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Abstract: The social domain was introduced to multi-hop D2D (device-to-device) communication in cellular network
scenarios, and a novel relay selection algorithm for multi-hop D2D communication under cellular network was pro-
posed. Unlike existing relay selection algorithms, the proposed algorithm selects relays for each hop in reverse order,
which reduces the signaling overhead caused by algorithm implement. Then, social domain information of mobile
terminals was introduced to the algorithm and its influence on the algorithm’s performance was studied, which was
found significant enough not to be overlooked hence providing useful guidance to designing algorithms in practical
systems. Moreover, via extensive Monte Carlo simulations, it is discovered that the proposed algorithm outperforms
the benchmarks in terms of data throughput and energy efficiency in absence of social relationship information. In a
more practical implementation with social relationship information included, the proposed algorithm though naturally
achieving less throughput, significantly outperforms the benchmarks in energy efficiency.

Key words: device-to-device, frequency division duplex, relay selection, social awareness

W EHR: 2022-04-12; EEIBHA: 2022-07-28

HEETH: EFRE AR EFBMEETE (No.SKLNST-2021-1-12); F T HARERE ST H (No. 2019A610073)
Foundation Items: The National Key Laboratory Open Foundation Project (No.SKLNST-2021-1-12), The Ningbo City Natural
Science Foundation Project (No. 2019A610073)



m HRSFE

+ 102 -

il

0 35i

AR, BEE R 301815 BOR LR BB AT
G R, R R TR K AR B TR R R
FE K, e g D 2% P B R R I UG K
AR CRUBHE B2 LI A 5 (2018—2023 4F) ),
F) 2023 4, AFRFHAH G mME 57 12N
CHBNOM 71%) , R 35 % K 1 K 3
131 4231t e K M P R S, Ak
B2 AR R T BRI S Ek, [FIR S 800
LR AT TR VR A L AR R A R 4 2
A ) 280 P RN R R T %
% 3% % (device-to-device, D2D) #{EFE AL
IR e TF S N Tl A o2 o LB il T
I BAT/ AT EE R AT RS AR R B H
A, D2D FoVFARIE RS 3 B 4% BT (S,
A R AR T R R 4 A R el s i DY
Fy— 5T, D2D B4 WE AT LA i A AR AU
Bl 0 A S IE (T DU B
W % A 4% P A AT s B A 1 IR A PR A X
RE % I S SRS R F 2, A B T il th ARG 4
B el P BT B 2R #, D2D BoAR# 3GPP
HiE N 5G REHEARZ —, Z R Z A
AR

4 B E D2D HAA B[S B R, THFR
HEEL, WEEMSE T RERB. 5k,
TEBE A T E B RO i, ELIE D2D R B 4% 1] g
TN A&, — i 9t A R 4E D2D
FINRAREAR, P HE T D2D IS
BE, 4k £ B N D2D H— AN EE T
J5 ]

N T kD B ARAT 45 Lk e R I AR, B
FEN G T — SN TR B 2 5 1 b 4k ik %
BVE . SCHR[7]4& W T — Bl B T UF e 25 19 o 4k
W TTIE, E TR o A U E ORI R A
G gk . SCHR[814E H T —Fh FH Lk & A

O R E TR T SR E T RIE I A R &AL E
FIR1S D2D S WA R FLE A0 B %, AR 5 A
TAE T L AN AR AR 2 A S BN L A I
Wk SR N gk, MRS
DA 6% /5 3l g v O (1) 5 8, b T el A g AN
) 28 T4

F4h, N THE—BE K D2D JEAE VAR
FHEEERE, W0 GUREAT 70\ SRk A A 1) 22 Bk
D2D EEP SCHR[10]3 1 T —Fh T Dijkstra
HL D2D Z Bk, RS REHE B
BhE B D2D fEAHLL, 2Bk T DS R
oAk . SCHR[11]52 7 —F0 A D2D i {5 1)
& ST PR 22 Bk B AR B s
TIRAFALE, H2EEMN D2D K5 iR
Y REIA NS, RIGINXIALES), &G
Bl ik BBy B I B R BN XN 8 o 2 VA TE /NI
FEAR AL G 8 25 B AR DL T W B T A
P 25 25 1 o

FREMARIR RS, B haknt Bg
H & R e, BFFTN 512 R R S 1 3 5
B2 ARSI G N D2D WF7TH . SCHER[12]3 H
T —FhF AL S R kI B T . 1T A LR
AP Y BRI AT R R, CBAR S A P
T8 [ S S4B (0 B AR AR M AR A A P
SEE T EAR R AR BB E R IE e 4k
LRSI T, 25100 LU b 4k i 3% ol
MIMEZE, IR 0% 55 IR 25 (1 B dH . SCHBR[13]48 H T —
Tl BT ) A 2 R 1T R R AR IR REMLH, AL
T BB P 2 MBI AR K R, Aet R
ZHPRBEZ5E&FEE.

IR D2D gk I R AR N T I %
Y, SCHR[14132H T —Fh N TP B 3 35 1
Z ik D2D EfERMME B E S, EEEPMET
FEAZHAE S, I 2 T HE T RS AR A 4
19%] D2D HEHEMGEME, HEEMEEET
T RA R A E AR IE MR, JRERE T EE T



- 103 -

BERS 2022 5% 8 Hi

EATIE LM PIRE R o fc 28 P4 L Y B ey S50k T
PAEAE R — X D2D BLor A QR 77 s Se Bl i 1)
AEARERMR, JLTIEE) 78 75 448 R S
1 BE

gi bRk, HATEMBE D2D Jrii oA — LR
T A1 A E DL A D e 1 v 4k 128 4 B0 1
7o, (B K Z Bk D2D hakik R R
JESE M AT T M B IR E X — . 55— 5
M, WAEKXTZEk D2D P4k BRIt & T
XL Ak, Sk Ak B v RS2 B IR 1 o [FII,
Xof A AT SR AE T2 B R G rhoes B A e R 5
IR FCIEATE S L, ASCHREH T — M T i¢
FMZE T 2Bk D2D JEfE R b gk RSk i
X T4k, fRIE T 2Bk D2D (4t &k
e E BRI IAT IR, h Ak VAL
TARESEHL L RER LA 20 A1 U0 5 SUAT, A 3ot
P> T Al . B YA T 2 v 4R ) SR I
A, fErp kR FEEIE TSI THEER, JfE
BT GINAL ST B 5 SRt AT TR (7 AS
BB, METX S, PSR aEAFE Et
STIHAE B RS DR R G A BN RE R RCR,
£ 25 AL SIS BN BEW RIR S T R RE
LI

1 REHRE

1.1 MBERIR RS

— AN F/INX I B I 2% v ) 22 Bk D2D il A5 1) B
BRI 1 s, AT /N Xl )5l (base
station, BS) , # il FATIEA R E 55 ukiE
fE I 53 5244 (cellular equipment, CE) , &1 4
B A 85 7 K 025 N % #% (idle equipment, 1ED ,
Z 1k D2D {51 (source, S) , £k D2D @
EHH I (destination, D) , PALKETA S Al
D Z[A] (A5 8 K BRI 4% (relay, RD ¥4
BEUHC & A A In R4, A WA BL & A AN R4
H AR AW T A

i
E 2\7%?/Efg

IE
IE

aQ» E:

D\»E CE IE
S R\ —0
E E'g D

IE R i)

K1 Z¥kD2D B SRR

1.2 fEEEE

FEARSCH, BT (5B X A V4 1508,
[R5 18 B S LR AR 40, MIMERE — A
FLx A ATy ROEE STy BEIRE
CEES

P =P (d))* (D

Hr, PR x WIRSTDIE, b Fom x fly Z[i]
ffsiEsas, h=|h[ B h~CN@O,1), d'FR x
My ZIEMEEES, o R TFEREL
1.3 3IER

FESERRI) D2D 8 P AT 4kk S, T
H S A IfE R i R AR R, FrAh
MBE AT REA R E R A AR gk, B
AN EOVE AN BB TR 2 1 D3 (B,
U SR FFAT 4k A 1 R P REEAT D2D SEAE )
ARBERZ KRR, WAz iR a =
7824 T AR EC e R D2D i 1F 1A TTIRSE £ 1 1)
o Pk, ERPRIARG T, A0 ERH IS
B 5INZ Bk D2D 3815 1 AR R A .

FEBSAREF, D RAREVIIAZ s
I AT EAE AT A R, I HLARR U R
I FRFEE N TR LU TP SR R N 2 8] —
FARDIR R, I HIBRAR I RS (8] bk . 75—
Jri s 2 Rk AT LAMESCHR 2 R U 3 T
36, JFHAR M I A S AR AR R DR &
ICFA AR, IR R 2



iﬂﬁ HRSFE

- 104 -

(VIR R U B AT A T I 2R R BORIN R
AR TR At R R &, BARRITHE T
L, D,

ui,j:(z’z,k +2Di,k]/2 2
Hr, wy ZoRHP j SR RIS K Rk
B, T, %P j SR @ Z IR SERKE
DT AR | S ETA P AT I R KR
XA, DRSPS R A,
YD, KM i S5 R BT R R A
K.

HRYESCRR[1S]BIE 7T, 26 K 2 H0H P 22 T 4L
TR FME RS, RADHH 5 HAH 2
A EERIAEZE R R, BT HREES M.
FHALH A0 A P R T

k

ot
f(ul.,j = x|k,xmm) = xk‘j‘l“ X > X,

3

Hep, RIEZHx,, >0.

FEASCH,  FH R IE0 AT 2B P 2 18] 4t
SERFGRAL, U h 4K AN Th A S AR
H A 2 TR A 52 50 R EA 9% . H Usj Ml U, 53
MR H j 5 S D ZIARIHAT R R, W
HIAEAE R R R A B B & j RS D3N

Pl =max{ug ;,up } P, 4

Hofr, max {} oRBURKAE, B, RonTH 4k
RIS

2 MR EEE

FERA 2 ¥ % S #8215 D 247 D2D 15,
HI AT B B i, PRk R REAE 2 bk
FEB T A Re T g 57 D2D JifE . EXFEIL T
i 2L RN H R 1t 2 18] ) 2 PR B 6 m gk H 453 1Y
BEAEuh gk, HBhE K S M D Z A%k, H
7& S M D Z RIS R BB AR, 1 HAFK
N AR A 4k D2D Gl AE FE IR N M BEAN IR,
PR AP i e 45 o 4 A — A EE LA [ AR ST HR

HH 1w b 32 0 VR R T e e P 4R R E TR B
S AL 1) 06 5 4 1 0 7 A R v Ak i A AR
PAT I 3 A 4
2.1 MRIEHBRIHETE

ZETCEEN, WA IERT H M2 8] T A
IWBE Rk gk, IF Ak s A 4k ]
DI RIEAER 45 R, (HXM S SBUREE R E
M, AR TR . 22 BRI Mgl
A H 24k o 2 U 7T e 44k 3k 45 R4 R 552 65 5 11 A
KOPFEIE R, RN TR EEE AR, AR
P T R T gk Ccluster) [ H 4k Al &
Jiik, AEH Ak BRI R AT S L I I b 1) 2 IR 1 %
MEMEIE AR, SRS L RS BT B gk

i S #| D Z Al 75 EiE47T M (M=3) Bk D2D
WE, WHEFEM M-1 AP geiEduet M-1 4
FINBEAE R ak. PRI E B S AT D AL
B UK FERWEMEEELE S M D Z e, S Al
D Z A ks B R 2 o, B— gk
PEBINEOTE S AT D MELL B BARN r EDE
X NP4 ENREOE S Z HIIEEN 7,
G AN R 4RI 15 0 5 BT — AN R 4k g I 5]
OZAEEE N L (L>2r), D Sfcja— A hdki%
(IR T R B 1 367K, 0<I<L.

1 2 M2 £ M-1
2 SR D Z[H Sk ioR R B

22 WERENESRERESE
FEARSCH, N T REHIE R4, D2D &
i P 0 B v O SE LB S . N TR
IR 5% - T 1 FL T DA S A X T R T
D2D 315 1R BE R R A R85 e & i B, B
gk TARESU D M T 545h, D2D EERH
W B e ) AT, — U R S AT A I 0
AT IE S, B AT Sl



- 105 -

BERS 2022 5% 8 Hi

THIAE S, MR ETHAIRE ) — R T8 5
Wk Sy J7if, AT TATHE, AT ARG
WA FAFIRI. FAh, D2D @GR B
FIAS R0 3 02 O, i DL SR ARAE A SO AY
HTA Ak TARAE A TR, H & Bk {ETE
FHAE AT LLE A3 4T . 2Bk D2D 3@ A5 28 m BT
PonEWE 3 fros, BT, MR, 73508 % Bk
D2D SEEH m BRI e &, C, N
I 52 FH O Pt L P e 8 B 4%

K3 ZBkD2D @E m Bk FHrEE

N T PRIEEE B SR IEHIEE, BS WC, 4
B SRS TR (SINRE) FZOAR—5E
E@I‘]BE{E! E]]:

BS\-a 7. BS
SINRss? = — e ) fo o,
Cw — P dBS —ahBS +N = It
Tm( Tm) T 0

H, B Ron C, MRS DR (RO TR m,
Pe BT P, B BN T, KIRHIIE, 42,
he> 43R C,, A1 BS 2 [0 i B B AN 3 14 2
dpS < b Sy RIFOR T, A1 BS 2 J6] B B 0
#i, ry, Fn BS BEIEHARID C,, RIEIME 5 P75 2
I /M5 T LE (signal to interference plus noise
ratio, SINR)D, Ny F/nT5 5t F e A D) %
M (5 "R

Pe, () “he;

(5

Ny

P
P < fh (6)
T, (d;?ns )—a h]]?ns

R ()" he
P, = o )
()" e

ATLVE Y, P B d W/, 5K ()
fRAIE T30 (5) [RaL, BSINRES 06 5% BEE ik £
FIBRME . 1M R, AT, 2EH(E 5 1 SINR -

R, )"’ R,
a, (dTm h,

SINR " = - -
SR, (dg) hir + N,

BS\ ¢ 7 BS
F C, (dcm ) hcm - rthN 0
BS\™* 7 BS
T (dr,,, ) hr,,,

I, (d(’f: )ﬂ hir + N,

R, \% 1R,
(dr,ﬁ) hy,

(8)
e, dpm s b Y BIAOR T, R, 218 (B A
B, dor s her ARIFOR C, AR, ZIRIHEE
BRSNS . 7T DUF H SINRZ B P, Al d i ()
wng . MRIEAER AN, ZBKEEES
SINR;» BLHEMHG, T $RmiZihifrnt &, wrLl
I P, RN dBS ) S e SeBL. 5
bh, BET, 5w A KB E oKL CRp
dp MEA/N ) I 22t B it Bl A48, DA
SCVCE AN SR L ER08 R BT RS
X3, FFUE AR X IR A SL VLT D2D JE 1 .

LR EPTE, 2Bk D2D S5 m PR B
HIEFRBEWE 4 s, M—BZERER, e
HR AR A1 Co R R 3 I S T B (PSR fE — B R,
B2 D, FakimB 0l E D MO ED, PAREKZL
b RO /2 R R X O
DIRT A5 TR DX 3 A P 38 8t 5 i b 1) 2
SRR 5 D2 B KK e 38 BE% D958 m 6L
PR Be . SEMMEE R MBEREAEE %
D2D X kil ™ TR, SRR d 2>, 1Y
Idgn, ik (8) FIHIES m BhiK) SINRG $H I,



iﬂﬁ HRSFE

+ 106

Bz At B N . 25 BRrig, #R¥E bk
RELE 0 53 1545 1T LA ei s D2D B ) A ik Bk
RE, [RIIN SRS RAIEIE 58 B4 1 QoS

K4 2Bk D2D EES m BEEHEE &R B

2.3 HUMEEREMITHE

% Bk D2D JE (5 7E R — B REEE I 2 AN 1
&k S A R A, 4k AR Y
TN A HIEH 4k, W RNRSEHEL 2,
W SR e 4 R DABR h 5 b gk i 0 7, b
SR S e SUR e % DN R R S NS
P (1 Hh 4 d B SR e 8 DL A b 10 O S T
Ful R 5E K D2D 2B 5 TR {EE 240
TR B SEE B R D B AR, TRk ik
PN 25 2 Bk D2D 15 1% & HAT5E K.

7% S 1 D Z [alff) D2D i85 4t M Bk, )
mEEH M AR REELSME, H
F={f,, 1y, fy s BB M k& H 50
W FAMRE M1 AR S, X M-1 Ak
BN M=1 gk, MAE 1 BIfE M-1
HE IRk S R LR, .-+, Ry, o, FAH
ETH N AR ARG h 4k, H P, &
A (4 FRNREE m ARG ESE 0 DN
FBAEE B LR AZMIGO TR R E, H
P ={ B, Pl Py VRS AR TRE A 1

WAL AL AR RGO T IR D4
M P, Fortizt (1) FEINEE m ADSHEFE S n A
IR B AEE BT PRI LN F R KA D
MgV KB RE, BRI hakisiad A T .
$% 1 S.D Ki% D2D ZBkilE{5 ik # BS.
$I2 BS HALHE S, D KIALE, RER
PaE5 2.1 THIT A E & AR AL E L JEE L
PSRN A S SN B AL E, JFE R
B R AR 5 ) 2 TR T L e A xR v ¢
Merh 4k . B MR PE A A B TR I SR ST
RS S M D AR RZIBREES P, R
i D KSR E RS 2.2 07 S kR
P Xof I8 FAJ e 8 Be 26 3% M, Al I LRl 5 1
HIAEE Fo &5, BS et Sy BRI ING
#%5 BS 2 HfEiEE s, #F S, D Mg
W& HINLELURSES P\ F RIZES D,
$IR3 DR BS A A A4 % M1
A R B IR B CAE SO ON £
B4 FEM-1PRSERRERIE (7
THERAE B BT YU A T HOR S T A e KA
By Py} s 2R B By By 4=
min{{ Pl:M—l 50t ’P]\’/,M—l b {PIC'M—l 5t 7P1<;,M—1 I3E
min{{-},{} } RRBEEER N TR H/AME . RB%E
M—1 H 575 PR B A E AN D ARSI 548 1 [R] ]
AR MAT S D 2 [ i) {5 28 5 2, U AR 4
(P Py b~ 7R M-1 & S IHBE AR D
ffEE RS a8 d1 2 (1) AT 2 AT AR5 548 D I
D WMEWRE S, RE&EDNTHESFIFE
Z bR 5 2] D RS 5 DA R L R T i
& FE 5 DDA ORI Ve RO I 4 e o
G50, WA R, o RJE R, FIFE M1 T
Fofth 23 R &) — 2 H C R h 4K )
B 5 M1 bR A R B AR A LT B RS AN
HOARMBIES . 55 Ry, ¥\ D AbBUS 3 i dhs
RIKGRE M2 TN RS, HRECHES K
EIRWN 1, B FHBOREEN £, -



<107 - HBiERE 2022 £ 8 Hi
HES BEPRTHEEELDE 4 P BEIEES AT RN EE BT RR,

MHNFEEE SRR (D) e R IR, I
W FAS 5 KIEIEN f, -

P’ 6 S I D2D EfE.

FTLAE H, ARIE R0 3R 2 Bkl (5 B %
&, BBk SINR WEIHE, AT HERAR
THE AR — B A i o AR I g 1% AR 7Y 5 FH B
For, WA

P (ak —“ nki
Q=B 1+ dl i) > (9
R, R,
P (dd) " B+ N
HHESE m B Rt BN

PRWI71 (dg::fl )_a hﬁ;”71
P (dim) “hir + N, ’

L%=BJ%}+ m=2,--,M —1

(10)
fJa BRI Y

P dD —ahD
Q,=B1b|1+ M*i&g;D Furz (1)
Fe, e, ) “he, +N,

oA P ki a5 28 AR A XU TAR K,
L RE 2% 22 1k D2D 3815 % 10 AR kB eh ARk )
AR — B Ak f vk g, B 2Bk D2D JEAE AR
A

Q=min{Q,,Q,, - (12)

m

Qs

3 hEZRESH

AT 25 P R B g AT B I E
S5, JFSX AT IR TR T —
42N 500 ma PARCA& A7 [a) R e i)t Jy bt
(R E T B /N DX e B3 Iyt WA 8 45 AN PRI AL 4 E
NN BEALI S o3 Ao PRI 5 240 HUE
TLER 1. {5 B A 4L 22 B4 (social awareness, SA)
FIEAEAZ BT (social unawareness, SUA) kN
AICFTHREEE, SA BEIEH A IN B A& I RS D)2 0%

SUA S35 25 R BE & (R RN D 38 R 25 R 1 8
BN, AEELL KR MLS” (max link
selection, H K#%E L F ). HTPRS Chighest
transmit power relay selection, iz K & 4 T A 4
LD X EE B, BT AR T W 28 ) — L
2 Bk 4R I B R R ) R G 5 R )
RYAIZAU, F Ik MLS #1 HTPRS i H A K1
TG 2 W 245 AH 98 SCRR -

®1 MESHKHEE

HHSH HufE
W B3 A 7 95 B/MHz 1
HAEHRESRHL a 3

T FUME S DR % /(dBm Hz ) -174
I 53 8% R D)% P, /dBm 23
ki KRS Th# P, /dBm 23
B ¥ 4% SINR [TBRAH 7, /dB 9
AHAR 4K % ] FE RS L/m 60
AR #/m 20
{RIP X A2 R/m 100
RSB S H k 1 500
MRS x,, 0.1

AR S FI D [HEE B R EE A E LR 5
FioR, T LLE BT A BIE R 5 A B 2 1
R, XK AREE RS R, BT
[k R 2 5 808 Bk & s MEA B 0D,
FIT DA 2% B B 1R A Ik e 2 AH SR D o A B B AH A
15 oL N SUA B LM &k & & T MLS Al
HTPRS, 1% & Fh SUA HikiE R 4k (148 br 55
—BkR) SINR EHEAHIK, Befk i VERE AT
k. IMAEFE EAHEMEN T SA HEMEEA
W1 SUA, XAZKH SA B A 25 R & 1K
SFDIZE TN 1AM R RN, FiLL SA
VI R 4 9 R S R s /T SUA Ui
gk



+ 108 »

—4— SUA

iﬂﬂ DRI
10
—a— SA

9t —— MLS
\\ —e— HTPRS
\\\‘\\f
4 . . .
140 200 260 320 370

SFUDIH] fr BB /m
K5 ANE S A1 D[R] BE RS T 595 A i b

it E/(Mbits™)
[*)} . ~ [}

W
T

AN [ gk g b N & R B T
Eeii & 6 firan . 45 R % W], SUA. SA Fll MLS
3 ARV I R v A B o PR 1A A A T S
BN, X RFIAREE TN &SR IEN, IX 3 Fh
L RE A B ORI 2R I M R BE AT 1 25 N B A AR
gk, T HTPRS Sk £ o gk iy AL 3K,
TERHEZ TN/ — R ETHEF
BEAMFREN N SUA Bk & &K T MLS
A HTPRS H#Fmt&E, 1M SA HiEREHEAW
SUA By Fri & .

8.5
75%
70}
=
mﬁ 65 ;//./._/—-r//*
= —— SUA
1441 6.0} —a— SA
: —— MLS
—e— HTPRS
55}
—* . A
303 16 20 24 28
ANk R P R R TR R A

Ble AR gk 25 N s 0R N Sk & HAL

ANIA S A D (8] ERES T 5Lk R R AR L & 7
P, BEEMEE XN REMAES 5%
Bk D2D 3815 AR 1 SEBR AR ST R Z R L o 4
SRR WY A S0 10 B R RO P4 B A B ) 8
b, X RONBEE B R N2 5 D2D A5

H kBB IER I, X SR D ER 2 R 2 1
I, T AT S R R B A B S 3 N TR,
DL b i RN o FE R S A SR IS DL R SUA B
I BEERCR LT MLS A1 HTPRS, 11 SA Hi%L M)
RE BRI T o 3 A EVE X R T SA &
B IR T 7S R B IS MRS R RAH,
W TR B I R AR R TR, RIS
IR FUKTEID, BIR SA kL SUA [t &
Y, EMRER R T B 3 Mk,

25
—— SUA
—a— SA
20[ —a— MLS
—e— HTPRS

N
-

ABBEOR/(MDbit-(s- W) ™)
e 3

O L I 1
140 200 260 320 370

SFIDI G B /m
7 AR S A D I B TR R

ANTR] Ak 2 DR T A B T SRR R AR
teic & 8 s« 45 R KB SUA. SA F1 MLS
3 PRI A 5 A 25 B 2 IR % 5 R
H 0, HTPRS (R85 AR5 BE 2 R 1 % B i 3
INEEALRFEARAS . 75723 N B A& B EA] F L T
SUA MIBEERCE T MLS Al HTPRS, i SA &
VAR RE B R I I i H At 3 MR EE

15

—— SUA

T —=— SA
= —&— MLS
2 —e— HTPRS
E
2 10f
#
% &
o e > ¢
2

* . .

%2 16 20 24 28

A AR v 2 DR A R A
8 AN Pk IR B R OR T HARE R AR L



* 109 »

BERS 2022 5% 8 Hi

SA Hl SUA BiEVERELLE AR 2, E45 T SA
1 SUA WiRhEIEEART S 1 D Z IAIFE &8 F (i
RELLE: . WTLAEH, SA fil SUA WAl HIL/E AT
BAREEICEH A HMEREZE RIRK, HIEREE
ReRJTH SA MLLLT SUA HIRAMH, KUk
D2D R4k BRI T T AN RE K AL AT IS B
IEH -

2 SA 1 SUA B EMEELL

S il D a) Tt B AL RERLAR L
FRE/m (SUA/SA) (SA/SUA)
140 119.0% 152.1%
200 121.5% 164.1%
260 124.2% 172.4%
320 125.5% 177.1%
380 127.3% 181.0%

4 LRI

ARSCHR T — A T /N X X 2% T 22 Bk
D2D A5 gk Rk ERAEENETEINT
FFAH BRI Z R &, DU R 78
2RI B R R, RS B PSR
HUCOR T $E e 2 Bk D2D B i) fr it &, ANE TR
AR 2K A W LA A AORIT T, AN ST AR 7
TAW Lk SRJE 9 T3 S 4 XU e oK (™
T, 4 TARESU D W T R il
SR, FIRRE R KBS BE T L T2
17, AMT LR TREEI. S5 RIg0 5L 1
PR SERITERE . 7 a8 RE M PR FIEAEA K
JEAAZ K R AR BN AF B AR B AR X b
Sk, B AR AR5 BN ik B 2 /Nl T B
HRE R R 2 KIRR . XA SR L AE
TEARBEA TN FEAE 575 BE R 1 4 R A
A B SEFR N AR -

S5 3R :

[1] Cisco. Cisco annual internet report (2018-2023) white paper[R].
2020.
[2] SONG X, HAN X W, N1 Y, et al. Joint uplink and downlink

resource allocation for D2D communications system[J]. Future
Internet. 2019, 11(1): 1-15.

[31 T, Z6ER, 2. NOMA-D2D WME L RSB 2
Za[)). BAEREE, 2022: 1-16.

DING Y F, LI G Q, LI H. Physical layer security of NO-
MA-D2D cooperative wireless system[J]. Telecommunications
Science, 2022: 1-16.

[4] JAMEEL F, HAMID Z, JABEEN F, et al. A survey of de-
vice-to-device communications: research issues and chal-
lenges[J]. IEEE Communications Surveys & Tutorials, 2018,
20(3): 2133-2168.

[5] ASADI A, WANG Q, MANCUSO V. A survey on de-
vice-to-device communication in cellular networks[J]. IEEE
Communications Surveys & Tutorials, 2014, 16(4): 1801-1819.

[6] AMODU O A, OTHMAN M, NOORDIN N K, et al. Re-
lay-assisted D2D underlay cellular network analysis using sto-
chastic geometry: overview and future directions[J]. IEEE
Access, 2019(7): 115023-115051.

[7] MAXR, YINR, YU G D, et al. A distributed relay selection
method for relay assisted device-to-device communication sys-
tem[C]//Proceedings of 2012 IEEE 23rd International Sympo-
sium on Personal, Indoor and Mobile Radio Communications.
Piscataway: IEEE Press, 2012: 1020-1024.

[8] MISHRA P K, PANDEY S, BISWASH S K. A device-centric
scheme for relay selection in a dynamic network scenario for
5G communication[J]. IEEE Access, 2016(4): 3757-3768.

[91 SHAIKH F S, WISMULLER R. Routing in multi-hop cellular
device-to-device (D2D) networks: a survey[J]. IEEE Commu-
nications Surveys & Tutorials, 2018, 20(4): 2622-2657.

[10] BHARDWAIJ V, MURTHY C R. On optimal routing and power
allocation for D2D communications[C]//Proceedings of 2015
IEEE International Conference on Acoustics, Speech and Signal
Processing. Piscataway: IEEE Press, 2015: 3063-3067.

[11] YUAN H, GUO W S, JIN Y L, et al. Interference-aware mul-
ti-hop path selection for device-to-device communications in a
cellular interference environment[J]. IET Communications,
2017, 11(11): 1741-1750.

[12] ZHANG Z F, ZHANG P R, LIU D, et al. SRSM-based adaptive

—

relay selection for D2D communications[J]. IEEE Internet of
Things Journal, 2017(5):2323-2332.

[13] LI Y, ZHANG Z F, WANG H G, et al. SERS: social-aware ener-
gy-efficient relay selection in D2D communications[J]. IEEE
Transactions on Vehicular Technology, 2018, 67(6):5331-5345.

[14] CHEN G J, TANG J C, COON J P. Optimal routing for multihop
social-based D2D communications in the Internet of Things[J].

IEEE Internet of Things Journal, 2018, 5(3): 1880-1889.



iﬂﬂ HRSFE

* 110 ¢

[15] LI H X, WU C, LI Z P, et al. Stochastic optimal multirate mul-
ticast in socially selfish wireless networks[C]//2012 Proceed-
ings IEEE INFOCOM. Piscataway: IEEE Press, 2012: 172-180.

[16] BODDAPATI H K, BHATNAGAR M R, PRAKRIYA S. Per-
formance of cooperative multi-hop cognitive radio networks
with selective decode-and-forward relays[J]. IET Communica-
tions, 2018, 12(20): 2538-2545.

[17] SUN H, NARAGHI-POUR M, SHENG W X, et al. A
hop-by-hop relay selection strategy in multi-hop cognitive relay
networks[J]. IEEE Access, 2020(8): 21117-21126.

[18] CHEN Z W, ZHAO S, SHAO S X. Research on relay selection
in device-to-device communications based on maximum capac-
ity[C]//Proceedings of 2014 International Conference on Infor-
mation Science, Electronics and Electrical Engineering. Pisca-
taway: IEEE Press, 2014: 1429-1434.

[19] BODDAPATI H K, BHATNAGAR M R, PRAKRIYA S.
Performance analysis of cluster-based multi-hop underlay
CRNs using max-link-selection protocol[J]. IEEE Transac-
tions on Cognitive Communications and Networking, 2017,

4(1): 15-29

[20] BODDAPATI H K, BHATNAGAR M R, PRAKRIYA S.
Ad-hoc relay selection protocols for multi-hop underlay cogni-
tive radio networks[C]//Proceedings of 2016 IEEE Globecom
Workshops. Piscataway: IEEE Press, 2016: 1-6.

[{EEEN]

=R (1997- ) , B, FyRksmtg, =
BT A D2D GBS A .

BERA (1971 ), B, TUACEERRY
BTARERET . WA, FET
IR T AR S RGN BB
YN W T



	10-2022235-No.pdf

