEN Q. Machine room air condi-
tioner control method, device and system based on artificial in-
telligence: CN110285532A(P]. 2019-09-27.

[42] ARies. Hodhs LU b5 175 REIHEBOR SO (D). AR,
2019, 26(3): 251-259.

XU H J. Energy saving and emission reduction technology and
development of data center machine room [J]. Telecom World,
2019, 26(3): 251-259.

[43] FAMS &, Hhod, —RhE T N TR R HLDs REFEER 10 5 74
B A6 E : CN109890176A[P]. 2019-06-14.

ZHOU P F, MA L. Method and device for optimizing machine
room energy consumption efficiency on the basis of artificial
intelligence: CN109890176A[P]. 2019-06-14.

[44] 7E, BFM, WIKEE, 5. Bdi+0 PUE RERUILALIHLES
)T ARG ARG SR, 20200 1-12.

YANG Z, ZHAO J Z, LIN Y T, et al. Machine learning ap-
proach for energy efficiency optimization of PUE in data cen-
ters[J]. Systems Engineering-Theory & Practice, 2020: 1-12.

[45] 20k R, B O BERUCE S ST R AT ). HEERRE, 2019,
35(2): 95-104.

LOU J L. Data center energy efficiency case and energy saving
operation[J].Telecommunications Science, 2019, 35(2): 95-104.

[46] BUZZI S,1C L, KLEIN T E, et al. A survey of energy-efficient
techniques for 5G networks and challenges ahead[J]. IEEE Jour-
nal on Selected Areas in Communications, 2016, 34(4): 697-709.

[47] CHEN T, YANG Y, ZHANG H G, et al. Network energy saving
technologies for green wireless access networks[J]. IEEE Wire-
less Communications, 2011, 18(5): 30-38.

[48] KAUR J, KHAN M A, IFTIKHAR M, et al. Machine learning
techniques for 5G and beyond[J]. IEEE Access, 2021(9):
23472-23488.

[49] KAIROUZ E B P, MCMAHAN H B. Advances and open prob-
lems in federated learning[J]. Foundations and Trends® in Ma-
chine Learning, 2021, 14(1). Doi:10.1561/2200000083.

[50] PRECHELT L. Early stopping — but when?[M]//Lecture Notes

in Computer Science. Berlin, Heidelberg: Springer Berlin Hei-
delberg, 2012: 53-67.

[EEE N

B (1993, L, PEAFREARA
FIRESCRE AT BEA L TR, RS
R P2 N Mg D) Fr JRaliiihe.
P51 HE

EF (1978— ) , B, L, SEAEE R
HIRAFRIFSE ALEEF 0 IDC T5HE ™ gk
T, FEWIH RN AVUSG. MZE R .

= (1980- ) , B, PEBEGERTER
I EIFFEGE AT & Hots IDC 5 Re 2844 2 i,
TR RN R RS K AT B

F=h+ (1975~ , 5, PHEEBEERHER
AT AL R L2 s 2 TR,
KIA NG 2 B REIZ B BRI KHdE &
AL = IR JTTRI CAE, H AT Tk 4 5
TWRER G RITIT R AR



	4-21104-’9.pdf

