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Abstract:In recent years, with the growth of the global energy consumption and greenhouse gas emissions, the
energy saving problem has aroused close attention of the whole world. In the field of wireless communications, the
industry as well as the academia has paid increasing attention to the energy efficient communications. In the
wireless communication systems, relayed transmission has become an effective way to increase the coverage,
throughput and transmission reliability of the networks. Meanwhile, a long transmission distance can be divided into
two or more short pieces by relay, which can largely reduce the transmission power consumption; as a result, relayed
transmission has the natural energy-saving potential. Energy-efficient relay communication technology was
introduced, including the power consumption model of the relay network, energy efficient relay link and energy
efficient relay network.
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O[E R BF S & R T R (<8637 i il ) 4 W B I H (No.2012AA011402 ) , [8 5 5 Al BF 58 & B ML R 3k 4 W B I
(No.2012CB316000) , [ 5 [1 2R Bl 2 2 & W B W H (No.61201192) , [1# 5 Bl F Kk 4 10 5 4 % B i H (No. 2010ZX03001-002-01) , i &
K2E A ERMIF I 4 95 B35 H (No.2010THZ03-2)

111



i

bl

1 3l

Al Ok, N — HE 3 (R 38 {5 7
2o MR (2o )i 8, 22 JT R 7 S A Bk 0T 2
SETREARI, AR R KR AL R AR B e 3R GG 1 A X
A] DA i B JE R P AR AF R A T ke K B XAk
Frig B 2 KR R MR 25,
Te S0 A5 2 GE A SR Tl 5 47 Jo o 0 8 e 3o 38 90 K A,
[OGRE ) o 75> €= 3L A A0 NEA S R L 1]
PP AT LB W2 40 Z4E LU, 1968 4F Meulen # 5E
BT =& 4 E RS Z 5 Cover Al Gamal M 1F
BB M BT T i kAR ED M 4k EORFE AR BE A
FE AR R R R Je B 7 HR B T A0 T o R
B, HE 20 WL, AHRGIER RN,
Sendonaris 7F 2003 4F R 48 M4 th 9F 52 ST R P OME A 4E”
M HE &M, 2004 4 Laneman 7381 T UME T4k 4 B F b
WO AL BOR RS K (AF) Bl R4 % J (DF) B sl JE 46 1k
HAk IS B P Ak (IR BMSCSE  dh S W I 1 G T rh k4
ARERZ ARG o T2 P 4k BAT 37 ROk ol 8 i Y
HRERE S R REM RN P RT 2 G
i 7] 4G ) IEEE 802.16j/m LTE-Advanced #7ifE 2 11,

Ty — T34 B 4 BR A U T AR R S
TR AR TR IG5 RE TR0 Y 1) BE S RS 1 Ak 2o i DD G
T T 5 A7 M Y B ) R 51 1 7 Ml SR A R B 06
L BRI — I 5T R, 2005 AF- 5 BGE 5 ATl i REAE o
2P REFER 3%~4% , B W HI7E A RE IR FERE T IE
DL 10 4F 81— 2 0 S BE SR, PRt % DU REBUAE N H
f) B S €638 15 B AR P58 H I 3l iUk 3 JLAR i — A
BRI AL B A5 RGE D, b Ak i 51 A8 o f B0 1R
FEB Y BB B 2 Bt i, RORBRIR T f i #E
RO T WE MG RN M, Wi, MUANEEEER
KIGTRERE 1o ST X dk iy 1w RERTZE B4+ 0 b 2

A SCR T JUAR 2 R S0k v 4k 15 e 1) A B 92 kAT T
BB, T 21 b Ak I 2 A R RE A BY SR IS N B 2 B Y
BPRGH R RERUD Ak S 9 R Ok ROR B TE
ik G ST R N 3 Sy e

2 Rk 4K REFEREEY

HPK R AR T B R A 2 T — T AR
REFEELHE 1 R ik ORI S IR 3 Ao 1R B 58 — e A

il

112

B 5 T 3 S Y SRR T 0B E MR S RIR SR B D A
T2 BUE O RO S RIS R B D RE S Ak T AR
bl 2w At

S SCRR 715 08 SR RERE AT T L BLE 2 AR
R T 5 ) RE PR T A5 R A SR R b 58 Y R Y
i PR o 2R A E % A i Y B R ol B IX R
Nowuwrr BB KB IR H Voo A DAY 235 D) R
P T AR o AR 5 A0 B I 2 Py S T HUAE A
C. .7 FH L A L L) A N A RE T 7 Co L R B E , B — A
SR [ % FE 0 AR DIRE T LR AR

| P
PRSA,MacmzNSe('wr'NP/\pSec(Iu/%-l-PSP ) (1+C.) (14Cpsiy) (1)

KT ke E FHLA S, 5% SCRK[7,8A O Ho kK T
AR oy Ry s A o MR A B
P=Piyupict P (2)
A BT Py — BRI R R RS
A A ARAT S Ry T A A 20 P W 15 1 i R TG
KB INE , — BBLE 8L

3 BEAhUkEERR
SF T o4k A BT D 0 4 B —
3 B4 B R T 2% H 58K (bit/]) , B #%m R#%

B B RO (R, P AR R B B R B B
FE ELHE Aok S v Ak LR WO B D RE , X e AR Ak
BB SE 45 T AR B R AR BE B | 2 AR HY v 4k BE
ST TR 2 0 AN R AT R
3.1 ERENEBNPHERAR

BB T Ak B B A REASCE SR T AR B B AL fE FE T
AE % B0 1) PR, 0 0 F0 60 T b 48 i £ 20 3% 9 A —
T B R EOR T R K AL B RE R, R P 4ER T AF
W X — 2% L AT o A e, S )R UM AN T

R
max P, P, P (3)

s.t. 0KP.<P,., 0KP.<P,..., R=n,
Hor (046 E bRy B B AEFE , T 20 50 2% A 45 P ol
A B 01 S 3% T AR A B R P % B R T 0K % I
AL DR B 2 — A 7™ A% 0 o i) 8, DRt T DL A 39358 i 0 o
Gk R e, 5 EEAE AT TErh gk R T 2 G
Ty 2847 1 5FE W& AT LA A0 AU 2 i R A 3 X T FL T 37 PR AR
2 B R 39 BB 1Y S A0 A 2 AT



BERFE 2013 £% 35

BHOUT 1o B B B P AR BE B 8 5 S — B ORTY R
AR SR 1Y 4 (A0 AF DF 4 ) X v 48 i BE A () B
M| 2 K2 v A B 1 R I LS
32 BREUSHEPHERHAR

TR RE A 22 B A4k e T 5 P Ak o R
S ] 3 TG AR D AR, DA R A B B B AT, H A OC B

S 3CRR(91% 18 T 2 800 AR 5 % 0 RE A R B AL
S8 S e B L A2 i R R T A3k 9 LU AR ) R Oy A
T | b Ak o 1K D R 2 R, — B R R Y 29 SRR
B R R, S A Y AR o ) e 99 o O L
A AL 1000 (R RELA 20 de AL, TR0, S0 51 A T
VEFC bk, BRI — v 4k i o 19 08 5 v 4k i —
A S [ A2 ) 88 T X I i A et A, i Rk T L
sE— SRR AR, SR, CE P NGRS REAE R B IR T
0 0 e 4 i ) £ B EAE

TR FE A 22 B A48 B O RO B9 I 2 1
AEFEAEIEL, 0T Al o 2 5 5 56 (1) B 0 1) 4 6 3 —
BT

4 HHER UM B R

T A 4k 4 RE AL IR R A F 5T, R B R AR £
BE LU o 1 D 46 i E R B 37 BB AR BT R 3% 19 He R AL
(bit/]) 5 B 0L 3 X BRI F B D FE (W/m?) 5 186 12— 7 ) 2%
5 7 5K T I TIRE (W) 45 3 e 4 b A 5] 119 ffy 2 i it
GRERL, TR N GRS T Ak R 4 AR AR
L) P 4 T 4 B S A AR G v K B R k4 TR T
SR AT
41 BHYAZFEMERR

B XF 2 4k 0 4% Bl kIR RO BT, BT R R AR 4

S ,//\“g
\Y5

&
Bl 1 2 gk o 45 5 7

9

B R BREA NA kS 5 & U5 b 8 5 b 4k H
3 & 265 B R TR A 0 4% A RE A B de e
T WU 7E 22 A o 2k v e < B 0 A — A B RS R L
A rh gk kAT e
5% SCHR[10]%5 Bk £ 2 A BOUF 0 4k ™ (Bl 85 X 5
St 2 01 £ L VS A 00 £ e 4k ) 3 s SR DR 1 3k U
i B o B S R %08 T A BUE R A A B I 4
JeR TR, A SR B 9 56 6 o b 9 0 5 190 465 1 B AT
MOER TR B R RN f R PR RS
T Ak AT AR SO R THAE (LS R T R R TE
SH R[] BRE T AF 2 4k 9 4% () RE AL, O %
FET U RERERE AL BPOR [R5 5 09 R FEUE R —FF In7E
A T v R R v R o R R B O | T T L0
T L 2 PR A BT L 26 Y BEFE AL B K, J3 4, X
U R ik TR 0 5o A i B H RS A RE RE R
NH R AR AT 2 DLIK B R4 G fE SR A
R B Ak 2 KR BB 5T B 3k % IR B
R P AR AR AW,
ST 2Pk I 4 R A I BSR4 ol A o
45 T 245 AR TR P DA GK B 90 46 e AR AR
oSBTk O 4% ) A B g 4 AR R U
B v 24 5 ) 4 IR A
© BRGNS BRI B foy 23 B 7S R 0 R
B % A4 A 15 0 45 B AR A
25 A4k 90 245 B ] LRI 5 1 0 T A D 4k i
WU, B 8 B A5 5 6 v Ak AR e U rh R S sk, AE
BEFERE b 00 50 s S A U TR R D AT R
JEi 2R FH A 3 1 0 kol A ) A 5 At S A A
4.2 T HEROW [E 4k P 4 R R
i) vk ey A AR R v A AR OR 51 R
ARG RN 2 fion R B ARG S, .S, B 1
MR ERE S FEER R gk mE 2(a)fim %
B4 /B B A 5 T A SRR R R gk B 2 (b) BT
R WA B BRI 58 i, BIAESE 1 ANBERRLS, A S,
I B i) o 2k 08 A7 B, v 24k 30 o 9 4% 2 0 T A R O 2
W5 AT PR St eSS 2 ARS8 S, Bl S,
BWCENE BIR R A W5 B R R (5 B A
F T B0 i) o A5 i, O] v K D40 4 A i R B D
DA IERBCRER T 1
S % 18 AL 1] vl 0k 0 2% | A O 9 4 XL 1] o gk £

113



SRR 2R

AT B3N

®

()i G b ki 5
S TITBR

(D)1 rh gk A
2RGS0 T gk AL R S

K A o 1 o R A L R AR H A W v 4k )
H R FH S [ o 4k 5 SR I B RE A L 3 5

S SCHR[12)F 58 T 3 T — Fh IR A o 4 1% B o e L 1)
o 2k 190 46 1) RE A3 100 750, A8 B i 4k 99 4% LA RE R T K
PR, e A Rk 4 eh p kAT 5 T LUAR £ 3 R
AR ARG R0 B R IRES B T L
TREF Y 2 e b BRI RE D)7 FLEE S 0 AR X ) 46 4 Y
(NC) 5 W& 19 X 1) H 24k I 4% | ) 4% 4 15/ 1 46 5 % (NC/CF)
TR Ay 14 i 50 Wi T A 30 O 0 0 45 B A, 1K Pl TR A
0 e W T DA AR A 1 3 728 A B B A A B S L SR T
BRI R I8 T WAV & 3k R SR | VR & %
IR G W1 B % B — 5 oY

S SCHR3IHCAR T 4k R HAF % B 5% i i U1
v 44k B [ v A4k £ A R X LA B Sk
o B R AR BT AR IR AR (DS, 1 S, R 3% 9 LA O
1S, S, Kk A HORRE)  REFE N B IR T [ TR T
RO LR M I REE S0 2 BT R S A U O %
(9 B0 2 5 B 0L v 40k 90 4% 1Y B SO /R T 24 A R
iy & 1 B RS B AR R T
B, 5% SCRRT 1418 T — iR & v 4k % i o s < o 0 20
S 30 3 0 A0 B, — 6 e O R kLT
PR AR 380 3o B 1 v A4k AR B T B ) o 4 s 0 ) o 4k
P 2450 Tl £ i OF W il ik B 9 BB S, B % SR [15)
TR FE T 2 1 DF A5 5 55 W8 B6F , X0 i) ri 4k 90 24 14 i ok ) A
FEAR I T TR AR AR L A = R

TR X RE ROV R T 4k 4 (O BT 5, TS FE IR A5 5

< TR R RO 25 Ak 9 45 A v Ak % )R B L) RE A

oyt b 0 3 % e 0k Lk B0 R A0 B
o BRI Ak 4 I AL 5T, B AR 2 K

114

L5 AU gk M 4, 2T MIMO F AL o 4% 99 4 1)
AR5 B R 0L 1 v 2k 9 48 BB A L B T
o ZEEOL Ak I 4 1 g AL B SEF OFDM 1
L i) P48 1) 4 G ] 34 47 9% U 3 T DA 35 B B A AR
L A Ak E, RU R Ak T g T —
R B O T D A ek AT X R R R P
TGk Y £ IR X AR A A R AR T N AR X o
Ak ST AT A8 25 Ho B e P AR 0 BB B 25 AL 6 F L) o
9k 0 2% B RE AL IR BB 9, T B A % R R 8 R
SRR R
43 EHRENBEEMEISADERDTRR
TEsE s WL A A A bk | T LR 20 5wl K B
B — B (5 AWk TR AR T R BT WA T M4 e
FE, X BTG E IR [ 2 ] 76 53 I % P B Rk s 5
—J7 1, T Ak RERE A L TR RIS EARARZ  H st T A
X IRAE— 8 A TR S R BRI 4 REFE SR T R e 2 S
St 0160 24 2 AT AR 56 9 4 4 B A (T S 0 R LR
S ol 4k 3 IO R IO T A IR R, 5 % SR [16)
B9 7 5k i 0 28 85 0 o 4k 98 8 I 4% B AR 3 ) % BT
A 00 7 6 0l A v 4k 26 M A 5% U A 5 A R (HPPP) 43 7
I3 3 B AL LA R 4 3 1T 4 04 7 5 R 8 0T 5K
BR LT OB IT T 22l R eh Ak )5 B 9 0 ) 4% RE AL
(IRZI , BFIE R A T a5 5 A i e e T 24 1 B A 2
T 1 55 e 5 W) IR B S 38 3o — A 36 O 7 Bk i
T v A S R AR AU S 2 R ) 4% B AT 5
017 L3 B o 6 X 6 ABE 2 1 36, R 280 o 002 U Y e Y
R S SCRRT LT AR5 22 35 ol 0 4k il 2 0 8 76 0% i
(7 B, 1o 2 UG 0 v b O A R XS R R
RAETE T REIGNX B L LR, RTFI, CEER T
— ik A A T — A 1 S R K Ak
ANIXRIE 28R 5 76 080 7 5 080 DL gk ol
R, Te) i 0 2 R 6 A oK, R KB R — A 3
Ui o BIF 5% 3 30 i o T LA AR X R A Y 6 3D
FE o SR SCHETE % 1B T RE R (AL 18T 70 o R o 4k 3 1)
KIEDIRE, MR MA TR R AT s —
WK, 2% SCRR[18)% B8 Tl 3 53 ML 2 v 4k 1 45 0 [ f1%
W M RERE, TP TDD-CDMA %55 [ 45 1) 115
fE 8, SO B 5T 2 W1 24 0 4% 45 B B A B AR IR, M 1L
T8 P Ak e I, A 4k TSR ML 2 2 6 5 s T A
WEAIE 509 LA L 1 190 465 RERE 10 40 552 190 44 £ o 1 500 1 6 v



BERFE 2013 £% 35

M, B3 AR U S W R, L R RE 5 IR T A R
2 b 3 e

o1 T 90 % B0 M 45 1 0 78 B I e ) 4 7
ANTR] B[] B ol 5 25 S e % TR 3R R — A
AR T T IX A0 3 £ 9 460l 45 e 1l 22 S B0 400 0 5% T
o Jhoh 2RI W 46 1 S B2 % F AR I T
15 M 4552 ] A S 578 Ak PRI T A e 30 75 5 ol PO
T2 BT 55 5 B/ % 4 0 B 2 B B AR IR L 2 % SR
(20175 J& T 5 v 4k o 51 A e 5 I 4% 1 O X, AE AR % i
(e, kO BRI, TR B TF 5 R B A —
AR T FE RO TP R (k0 5 A 3L o o el R
$ ), LA oK B IR I90 4% RERE . SO A 5 FL S SRR B XA
Il — vhoggk w40 e B R AT DL B D X 5 R A ]
M, A {5 I 45 fE #E

1.0
@0.8-
i‘Ro.e----'
204f-
lmoz--- :
0 24 8 72 9 120 144 168
B ) (h)
(@)H L FEG
g 0.8F---- . ....... \ ..... . ﬁ‘jﬁﬁ .........................
R | | R Y| R
Koo
204
& ..........
m
9% 120 144
H ) (h)
(b)&RFLuh

B3 — A i U —fl 1 2%l 55 it

R 75 0 00 4% o R B R, K R —
PROE 5 W 4%, 5 5% I8 T A2 2 B /N DX 1 454 1 52 B £
55 R A TR AE BT A

o B IR 2% v AR A TR IR 4% 0 R A RE LY

PRER;

o BB R e R 0 4% £ R Al

+ e B AU T I 2% v 0 R v A R U T I

+ LTE [9 2% v e 4k i 70 28 368 2278 DX 190 2% ) RE A0 I L

« e AR 00 2% P A R R R ) AR

KT LR AEBE S A L X N XA S R A
55 3 R AE A7 R, SR TR AR DL A BB A T S R
Y A A b, S R P R (R 7 ) R A
OB B LR B BN X AR I B R AR

5 HXRiE

TR 2 B H £ 58 R A0 1 A HE IR, REASCE f5 R
(R TEBOR B3z, T P AR R ok 4G 4% () O i
FOR RS B B IE SR R SR, A SO
Fe 2T B IR E AR Ak I 4 e 2 R R SR FH Y R
B 1R R MG ) 0 4% % e RE AP Ak R SR R AT T
BEad JF 58 M7 MG B TR AE BT 5T A0, B 1 e e AR 4k 1
SR TE T 10

2% 3k

1 EC Van Der Meulen. Transmission of information in a T-terminal
discrete  memoryless channel. CA: University of California,
Berkeley, 1968

2 EC Van Der Meulen. Three-terminal communication channels.
Advances in Applied Probability, 1971, 3(1): 120~154

3 Cover T, Gamal A E. Capacity theorems for the relay channel.
IEEE Transactions on Information Theory, 1979, 25 (5):
572~584

4 Sendonaris A, Erkip E, Aazhang B. User cooperation diversity-
part I: system description. IEEE Transactions on Communications
and part II: implementation aspects and performance analysis,
2003, 51(11): 1927~1938,1939~1948

5 Laneman J, Tse D, Wornell G. Cooperative diversity in wireless
networks: efficient protocols and outage behavior. IEEE Transactions
on Information Theory, 2004, 50(12):3062~3080

6 Fettweis G, Zimmermann E. ICT energy consumption-trends and
challenges. Proceedings of the 11th Symposium on Wireless
Personal Multimedia Communications (WPMC08), Lapland,
Finland, 2008

7 Amold O, Richter F, Fettweis G P, et al. Power consumption
modeling of different base station types in heterogeneous cellular
networks. Proceedings of the Future Network and Mobile Summit
Conference, Florence, Italy, 2010: 1~8

8 Isheden C, Fettweis G P. Energy-efficient multi-carrier link
adaptation with sum rate-dependent circuit power. Proceedings
of the IEEE  Global
(GLOBECOM2010), Florida, USA, 2010: 1~6

9 YuH, Qin HH, Li Y Z, et al. Energy-efficient power allocation

Telecommunications  Conference

for non-regenerative OFDM relay links. Science China Information
Science, 2013, 56(2): 185~192

10 Ritesh M, Neelesh B, Andreas F, et al. Energy-efficient
cooperative relaying over fading channels with simple relay
selection. IEEE Transactions on Wireless Communication, 2008,

7(8): 3013~3025

115



11 Huang R, Feng C Y, Zhang T K, et al. Energy-efficient relay
selection and power allocation scheme in af relay networks with
bidirectional asymmetric traffic. International Symposium on
Wireless Personal Multimedia Communications. Brest, France,
2011: 1~5

12 Qi Y N, Imran M A, Tafazolli R. On the energy efficiency of
hybrid relaying schemes in the two-way relay channel.
Proceedings of the IEEE Vehicular Technology Conference (VTC
Fall), Quebec, Canada, 2012: 1~5

13 Sun C, Yang C Y. Is two-way relay more energy efficient?
Proceedings of the IEEE Global Telecommunications Conference
(GLOBECOM2011), Texas, USA, 2011: 1~6

14 Sun C, Yang C Y. Energy efficient hybrid one-way and two-way
relay transmission strategy. Proceedings of the 2012 IEEE
International  Conference on Acoustics, Speech and Signal
Processing (ICASSP), Kyoto, Japan, 2012: 2497~2500

15 Yu H, Li Y Z, Zhong X F, et al. The analysis of the energy
efficiency for the decode-and-forward two-way relay networks.
Proceedings of the IEEE Wireless Communications and
Networking Conference (WCNC), Shanghai, China, 2013: 1~5

16 Wei H C, Deng N, Zhao M, et al. Station density effect on
energy efficiency of relay-assisted cellular networks. Proceedings
of the st IEEE International Conference on Communications in
China (ICCC), Beijing, China, 2012: 411~415

17 Tslam M H, Zbigniew D, Sohraby K, et al. Capacity-optimal relay
and base station placement in wireless networks. Proceedings of
the International Conference on Information Networking (ICOIN),
Bali, Indonesia, 2012: 358~363

18 Hong L, Wang X F, Chong P H J. Opportunistic relay selection
in future green multihop cellular networks. Proceedings of the
IEEE Vehicular Technology Conference Fall (VTC 2010-Fall):
Ottawa, Canada, 2010: 1~5

19 Eunsung O, Krishnamachari B. Energy savings through dynamic

base station switching in cellular wireless access networks.
Proceedings of the IEEE Global Telecommunications Conference
(GLOBECOM 2010), Florida, USA, 2010: 1~5

20 Alam A S, Dooley L S, Poulton A S. Energy efficient
relay-assisted  cellular network model using base station
switching. Proceedings of IEEE Global Telecommunications
(GLOBECOM 2012): 2nd International Workshop on Multicell
Cooperation, California USA, 2012:1~6

[ME&E ]

R, T WK RS, BT
J7 1 o S 08 A | b Ak D 1R A A

ERIMH L R R B, B ']
WESE J5 1 S oy A X TE e 5 . A o2k
L TG R SR 4 (3 £ 45

B I 2 SR DN 8 | D N s 2 0 D R L R 5 2 B
FVRE I BT T A AT

ERH LR RERE LW, BT
R oA AL BAF TEHE T RREABAR T RG b
PR R FAR S B EOR A

ClAb B H:2013-01-15)

e Az Az Az Az Ve Ve e e Az A e Az e e e A A e A A e e A N e e e e e A e e A N e e e e e DN e e N

-
“BNBEIEBEFERES"EILTRIIZED

TEEFEFSPREEFERST 3 AT HE A
TR LR DA FEHARES" kA& R 2200 fi
RBETHS,

AR AE S IR F) 90 RT3, A% K LY
89 fwi . HrhfLIFREH 6 RILF L, FaBIE T 13 %
RENGEI AR TERTZREN S BB B il DA
R RS K Ka ST E(E TEIH B2’ B0k
PEBFERERLRMR, DEEGEE Sh®E, DEER

116

TEMEFEALE (T 28 DL U B T 5 % JE s 2 Bkl 7 T2
M 95 JRe 5 B B 25 B33 5 4 T 2 HC 4 P A L R T A0 A A
fR T2 [0l 55 308 £ 1 R 5 7% 307 £ s el 2L
Tk LT L HE 0L B = 1)L 55 Ak A
KA RN 20 40 1A HALE AR 5 1A 25 0 ) R4 1L B T
SMMSEAR L, IR IR B 2 AR A K AT T A8
AR AF 2 J0IR R IR SO B A b A ORI A AR S A
TRAMER HEEEEE 252 XMARMNT
PHE
(R ERABEERL)



