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Abstract

This paper proposes a new model to solve the problems of delay and reliability in wireless com-
munication systems, known as martingale theory. For reliability-aware applications with delay
requirements, a single-hop delay performance analysis reinforcement learning framework is
proposed. The basic properties of martingales are used to derive the characteristics of martingale
construction for random processes. Considering the existence of large amounts of bursty and
self-similar traffic in actual 5G networks, this paper takes the Markov-modulated switching
process as an example, and martingale constructions are performed on the bursty arrival process
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and service process to analyze the relationship between delay violation probability and delay. Ex-
perimental results based on martingale theory and effective bandwidth/capacity theory for the
bursty arrival process and service process are presented. The simulation results show that com-
pared to traditional effective bandwidth/capacity theory, the martingale construction method ob-
tains a more compact delay violation probability for bursty arrival flows.
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1. 518

B4 B X 48 1 R A3 W 5 OB R 22 DLHEBIR A SR RE R R . 815 I IE ] 5t 5 RS RA B ATAT
NEEBEVINRZR, HEBASEL K 25 AP 215 OB HERA R 48, I BRI G 0& I EU B A I 2% v
I B A B AN SR AR SR S 58 R 58 3 v RN 2% 1 R o X B R T R A B R R [1]

TEHORHEFL AU, Doob #2 ! ) Doob ANEE N HAm AT 7T A BAiE— D i Fe iR B4 1 LA, vt
IR R IR T HZ AR, F. Ciucu. F. Poloczek LUK AT i A A 7E 36 T 88 1845 R G 58,
ST W W LRI SRR [2]-[8]. AT Y A AE S /2 X 2% 3815 A9 QoS (Quality-of -Service) &4 T, @it
HEBA I AR FP AR R AN S RFBR AR S 6, B P B 18 N FH R85 ) R A 78 2 rh,  DUSEZER SR A A0 1) A
W g, BARRUL, MATCLEIHT 7, W T 2AE A RS SRR . H MR Er R
THENA S FEFIAC AL 2% AR S PR LM IR 55 A8, B R A e dio por X R 20, al i R A
PP, DATF G 0 07 200 1 s B R AEAT 9 NI (R A0 A i R AT B2 S, Rk — 2B 0 1 I I8 P 5
PERT QoS FRAREEMERE AR . £ESCHR[O)F, W7 M T 7 R BIA I N B HEAT TR R« IX P 4% BE AL 51 55
AE MBS, AR BB BN (3R, o B 70 T I ) S SO R SR 12 D) 265 P iy 1) ity ) 28 4
fig, JFUER TS UL BT IEAE I X LA G 7 ik B R . AESCR[10]H, T SCER[O] A B AT LAl
WFIEE X9 U RS RGEAL | By /R Al R RS R, B e Bk 25 (I 4E QoS 223k, & T — MR
GBS Z S0, 8 S 56 R O A S R DAAS B R BRI AR . [7]. [11]FI[12]
ORI FE N i 7 — Pod i B 4 (Y 4R B S R 23 i A BB U 2R (1 B SR T k. A3 B B SR T
WA FEARE S T IINEEL[7]. [12]FAETHEE 8 5 b e 78 rAESE,  DUEE BT DORE 7 Ad 2838
PRE LA S R IR 0 BC AR # #. 1348 H 7 — P2 R AL ALOHA (Additive Link On-line Hawaii system)
BEATLEE NS, He e M) P 8 ) S AR T RN 22 20 R 1) 7 e Ui R AL I . g A B PRI, AT BA
T Ik B 3 R S P ML R SR A v RIS B SRR A T AR G R AR, B BIA I R AR
BRI ZE R KT RN 500 02 HERA I 2B IR 70 M (1 EE B4 By, A% A [L14150 0 A B /R
ARSI BIEF RS AE N 2 Bk R G, W8T 7 RS MR A A SR . X AMEZEAE[15]FI[16]
WPCRAH . [15]8E %18 THz JoZk M %8 0 7RIS S S IS A B TE R, 20 A 17 DL S A 25 11 iy 381 i
FEIR AT EEME . FE[16]H, FIFHAZ I E S5 R DIZG00 5 ALOHA JEIERZ ZHHEANTT S, 15317
i 21 i ZE 3R (1) BN SR AR A 431
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AL T FE 8 I SEVE RE 70 TR ERG,  JE T RS @ BE 28 T 0 Gt B ] S R OR Rl T i,
FFIFRBHIHIE . B A I IE AT FEVE ZR A5, 5 SR SE PR RE 7 MBS . 38 0 S A B A AN
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PG T X0 WA R PR RS0 . 7 HAURRY], X TR FIEFRY, R B ISR LRI L5t
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2. BIEREARENX

#(Martingale) ¥ A% Joi HL s st — FhBEA LI FE, e TR 1 IR £6F e %ot bl FAth Bl A Lok 2 e 270 1 5 4 Ak
REIBE Sy HLARRE, 52 DU T B RIBEN LS AR A MRTE Z n, WERAE L2 5T RS B2 A,
HAENEAE, BABEHLSFELE n I ZIESTECEET n+ LI ZMER AR . nhs e 0

ERHLFS {Xnh, n=012 NXHEEn>04:

(DE|Xn|< oo
(2E(Xn+1X0, XL+, Xn) = Xn

WFR {Xn} N ESHEET S, WS 9 7 E T ERARBREOVERT,  FHSTRRAS 5010k SLEAT R -

Xn FRNTFEST RIS n REFIIAS: E(Xn+1X0, XL+, Xn) = Xn FRLERT n 7 h i — R A4
#CL, BIAE X0, X1, Xn SRR HTFE 1, LSS n+ 1R ATHRRES FTI A Sz, MIAEAS A B R 4T R
K AR b, BER 2R B A St 0 2 RE R E(Xn+1 X0, XL+, Xn) = Xn , IXFRTUK LS BRFHX
—REHLE R, 5+ LIKECPEAR G S 0 A S . SA)ihs, BuxIcie a2 n 1 212 /T
PR IIE S, 6T — I 2 A A SRR R EEE Xn. XU, EA 8RSl — D A5

SRS
BEAL, AT BUIE L 8 R RO B R G A B R . {Xn} S {Sn} PN BEAL A1 UIXHAE
n>0f:
(1)E[Xn|< o
(2) Xn#&S0,S1, -, Sniy ki £

(3)E(Xn+1S0,S1,-+,Sn) = Xn

MR {Xnk 3T {Sn} rose, FIFR (X} B, H9: b, TR BENLI AT B S BT T
U FEE W TR A S o S8 R

3. BpotaiE

ORISR, AT IR, 1 S B D A B A IE R AL, X e 1) P A A X 2%
SRR R IERN A . Gl RS, AT LS B R A R S RERE R SR ASHIE TS AR IEIT
A e SHENE, PRSP R Gt R R 55 5T R (QOS) PREE [/, Jf: 15 £ 5G W4 4% i i 5% & PRI b 55 1T
T S R I IE SR . FESEBRESR IR, RBEAE T RIE HEB G RE P A, R B RS 15
K M AR

3.1. EhASESNE

Hof I AE P25 ) QoS B v, W LAARYE QoS Fi Fm it BIFT 45 o WAERTER n B, BT A RE
B OEEN a(n), WXFAEZKTER QoS 8% 0, FAENNTEN#SE Ka(@)M ha(h), fH15x%f M
PR _E S A fE v] AR i, BIZEIZT s B an R i 3k k.
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ha(an)e”A" ) 1)
Hodr A(n)iZ 1 A EEER R B RALRE, Ka Al ha AEIAEGS RS S &, EIIRNEEAS 0 %,
W BRI S E Ka IIUE R LU e
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BT T AU B B AL B A S O B I e 2P kA5 .
3.2. MMOO (Markov Modulated on Off)BiAi3 12 raY493E

TR B RIERE a(n) U@ B K R ORI FIT ORBEN LT AR . 17 s B eIk 55 2R I QoS # 40N
6, JUKRAE T RO TE ST, AR B n I, R A BA R RT AR R R B EOE K

Ma(n)= ha(H)e‘g(A(”)’Ka(g)) (3)
B2 iE Ka(0)A ha(0) I HUE A AR 4 17 s o B0 i s BRI K8 T QoS Fe %k 0. X Hofl it #5 £ v A8
e, & HERE TN
o_(1-p  pe” 4
! _( q (1—q)e‘9Rj @

W s b BT R (3 S B ha(O) B WA RE T AT R ) B, BVIR KR AEAE . Ka(o) B s % ik
A R BIE MRS e, RIEAON:

Insp(T?
Ka = p; ) (5)
3.3. R&SBHE
FET i, KRG IR S ISR Sy @ v a s Al i, Wt — bR i BUR k.
Ms(n)= hs(ﬁ)eg(A(”)*KS(ﬁ)) (6)

E6)F, fAE—NRTHIEETFENESE Ks(@)F— K% hs(), SH Ks(O)F1 hs(h). i L
hs(0) =1, Ks(6)HUE H 8 HOL eV S (1 € -

In(Pe” +1-P)
Ks=on——— 7
o0
Hrb PN HIMEE, C RERRIRSS MIEHE A
4. BTHOMNESRBERERLER
B GE TSRS L FE A(n) AN S(n)iss & ik BoRT AR 458k, 58 X
0" =sup{6>0,Ka<Ks} (8)
ha F1 hs wJ LU E—Fsk i, BI{E H & SON:
H =min{ha(x)hs(y):x-y >0} (9)

BB, H AR 2k x KRR 2R S5 IR y X — R R BGLET ha(x)hs(y) #5/ME -
Elha(ao)] v B[ ha (UHIEE, LA ARy oo S /R al RARIE R N6, HECA R R w2 -
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Figure 1. Simulation chart of time-delay boundary based on martin-
gale and effective bandwidth/capacity theory
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Figure 2. Simulation graph of the two theoretical delay bounds for:
R, =60, c?=0.2
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Figure 3. Simulation graph of the two theoretical delay bounds for:
Ray = 60,¢%=0.6
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