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Abstract: Dual-mode communication technology, based on both power line communication (PLC) and wireless com-
munication, offers advantages such as extensive coverage, high reliability, and flexible access. It can significantly enhance
the reliability, rate, and latency of data transmission, garnering considerable attention in scenarios such as metering network

communications. However, in practical applications, factors such as dual-mode media access control (MAC) algorithms,
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burst traffic, and hybrid channel fading significantly impact the latency and other performance characteristics of metering
networks. This poses considerable challenges for the theoretical analysis and computation of system latency boundary per-
formance. To address the challenge of deterministic delay analysis under dual-mode, dual-medium, multi-parameter condi-
tions, this paper proposes a deterministic delay performance calculation and optimization method for dual-mode communi-
cation networks based on peak age of information violation probability (PAVP). This offers a novel approach to ensuring
timeliness in metrology networks. First, addressing the coexistence of periodic and burst traffic in metrology networks, a hy-
brid arrival model combining burst and periodic flows is established. Subsequently, a cross-layer service model is construct-
ed considering dual-mode channel hybrid fading, superframe-based MAC layer hybrid access algorithms, and traffic prioriti-
zation. Building upon this foundation, stochastic network calculus (SNC) theory is employed to derive the theoretical upper
bound for PAVP in dual-mode communication networks. This is achieved through moment generating functions (MGF) and
maximum addition algebra, enabling the calculation and analysis of delay bound performance for systems with random ar-
rivals and random services. Considering queue stability and power constraints, a power optimization model for continuous
packets is established. The Lyapunov algorithm transforms the time-averaged optimization problem into a real-time optimi-
zation problem related to the current time slot queue and peak age of information (PAol), thereby achieving dynamic optimi-
zation allocation of node and channel transmission power. Finally, system simulations analyze the impact of key parameters
—including sampling period, mixed traffic intensity, device count, PAol threshold, and MAC contention window—on delay
bound performance. Results indicate an optimal sampling period exists under mixed traffic conditions to maximize delay
bound performance. When dual-mode nodes exceed 20, the MAC layer access algorithm becomes the primary determinant
of delay performance. Compared to single-mode communication and dual-mode fixed-parameter conditions, power optimi-
zation based on the Lyapunov algorithm further enhances the system’s delay boundary performance, improving data trans-

mission real-time capability. These findings provide a theoretical foundation and technical reference for the engineering ap-

plication of dual-mode communication in smart metering networks.
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e SE G A e R 5 45 AE 1 T 245 38 R AL B AR
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B R Th(n) =2 (31)
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Tok=
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Horb ke {H L}, HER LR, LER R N,
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TE AR T 04 e/ NG P B EU{EL s | 0 m 23 | 7R B A8 1E
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e ) B R IR SRR T BORR

7 L& W] o 4 FH B P A F E A
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GO A R
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&, A AERA TP 4k S5 A7 PLC 30 WLC [ 1Ifi B 2%
PR PN . T A5 R R R A () 22 DX N 1 B £
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KGO AR . Fi i =X (37) 45 AU B[] B MGF AT DAZRR A
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CR,PLC CD CR.WLC ( )
; 43
oD oD oD "4 P youa
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TESEBRAR B, 4 B — A Bt G0 R4 T 2 R AL
AR SR BT IR A AT O, NI R 2k Y Z A Bt L r
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Horp, C1 C2 R RSN EPE A s M (0) M, (0)
Mo (O)VRIM, ((0) 535175 — B MR 55 IF ] 56— B

total
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Fof A AL LR (0 F R S Y (.00, 5 SN

TR I, G o A i D v AT R S A
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1E B D AFAE S E, A AR IR (54) 76 v A7 38 N A7 AF —
2R B .
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FICW{=[8,16,32, 64 |, TAAFIE RGBT B m5 4 3,
AR e A 2 T S i 1143 31 CWE = [8,16,32,64]
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