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Abstract

In this paper, we analyzed the throughput of multi-hop ARQ system based on the method of relay
aggregation. Firstly, we defined the node-state of two-hop ARQ system which consisted of a pair of
transceivers and one relay node, and obtained the four-state transition matrix by establishing a
two-dimensional Markov chain, then obtained the state transition probability of relay nodes in
two hop ARQ system. Secondly, in the N + 1-hop ARQ system composed of a pair of transceivers
and N relay nodes, we used relay aggregation to merge N relay nodes into a super relay and made
the N+1-hop system equivalent to the two-hop system in principle, then obtained the state transi-
tion probability of relay nodes in N + 1-hop ARQ system. Finally, we defined the state of the mul-
ti-hop ARQ system as “G” and “B”, and got eight-state of state transfer processes of multi-hop ARQ
system by combining with the state of the super relay and direct channel, and obtained the analyt-
ical solution for the throughput of multi-hop ARQ systems based on the steady-state equation. In
fact, it was shown that there was a unified method to study the throughput performance of mul-
ti-relay and multi-hop ARQ system.
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AL EERT HERE TR TEN ZRARQRAKFHEMAT T 0. B, Xo—XrkT Sf—
AR AP BEARQ R A 1T RORSHAT T 3, BB 4 MarkovEE B 2] T UET KPRZS
BBER, FHEMREMNBARQASF ST SHPREEBME. K, FEHL B —ICR T RAINA
463 RALRHIN + 1BRARQ R ZEHT, BATKA PR SRINA AP 46T A IR — MY AN + 18k
RAERE FERTHBERSA, NTREN + 1IBRARQALH 4T mEPRERBME. &)5, LEBARQ
RGHSHMREEHN “6G” M “B” , ST HRMEAEBRIRERINBET ZBARQALRESH
BEEK)\RE, HELRESTERE T ZHARQARATHEMMBNTN. FLE, RITNERBIEE
TZPHMZPARQRAN T HEN ARG ATk, B TEEFANSRERR.

E3: 40
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Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 53|

T AL B2 2% (Wireless Sensor Networks, WSNs)# 2\ A& 4k H IR 2 5 1058 — KM%, EE (3
ARPFL ) AE T 2003 4 1Fik H K0 NSt 23 BAT R S i+ K N BOR , WSNs 241 55— . WSNs
IR A5z, EE A R, BRI, B ReACE ., BRy7 AR SR O 4 oA A mT BB —
gro fHZ, WSNs [RIK fE AN FH AR T A — 2 i 5, T e f GBIy o) J . — e UV PR 22, IR font 4
AL 0 T SEVESE T s R, DRI &P s RE AT SEAE SRR BN T BB S AL . A —
Rl 2 2 A i Bk, W) B 3 E A1 SR (Cooperative Automatic Repeat reQuest, C-ARQ) Wi [1] [2] [3]
DAL ] S PR B 0 A% a0 1T )32 s S FH R

LB FETE, AT 28 A IR R Markov 8 K Z1 I HEVE (518, MImHF 78 L8 (5 1)
AR A DUFEAS RGITERE SCER[414& H T —FhJ: T WIS 1) S /R BHEERT Gilbert Elliott {5 &R,
W E 1 SCHPAIRAS, B “4F” (Good)RASH “IK” (Bad)RAS, 1A BAH WM JG S0 70 (1 — P A 5
o SCHR[BIFRH Tl A B 4R ARQ RGEM =R S /R BB, 39 LA 58 4 AH 5% ) B [0 S V5 18 A
SERAM R MEG I A NS S0 T ARQ RAME I EMERE, 5 M m A& =AFEER: [FELEMH
Ky YT R E . BRI R STER6] T T 4R ARQ PH(MCARQ), it i v = RA 1)
L IR B I A BRI B (AL St R, I DA S5 1) IR 55 B[] R AR 1) 2% 28 R ik o R sk AR5 th 7 —
BRI IER R B TR . FE T AT, IESZ T MCARQ P (Multicast CARQ)#: MARQ
(Multicast ARQ) A FEAR ¥ 4EFIGERL . SCHR[7] [8]#4 Gilbert Elliott {7 #5184 FIAG FR B /R B R BERI AT T
HRINEGES IR ARQ REEMITERE, E CHR[7]% Maymouna Ben Said %5 N\ H! 1 71745 PRI AN K 3%
(Decoding and Forwarding, DF) 14k 1] £ Bk ARQ RGiH) — RS L /RBHRALAY, FERE 4k 2 5 A0 Pk

()



http://creativecommons.org/licenses/by/4.0/

e &%

ARQ R EMEMEREHAT 1, EBIRAZ O TR Tk 2Bk ARQ RS, AL HTEHER
THEE AT, WA X ARQ RGN E M REFEATY & 4347 s T SCHR[B1HE tH T —Fh 45 sk [ 14546 50 ARQ
77 % (Node-Cooperative Stop and Wait, NCSW), FGItE 2] 7 R gkE A%, Bld@nt Gilbert Elliott
FIEFRRGE M AR SRR — N R AR AL TR S T VRS I B R BLERBERIRL 4T T RGN
Gt BRI GE R RE, AR IMTIX BRI 7T 7 VAR A R B2 Bk ARQ R4tHERE L.

ASCEET UL BRI R, U SCHR[B]M 4k R A Akl b, P ERER TR R T £
Bk ARQ PN At EPERE IR AR |, R 2Rk Z 4k ARQ RAEERMENWTE LA TR Ik,
2. BT PREEMZH ARQ Y

SCER[B]H AR 1 EREE FH P 4k SR BV ok 2 h dk P [F] ARQ It &, 45 N RIRA LI L 75 1% F R 43
2Bk ARQ W&t EIERE, DU 2Bk ARQ M2 ik ARQ FEF M & ISR T % FARFF—2. 2Bk
LARGHA NAFYHT ST RLR,, - Ry W 1, X N A4S S LR EE RN + 2 MERIEIE, o
A HAREE, RIET AUS AHM S D ZERMEE; FaEE, RIVEE A S BB AR mR
FFEIE; NAP4EE, IR BIR, ZRMEE. R FIR ZHMEE. ... RLFIRZEKMEE. ...
Ry BIH BT A D ZIAIMf51E
2.1. Ak ARQ ALY RSB

HEMMEE ARQ RZITUa T, MIBERGUA — WO R — AR R, ORHEIE 2 B AR
EARRERS . PIRRERG. RAREER, WA 2 P, EEEERPTIZLERHA] Gilbert Elliott {SiEMH A, HAL
SRR o IAD R M b 2k BRI (PR S O R R B A T B 20 3l A

1-q q l-a a 1-x X
roo1-r|’ b 1-b| y, 1-y
FATE PR A G A B WAMRES, HIN (k) s th 4575 55 7E k I BRRPIRES, JEakik s & &
T
N(k)={G ifl(k—l):GgR(k)zG O
B otherwise
K1 (k—1) AR (k) 7205 R T RV BE B AE k -1 Bty A 4R BB AE Kk IR AIRES, A2 1 (k-1) AN
R(K) #AE GARAHS, P4k AR N (k) 492 GARAE, N (k) A BARE . {1(k—1),R(k)} PG F
O S, (1 =1,2,3,4), HIDRZER Markov 8417l 3. AH R FIMERFE RS HE R«

(1-a)(l-%) (I-a)x a(l-x) ax,
A= (1_a) Yi (1_a)(1_y1) ay, a(l_yl) (2)
b(l_xl) bx, (l_b)(l_xl) (1_b)xi
bY1 b(l_yl) (1_b)y1 (1_b)(1_y1)

Bz, = (7, 70 g 7 ) > 7y IRRET SRS IR, nA=7,, inﬁzlo N (k)2 PERE T
Markov %, FATHIHEFESH (u,v) W HEATHDE, Horbu ATV L0
u=P{N(k)=B|N(k-1)=G}; v=P{N(k)=G|N(k-1)=B}. ®3)

i/l 3 71 Markov BRI &: u=1-(1-a)(1-x ), FFHRHEFAMEZA R LA R M 7, 13-
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Figure 1. Multi-hop ARQ system
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Figure 2. Two-hop ARQ model
B 2. Ak ARQ HEE

(1-a)(1-y,)

(1-b)(1-x,) (1-b)(1-y))

Figure 3. State transition of two dimensional vector {1 (k -1),R(k)}

B3 ZHEE (1 (k-1),R(k)) HREHE

P{N(k-1)= B|N =G}P{N( } Uy,

s P(N(k-1)=B] Tiim,

2.2. %k ARQ RGRIT RIRTSHRE
PR N > 206, X FUR A AR S Th 4R B AT A IR 1, K gk R ATh
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B AR, BEW a4 R,, BEHHAE Y R, M4k i R, A TEHUR 1 5 K4 & rh 4k

Rgo ik, EFIN AP RBEGHMHEEAGTHR  , BHLE R 7B ARQ RSEHITE L.
FH N (K) N2 (k) 20 BARZE R 4k R Rk R, 76 K I BRIARAS, N2 (K) 22775 ek R, R, 364 ity

ARk R, MIRA, -

G if N'(k-1)=G&N?(k)=G

B otherwise

N“(k):{ )

AN (k) =8, N2 (k) R — AN PRRAS 1 SR BRI AR, IR 22 (UM v ) i BEREAT AR, e
ut? AV E SR
ut? =P{N*(k)=B|N*(k-1)=G}; v**=P{N"*(k)=G|N**(k-1)=B} (5)
3% B (uy, v, ) 1R N (K) 19 Markov 23, 1A (x,,y, ) 183 N? (k) 15 Markov 2%, Hdiu, =u,
v, =V BH(x,,y,) I R, B Ry ZIIE I Gilbert Elliott 2%, S48 {N* (k—1),N? (k)| Htk s A PUF,
M S (1=1,2,3,4), HIPIRZER Markov HE41] 4 Fis .
WRIEE 4 RGN u? =1-(1-u)(1-%,) , B u? FIZAE SR I AR A V2
P{N*(k-1)=B|N" (k) =G} P{N"*(k)=G} t2y,
P{N"?(k-1)=B} 1-V,

12

SGL ARk R, RIER4E R, A BT HIALA h 4k Ry, FFF N3 (K) FOR JUE K BRI . FIRIRE R
Tk, EEBFTA R SR AR SRR S R4k, SR NYY (K) RS GG T 4R E K B IR
&, BBEMESHWT:

U’ =ut N = P{N""" (k) =BIN*"" (k-1)=G}; V'=v""N =P{N*""(k)=G|N"""(k-1)=B} (6)

(1-n)(1-x,) (1-u)(1-y,)

(1-v)(1-x,) (1-v)(1-y,)

Figure 4. State transition of two dimensional vector {Nl(k -1),N 2 (k)}
4. ZHEEE (N'(k-1),N? (k)| HORZSHT
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Table 1. State transition of O’(k)
F 1. O'(k) WRBER

{0'(k-1),PC'(k-1),N*"" (k-1)} S/

0’'(k) T T R R T T R R

3. Zik ARQ ARG BRI EHE

ARG LA B, AL TR T RA MR A DN ERA R CRE” AP YREM
Bt ARQ 775, FRATBIEIZ ARQ I A A ARG “T7 IRE, BIUR SR BN “R7 IR,
HIETT RORN A B B 77 S AR Rl . 4 O'(k) 4 ARQ REE k INIRAPIRA, 1XHEiZ ARQ RAGUi2
—APPRES ISR B R . S HOE (T

X =P{0'(k)=R|0"(k-1)=T}; Y=P{0O'(k)=T|0'(k-1)=R} @)

% PC'(k) AR EALHE IR AT k I BRAVIRE, ZR& %8 ARQ RETHPIRA O’ (k) LKL & P4k IR ES
N*"N(k), ATLME ARQ REMPREHF LTS A\ ARE I VRS Markov . Wk 1 43T
o' (k) FPRAEHB LR, o )\MRESHIN: §/:{T,G,G}, S,:{T,G,G}, S;:{T,B,G}, S,:{T,B,B} .,
S¢:{T,G,G}, S;:{T,G,B}, S;:{T,B,G}, S;:{T,B,B}. ‘5IZHMLAUHNT I A4 ML R R F

(1-q)(1-U) (1-q)u’ q(1-U’) qu’ 0 0 0 0 ]
(I-q)v'  (1-g)(1-Vv') aqv' q(1-V) 0 0 0 0
0 0 0 0 r(-U) ru (1-nE-uy) @-ru’
0 0 0 0 v'eoor(1-vy)  (1-r)v' (1-r)(1-v’)
B= (8)
(1-q)1-U) (1-qu  gq(1-U) qu 0 0 0 0
(1-q)v (1-q)(1-V) qv q(1-v) 0 0 0 0
0 0 0 0 r(-U) ru  (1-nE-uy) @-ru’
0 0 0 0 v'eoor(1-vy)  (1-r)v'. (1-r)1-v’)
I P = (Py e, Py P PRERA BRI, Py 9 PRORA T ARG TR S FOMESR o RIRLE S
o 8 . . Py, + P, Py + P, + P
FedL PB=P §P5;21’ sl P P X:F’sl'-*‘Psfz-i-Psé-i-Ps;1 ’ =PS§+Psé+Ps§+PSé O

RT3 2 Bk ARQ Phis et & i Rk K
Y
X+Y

Th=
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