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Dual-MAB Distributed LoRa Random Access for Low-Latency
Ultra-Dense Networks under User Asymmetry

Eun-Kyu Park*!, Jaeyong Kim*’, Cheol Hea Koo**, and Youngwook Ko*’
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Abstract

In large-scale LoRaWAN environments, high node density and Near-Far asymmetry significantly degrade random
access performance. This paper proposes a Dual-MAB-based LoRa random access scheme that not only optimizes
Access Control but also Resource Selection without a central server. The scheme allows nodes to predict congestion and

adjust the backoff window ( 17 ..), while applying a differential reward system based on the cause of failure (collision

max
or link quality). Simulation results show that the proposed scheme improves the ASR by 2.1 times and far-node
performance by 3 times over benchmark methods, ensuring energy efficiency (low latency) under severe congestion.
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algorithm 1. LoRa resource selection MAB algorithm

Algorithm 1 Resource Selection MAB (Dynamic CH-SF Allocation)
1: Input: Agps (Action set), o (Learning rate), e (Exploration prob.), Mode
2: Initialize: Qrps(a) « 0,Va € Aggs
3: procedure RUN-RESOURCE-SELECTION
t: for each slot t do

5: if Access Control Granted then
6: [Step 1: Action Selection]

if untried action exists then a; « select untried action
8 else if Mode == Fast-Greedy then a; + argmax, Qrps(a)
9: else if Mode == Fast-Epsilon then
10: ay ¢ Random(Agps) if u < ¢, else argmax, Qprpg(a)
11: end if
12: [Step 2: Tx & Observation] Transmit with a;, Observe Success € {0,1}
13: [Step 3: Update Q-Value] Qrps(a;) ¢ Qres(ar) + a(Success — Qrps(ar))
14: end if
15: end for

16: end procedure

32 X7+ ACB M 0{ MAB
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=
< Hpx) sk Category Value or setting
Number of nodes (N) 54
Number of slots 2000
212|E 2. Self-ACB A9 Mol MAB £12|& ,
algorithm 2. Self-ACB delay-controlled MAB algorithm Traffic model Full Buffer
: Channel set (CH) 1,2 3
Alg;]rithtmj Self A({'? I\Ll—\()[}} (lf‘oxifzstigll-z\\\;re /\Ba(‘k)(\)i‘f) SF {7, 8, 9, 10, 11 , 12}
1 Input: Agce = {1,..,16}, b= 0.6, Costs Az, Acor, Asnr
2. Assumption: Full Buffer Traffic (P, =1) Resource set CH = SF =18
3: Init: Cooldown + 0, Qacc(W) 0 Wmax arm {1 2 48 16}
i: procedure RUN-ACCESS-CONTROL ACB barring 0.35
5: for each slot ¢t do 0 0
6: if Cooldown > 0 then Cooldown  Cooldown — 1; Continue SNR Near/FaI’ (30 Yo / 70 /o)
7 end if Near SNR -3dB
8 [Step 2: Action] Select Wi, € Agce using eGreedy on Qacc -
9 [Step 3: Barring] Generate u ~ U(0,1) Far SNR 12 dB
:  ifu<bthen v Fading model Rayleigh
11: Cooldown ¢ Rand(1, W,,,,); Wait (No Q-update) -
12 else Capture margin 6 dB
13: Execute Algo 1; Observe failure reason (R)
14: [Step 4: Reward] r, = 1= Ay, (Success); — e (Collision); =g, (SNR-bad)
15: [Step 5: Update] Qacc(Winae) += a(ri = Qace(Winas))
6 endif 42 A1t 2A
17: end for

18: end procedure
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