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Relay Selection Considering Relaying Delay in DF Cooperative Systems

He Jie, Xiao Kun, Zhou Zhongyao
(College of Electronic Engineering, Guangxi Normal University, Guilin, 541004, China)

Abstract; Aiming at the problem that the data traffic will be delayed at relays and the delay requirement
of it may not be satisfied, a relay selection model with the consideration of the relaying delay is estab-
lished in the two hop DF cooperative communication systems. On this basis, a new relay selection meth-
od considering the relaying delay of the service is proposed. The performances of the proposed method are
also analyzed. First of all, the probability density function (PDF) of the relaying delay at the relays is de-
rived. Thereafter, the analytical expressions of the average system capacity and outage probability are
obtained. The simulation results are in accordance with the theory accurately and also verify that the pro-
posed method can effectively reduce the average delay at relays while guaranteeing a considerable data
rate.

Key words: relaying delay; capacity; outage probability; relay selection; DF cooperative communication

51

il

TE— A DM 38 A5 10 265 v o A5 U i — AR 8 DR v 41 0 il B T R AL R a5 A o DM £ R ]
23 6] S SRR SR TC AR 1B ZE K A DURE 4 o J0 2k AR G 9 3 £ R i G BB R A AR G Y R i Y

EETHE: EHFEHRB2E3E4 (61362015, 61861006) ¥ BT H ; ™ P§ 45 1 A Bl 2% 3L 4 (2014GXNSFAALI839D Wl H ;s |14
JCLk v A5 5 15 5 A HL R 90 10 S i 4 (GXKL0614202) ¥ B33 H .
Wi HEI:2016-11-20;(&1T B8R :2017-05-27



T & F:F B Pk ey AF b 2k a B % 1051

H A AR BB P ke B o TR X S HAR B A U M 2,

HETSCHR & —Lerp gk e 57 i M E 9 X S h 4R e R 7 bk & A r . SCHRLT-5 48 TR
P 4% I 15 Mo e 3ok B HP 4K 1 59 B AL 4 TP 4K 3k $% (Opportunistic relay selection, ORS) . i K- K
4k 3% £ (Max-max relay selection, MMRS) , % K 4% % 1 4% & £ (Max-link relay selection, MLRS) %,
X B P 7 1 R SR LA B 1 TR LG VR DA I — 0 A o DU L 2 A MR L R R — AR AR R b kT A
e e . SCHRL6-8 I DL 25 6 di KAk Ay oE D 308 B o 40k Y i B 15 T 4 R VR O o 4k 0k R Y HE — 4K
o DA b Ak g5 07 1 W T SE PR AR 8 h Ak Uk R AT S R R AN R B A A RN SR T SOk
[9-12 LA v It M 56 5 /N AL VR S 9 D 150 T v 4k 35 % 05 06 L MO T 8 6 1 v DR ABE 3 0 030, 184 i T v 4k R %
BRI R A B . P Ak £ 5 R AR W] LLFI I 300 WO A5 5 75 & L BT DA S B S /N Al S v U A 4k
FEOr [ 13-18], (H 2 X Sl 5% AR #R AT 25 1 K M 55 76 vb 4k 5 5040 7T R A7 78 1Y I A T % T %
Pl 55 Kt X — fUR RO B . SCHRLTO 48 7 — ol 2% R S 11 v 4k 35 5 U7 1% o 48 I S2E A Oy v 4k
PEREHZ IR M) EE R, 20 115 18 25 5 Al 55 I SE (Y -8 5C 2 . 1m0 HL e LASEAT £ 20 B A BOR Y
Jey B

A SCH P8 6 300528 5 T — B0 9 Ao 06 o 5550 20
kA 0415 MR G INASL , FE H 4k B E T Y R g T {5 MR B R 0 8 K A R ) {5 A5 E A [ 45 M EL 9 1
BN v 2 I A2 3B ) o 20k B B 1) AR A MR B % (BB R DA T 8 328 b T B0 e i ) AR R v L A R
R Y 55 14 v dk i 4 L B B ) A 2 SR AN 1A

1 FREREFEE

ARSCER W By AR PR RN 1 R, i — AR
WA SN HMW A DR N A & (Decode-
and-forward, DE) k35 5 R, (i=1,2, -+, N) 2 1%,
XL gk SR T Ak RS S JF R —E
AR RE ) A 2 B R/ R Q (i=1,2,-- . N) . P}
VR AL B 3 DR P A I L A 55 — S I B R T T R A
I P Ak R E AT R RS A I B TR TR 1 gk i A5 Y
| SR T L S e E SR NS R R Fig. 1 Relay selection model
W L [ BF KT A BT 1T BR o 12 A R 4T 50 HA) BEG
W kRS 5 (5, S S0, AR Ak B 5 7 T R IS 4R U R IR R S IEE B H T R D
VL R 118 K 4 O B A5 (R T8 o 7E Hh Ak e R B e rp AR Y SORT B Y U A S 5 I A T A e R Y AR OC
SRR IR

R TR A S AT AEAS 2k — R, SR T B 1) 3 VA 18 AR B /05 B I R B A A AR A R0 R
Bl ET A S BIh 4k AR, Z B GO SR, HEBO MEM R ve P A R BIHBT
HD Z AR R (LU IEN R-D 88880 BEME LR Yoo » U v Tl 7k ML 2255 B2 2K 1 (Probability density
function, PDF) &] )43 5 Fm H

fr. ) =exp(— ) D
Vsk 7 sk

fon ) ==exp(— =) 2)
YrD 7rD

Ay Flyeo 48337 SR, GEBKA R -D FEB 10T HEM L. dial (2 RAER L yee By (19 B
A B (Cumulative distribution function, CDF) &



1052 HIERELHLA®E Journal of Data Acquisition and Processing Vol. 33,No. 6, 2018

wal ()/)Zlfexp(_i) 3)
F%”(y)ZZIA*eXp(_‘;ZD) 4

EXFETE SEHP Y% AR, BB BT A D NEEM N4k sk S-R-D, HEREML N vo =
min { ¥ v)’R,D} T,y 1) CDF m] LR M

1 1
F, n=1—[0—F,_»m)UA—F, () ]:1*6’“{* 7<T+§ ” )
X GIXF y KRG 7y 9 PDF #R K
1 1 1 1
f’;n = (;/SR . ;/R’,, ) exp |:_ y(;sR’ ;’R‘D ) } ©

2 ER YRR TR AR FETT

R SCHRL 19 T rp B I 2 5 5L 55 @ AP 4k 1 R, A B4 Fp 4 I SE ) DL 7R Oy

TS %)

min{Cg »Cgp }
AP Q RN kT B R, A7 A5 8] YA B BR A DR/ o O8I i B R 2o A B 3k HR B TE A7 il 2 b
Y BAF K /N5 4k 5 58 A 0GB BA A K B Q) iy e it R R XE AR R L A GBI 58 BUAR R DL 4 I
I AR SR TBE A — IR Hh 4 398 45 s 5 0 BA 970 K 2 S i 2 19 50 B R el B o Y R R A A‘Yﬁﬁﬁ A7 ik
i A &5 PR &5 E] I Féii]LE’J%ﬁl?E/l&(ﬁtﬂ,LHTﬁ@ﬁ’]ﬁliﬁ[y\ﬂkrﬁfﬁ%% ] K/, Coq RN S
R, BRI EIE 784 . Cop B8 R-D HEBRAOEIE A5 . SCHRL19 15T $2 Hh A v 4k B 56 5 vk B 8 3 I 48 (R %
JIT L WEIE 45 5 I SE E BRI B0 N R S8 EX?%E’J@L%EQ AR SRR D5 B AR A &5 I E P RE
Z 1) IUAT - A 3 gk S DR 81T 15 T R S PR 3R 0 e Ak k4 S'EE AR B . YR 55 A I AR
PR B T A AR SR S I 2 B 55 A I A/ I ) B B TR ARG A R R SG E ARG b BT O ik Y L TR
?,%ﬁ?\ﬂﬁﬁqjﬁl?ﬁﬁﬂtﬂﬁﬂljé%%%ﬁg%iﬁ%”iHﬁfJM‘X’ﬁ%*é’l‘f%)ﬁﬂ‘ﬂ’ﬂ*ﬁ%ﬂﬂ‘i@@ﬁﬁi,ﬂﬂﬂlﬁﬁ’ﬂ%
RICA W L AL I 22 K o 33K A 32 v AR T e R T T SO0 P R A S A B s DT R AR BRI 55 7R 1% R
Ak RAL R I AE o LTI B L SO Y Hh Ak 3R 45 o D)
R; —argmax{}/we Y (€D

P R, F R B TR R BB IO G0 € S0 AP A Ao OB R T EL A A 52 bR
rh T A I A ) B PR R R R I S A M L XoF e kR 5 R 1 5 e R R

ARSI R Ak e 5 s B AP BT

CU)RE I 0 H 208 5% S 1) 25 001 M L DR T PP BT T T RR v, RO R BT R AR e R AR ER 5 55

XAk ES 5 R 4k A R, A SR, BEFEFI R -D 8EEEIE MR v s Yio »
FEAg K B 5 5 L R 2% rh KT s A7 A 25 ) o A B8 BA 81 R/ B A8 4 1Y A5

)P R S Bt A5 B R (DR e h 4k & 5 b & 4k iy b 4k i 42

O AT SRR (8D Tt v 4k 15 51 R A Ry 6 S 808 1 vh 419 5

(o) P5TT 1R v 20k U 5 445 2R 0 0 25 25 TP 4R R

3 MERESTHT

3.1 RUHRENBRZEERYES
MDY RE SCAT LA Y BEAECR A @ A A 4819 i Ak v 24 I 5 11 PDF 335 30, S 2R th sU i 5 18



T & F:F B Pk ey AF b 2k a B % 1053

FA i PDF Rk 1M SR, &%ﬁh%fkﬁﬁh 2 CRUT R PR 3 2 ) 1T LSRR

v =log, (1+ 7w ) (9
ﬁﬁﬁw%ﬁmff‘ﬂXﬂ%*%Tng—%ﬂﬁoT%&R%%%% R Ca 1)

PDF a] LI /R
fo (Cod=f, 2% =D :(y[ :ly“zz exp(~ 2;* Y (10)

T it Co #) CDF AT LI IR

Fe, (x) —J lanZ( (72(777” dCx :J?il ,] exp(* 2 S— 1) des —1)=1 —exp(* 2;7 1)

O Vs, Vs, O sk, SR, VsR,
(1D)
IEJIE,EH%" R,'D %ﬁ%ﬂ’ﬂﬁ / %( RDE’J (/DF TU\Z‘ilTj‘J
2" —1
Fe . (x)zlfexp(* = ) (12)
YrD
4 Cy =min [CSR 9CRD] N Cy B9 CDF 0] PAER R
Fe, (x)=1—[A—=F¢ (x)) A—F¢, (x)) ] (13)
R AD MK AR AF A3, Cyy 19 CDF A LLFE R Ky
1 1
Fe (x)=1— exp[— 2" —1) (T+, ” (14)
e YrD
KADXF x KT 0 Cy, By PDF A KL ERIR A
y 2°ln2 | 2"1n2 27 — 27 —1
f““(x):dﬂéi(x):<77n+ = )exp[*< 1,21 )J (15
= Vsr YrD Vsr YrD

U S5 AT A0 G A T DL =, = e W Cy 1T B Cly = 24 =, 5K

Cl
S Q=) T T AR AE R PDF A
fr () =fe (g) ‘di*” 1(22?23 (ivL;iD)me[— @25 —1) <m +;RD)} (16)
L6 H R T 55§ A oh 2k 15 A 0 o 46 1 B 30 1 5 SO DA B A JE 1 6 3. MR (16) oft T 1L 6
S e 1 o S B ¢ e 1 1 AR DA B K B B 5
3.2 RGETHRE
RGBT R Y

.
c:ZP,c;,, (1

AP g T S R Bk PR . Y R R TR IETPAE R 5 (5, S S0 Bl 2 LS I, 4y
MR R T R o 2 s =y et U P AT IRIR N

P—ZP >max[s]}P ) (18)

=0

X PAE, ) R IR I M % A I8 18 S H’J@Zi‘EH’JEF'?Lﬁ SANBON L R, P s>max[s 1) R TE

e dk LA 2 b R AR R Ge ED Bk i R BE R . MR SCRRC20 TP g 2 C6) P{E}Ti%rjﬂ



1054 HIERELHLA®E Journal of Data Acquisition and Processing Vol. 33,No. 6, 2018

— o1 B IR
P{:[}DE;GXP[ y‘h (;/S‘R +;RI)) } ;D;(l exp[ y‘]‘ <;/S‘R +;’RD) :|> (19)
h T RS P{s,->rjrix[s,] VA RSB, R E R Y s, B9 PDF ks, i s, =rpe”  FTLUSER H e
i PDF %3k t,%ﬁﬁkﬂj» i) PDF ik,

s , Y S
q et T AR T~ xR AT RLBR G g, ) PDF AT B

. Ing;\ | dT
foay=fr (L ‘— (20)
ERXAOHRARK (20), ¢ By PDF 1] LLAL TR A
@ «@; 1 1
fo (@) __olnZQ, 7 2M; ( += )>< exp [— (27 —1) (f+f )} 2D
‘ q.; (Ing;) Vs, YrD Vs, YrD
[ﬂj"j -\'1:}’;1)6“—[' ’ Hﬂ q,:eaT'ﬂﬁﬂE‘ Si= Y4 Sﬂ‘XTIX yél)ﬁ q,; *HEZEEH, E/‘J PDF WU?%/%%J
N[, (s
fo=] L ()@ de (22)

FX OO F 2O AKX (22,5, 1) PDF 7] LIAL T

I (5)—[ {aQ ln2< 1 "‘71 )22§1’2 X CXP|:_ (;4—71

«Q;
) 2" +se " — 1)—1} } dx (23)

Vs, YrD Vsr YrD
Bt s 1 CDE WTRFR ) F, () = | £, () ds R (23) fO A BUAME i 19 51
1 1\ [~ 2% 1 1 <
F, (2) =aQ;In2 (= = 21,'Z><{ [77 = 2’*1:|°
- () =aQiln <75R, 71\11))]0 ! P <}’SR, }’R,n> ( )
1 1
(—exp[— (==+= )(2 tze —1)}}dx 24)
Vs, YrD

A Fourn (z)ﬁﬂ“maXEs 1) CDF, Fl2H

i7

Fonrsn (=[] F, (25)
PLAE . TLIRAS Pls > max[s, ]} HRERY

jFi

P{s; > max[s; ] }:f\\f\, (D F gy () ds (26)
JEE 0
jFi
B CORAR 25 H KR 23 MR 2518 AR(26) (5 AT 1§
_ [ 1 1y ,2 1 1 @ .
P{s;, > max[s; ]} = aQ,ln2<7 = ) 2% x;° X exp *<7 + = 2% + se *1)*
/jiE 00 Vs YrD Vs YrD
l . ﬁ &
e Framalod + )] % (2 )2 )] end (L
«Q,
A ) (27 +.sef"—l>i|}dxlds 27
YrD

MRAEADAMA ), R A E CRRA T RR N
C= ZZCWHEXP[ %h(% *1 >}H(l*exp[ %h( = ):|> XLJO O(Q,lrl2<71 +

Y SR YrRD ] Tk, YrD




T & F:F B Pk ey AF b 2k a B % 1055

aQ

A 22¥x?><cxp[-<;+fl (ziﬁfqtsc*" —1) —I,}dx,.x ﬁaQ,.lnz(,iqL,l )fz#x;? X
YrD a3 YrD iz} Vs, Yrp Y
{exp|:— E— )(2i - 1)] —exp|:— (L + )(2& tose — l)]}dxjds (28)

Vs YrD 7 sk YrD
28 HA T RYEM T4 55 h RGBS T (50 L DA S ORI « 2 FIIME R, R TR A RIS
49 £ W L B80T 5800 GO TR T o UK T/ . 0 1 24 R T T K 0 2
7B AE DR 32 X e 0k 0 AR 7 O 25 7 e k0 B R 9 T A 0 A
R R B
3.3 REBER
FRLA 7 42 o A 0 FUAT SR e S A B, AR L= 0 (R L RSk P (R b
BB SR -D % o 0 T B Y

g 1 1
FYQ, (ylh):J fy\“ (7) dy:l_exp[_ 7(T+* )} (29)
0 e YrD
by BT . RGN TP W AT LR R
Po=11F, =] Q—eGa 7n) ) (30)

K GOIE T RGP Wl R 5 50 AR P kRO G R . Bl (5 1 LE A0 R gk K 3 R g
WA R I/

4 HEZRSSMW

TEIX —FB 4y 0 3 SR RIS O B 25 T T 4 b Ak 88 0k 1 1k B R R A A O 38 b gk B AE L OF- 2 2%
TR TR M REHE £ L 95 ORS ik MM REVE XS ELor M7 . 45 B0 b o B35 G 4R 5 T8 IR DA 0k 7. 7] 43 A 114 i
PP AGE PR TBR 7o =1 BB 7 F 7 AR 107 A5 W L Bl AL AS0RSE 400 25 Bk B 1) B IS 15 e L

2} 2 T 34 b 4k i 28 A7 2 05 e U ZE U F «=0,1,2,3,5,9 B SE R . Al LA B F 34 h
2k B S i 7 35 £ M L I B T REAIR . 24 @ =0 B BRSP4k Sk PRSI R BT R T TR SR AT
SCHRLT TP i ORS J7 3% o i -2 v g iof 28 e K YRR A 7 o 380 37 38 O v 4k i) S8 PR 3% 7 b b ik B
e R OB A = A R (N i Dy NI BV - A B e R R e B T S S v s A P R R T NATITIR - A NP = )
B2 s YRR R T o 39 K B — 5 (R S 2 e 2k I A 4k 8 i 0 R R RO ) L 0 B O 1 v gk i AE 5 R
AE TG BRI /)N

Bl 3% THURKHEF «=0,1,2,3,5,9 0, RFEF YA RS EEMRELA R M. NE 3L
B AESGREMEBITREERRE - RIETRAETFH AL HESHERE. X o=0 K, it
BHENT ORS Hik W AR FHEER K. MY o0 BF . B P2k % £ 2% 18 v 4k o 1 [N R 515
T RETFHERSABEMN. RO 2 NE 3 R IMER o= 1NN REFHERY
a=OMf A ZE AN K256 18 2 /] LLE B a=1 B0 F- 34 4k B S8 A X T o= 0 B9 15 B0 20 A 1R R 9 el .
PRI 3 ot A P R AR PR (L o R R R IE Ml 55 T R 1 R 4R T A SRR IO 55 B AE L B2 R SRR A
PERE .

Pl 4 42 7 gk B N=3,4,5,6 FIH TR v =1 dB B % o D ABE 238 15 57 2 £ 18 b 1 G 3= il
2. NIE 4 A LLE 7 T A5 R0 B T 03 25 AL s B — 3, DT B UE T BB A R R R R S e i
[ T DA H o 28 G0 1 o T HE 256 Bl 5 v 4 A 250 700 348 0 T B A1 L i o ey T 22 A v k3T R IR T S R 4y
£ 1 25 T B



1056 HIERELHLA®E Journal of Data Acquisition and Processing Vol. 33,No. 6, 2018

8
_ —~—a=0(H{§)
W 7F o= 10ER)
s +a=2(ﬁi«/e) h
» 6 —e-o=3CEK)
~ o _‘_a=5(ﬁ1«%)
<] 7 sk a=9(R)
= x iR
: .
Fay k]
B &
8 o
B
8§ 1
L
00 5 10 15 20 25
SEHFMELL / dB 5L / dB
2 P gk ETIE 5P (M L OC R ik 3 RGETFHA RS TFHERILCRML
Fig. 2 Relationship between average relaying delay Fig.3 Relationship between average system capacity
and average SNR and average SNR
N 10°
5 HRIE
107k
KOS RIET —Fop G haee
PR ARG T rh Ak I A A RS B R B R AT 1 % g0
75RO A R 1 B Rk AU BNRIHE S 0 B A §
SR IE— B RE T HEREME S ER M. BHLRE F 0T L o
Ff 2 )« (1) 14 o 0 B A B 25 0% D T o 8 7 0 K 0 ) ‘
T/ o AH G U o 38 R 31— 5 i I, 7 35 o 4k 10°F © 1{;’3%6(ﬁi’8)
P SE 2% 57 o4 5 110 AR R BN 5 (2) UK T o 3K 10*“0_ : m = e
SN R B4 RS e L H A B J&
SN RGOS R N A H R T A iR B T

PR B9« A PRI M 55 380 5 ) [] I B A A% e IR o 48 i

I, DI 32 55 R S8 A B AR PR BE 5 (3) 5 STk b i O 15—

B4 A R T 2 £ R B G R it

Fig. 4 Relationship between outage probability and

BE X BT 4 J7 12 1 0 eb gk s R H R R AR TR Y
Sy GRS AR, AT A3 AR GE Y R TR E

average SNR

5% Uk :
(1] SRS e R0 - VL A7 W . 4. Nakagami-m (3 R 5g T5ETH4 b 4k 1 1 09 5% 0L 2 e SR L. CHR R S 5 4b 3. 2012, 27

(2]

[3]

[4]

(5]

L6]

(2):264-267.

Zhang Yalong, Gao Yuanyuan, Shen Chunming, et al. Performace analysis of incremental-opportunistic-relay decoded-and-
forward technique over Nakagami-m[]J]. Journal of Data Acquisition and Processing,2012,27(2) :264-267.

Hui H, Li G, Wang J. On the performance of opportunistic relaying systems with limited feedback[J]. TEEE Transactions
on Vehicular Technology, 2015,64(2):502-512.

Upadhyay P K, Sharma P K. Max-max user-relay selection scheme in multiuser and multirelay hybrid satellite-terrestrial re-
lay systems[]J]. IEEE Communications Letters, 2016,20(2) :268-271.

Tian Z, Chen G, Gong Y, et al. Chambers, buffer-aided max-link relay selection in amplify-and-forward cooperative net-
works[J]. IEEE Transactions on Vehicular Technology, 2015,64(2) ;553-565.

Luo S, Teh K C. Buffer state based relay selection for buffer-aided cooperative relaying systems[ J]. Transactions on Wire-
less Communication, 2015,14(10) :5430-5439.

Cui H, Zhang R, Song L, et al. Capacity analysis of bidirectional AF relay selection with imperfect channel state information



A F.FE P EG AP SR EG 1057

[J]. IEEE Wireless Communications Letters, 2013,2(3):255-258.

[7] Qiao D. Effective capacity of buffer-aided full-duplex relay systems with selection relaying[J]. IEEE Transaction on Commu-
nications, 2016,64(1):117-129.

[8] Costa D B, Aissa S. Capacity analysis of cooperative systems with relay selection in Nakagami-m fading[J]. IEEE Communi-
cations Letters, 2009,13(9).637-639.

[9] Butt M M, Salama A, Mohamed A, et al. Relay selection schemes to minimise outage in wireless powered communication
networks[ J]. IET Signal Processing, 2016,10(3):203-209.

[10] Zhang X, Yan Z, Gao Y, et al. On the study of outage performance for cognitive relay networks (CRN) with the Nth best-
relay selection in Rayleigh-fading channels[]J]. IEEE Wireless Communications Letters, 2013,2(1):110-113.

[11] Chen G, Alnatouh O, Chambers J. Outage probability analysis for a cognitive amplify-and-forward relay network with single
and multi-relay selection[J]. IET Communications, 2013,7(17):1974-1981.

[12] Zhang Z, Zhang J, Xing T, et al. Exact outage analysis in cognitive two-way relay networks with opportunistic relay selec-
tion under primary user’s interference[ J]. IEEE Transactions on Vehicular Technology, 2015,64(6):2502-2511.

[13] Kim H S, Chaitanya T V K, Ngoc T. Rate maximization based power allocation and relay selection with IRI consideration
for two-path AF relaying[J]. IEEE Transactions on Wireless Communications, 2015,14(11):6012-6027.

[14] Bae Y. Lee J. On power allocation for relay networks with nonorthogonal amplify-and-forward protocols[ C]//21st Annual
IEEE International Symposium on Personal, Indoor and Mobile Radio Communications. Instanbul: IEEE, 2010, 21:707-
712.

[15] Hassan Z M, Leung V C M , Hossain M J, et al. QoS-aware joint power allocations and relay selection for NLOS coherent
optical wireless communications [ C]//IEEE International Conference on Communications (ICC). Kuala Lumpur: IEE,
2016:1-7.

[16] Nomikos N, Charalambous T, Krikidis I, et al. A buffer-aided successive opportunistic relaying selection scheme with power
adaptation and inter-relay interference cancellation for cooperative diversity systems[ J]. IEEE Transactions on Communica-
tions, 2015,63(5):1623-1634.

[17] Fang H, Lin X, Lok M T. Power allocation for multiuser cooperative communication networks under relay-selection degree
bounds[J]. IEEE Transactions on Vehicular Technology, 2012,61(7):2991-3001.

[18] Kadloor S, Adve R. Relay selection and power allocation in cooperative cellular networks[ J]. IEEE Transactions on Wireless
Communications, 2010,9(5):1676-1685.

[19] Zlatanov N, Jamali V, Schober R. Achievable rates for the fading half-duplex single relay selection network using buffer-ai-
ded relaying [C]//Proc 2014 TIEEE Global Communications Conference (GLOBECOM). Austin TX: IEEE, 2014 4156-
4161.

[20] Vicario J L, Bel A, Morell A. Outage probability versus fairness trade-off in opportunistic relay selection with outdated CSI
[J]. Eurasip Journal on Wireless Communications & Networking, 2009, 2009(1):1-10.

EEE -

A (19915, B, i 4 WF 58
A BT ) UM R A B
mail:123299308@qq. com,

BIR(1974-) B 1+, #
£ 10 o o [P K (= (8
WS TT 1 U E S AE L B
FEIE 58 4%, E-mail: xi-

aokun@gxnu. edu. cn,

JE) BB B (1988-) , W, il + WF
S8k FSE T ) MR AR .

(% 4. 7R9B)



