WAk HBTH R L 5 i Vol. 40 No. 7
2017 42 7 H CHINESE JOURNAL OF COMPUTERS July 2017

56 M T iTEDREREHAR
ZHE FNE é ﬁm

(jt}?ﬂirﬁﬂk%TF%ﬁ‘ﬁfﬁﬁﬁ‘ﬁﬂk%ﬁ iy bt 100876)

B 4H5.g0 AR e RS TLBEZ N B RS IR G %%iﬁ%ﬁﬂ&%%ﬂéﬁ’ﬂbﬁﬁﬂﬁﬂﬂﬂ
ANAL 3l P 0 B R R BT A 5G B B B SR SR B TIT I IR AL L R i — PRI E X S AR S m it E
PR R VE . BE MRS 3 = T3 RE ARG 2 S8 B A% 68 T H S0 A R Al PR A S0 Je Xt 5G T B 8 = 15 R R AR BF 5T X
PEAT 0 M1 U PRIR VM7 S5G 25 301 56 B B TE P 46 it 55 38 15 71 BEF 52 Hh 9 SR A7 7R 1) 1) AL L e S 5G9 4%
2 55 B2 3R S 1 s SR o o3BT X BE I BB 5G TR RS Bl s AE 55 G B Al i 55 Hh o0 RS 5 TR T BE R B S L 4R
F HITBIF T P A 7 A TR0 O3 RO B0 K S AT T B AR JE R W, 5G Ay s B SEBL & 6 88 3 = 1 H 50 Ok T AL
B AP A5 8 AR SRR 5G T A8 3 v B0 RE RS R AN ik BEAT TG L Dy S B 0z T £ A R S Y B S A

KB 5G; B A SO REAE TR G TR
HEESKS TP393 DOI & 10.11897/SP.J.1016.2017. 01491

Energy Saving Research on Mobile Cloud Computing in 5G

LI Ji-Rui LI Xiao-Yong GAO Yun-Quan GAO Ya-Li

(Key Laboratory of Trustworthy Distributed Computing and Service of Ministry of Education ,

Beijing University of Posts and Telecommunications, Beijing 100876)

Abstract Nowadays, green computing has been the goal that various industries pursue. With
the development of mobile cloud computing (MCC) and the coming of 5G, the related energy
consumption problems give rise to new and hot attention for green MCC. Reducing energy
consumption is the basic work to implement green computing. In this paper, we first analyze the
research methods of energy consumption of MCC in 5G. MCC architecture consists of three
components: mobile devices, network facilities and communication, and cloud server center.
Basing on the effect degree of 5G on the three parts, we adopt the order that followed by network
facilities and communication, mobile devices, and cloud server center to extend the discussion
about this issue. Second, for the energy-saving research of network infrastructure and communication,
we review and analyze the current situation and existing problems of all kinds of key technologies
in 5G, and the typical samples of 5G-network service mode. Wireless technology includes wireless
transmission technology and wireless network technology. In order to enhance the business support
ability of mobile Internet, 5G has introduced many technologies to further tap the potential of
spectrum efficiency in the field of wireless transmission technology, such as the large-scale

MIMO (Multiple-Input Multiple-Output) technology, full duplex technology and multi carrier
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technology. In wireless network technology, 5G will employ more intelligent and more flexible
network architectures and networking technologies, for example, hyper dense heterogeneous cell
deployment, SDWN (Software Defined Wireless Network) architecture that separates the control
and the forwarding, and unified self-organizing network etc. The improvement of wireless
technology promotes the change of wireless network service mode, and the typical applications
comprise the task-delegation service model based on Ad-Hoc mobile cloud and the dynamic
cloudlet model. Third, we analyze, contrast and summarize the energy-saving cases of 5G in
terms of mobile task migration and cloud data center respectively. Battery life is an important
standard to measure whether mobile devices are energy efficient. In this paper, we divide the
related research results into two areas: mobile device resource management and mobile task
migration. For the latter, we focus on the service mode, strategy and energy-consumption
measurement model of mobile offloading. In cloud server center, we investigate four usual energy
conservation methods, which are respectively DVFS (Dynamic Voltage and Frequency Scaling) ,
ODPA (Online Dynamic Providing Algorithm), task scheduling and VM ( Virtual Machine)
migration. Although the 5G has the minimum direct impact on the energy efficiency research of
cloud server center, there are still some applications of 5G technology which main goal is to
reduce the power consumption in cloud data server. Finally, in view of the three layers architecture
of MCC, we analyze the research problems in detail and put forward the future development
directions. In a word, this study shows that the emergence of 5G brings the opportunities and
challenges to implement green MCC. Thus, the key emphasis in future work will be the theoretical
research of the model and method of energy saving of MCC in 5G, which provides a solid foundation
for the practical applications.

Keywords 5G; mobile cloud computing; green computing; energy consumption; computation

offloading; migration
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AR BRI A S X 5G I 4% 76 AN [R) 43 B fie KAk
TCERATRE B A FH 5 T L A K A 8 A 0 N 2% A A
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(3) A58 LM 4545 A (Software Defined Net-
work, SDN)

SDN & ¥ % 45 Je U1k 1) — R BOR B8 — Ak
(G X = N W R N 235 R el ST R T 2
GO 6 T T B0 A N 4 A A A
T 30 2ok B e 10 R R ) 2% U A 2R BT RE A
PR 55 2 FIAFAE . H B9 7E T 15 10 4E 4 R G B 45 4F . (5
VEhy I 28 fif DR J5 58 AN G # 56 3. B8R SDN fE7E
W Z AL AR B IR AN S — TS R L PR 32 2
(R H AT R B A N BT A 0 I 46 7 ik BCHL R AR 1Y)
FRfE. (HX A Bk & SDN A HE AW 5T. 1515 A
B, HH B9800 B AV G B R L AR SRR )
e 25 B HOR 2 SDN 7R TG 4k 19 25 v i T 9 5 AR Bk
A 3K BB AT W T 46 3 i IR A EAT

1 SDN B HE & 51 A T W 2%, T8 B X
T4k M 2% (Software Defined Wireless Network,
SDWN) | & Jo 2k X 4% & Jé (1 8 2 Jy [ =7 H i
SDWN {Jj 4k F w120 058 By B T2 2 A D7 W 51 1 1F
ZWF 5 N B 5 . OpenRoad ™™ J& 45 — 4~ 6 F
SDWN [#F5E. & B AR i 1 AR JZ 4y B 2 o 3¢ it 1
Sy B IR 55 F P RE B FR 7 A R TIC 2 2 A 1 it
Z [ # 3. 1 H ABAT4 T —F 3T OpenFlow 1y
TR ST e 25 1) T 2k W 4 Rl 3 it , O 38 8 AE K
SR YL S A AT — 56 SDWN Y B 58 4R
TENR )2 T M 4 5 AR . i OpenRadio™™ 2 1 17—
Fofr n] 2 B2 TG 2R B - T, B AE 2 B S RS
FHF 2 L M 45 3 E. OpenRFY 4R HY T #044 &
SCES R BSR4 B Rl WIET R Y
W 2% B ) MIMO 15 5 4b . OpenRF Rk i SDN B
AR RS HE ) MIMO {5 5 0 21, 4
T8 B2 A T AR R TR 5. B
ToL 4 AP %A & SDWN (1) — A W 5| 7 1 BF 58
J5 ) R OR JC 2k e A W 4% 465 7% 3l ¢ i P 4 44 T ik
ANTER) T 26 3% #: 97 HAE T #% 3 F JC £ 10 ) RE.
SoftRAN g & — A~ To £k 9 AT 4% 1) 31 s SR
H R T B TR A AR UL R L il S B BRI 2
Hh b A AR Z 0F 58 R T BAF € L LTE M 2% 4% .0
L B B Ad-Hoc 4807 45 J5 1.

i L b KA 5 SCHk T, SDWN A2 4 R LA
3 THT TR Mk — 5 194 2% 3 R PR G« S S A O 2% L 55 22
(R T 3 SN/ R A RIS g 25if NG E

Je 1 AR AL A A [R] I 5 2l Sl FRATTAE SDWN
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3.3 TEMBBEFEARBNASH

TCLR B BUEE  HE T o2k M 45 Ik 55 155 XY
WU DU PSS H A F A s 8 it 488 =00

(1) Ad-Hoc # 8l = 1 55 ZHE Rk 55 2 5K

AT Ad-Hoc %3 = W9 1E 55 Z 4L IR 55 » Huerta-
Canepa- """ 4@ th 17— B il FH % 2 3 o5 4 0 1 8L = 11
B L3 (Mobile Device as Virtual Cloud Provider,
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\ IR B |
R
L5 EH
+ ]
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LA 55 T B AR L B A AR B T T 5% U5 2 1 BE IR
FNREFE K 4 R G0 7 & 00 1% B 28 BiE 3 09 79 s a2k A7 18
Wy, 0 RAFTE T A R G0 v W R e 119 5 28k
FAE WO AR DA A] UGE A 00 = R s 17 o T
R L EFEK . MDaVCP 3] . O #4755 I
D048 3 DA 28 TR 00 S — AT 55 AT I S BEAE AS B 7%
M EAT; @ SERAFEM = APTs Jo4% 4 n;
O AAIEE TH BB ME AR © F4
HATRA ] SO AL Fr T i 3% shAs i 2haE s © A & 28
L 48 S 5 © DRAT F E] 45 51 10 e PN A7 2% P A
3. MDaVCP 3 il i1 Ad-Hoe M58 h T — 142
RN VIR AL I RERY B 2T LS HESE.

(2) BB

& = AR (Dynamic Cloudlet (DCL)-based
Model) J2 T $E 45 [0 28 55 REWF 5% 1) — Fb 320 il 55 i ]
B Gai AR — AN TS WS SRR R 3h

@  http://www. huawei. com/ilink/ en/ solutions/broader-smarter/
morematerial-b/ HW_204206
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A e B C (&R
] LA B | BarE |
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WGB3 2 2 G R L 5L 2 A R
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WU 3 25 7% 2l 7 T Y B U5 25 4R R 2H 1R O AT
FEEF 20 UE Lyl AUzl R A AR
5 ] o3 B A s 2R A8 20 2 2 U L AT = AR )
B S A S Sl i v T A A A e HO T LR I
FERHEN . BT AR 58— T AR T
s B A H IR AR EUME SRR Ay
BERS SRR R 48 ErdOS™" (Android OS (4" J&) |
Odyssey!" @ ECOSystem™", Jo 2k 32 110129, {4 )&%
TRl A RN RS B A ) 2R A AR M BT R 0 BEAE (5 B
AT A, b Ut . TDM (Ternary Decision Maker) &
FIL 1 MDP (Mobile Device Power) i It 52
—J7 W 8l 550 ) 3R] 5 ORI 58 B A B 3 SR
P28 25 . 455 5G RYRFAE B AH OC SCHR AT 40, 5G R
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Prfnf ik —28 5 5G A5 ¥ g 155 850 28019 e IF 5
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FH 7N 7N DX it 1 P 4 S R i ke 1 S5 260 280 ) ) 2L
FOPE e S8R 3 AR A DG ST R TN

(1) ¥ gl 1 3 JIk 55 A =X
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S5 5T A 8 3k NP S LT — SE T N R LA 2 5G
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JE I OO R e R B T R G S 0 T I
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B AL I AN N R 2H . B TR B R G R AR
Bl 2 B 1w B A R e ] R I S SR D % 2% i 7 B
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JEMEIT R Z T REES G 56 2K MR s —
AR ARG 03] T B8 2% e o Rk il | /N /N XK i A
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BEAE.Chen & NN ARYE 5G RGP R 8 = 1T B IR
S5 BB ) 5 50, % Ad-Hoce Cloudlet w53 1 0 5&
JH ) AR 45 #5E 2 : RCS(Remote Cloud Service) il CCS
(Connected Ad-Hoc Cloudlet Service) #47 T #F %%,
P — AT E 208 AR OCS(Opportunity
Ad-Hoc Cloudlet Service) #& 2. % # 2 32 B K ¥F
5G BB/ CHRE R AR T 52 1 K E SRR AE T
AN BRI P B Sl i T e R R AL £ 0 0 S B —
AR R Z A R 55 T R Z 1) B 22 HL L L3k # 5
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— DAL S R T BN A AL 55 R IR E 1)
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AN BB A 8 25 R ) 2 e A 106 DR A 5 1S A LA
T, X BB E S TEAR R TR Bz OCS F) 52
BRI ORI HE W R 5 I8 8l B 4 25 TR I A9 RE
FERTTE A0 38 5 T T 5.

(2) %% Bh #1 25K i B 5

Chen"™* 4 7 — F 43 #2011 55 30 2% 1 9%
(Decentralized Computation Offloading Game, DCOG)
5 SR B B At I BRI 1. DCOG #5581 32 2] ]
Gy A AR 0 A R D e T M ks A A
— AR A TR N [ Y I B Be g R — R Bl i
FH P A ) S AR SR AR R

HIZHLHIBE R 224> H 47 B 2 BE A T 42 A R
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F O 1R 7 PR T3 I AU 1 24k 2. DCOG 1
A RRAET S —  WE T I IV 3 55 R Tl AL e 25 1) 1
D0 BIFE— TS B L T A 2 5 0 sl sl &
FHP PR ANAL T A S0 30 1) T 2 5 16 P T LA
[l 55— B8 T 6 I ERA T I [ O 48 F) AR I R A
TN A REAR L M B % WL 52, 2 = AR SRAT
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(3) ¥ 5y 1) 43 58 46 I 5 A5 7Y

T VEAG R AR Y AR A MR = g AT Y
REFE . AL 55 AW 48— 4S8 3 15 4% T % (Mobile
Device Power, MDP) 45 #1 , H: rft i 6 11 £2 fit i A
Ko N FH R S5 A6 38 17 B B — 3 o K i 2k, A T
SCREHE T RE B 1Y S AR 1 3, MDP 8L g ] ATOLOS
FEZRTY Sz B Android T ML A B2 2 it 22 7] ) 41
PREVE . B 4 R T AT RESh S E T A Y g
HIH AE R A,
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(Mobile device) \

‘ 2 AT (Deployment execution )

ﬁ

VIES i > eSS oo
(Power model ) (Deployment decision ) Application
‘ PR FH R 2% (Resource usage monitor ) ‘
v v v

[ cpU | [ Wi-Fi | [ Display || Andriod
FIF e % || f bk FE (kernel)
(Utilization &. || (Packet rate) (Brightness

frequency) level )

El 4  MDP 77 fig 3l 4 H i HE 5L
MDP ## %1% CPU, Memory. Display. WiFi JY
A7 T 1 S B BB FE VR b F Ak 2 75 S 2K 1 3 A AR o
Z e R HAA A AR . REFERL AL h T S

BB AT 2 38 1 % iR A8 b i — > ) 3 N s S B
W75 2] HoA 20 58 I Bl A . T TC R e
TS 4 T8 ORI A T WA W 45 13 CPU,
Memory . Display, WiFi U F 58 #& Z [8] /) 5= & &
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F:“ =083 ” (Ternary Decision Maker, TDM) 45
9 fE 1 2R AE 22, “ =57 48 CPU., GPU (Graphics
Processing Unit)!'" F1 Cloud , S22 h i F 2 ¥ 7] fiE
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(Application)

A (Software)

call module()

[IEER
(Module)
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h 4 ) 4
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B4 (Hardware )
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TDM HE LA F g5 S5 0T 55 it A7 20 30 Bl &
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55 . BT X HE T/ XH) LTE R4, SClk[ 142 148
H — A TR T R JRE R SR K A L AR HE 2.
i AR 38 A5 5 A R e e B AR,
AE % 185 IV £F A Ak B 30 28R £ 45 25 T = MRS Z

3 B & Mobile) z(Cloud)
. FHC Application ) TR (Clone)
‘ AR5 (Code) ‘ H¥E(Data) ‘ . H (Application )
| U3 Code)| | #elii(Data)
R /PAT LA
(Decision Maker/Execution Handler ) <::>
f T ﬁ ﬁ & P AL B g
(Client Handler )
i P -
o || tomp || SRR
(Profiler) (Lagrange (Statistical L
& Regression (Cloud Platform )
Solver)
Model )

(] b B R HL v 2 B2 Bl T R B — R T
B 1 B/ X 3 (SCeNBs) $AE (14 i 55 » LA 14 5]
i P P 2 i L 308 5 A il O A O s A TR Y
P RERE S /M EL R B AR I A OF- 2 2E R 2
(9 H b AR B e s S e 7 i, o HR B i A e A
JE —— SV HR M AT X H bR BT B E AR AL P A
Pedr 5. T A R e o 2 R E (B
PR, I felt T U0 1) AR 3t b R 380 800 55 1) REAE
B,

K 6 ExTrade Z&4HEZR

4.2 5CTHRHIESTIBHEARSN

e 3 BN 4.1 v g 28 SCER BEAE W ST BY 1Y
Frivie. H  ReREt R B R & B s it B
A0 FH 3k A e R 4 W S84 T 1 L AT RE 4 7 AR RE AR
138 1 K, H A D2C(Device-to-Cloud) 38 % 35 %
5 LA /N /N DX 0l 2 55 ) 38 15 5 At
BT T8 HA 7% 2 5l [ 8 3 A% 5 W858 X 0RL FE 45 oF
FEJ7 A T R AR X GO0k B g ) s T AR 2
F5 40 BRI H A b w9 A 8 A 32 2= O I

SR 25 2 IR R Bl B A R FE T B B R s 25 A AF
FEITIEAE T REAE BURE AR AT 2 I R L 2 R
TR AR A i AR el R i B 1k AR T 5L 8 B X s
BB A B R 6 W] DA L6 L B T 4
PR R s 5 T X e AR a5 2 el DLE
FMEATIEAE BB 3 = 3 S FRSE rh L B I TR AR
“HEHPET O T X e AR Y A BF 5T IR 1 B R AT
B 5G RRAE I ZOR L IR R S 5G A SRR I
HA.

R3 BIESHUARREARSIHSHSAATLL

i T .
X BoiE  aWE® DCER B A% SE pRE EmE 0. mRAm
GG AT B G T
[28] No Yes No Yes Yes Yes Yes Yes Task Yes High  High  High Cloud, Cloudlet,
Other Mobile Devices

. . . Cloud,Cloudlet,
[137] No  Yes No  Yes Yes  Yes No  Yes Task Yes High High High Other Mobile Devices
[138] No  Yes No  Yes Yes No No No Task Yes  Medium High High Cloud, Cloudlet
[143] No Yes No Yes Yes  Yes No No Task Yes Medium High High Cloud, Cloudlet
[141] No Yes No No Yes No No No  Method No Medium Medium Low Cloud
[139] Yes Yes Yes  Yes No No Yes Yes Module No Medium Medium Low CPU.GPU ., Cloud
[140]  Yes Yes No No Yes  No No No Thread Yes Medium Medium High Cloud
[142]  Yes Yes No  Yes Yes  Yes No No Task Yes High High High Cloudlet

£ Loy M 5508 LAl A FE AL SRR 8% S s I 4 v
RE At LA — ol A X 2R i 109 O vk A% 0B L k0 5 8% B B A
ZA) BB AR R, ) O AT 55 B4 SRR [l
TEAH 24 g A% i D R AT XS IR, 5G4 R

ST/ DCHS B 5 5 AR /N /N X D P 0 28 32 A6 Al
55 . FIRS Bl 50 S0 80 AH 56 1) /N /0 X il 2 4 TR 8
AP R 58— B RERE AR 3 AR A ok
17 308 T 9 38 ) A% K D) R & 1 ) 2 RE IR K LA iR 2
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AOME R, DRI 2R — 28/ /N X o BT 1 S Y
ZUIRE - JOE I A5 AT 5 BT IR A4 AT T R b 2 B
3. FAT.5G R 2% 3 S RN X8 O R E R 51E
TR BB 0 AR A5 R A A L L I SCRRC 137 1A
[28 ] HJE 5G R 25 /N IX i 3 AR P 3 Jn 1 1 40 2R
BE 52 2R B i 0 SR AR S i A 2 i £ g
FEAR I {1 — > B A 2L e an SCk 138 J [ 143 ],
5G FRAR I 2/ X UME 7 86 A Ml e P53 1 i
Wt A% 2l I T 1) 22 6 A RS 2 B30 R 9 2
AL 55 A2 5 LU AR 2% LR ) 48 KL 5G 4R iR
PR MIMO 2848 S5t A0 B 233 A4 6 180 280 4T 55 2
7 i 14 I 1) TR A e R A 3 9 DA BIR 2 o ) ]
I RS MIMO i TG 28 38 5 Ak JH A 45 38 ok B 42
7% I HARGE I 2 T 5 v 3K 3 B8 1 S 4 T 2% B0 5%
I T U R K ADSL [l 2 55 B 48R L 5G
X 245 1 FH] 2 A9 A 42 AR T ) 1 [ A g i ) PR
RIS R G| R IR K P e T XA R
W B A A 1) L O TE R R A U R P ) 3R
R BN 7 E PR BE T — Bl A R0 AT 46 0 A AR 1 7 i
AT R A G 2 R il T 2% v A L ok 2 R A Y
ik FAE JGEE AR AR T TR 1k 1 /1N DX i ] Y
EAEST AR TC B AR AE S BR B AR B
Fe2E I MREST - 3k AT RE 51 S REFE R T 1 i A2, & AE
SE S M0 ) 285 1 B AT 0 4 R SR e 2 T B P A

5 ZRFHOTREHETE

TER Bl o i F A, 2 bl VF 22 43 WO 1

S A ) B s e A1, 3 2 DL Al R it (Infra-
structure) . F- & (Platform) 1 4% {4 (Software) J& =
T FH P SRR % 5 5%, 4 €5 R 1 2H 4L AR A R - B o
O IR ERE R R 31GW /A MY T8 ik
18000 A2 BE 1 FH BEE™, Hicdts v 9 W ) T SR 4
JE & P Koomey™ ™ 8 2 48 1 : 2010 47, i {5 . 2y %
o3V R 55 4% 1 BB A A 58 B A DA
(1 1.7 %3 2. 200 Z 0] B4 O AR IS AT B I REAE R
Ly — /NI 432 KW 5 55 24 o5 A Hdls b 2
FEIR 7000 34 FIGE (5 BE K 205 3000, IR 7 7R T
FEAEE HHO B REFE 2 A1 T .

K7 Bl o REARE A

AR B 7 B AR 5 SCHK . mT 8 2 808l b0 i g
WFFE VA S5 D9 PUAST7 18 = HZ 55 R 265 | e 55 i) 45 19 iR
B AR BRI H AR CRr BT T 1)) 3 B AT T #R
A 22 Pl AS [R] 9 figf DR i PRI AN 4 B

x4 ZBEHOTEEFAR

W9 v R i i X STk
VN TE— AN 2558 1 B2 HE L AT VB i PR B 2 £ 5 e A
: AR TE B L 42 05 VE BRI FTT 36 R AR IR 55 SR RERE I E AR —. [174] [175] [176] [177]
M55 - A A8 R 45 (o Sh e s B0 i, R BRI ARG Bk A kg (178 [179] [180] [181]
wEER B0 ) B A 50 0. [182] [19]
A UE/ R R AR NN IR R CPU M.
L JE 7 4 4 ok 3R 3 Ao 2 75 15 B s B S 23 L U/ i K BB RE.
o ——— 7 e A S0 00 BOR (0T B PRI e e

o 2% o0 2 T R [ 68 2 PR o 24 T 305 5K A s 2 30 AR BB 25

[187] [188] [189] [30]

HEE R A5 K 23 PR 228 9 U8 S P B PR BROIR 25
L@k ih A 16) 5020 B Y IR 4% U5 A b o IR 5k 0 i B A T
HE R A3 T R a1 B L ek B 15 S 00 2R A 08 O I R S
W5 5 1 2 I 25 55 61 R ﬁu{ﬁlﬁ@%ﬁ%%ﬁﬁtﬁ BIE I A g R e e B RAL 55 L 9F (190 [191] [192] [193]
B A IRV 23 TR R A 1 A S 4 [194]
W Zll 55 k45 B IFBU B AN P B G5 5 it OF Fe v SR i i G SR T BT
FiEHA T A R IO FH S ] < S 5 0 9 A R B S A N B b s O R 401 2 B oL (1057 [196] [197]
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@ http://www. apple. com/environment/reports/docs/ Apple_Facilities_Report_2013. pdf
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5.1 ZREPOLABLRERARSNT
(D sh & EH R & (Dynamic Voltage and
Frequency Scaling, DVFS)

DVFS & B AR 2 Bt v o0 BEFE Y — Fh 82 22 )7 5.
AR R L AR R L O TS BRRR IR Y2y . DVES ]
HR A S R is 471 D008 i A HL S R A 740 2 82 25
JA%. Lin % AR T — 4~ HA DVFS 1T % A
JE 7 1% %5 WA N 56 U [R] B AR 29 R L SR/ b
R al B a b —A 0 A B A REAE. AN ) T g iy A
Mo AT 55 98 B ) Y #E DVES 5535 0 B o A2 o L 5t
AT AT: 55 D0 e 9 i) 75 5K 5 A X T SCHR A 4 B AT 55
JHEESE 1 DVFS N R A BE /N H 288 T
1155 $0A T 45 R 3R (8] 1 REAE . 31X 23 0 58k 1 ] B9 AT
55 R AUA BT PR .

(2) h 5 IR %t 45 (Online Dynamic Providing
Algorithm, ODPA)

AN WA A P A SR B R R i SR O R
L, H B ORRE R RTTRN. BAb ., A M R S5 5% N4 3t
TaaS 2z Z 8] (138 15 At A B8 2040 . T SR A0 A i)
PIBLHEC 2 25 08 B IR 2 33 A 3 5 A M s 52 2 3h
AR . T H . TaaS = b A9 62 0L R M 4%
o2 AR A I FLAS AT F5000 9. B A 3 28 745 Ak 1) R 2R T
20z R g5 ik g5 7 AR AR R . Bl A5 IR 55 ik 4 4R
MG S S M P 5Kl g A A 3w BRI ECE
() REFUBL s TaaS $2 41 AT LU+ L ] 9 i 5 48 b A £
IR 55 By HRE ). H R — SE B 58, AN SCHR[199 ]
FIL200 1 #B SRS FH P i SR AR UL 46 A5 T 5
AN TR B A — > K5 5 1 T ) ELAS 25 R i R
PSS, XELAGE R SR A = W SRS
BB PERE. 1R R ), Li S8 AV B T —
MET e S M A r R AR, HAEZE A 8
i

AR S5

R TBAF ... :
BN [ T T T 4] |
By

Kl 8 ODPA ZZIELE

AT ATE Y L5, ODPA v FH P 93 SR 2 1T
RN TN 2 36 2 b R UL B A A BOHS B T [

I 2 % JE A i IR 45 A TaaS = 18] B8 (5 A0 s X T
SR )RR KR i FH Lyapunov 5 AL HE 28 9 17 B 18
AR, IR A1 S B g A 100 o S 30 T Ol IR 55 P AE 2
BNAS I s Fo AR 0 0 FUAE AL B 2R 00 Ak 43 B O 1 AR
BEAR ., BT RE.

(3 AT 55 I i

TG, T 9 ax A 2 H AR B,
R EHE N — A8 1 Memetic 46 )y
(Multi-Objective Memetic Algorithm, MOMA) , B
Z H#¥r Memetic /] & 8 7. MOMA &3k 5 F
Pareto 2 HAR LA A8 B2 PR SR AR W &] 9 7.

[ EspacEn |
R4, (i,
RN AT
% FRIAL B i
\ Parctofi fi fi4E \ S AR R
l Lad
Y
| A ek
v
\ 540 \

Bl 9 JET Pareto 2 H AR L B9 I8 e SR iR 2

MOMA J& — Rl R A% B T I A
ARG EF ARGV RE R REAE W IT R K% . B 1T
rh s SRR ik s 18] E AT DAl A0 2R, 96X > A
8 AF OG5 R0 SCBEAT: 55 40 Wl R AT Jm &R -0 B e 3 T
FER R L AL 1Y RE 9% 7 I8 BE SRS b D PP Al 5, B
FARGE 09~ FAT 1, FF HAT A4 e 583k () e S5 )
1R BT R B B K. AR TS 2 B AR
2 . MOMA A BTET 2 T DAG(Directed Acyeclic
Graph) P AT 55 [ 43 2 40 3R JR 30 48 R P A A R
BB TH B 5 2% B /N T R R 0 E TEAL Y
IR A A —E B BN T RE TR IR,

D BT FE

g T PRI A 3 I 2% v 2% b 4 o R 1 A $RUA T
BEXTAS [] kg 46 AL (8] 1) 3 {5 4 25 0 8 B2 A [m] R 40L #L
I R85 46 8 5R , Kumar 58 WU T — A Dl
FIHE T2 > A 3 #¥L (Learning Automata, LA )02
()8 RE ME SADLIE A% Ty v Hor Tl ZR I8 2 ) e 38 4
SR AT S AT R 5T 0 BRI T O v R N )
i AAILAT B F O B2 2o B2 v, BB A RN 45 3 R HUBL 1
BRI ) [ L AE — o R Ak B BE AR IO 5
2] | EhHLIE B AT AR 454 ) B AL B Zh Bl B AL ER
S5 RH B FH B RY o G R B 2R N 1 A B A
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b RS S A AR R SRR AN LA A 2 S
2 20 F W L S FEXT BB F1OR AR A ) DR 5 7E A
564 MR AR BUE B0 R DU 307 g SR 5 32 LA
FRPPAR T 3 AR HUIR 2 5 FoUC, 0 T & AR A 18 1E )
{0 DT e 28 55 AR e D0 45 2R H 48 TE A AR 0 4 2
EIR G 25 . DU 307 5 1 2000 i 366 5 0 FH B sl 20 R
AL IE A A B2 2o B vp 1) A b B 5 % 484 L REAIR
TREFE. HOA R Z AL E8AE T A B RS
83015 FIAF R BEFE . 0 Z 00 1 kT DL 347 i) i 00 A0L
W BASTE N R B AL ] DAG 1 2 b 1 REFE.
5.2 5G TRHEEHOLTREARSN

TEA I8 5 5 BB A H A 0L T - = Budl h
1 B RE A B % 5 R B AR B 0 IR 45 B S
15 CBUHE b0 IR B2 X TR 9 345D Bs ol = 8 18
R0 G W0 2R 8 AR B AN Ga 1738 5%
MR P R VE RGO = A . 5 b RS 4
FURE G SCHR I TE AP IR . 5G ARy —Fh B8 3 o4k M 2%
AR 6z B 0 FE LA = AN D T T R R RE A
FEA 2B B H H nAE L BR AR E s b B8 s 8O
HC Z (A1 7% 2l JC 2 9 26 1A T A

IR 5G AN RE H W o ik 55 0 RE By BF
FE B 5G FOAR Y 28 5 FE O 25 58 00 % I B 4
6 IR 55 4% 1O REAE 0] L. 40 oh 1 gtk 5G A ol T
F P ¥ gl Bl i 1 3k 2, o T DY EE R B 2 R A
TR R 55 e BF IR T SR BE AE BCRY RN R BE B R B
Han % APC 32 1 —Fh 5G op 2 46 05 (19 8% 3h
Ad-Hoc W £ (MANET) #L%1, = 4 B i) MANET
= P2P By M 4 7 55 . B #% 3 I A (peers) Fl 4%
A MANET /) = 804 IRk 55 &% 4L 0. 2 8| EiE A
MANET 1) = £ 88 Ik 55 45 - B & e A peers JE B 7]
Fe ol | 0 A5 1 & IR 55 A% BEPR N super-peer. 2
super-peers JE AIX A P2P [0 28 B 75 XN X I A

IS super-peers 8 H1IE 05 RO B 7R XA X
SR R P RS Bl R A T A R I super-peers [A] HL
FH A AT A 200 16 A7 ey B % A0 R . XA
BLH AV P AE 0 26 Bp S0 RO 2 + 32 5 I 55 3 A0 i
5 BB MR 55 03 A =FB o0 LR &1 10 J&oR T B HRE
FE TSR M B 56 TE IR

% 11435 58T (Route update)

\2 |
REhkAs | EBER | BusgRs WHER || ks
(Stable) Link loss (Pre-Active) Transactions' (Active)

request
| A
i (Routing)
ZHHEIR A | N\ 2
(Searching )

Super-peer ! (Cloud data
e _L 7@ server )
1 ~
UL

HEBERERE(Link 7 2\

energy consumption

Eiﬁ%ﬂ&%ﬁé%ﬁ(l{nergy/ 1
consumption by cloud
data server)

fffff > O AR R AR thik
(Searching and routing in
normal methods)

MANETHLU# 1% H11% % (Routing

with our proposed mechanism )

K10 il 5 kS MANET HLI 0918 28 F i i 0k 7 /9 BEFE LL

AR MANET ML 9 5 2400 5 7 T8 g
WD 25 B0 R 55 Hh TR 2R R B bl e R 5 1R 1Y BE AE.
HOR R AE T8 = 5 Bh i MANET #L 1 B 1% BE &
F14) T SF 35 A7 2% B M AN 0 2% 1 1 it B8 % 1R 5 B
A4 TN A 1T A OG F 45 4 I 7 2R I RE RE. B AR X R
(14 7 sAFFEAR KA A AL AR A J5 AR 8K 7T LA 2% 18 3 1ot
PR R 2R R A5G M & i = BUE
PEAT W RERRAEDT ST, & 5 50 T 5.1 4 4 N2
5.2 T 1 A ZEBITEREREIT 5T 2 A S B
o o H B 50 IR 3% 3.

x5 ZRSFLERFARIROASHIE

eV L2k IR 5 5G
[ T — v o N N FHX . = oG
" : s Ho AL ¥ P
A 3 40) fﬁdﬂi%ﬁ éﬁ&%%‘%g D2C i {5 ,;ﬁﬂﬂ‘lfﬂh e £/ i 12
=W AT =W dE B FE PdT adfE
A ESRY R No Yes No Yes Yes No No No Task Medium High Medium
A M55 45 No No No Yes Yes Yes No Yes Request Medium High Medium
1T 55 0 i No No Yes Yes No No No No Task Medium High Low
HEHLT % No No Yes Yes No No No No Request Medium High Low
% E ok 2 AN R No No Yes Yes Yes Yes No Yes Data High High High
FEREREADLIRG R, B ELBIRTE TR

6 FHRERBEKRE

6.1 HFHEREERMBRTER

5G i R4y WA B AR E L {2 5G &R R Bhid

FH P B Z0 40 F B RS, M T 4G B s M4 1 £
K45 A (8 35 11 Multi User-MIMO) ,5G W £ 75 5
U LA MR 2 (128 MR 256 MRl & B £) , AT
SEIILE AR R B & 3% B0 7T LA >k 38 2 19 7
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R CEATER F FE ¥ NN U ey o £ 3
ERRMFETE T R G B EF XA B IR R B
S ARG 5G N AP T RES 4R T e g i
{5 R GG RCR 9 Lo BLIE D2D HiR. X T HR
TERIE LAl 5G 23 TR BOR R TF— 4. O T 1%
R 190 28 1) At B AR 0 4 4 3 2 L RO 5G SRR T
ToLk v MR Ak B4R TR Al A SE I B A B
Tk B A M B R ——C-RAN, 1% 42 44 BE 46 filf 19 25 1
52 7% B2 JZ SRR o DT 8 28 08 I S sk /. A 8 o ok
TR ILLBEFEREMEAR T2 ELEATS
AP L 5G R AR IRSL 1. RORBEE K AHE 5
P 8y S A Rl 5 o 5K IR 9 2% S S W 1) 22 o4k R
FEPE A 485 UG i 35 SO RO S 4R R I K
R AEAR 22 07 TR X 04 ) T B oKL e in gk
it 4 5005 42 B R AL 3LRE T . AR Sy IR 95 288 TR 1) ¢ i
B IR A SR B 8 e — 22 2 AR 25 U P
Mg o B B AR A 553 O S S H P A R
L FORE T 22 B S R D R, B R GRS E
AR IIFEAR K B 5G R R 8 = 5 Y
a5

JoBE,5G AGE A S AR ERE 19 5 LA B2 T) L 72
AL REAE B2 5 B8 B = T E B IR g5 R OF FE RS
TR RERE R IN WECR 1 — 3% & Y R A
PR HEAT « A 2R R 0 2% 378 i 8 — T A R A 1 OO
T O PR IE A 19 2% REAE A 384 0 I 2 3 3 S 1) G
REAFERICR T 2R T — T 7% - 100 4% 5 T ) P L ise
FIEAR (N I3 K by 52 48 L 0 2% 204 L 28 1 A5 i
S5l R ELUR B s Bl B B 2R 25 Al LTI R ok
19 B 28 o T 25 HF 10 2 TR LB Jn R A 22
DAL iR B 23 R 1 Gbit/s HSAR  IFER
FEHLIS A1 H A A P L AR U 2 3 i R L A
Lo 0 P A A T i 3 — AR AR PR BRI Z 51 IR
P 2 1 254 L e RE AL TC 4R [nl % 19 2% L iy 323t
BB R A HA K MRS MIMO ) K2 I8 45 40 B L K
T S 50 MU A A9 45 3 19 MU (Multi User) B X 55
55 R Iy B s A XA R 4oy B2 5 3k S AT
25 QAT R0 45715 5 Bl 25 8 T 58 LA BN (] A
23 8] S Ak o A G A TR | o A i T 8 Al e 4
Anfar % PE IR HEAT 70 M S IR 5 B SR R
i ) S5 IRF S Bl 9 R A DL B SRR A% gl P 0 U
VRS NN /B ARSI DR D A s TN T L B A N

AR L D0 2 A 4 1) S W (0 2 T L 7T ¢ A A
N 5G RGE R B RS 2 5 BB 9T i ok
TR APRER. T RIS B BRI 25 A 3.
4.5 WA BT ER R 5G R B gh = 5 g
5 A 5 Ke M0 D T 4 S50 B HE R 1 A ey

(1) M 48 Vit S i 15

OF:25IP-TiwN

NPT 5G TCLH AR B BE L AT LA 5 i Bk ok
E HAOR I 2 A T a0 A A sl A )
VIR DRI IS % NN <ok oI CTE v NN = EE AN
2B AR S R PERE A — s T M. BRI, AT LA
TEAH S B TP 28 0 D R O 1 AT 0 28 A S H Y
THAAY BT = R A U 5 s Ak B
PHEEA TR BEAR T Pe iy o i M Be 53 45 Jr 2% 55 O i
PEATHIF ST 5 A 30 A B TR 75 ik I A% i T 58 R £ KT
Fi AR 2 5 B K AL MIMO 76 5970588 550 % o 3 I
(Bl T L VR AIF 98 U0 4 92 B 30 B3 %) {5 A AR
G BT A T A TR0 X {5 T 4 2 14 5 LS 0 BT S B 1 3 A
AR 3T FE (500 T B R0 — o S 2% R AT R B Y
I T 55 B T AL LA B 9T e AR A B IR BUY i
TCRAL 710 2 F P 3 =24 ) T 4R 9% U8 1Y) 16K A O
Be 7 5 55 BT LA S B 58 42 TH KBRS MIMO $ R
P A A0 W 70 400380 &R A% LB K Y JG 4R ml A% M 4% s 3
FH P B 50 D) 460 R I 46 45 35 8 3 7 R A R
A 0 24 AR N 20 20 0 6% 1 R 4R v v RE X T R A
P ] R PRIk L AT LD AT TE 2K ] A% 1) 246 11 A 35
SUTF UG S ) FH R0 B B A 9] 04 450335 B 2 AR 2R A7 [
% BT 205 1 HLRE I 7 b 55 45 B st ) A0 2 (0] 3 2
AR AL R R T 58 L R I 4% Y A A Bl I RN 4
1, T R B RS G 2 A T S A I 2 1 3 5 1Y)
P01 AR B 7 Bl 20 3 14 IR 55 7 R 4

@ P 2% i 5 455 5K

MR S PR R R EE R IE A 5G RGN H
(9 Bl 2 103 0 4 R 45 . o 4 4 S A ) 4% 3
75 AR A MIMO K BEHIE T 5G R 4G %
FH % kil B (AL 55 Y 1L /N B /N X R A
A 45 0 8 A5 5. A RN X B 45 D2D Bk
M2M 38 {5 7 5G I BT 1 8l 2 7153 opolée 3 ot £7 75
X DIEARAR s As R sh A e h AR s ik 75 E
B s o o E R B D2D dfE 1S 56
TR IR s B RS shih &
TIE 45 00 M 55 B 2 2 7 . A 3 8 3 1 R 5 i X
1R 55 Ty B B A B 4K 5 22 /N X U A 1 O =X 3k ) 58
B G O S8R 5G4 i 5 455 X0 DIt R s
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(15 S A TR e A 1 T S BR R R o 4k e
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T > T BT B R A BRI U A S o T B 11 A I
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(2) B3

OF:25I5 &30

5G ML NIT . A7t 45 B2 R L 4R it —
AL 43 A 20O & 5 SEIR AT DR E] 2 B % f SE LB
ETER M. 5G W 28T, 3% 3l i £ AT i 280 S5 90 B
AG LTE.5G . WiFi [ 3f & i B M B A& A T
AG KR e S 5G IHAR BB » o A B i 52
AL 500 R Y HF 2L 3 T DL BGE B 2 % 2 AL
SR S i FE HL MR RB AR T m R SR R, wT
DS S A TN s NS - < I (A =1/ <
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A LA B4R 5 SR 5G Ol AR B A% Sh R 1E R et RE AN
oAk 5G TR sh ik £ W o2k 2 3 1 e h il 46

@ B 5L

BT 45 R 2 5G & G0 W B 3 % 45 17 fg
IF 5% 77 A 52 ) e R i) — 00, 3 B2 3¢ IR A6 2y ) 2R
2T 3 P O SR ) 28K R FE VT S 7R % H Al
5G AL/ ICHR B A5 8% 3l P AS AT RUKE AT 55
| =g P G I = s i (N = R S S
e 1 0 H A RS B I A%, X A B B A H] BE R R/ IX
(4 A AT BB N R /N XA, 2R 1R B I M0 5 718
19785 2l I B AR 15 5 2% IR 2% 9 6 Bl 1) A
2 1578 2l ) 2tk SR Mg Bl 2 S Ak 4. JF HL B
Bl B Bl A P Y 9 A T GA 45 SR Il ) A9 100 B
il B2 3 SAH S SCHR 4y M AT A, 5G B T R Bh it
A B R REFE B 8 A A T, 0 R B 4
Ui BE 4% 1 T REFE L D2D (8] {75 1Y A FE A1 RS 3h 3 4%
25 PR BB FE » [m] I 7 75 N BOA 2 i BE 58 2 4% 5G i
15 X REAE S M AS 25 Z 00 1) W 75 T 0 A0 L Al PR A T S
LACHAN LT ERE S =P E AR i) T A4k
Sk B S 2 RS AR T L X T — S RERE A 5T O iR
RE 2 75 P T Ath [R5 S B 5 7 5 A PEAN & — AR T
SMEM AR FESR 3 FI 26 I REAFEIF SX A5 80 vh A5 1 1SUAY
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Background

In recent years, resources limitation (include computation,
storage and energy) becomes increasingly distinct, and green
computing has been the main goal that various industries
pursue. In mobile cloud computing (MCC), the gigantic
business profits brought by cloud server, the rapid growth in
the number of mobile intelligent terminal, and the gradual
maturity of 5G technologies, will all attract further attention
to green MCC. Reducing energy consumption of MCC is the
basic work to reality green computing. For the past several
years, most of energy consumption researches about MCC
focused on the environment of 4G and below or the hardware
facilities in 5G, but the different between 5G and 4G is
apparent in terms of the characters, thus, the basis of the
energy conservation study for MCC is likely to change.
What’s more, to solve the limited spectrum resource and the
like, 5G has introduced many efficient technologies such as
the large-scale MIMO (Multi-Input Multi-Output) technology,
multi carrier technology, full duplex technology, hyper dense
heterogeneous cell deployment, SDWN ( Software Defined
Wireless Network), and unified self-organizing network.
These technologies can promote the change of wireless
network service mode and bring new attention for the energy

conservation study of MCC in 5G. In this paper, our research

works on reviewing the energy saving measure for MCC in
5G, firstly, describing the newest and typical research
methods of energy consumption for MCC in 5G; secondly
comparing the evaluation factors of these researches; finally,
analyzing the current problems and looking forward to the
future development directions. This work is partly supported
by the Nature
(Nos. 61370069, 61672111), the Beijing Natural Science

Foundation (No. 4162043), the Fok Ying Tung Education

National Science Foundation of China

Foundation (No. 132032). Our group has been working on
the energy consumption optimization for cloud computing and
IoT (Internet of Things). Many papers have been published
in international conferences and journals, such as Collabo-
rateCom, ICC, International Journal of Software Engineering
and Knowledge Engineering, IEEE Transactions on Services
Computing, and Journal on Communications. This paper
tries to analyze and contrast all kinds of reference materials,
which focus on the energy conservation study of MCC in 5G.
Its main goal is to conclude the current existing problems,
and it also points out the key research directions for the
future. This work will provide a solid theoretical foundation

for the practical applications.





